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Abstract 25 

Introduction 26 
Effective disease management in aquaculture depends largely on preventive strategies and 27 
enhancement of the fish immune system. Farmed fish represent a major portion of seafood 28 
consumption in Iran. However, limited information is available regarding the prevalence of 29 
Vibrio parahaemolyticus (V. parahaemolyticus) strains harboring enterotoxin genes and the 30 
potential mitigating effects of probiotics in Iranian aquaculture systems. Considering the 31 

pathogenic potential of this bacterium and its impact on public health, updated data are essential. 32 
 33 

Objective 34 
The present study aimed to investigate the occurrence of V. parahaemolyticus in farmed carp and 35 

trout in Tehran, evaluate the presence of enterotoxin-related genes, determine antibiotic 36 
susceptibility patterns, and assess the inhibitory and gene expression–modulating effects of two 37 

probiotic species, Lactobacillus fermentum (L. fermentum) and Lactobacillus plantarum (L. 38 
plantarum). 39 

 40 

Material and Methods 41 
A total of 264 fish samples, including carp and trout, were collected from fish farms in Tehran. 42 
Isolation of V. parahaemolyticus was performed using enrichment media followed by standard 43 

biochemical identification tests. Molecular confirmation of isolates and detection of enterotoxin-44 
associated genes were carried out using Polymerase Chain Reaction (PCR). Antibiotic 45 

susceptibility testing was conducted to determine resistance patterns. The antagonistic activity of 46 
L. fermentum and L. plantarum against the isolates was evaluated using in vitro assays. 47 
Furthermore, the impact of these probiotics on enterotoxin gene expression was analyzed 48 

through real-time PCR. 49 

 50 

Results 51 
Out of 264 examined fish samples, 20 (7.57%) were positive for V. parahaemolyticus, including 52 
14 carp (10.6%) and 6 trout (4.54%). All isolates carried the 16S rRNA gene, confirming 53 
species-level identification. The tdh gene, a key virulence marker, was detected in 16 isolates 54 

(80%), while the trh gene was not identified in any samples. Both probiotic strains exhibited 55 
significant inhibitory effects on bacterial growth in vitro. Real-time PCR analysis demonstrated a 56 
considerable reduction in tdh gene expression following exposure to either L. fermentum or L. 57 

plantarum. 58 
 59 

Conclusion 60 
The detection of the tdh virulence gene in V. parahaemolyticus isolates from farmed fish 61 
highlights the necessity for continuous surveillance and strengthened biosecurity measures in 62 
aquaculture systems. The demonstrated inhibitory and gene expression–reducing effects of the 63 
tested probiotics suggest their potential as alternative preventive strategies in aquaculture. 64 
Additionally, strict hygiene practices during fish handling, thorough washing, and proper 65 

cooking are recommended to reduce potential public health risks. 66 
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1. Introduction 86 

   Fish and seafood represent the second most consumed sources of animal protein worldwide, 87 

following red meat and poultry; notably, in nations such as Japan, fish constitutes the primary 88 

source of dietary protein [1]. V. parahaemolyticus is a naturally occurring bacterium prevalent in 89 

the microbial flora of coastal waters and rivers. Among the pathogenic bacteria associated with 90 

seafood, V. parahaemolyticus is the most frequently encountered [2]. It belongs to the 91 

Vibrionaceae family, is non-spore-forming, exhibits motility due to its polar flagellum, and is a 92 

gram-negative bacillus that displays halophilic characteristics, necessitating 1 to 3% salt for 93 

optimal growth, yet capable of enduring salinities up to 7% [2,3]. The global distribution and 94 

prevalence of V. parahaemolyticus are strongly influenced by environmental factors such as 95 

seasonal temperature variations, water salinity, and fecal contamination [1]. The infectious dose 96 

is generally estimated to exceed 10⁶ cells per gram of food, with an incubation period ranging 97 

from 3 to 76 hours and clinical symptoms lasting between 1 and 8 days [1,3]. This pathogen is 98 

commonly isolated from a variety of seafood products, including fish, shrimp, crab, lobster, and 99 

oysters. Consumption of raw or undercooked contaminated seafood may lead to acute 100 

gastroenteritis, characterized by diarrhea, nausea, vomiting, abdominal cramps, headache, and 101 

mild fever [1]. 102 

   Strains of V. parahaemolyticus isolated from patients experiencing gastroenteritis and acute 103 

diarrhea typically produce either the thermostable direct hemolysin (TDH), the TDH-dependent 104 

hemolysin (TRH), or both [1]. The TDH factor operates as an amyloid toxin that disrupts the 105 

lipid bilayers of host cells and mitigates immune system-induced toxicity in bacterial cells. 106 

Additionally, it may enhance the uptake of iron ions into bacterial cells. Although the correlation 107 

between the presence of TDH and TRH factors and the pathogenicity of V. parahaemolyticus is 108 

well documented, numerous clinical strains are noted to lack either the TDH or TRH factors [4].  109 

   Seafood is consumed globally as a nutritious and healthful food source. As the consumption of 110 

seafood rises, the health implications associated with it are undergoing increased scrutiny [1]. To 111 

control diseases in aquaculture, an effective strategy involves enhancing aquatic defense 112 

mechanisms through preventive measures and the stimulation of the immune system [2,3]. 113 

Common immune stimulants in aquaculture include probiotics, prebiotics, and their combination, 114 
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referred to as synbiotics. These microorganisms are incorporated into the diet to modify the 115 

intestinal bacterial flora, thereby reducing harmful microbial populations within the digestive 116 

system [5]. By implementing microbial management with beneficial bacteria, compatibility 117 

between the host and its breeding environment is improved, leading to enhanced utilization of 118 

water resources and increased production efficiency. These compounds function not only as 119 

growth stimulants but also as immune enhancers that aid in disease prevention by promoting a 120 

balanced intestinal microbiome [3,5].  121 

   Although the adoption of probiotics within the aquaculture industry remains limited, their 122 

advantages include resilience to elevated temperatures during pellet production and an extended 123 

shelf life. The combined benefits of probiotics and prebiotics include competition with 124 

pathogenic bacteria for resources, stimulation of appetite, and the degradation of indigestible 125 

dietary components via protease and amylase enzymes [1, 5]. This results in enhanced growth, 126 

survival, and immunity in the host through the production of vitamins such as riboflavin and K. 127 

Consequently, improvements in immune function, increased disease resistance, reduced stress, 128 

higher survival rates, enhanced growth indices, improved feed efficiency, and superior meat 129 

quality are observed [6]. The escalating costs associated with wild fish have instigated a 130 

transformation in aquatic consumption patterns, leading to a predominance of consumers opting 131 

for more economically accessible and readily available farmed species, notably trout and carp 132 

[1].  133 

   While numerous investigations in Iran and other countries have focused on V. 134 

parahaemolyticus isolated from marine organisms, research exploring the effects of probiotics on 135 

V. parahaemolyticus strains harboring enterotoxin genes remains limited [5]. Acknowledging the 136 

importance of this issue, we undertook a study examining two probiotics, L. plantarum and L. 137 

fermentum, which are recognized for their capacity to inhibit a range of intestinal pathogens [5, 138 

3]. Our primary objective was to assess their influence on the growth of V. parahaemolyticus and 139 

the expression of the tdh and trh enterotoxin genes in farmed fish obtained from Tehran. 140 

 141 

 142 
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2. Materials and Methods 143 

  A total of 264 fish samples, specifically comprising trout and carp, were randomly acquired 144 

under sanitary conditions from aquatic distribution areas in Tehran. Fresh samples were 145 

transported to the Zoonosis Research Center at Tehran University of Medical Sciences within 24 146 

hours of collection, while maintaining a temperature of 4°C. The samples were cultured and 147 

examined under sterile conditions, adhering to standard protocols for isolating Vibrio from food. 148 

  Under aseptic conditions, 25 grams of abdominal muscle were extracted from each sample and 149 

incubated in 225 milliliter of alkaline peptone water for 24 hours at 37°C. A loopful of the 150 

culture was subsequently inoculated onto Thiosulfate Citrate Bile Salts Sucrose (TCBS) medium 151 

(Germany, Merck). Following overnight re-incubation, suspected colonies were evaluated to 152 

confirm the presence of V. parahaemolyticus. Various tests, including the oxidase test (England, 153 

Mast), Gram stain (Bahar Afshan, Iran), carbohydrate fermentation, citrate, motility, urease, 154 

arginine hydrolysis, and Voges-Proskauer (VP) tests (Germany, Merck), were conducted for this 155 

confirmation. The V. parahaemolyticus strain ATCC187028 served as a positive control [3]. 156 

2.1 Molecular Identification of V. parahaemolyticus Isolates and Investigation of 157 

Enterotoxin Genes 158 

  2.1.1 DNA Extraction 159 

   The boiling method utilizing the BIOER thermo block was employed for DNA extraction from 160 

isolates phenotypically identified as V. parahaemolyticus. The quality and concentration of the 161 

extracted DNA were assessed using the THERMO Nano drop device. For molecular 162 

confirmation, the 16S rRNA gene specific to V. parahaemolyticus was targeted, alongside the 163 

analysis of virulence genes tdh and trh. Primers were obtained from reputable literature, re-164 

blasted, and synthesized by Pishgam Company in Germany [3]. The characteristics of the studied 165 

primers are detailed in (Table 1). 166 

 167 

 168 



 

7 
 

Table1. Characteristics of the studied primers 169 

References Product size 

 (base pair) 

) 5′ → 3′Primer Synthesis ( The Studied Gene  

 

3 842 F:GCAGCTGATCAAAACGTTGAGT 
R:ATTATCGATCGTGCCACTCAC 

 

 

16 SrRNA 

9 269 F:GTAAAGGTCTCTGACTTTTGGAC 
R:TGGAATAGAACCTTCATCTTCACC 

 

 

tdh 

9 217 F:TTCACAAAATCAGAAAAAACAAGA 
R:TTTAATTTTGTGACATACATTCATC 

trh 

 170 

   An Eppendorf PCR machine (USA) was utilized to perform PCR in a final volume of 20 171 

microliters. Image detection was achieved using a gel doc device, with the final PCR product 172 

subjected to electrophoresis in 1% agarose in 0.5X TBE solution. 173 

2.2 Assessment of Antibiotic Resistance in V. parahaemolyticus 174 

   The antibiotic resistance of confirmed V. parahaemolyticus was evaluated using the agar disk 175 

diffusion method, in accordance with the guidelines established by CLSI 2025. The antibiotics 176 

(Mast.UK) tested included [7]: 177 

 Chloramphenicol (30 μg) 178 

 Levofloxacin (5 μg) 179 

 Ciprofloxacin (5 μg) 180 

 Tetracycline (30 μg) 181 

 Clavulanic acid (30 μg) 182 

 Gentamicin (30 μg) 183 

 Imipenem (10 μg) 184 

 Doxycycline (30 μg) 185 

 Ceftazidime (30 μg) 186 

 Co-trimoxazole (30 μg) 187 
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2.3 Investigation of the Antimicrobial Activity of L. fermentum and L. plantarum on V. 188 

parahaemolyticus 189 

   To examine the antimicrobial activity of L. fermentum and L. plantarum, the well diffusion 190 

method was employed. Two strains, L. plantarum PTCC 8014 and L. fermentum PTCC 9338 191 

were procured from the Microbial Strain Collection Center (MSCC). 192 

   The supernatant from a 24 h culture of these lactobacilli in De Man–Rogosa–Sharpe (MRS)  193 

(Germany, Merck) liquid medium was separated by centrifugation at 13000 Revolutions Per 194 

Minute (RPM) for ten minutes. A turbidity equivalent to the 0.5 McFarland standard was 195 

prepared from a fresh culture of V. parahaemolyticus in Luria-Bertoni (LB) liquid medium 196 

(Merck, Germany). The bacteria were cultured as a lawn on Mueller Hinton agar (Merck, 197 

Germany) from the prepared standard, and wells were created. One hundred microliters of the 198 

filtered (0.45 μm) supernatant from the lactobacillus culture were added to each well of a 199 

Mueller Hinton agar plate, which was then incubated at 37°C for 18 to 24 hours. After 200 

incubation, the diameter of the zone of inhibition surrounding the wells was measured. Each test 201 

was repeated three times for each V. parahaemolyticus isolate to ensure the reliability of the 202 

results [3]. 203 

2.4 Determination of the MIC of Culture Supernatant from L. fermentum and L. plantarum 204 

Strains 205 

   The MIC of the culture supernatant derived from L. fermentum and L. plantarum strains was 206 

ascertained utilizing the microdilution broth method within a 96-well microplate format. Each 207 

well was inoculated with 100 μl of MRS broth culture medium. Subsequently, 100 μl of the 208 

culture supernatant from the lactobacillus strains was introduced into the first well, followed by a 209 

serial dilution, producing final concentrations of the culture supernatant in the wells ranging 210 

from 1 to 
1

512
. Following this, 100 μl of a cell suspension from each V. parahaemolyticus isolate, 211 

diluted to 1.5 × 106 CFU/ml in Mueller Hinton broth was added to each well. This procedure was 212 

replicated three times, and the 96-well plate was incubated at 37°C for duration of 24 hours. 213 

Post-incubation, the growth of V. parahaemolyticus strains was evaluated by measuring the 214 

turbidity of the wells using a Biotek ELX800 ELISA plate reader [8]. 215 
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   RNA extraction from the bacterial suspension subjected to the MIC of probiotics was 216 

conducted utilizing an RNA extraction kit (Cat No: YT9080) provided by Yekta Tajhiz Azma 217 

Company. The synthesis of complementary DNA (cDNA) from the extracted RNAs was 218 

performed employing a cDNA synthesis kit (Cat No: YT4500) from the same company. 219 

2.5 Real-time PCR and Examination of tdh and trh Gene Expression 220 

   The real-time PCR reaction was designed to investigate the expression levels of the tdh, trh, 221 

and 16S rRNA genes following the application of each examined probiotic on V. 222 

parahaemolyticus bacteria that possess these genes, in addition to control samples. The Step One 223 

Plus Real-time PCR device and SYBR Green qPCR Master Mix 2X laboratory kit (Cat No: 224 

YT2551) from Yekta Tajhiz Azma Company were employed. Primer sequences for these genes 225 

were developed using Gene Runner software. Additionally, another 16S rRNA gene with the 226 

sequence F: TATCCTTGTTTGCCAGCGAG and R: CTACGACGCACTTTTTGGGT, 227 

corresponding to a molecular weight of 186 bp, was utilized as a reference gene [9]. 228 

2.6 Statistical Analysis of the Expression Levels of the Studied Genes 229 

   The quantitative assessment of gene expression levels via real-time PCR was executed 230 

employing two methodologies: absolute quantification and relative quantification. Absolute 231 

quantification determined the precise number of copies of the studied gene, while relative 232 

quantification compared the expression level of the target gene to that of a reference gene. Prism 233 

9 GraphPad software was utilized for statistical analysis of the data. The expression level of the 234 

tdh gene (samples examined were lacking the presence of the trh gene) in strains treated with the 235 

investigated probiotics was compared to that in control strains based on 2˗ΔCt. The significance of 236 

the data was evaluated utilizing the T-test [10]. 237 

3. Results 238 

   In this study, 20 out of 264 farmed fish samples (7.57%) were identified as infected with V. 239 

parahaemolyticus. Among these, 14 samples (70%) originated from carp, while 6 samples (30%) 240 

were derived from trout. The prevalence of other Vibrio species isolated from farmed fish is 241 

summarized in (Table 2). 242 
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           Table2. Number and percentage of other Vibrio species isolated by farmed fish 243 

Trout Number (%) Carp Number (%)     Vibrio Species 
2 (1/5) 
0 (0) 

5 (3/78) 
2 (1/5) 
7 (5/30)  

1 (0/75) 
1 (0/75) 
6 (4/54) 
2 (1/5) 

5 (3/78)  

V. vulnificus 
V. fluvialis 
V. mimicus 

V. alginolyticus 
V. damsela 

 244 

3.1 Results of Antibiotic Susceptibility and Resistance Testing for V. parahaemolyticus 245 

Isolates 246 

   Antibiotic susceptibility and resistance testing of V. parahaemolyticus isolates demonstrated 247 

the highest sensitivity to ciprofloxacin (83.33%) and chloramphenicol (77.78%). Resistance was 248 

most pronounced against amoxicillin and tetracycline, with both exhibiting 100% resistance. 249 

Other isolated Vibrio species also exhibited high sensitivity to ciprofloxacin (87.09%) and 100% 250 

resistance to amoxicillin, ceftazidime, and meropenem. 251 

3.2 Frequency Results of tdh and trh Genes 252 

   All isolates identified as V. parahaemolyticus through phenotypic observation and biochemical 253 

tests were confirmed via the specific 16S rRNA gene associated with the flagellum of V. 254 

parahaemolyticus. Sixteen isolates (80%) contained the tdh gene, whereas the trh gene was not 255 

detected in any samples (Figure 1). 256 

 257 
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 258 
Figure 1. Electrophoresis results of the gene. A: Flagellar 16S rRNA, Product size: 842 bp. B: tdh gene, 259 

Product size: 269 bp.  260 

M: 100 bp Marker, P: Positive control V. parahaemolyticus strain ATCC 33846, N: Negative control 261 

(distilled water), 16S rRNA and tdh gene primers, Mastermix, 1, 2, and 3: Tested samples containing the 262 

gene of interest. 263 

3.3 Results of the Study on the Inhibitory Effect of Probiotic Supernatant on V. 264 

parahaemolyticus 265 

   The antimicrobial effect of probiotic lactobacillus liquid on inhibiting V. parahaemolyticus 266 

growth, assessed using agar well and agar spot methods, exhibited significant inhibitory activity. 267 

The MIC of the culture supernatants from L. fermentum and L. plantarum strains were 
1

64
 and

1

128
, 268 

respectively. The results of the growth inhibition effect are depicted (Figure 2). 269 

 270 

 271 
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 272 
Figure 2. Inhibition of V. parahaemolyticus growth by A: L. fermentum PTCC9338 and B: L. plantarum 273 

PTCC 8014, assessed using the well-plate and agar spot methods following a 24 hour incubation period in 274 

a conventional incubator at 37 °C on Mueller Hinton agar medium. 275 

 276 

3.4 Results of 16S rRNA Gene Expression Study Utilizing the Cyber Green Real-Time PCR 277 

Technique 278 

   In this investigation, the 16S rRNA gene functioned as a reference gene. The melting curve for 279 

the 16S rRNA gene is illustrated in (Figure 3A), revealing a single peak that signifies the 280 

specificity of the PCR product. The logarithmic phase of the 16S rRNA gene replication is 281 

shown in (Figure 3B). 282 

 283 

 284 

 285 

 286 

 287 

 288 
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 289 

 290 

 291 
Figure 3A. Melting curve of 16S rRNA gene 292 

 293 

 294 

 295 
Figure 3B. 16srRNA gene amplification 296 
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3.5 Results of the Study on tdh Gene Expression Using the Cyber Green Real-Time PCR 297 

Technique 298 

   The expression of the tdh gene was quantified using Real-time PCR, with analyses conducted 299 

on the melting curve, standard curve, and amplification graph. The standard curve for the tdh 300 

gene, which assesses the efficiency of the Real-time PCR technique, is presented in (Figure 4). 301 

The melting curve of the tdh gene is shown in (Figure 5). Figure 6 illustrates the average 302 

variation in tdh gene expression in samples treated with probiotics in comparison to control 303 

samples. 304 

 305 

 306 

 307 
Figure 4. tdh gene standard curve 308 

 309 

 310 

 311 

 312 
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 313 

Figure 5. Melting curve of the tdh gene 314 

 315 

 316 

 317 

Figure 6. The mean variation in tdh gene expression in probiotic-treated samples (L.f1: L. fermentum and 318 
L.f2: L. plantarum) was assessed in comparison to control samples. 319 
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4. Discussion 320 

   The growing reliance on aquatic products as a major protein source has substantially increased 321 

the demand for farmed fish, which provide a stable and affordable supply [1]. Ensuring 322 

microbiological safety in aquaculture products is therefore of critical importance. In the present 323 

study, the prevalence of V. parahaemolyticus was investigated in two widely consumed farmed 324 

fish species (trout and carp) distributed in Tehran. Among 264 examined samples, 7.57% were 325 

positive for V. parahaemolyticus, indicating the presence of this pathogen in retail aquaculture 326 

products. 327 

   The observed prevalence is comparable to several national and international reports, although 328 

considerable geographical variability exists [11]. Similar contamination levels have been 329 

reported in subtropical regions (7.5% in fish), while markedly higher rates were documented in 330 

Malaysia (42.9% in shrimp) [12], Bangladesh (60% in aquaculture farms) [14], and Korean 331 

coastal waters (34%) [15]. A study conducted on the Caspian Sea also detected V. 332 

parahaemolyticus in 20% of environmental samples [13], and a review study reported prevalence 333 

rates of 14% and 35% in Greece and Portugal, respectively, with no detection in England and 334 

France [16]. These discrepancies may be attributed to differences in ecological conditions, 335 

seasonal variation, sampling sites, sample types, and hygienic practices during harvesting and 336 

distribution [13]. Given the high production and consumption of trout and carp, even moderate 337 

contamination levels may represent a relevant public health concern [13,14,15]. 338 

   A study conducted in Italy reported a significantly higher prevalence of Vibrio species, 339 

particularly V. parahaemolyticus, at 7.6%, which markedly surpasses our findings [17]. 340 

Comparisons between our results and similar studies conducted in Iran and other countries 341 

suggest that variations in the prevalence of V. parahaemolyticus and other Vibrio species in 342 

aquatic animals may be influenced by factors such as the sampling site, the nature of the 343 

samples, the season of sampling, and the ecological and geographical conditions of the region, 344 

alongside considerable differences in sanitary practices during fishing and product supply [13]. 345 

The high production of farmed fish and the increasing consumption of these products by Iranian 346 

families underscore the necessity of ensuring their health and safety. The results of our study, in 347 

conjunction with findings from other research, emphasize the relevance of V. parahaemolyticus 348 
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presence in farmed fish, particularly in the two most commonly consumed species, trout and carp 349 

[13,14,15]. 350 

   The detection of virulence-associated genes further highlights the potential pathogenicity of the 351 

isolates [1]. In this study, the tdh gene was detected in 80% of isolates, whereas trh was not 352 

identified. Previous studies have reported variable frequencies of these virulence genes. For 353 

instance, Gutierrez West et al. documented tdh and trh frequencies of approximately 48% and 354 

8.3%, respectively [18]. Similarly, Yan et al. reported lower detection rates of tdh (5.2%) and trh 355 

(3.9%) among aquatic isolates [19], while Yang et al. observed prevalence rates of 16.8% for tdh 356 

and 24.1% for trh, particularly during warmer seasons [20]. Such variability may reflect regional 357 

ecological differences and strain heterogeneity. The presence of toxigenic strains in farmed fish 358 

underscores the potential risk of gastroenteritis, particularly when seafood is inadequately 359 

cooked [19]. 360 

   The antimicrobial resistance patterns observed in this study are consistent with previous 361 

findings. High susceptibility to ciprofloxacin, chloramphenicol, and gentamicin, alongside 362 

significant resistance to ampicillin and tetracycline, has been widely reported [3,15,20]. Recent 363 

studies from South Korea documented ampicillin resistance rates as high as 58.8%, with all 364 

isolates harboring virulence-associated genes [21], while Yang et al. reported 79.5% resistance to 365 

ampicillin and 68.3% multidrug resistance [20]. These findings reflect the selective pressure 366 

imposed by the prolonged use of antibiotics in aquaculture systems and highlight the necessity of 367 

alternative control strategies. 368 

   In this context, probiotics have gained increasing attention as sustainable biocontrol agents. 369 

The present study demonstrated that culture supernatants of L. fermentum and L. plantarum 370 

exhibited significant inhibitory activity against V. parahaemolyticus. Supporting evidence 371 

indicates that probiotic supplementation can enhance growth performance and immune responses 372 

in aquaculture species [22]. For example, dietary administration of host-derived L. plantarum 373 

improved immune-related gene expression and disease resistance in rainbow trout [22]. 374 

Furthermore, probiotics have been shown to suppress pathogenic bacteria and enhance resistance 375 

against streptococcal infections in fish [23], and their role in controlling vibriosis has been 376 
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extensively reviewed [24]. Collectively, these findings support the incorporation of probiotic-377 

based strategies as alternatives to antibiotics in aquaculture production. 378 

   Overall, the presence of toxigenic and partially antibiotic-resistant V. parahaemolyticus in 379 

farmed fish highlights ongoing public health concerns. Strengthening hygienic measures, 380 

continuous monitoring, rational antibiotic use, and the application of probiotic interventions may 381 

contribute to improving food safety and sustainability in aquaculture systems. 382 

5. Conclusion  383 

  This study provides significant insights into the levels of microbial contamination present in 384 

farmed trout and carp sold across various regions of Tehran. The identification of toxigenic 385 

genes within these samples indicates that the consumption of raw or undercooked fish could lead 386 

to digestive complications, including diarrhea and gastroenteritis. Furthermore, the 387 

implementation of robust health monitoring protocols in fish farming and distribution centers has 388 

the potential to substantially reduce aquatic pollution. Probiotics are essential in enhancing 389 

aquatic environments and improving the existing microbiome. They can inhibit aquatic 390 

pathogens through diverse metabolites and mechanisms, and their incorporation as dietary 391 

supplements can significantly decrease dependence on antibiotics, thereby reducing overall 392 

antibiotic consumption. 393 

Acknowledgments  394 

   We express our gratitude to the Vice Chancellor for Research at Tehran University of Medical 395 

Sciences for the financial support of this research project.  396 

 397 

Authors' Contribution 398 

 MMSD, ZR: Conceptualization; MMSD, ZR: Methodology. EY, ZR: Investigation. MMSD, 399 

ZR, EY: Acquisition and analysis. HM: Writing the original draft.  HM, MMSD: Writing the 400 

review and editing. 401 

 402 

 403 

 404 



 

19 
 

Ethics 405 

  This research was approved by the Ethics Committee of Tehran University of Medical Sciences 406 

under the code IR.TUMS.SPH.REC.1401.052 407 

 408 

Funding 409 

  This research has been supported by Tehran University of Medical Sciences with code 56102. 410 

 411 

Conflict of Interest  412 

   The authors declare that they have no competing interests. 413 

 414 

Data Availability  415 

   The data that support the findings of this study are available on request from the corresponding 416 

author. 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 



 

20 
 

References 429 

 430 
1. Manchanayake T, Salleh A, Azmai M, Salwany I, Yasin M, Zamri M. Pathology and 431 
pathogenesis of Vibrio infection in fish: A review. Aquac Rep. 2023; 28:1-25. 432 
https://doi.org/10.1016/j.aqrep.2022.101459. 433 
 434 

2. Unfang S, Xue L, Zimeng H, Xingfan X, Miaomiao Z, Qimin W, et al. 435 
Characterization of Vibrio parahaemolyticus isolated from stool specimens of diarrhea 436 
patients in Nantong, Jiangsu, China during 2018–2020. Plos one. 2022; 17(8):1-14. 437 
https://doi.org/10.1371/journal.pone.0273700. 438 
 439 

3. Yazdanpanah E, Rajabi Z, Maftoon H, Mirbagheri SZ, Soltan Dallal MM. Toxic genes 440 

and antibiotic resistance patterns in Vibrio Parahaemolyticus isolates from caught fish of 441 

the Caspian Sea. Arch Razi Inst. 2025; 80(4):937-944. https://doi.org/ 442 
10.32592/ARI.2025.80.4.937. 443 
 444 
4. Guo Q, Liu J, Liu L, Gao J, Xu B. The Toxin Gene tdh2 Protects Vibrio 445 

parahaemolyticus from Gastrointestinal Stress. Microorganisms. 2025; 13(8):1788. 446 
https://doi.org/10.3390/microorganisms13081788. 447 

 448 
5. Srirengaraj V,  Razafindralambo  H,  Rabetafika H,  Nguyen H,  Sun Y. Synbiotic 449 
Agents and Their Active Components for Sustainable Aquaculture: Concepts, Action 450 

Mechanisms, and Applications. Biology (Basel). 2023; 12(12):1498. 451 
https://doi.org/10.3390/biology12121498. 452 

 453 

6. Gorzelanna Z,  Mamrot A, Będkowska D, Bubak H,  Miszczak M. Exploring the 454 

Potential of Novel Animal-Origin Probiotics as Key Players in One Health: Opportunities 455 
and Challenges. Int J Mol Sci. 2025; 26(11):5143.  456 
https://doi.org/10.3390/ijms26115143. 457 

 458 
7. Schuetz A, Ferrell andrea , Hindler J, Humphries R, Bobenchik A. Overview of 459 

changes in the Clinical and Laboratory Standards Institute Performance Standards for 460 
Antimicrobial Susceptibility Testing: M100 32nd and 33rd editions. Review. J Clin 461 
Microbiol. 2025; 63(9):e0162323. https://doi.org/10.1128/jcm.01623-23. 462 

 463 
8. Smith P, Joseph A, Baker-Austin C, Kang N, Baron S, Laetitia D, et al. 464 
Epidemiological cut-off values for Vibrio parahaemo lyticus calculated from minimal 465 

inhibitory concentration data generated at 35 and 28°C. Dis Aquat Org. 2024; 160: 127–466 

134. https://doi.org/10.3354/dao03831. 467 
 468 

9. Ma Y, Sun X, Xu X, Zhao Y, Pan Y, Hwang C, et al. Investigation of Reference Genes 469 
in Vibrio parahaemolyticus for Gene Expression Analysis Using Quantitative RT-PCR. 470 
PLoS One. 2015; 10(12):e0144362. https://doi.org/10.1371/journal.pone.0144362. 471 

 472 
 473 

https://doi.org/10.1016/j.aqrep.2022.101459
https://doi.org/10.1371/journal.pone.0273700
https://pubmed.ncbi.nlm.nih.gov/?term=%22Srirengaraj%20V%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Razafindralambo%20HL%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Rabetafika%20HN%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Nguyen%20HT%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Sun%20YZ%22%5BAuthor%5D
https://doi.org/10.3390/biology12121498
https://doi.org/10.3390/ijms26115143
https://doi.org/10.1371/journal.pone.0144362


 

21 
 

10. Liang G,  Fu W,  Wang K. Analysis of t-test misuses and SPSS operations in medical 474 
research papers. Burns Trauma. 2019; 7: 31. https://doi.org/10.1186/s41038-019-0170-3.  475 
 476 
11. Abdalla  T, Al-Rumaithi H, Osaili T, Hasan F , Obaid R, Abushelaibi  A, et al. 477 

Prevalence, Antibiotic-Resistance, and Growth Profile of Vibrio spp. Isolated From Fish 478 
and Shellfish in Subtropical-Arid Area. Front Microbiol. 2022; 13:861547. 479 
https://doi.org/ 10.3389/fmicb.2022.861547. 480 
 481 
12. Letchumanan V,  Yin  W,  Lee  L,  Chan  K. Prevalence and antimicrobial 482 

susceptibility of Vibrio parahaemolyticus isolated from retail shrimps in Malaysia. Front 483 
Microbiol. 2015:6:33. https://doi.org/10.3389/fmicb.2015.00033. eCollection 2015. 484 
 485 
13. Alipour M, Issazadeh K, Soleimani J. Isolation and identification of Vibrio 486 

parahaemolyticus from seawater and sediment samples in the southern coast of the 487 
Caspian Sea. Comp Clin Path. 2014; 23(1):129–133. https://doi.org/ 10.1007/s00580-488 

012-1583-6.  489 
 490 

14. Siddique A, Moniruzzaman M, Ali S, Nayem M, Islam M, Amin A, et al. 491 
Characterization of pathogenic Vibrio parahaemolyticus isolated from fish aquaculture of 492 
the southwest coastal area of Bangladesh. Front Microbiol. 2021; 12:635539. 493 

https://doi.org/10.3389/fmicb.2021.635539. eCollection 2021. 494 
 495 

15. Jong S, Sung R, Yu J, Mi R, Kwang Sh, Poong H, et al. Distribution and 496 
antimicrobial resistance of Vibrio parahaemolyticus isolated from fish and shrimp 497 
aquaculture farms along the Korean coast. Mar Pollut Bull. 498 

2021;171:112785. https://doi.org/10.1016/j.marpolbul.2021.112785.  499 

 500 
16. Su Y, Liu C. Vibrio parahaemolyticus: A concern of sea food safety. Review. Food 501 
Microbiol. 2007; 24(6):549- 558. https://doi.org/10.1016/j.fm.2007.01.005. 502 

 503 
17. Lorenzoni G,  Tedde G ,  Mara L,   Bazzoni A ,  Esposito G ,  Salza S, et al. Presence, 504 

Seasonal Distribution, and Biomolecular Characterization of Vibrio parahaemolyticus 505 
and Vibrio vulnificus in Shellfish Harvested and Marketed in Sardinia (Italy) between 506 

2017 and 2018. J Food Prot. 2021; 84(9):1549-1554. https://doi.org/10.4315/JFP-21-059. 507 
 508 
18. Gutierrez W G, Klein S,  Lovell Ch. High frequency of virulence factor genes tdh, 509 
trh, and tlh in Vibrio parahaemolyticus strains isolated from a pristine estuary. Appl 510 
Environ Microbiol. 2013; 79(7):2247-52. https://doi.org/10.1128/AEM.03792-12. 511 

 512 
19. Yan W, Chen L, Ji L, Yuan R, Dong F, Zhang P. Prevalence and Genomic 513 

Characterization of Vibrio parahaemolyticus Isolated from a Vast Amount of Aquatic 514 
Products in Huzhou, China. Foods. 2025; 14(14):2481. 515 
https://doi.org/10.3390/foods14142481. 516 

 517 

https://pubmed.ncbi.nlm.nih.gov/?term=%22Liang%20G%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Fu%20W%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Wang%20K%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Abdalla%20T%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Al-Rumaithi%20H%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Osaili%20TM%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Hasan%20F%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Obaid%20RS%22%5bAuthor%5d
https://pubmed.ncbi.nlm.nih.gov/?term=%22Abushelaibi%20A%22%5bAuthor%5d
https://doi.org/10.3389/fmicb.2022.861547
https://pubmed.ncbi.nlm.nih.gov/?term=Letchumanan+V&cauthor_id=25688239
https://pubmed.ncbi.nlm.nih.gov/?term=Yin+WF&cauthor_id=25688239
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+LH&cauthor_id=25688239
https://pubmed.ncbi.nlm.nih.gov/?term=Chan+KG&cauthor_id=25688239
https://pubmed.ncbi.nlm.nih.gov/?term=Lorenzoni+G&cauthor_id=33956961
https://pubmed.ncbi.nlm.nih.gov/?term=Tedde+G&cauthor_id=33956961
https://pubmed.ncbi.nlm.nih.gov/?term=Mara+L&cauthor_id=33956961
https://pubmed.ncbi.nlm.nih.gov/?term=Bazzoni+AM&cauthor_id=33956961
https://pubmed.ncbi.nlm.nih.gov/?term=Esposito+G&cauthor_id=33956961
https://pubmed.ncbi.nlm.nih.gov/?term=Salza+S&cauthor_id=33956961
https://pubmed.ncbi.nlm.nih.gov/?term=Gutierrez+West+CK&cauthor_id=23354697
https://pubmed.ncbi.nlm.nih.gov/?term=Klein+SL&cauthor_id=23354697
https://pubmed.ncbi.nlm.nih.gov/?term=Lovell+CR&cauthor_id=23354697
https://doi.org/10.1128/AEM.03792-12
https://doi.org/10.3390/foods14142481


 

22 
 

20. Yang Y, Jiafang X, Hua L, Shuwen T. Prevalence, antibiotic susceptibility and 518 
diversity of Vibrio parahaemolyticus isolates in seafood from south China. Front 519 
Microbiol. 2017; 8:2566. https://doi.org/10.3389/fmicb.2017.02566.  520 
 521 

21. Lee J, Kim H, Kang H, Park Y,  Joo I, Kim H. Antibiotic resistance and 522 
characteristics of Vibrio parahaemolyticus isolated from seafood distributed in South 523 
Korea from 2021 to 2022. Microorganisms. 2025; 13(7):1566. 524 
https://doi.org/10.3390/microorganisms13071566.  525 
 526 

22. Chomová N, Ratvaj M,  Mudroňová D, Popelka P, Mareš J, Palíková M. Feed 527 
enriched by autochthonous probiotic bacteria and its effect on growth and immune 528 
response under different feeding regimes and immune response after Aeromonas 529 
salmonicida infection in rainbow trout (Oncorhynchus mykiss). Aquac Int. 2025; 33:267. 530 

https://doi.org/10.1007/s10499-025-01950-9. 531 
 532 

23. Zabidi A,  Yusoff F,  Amin N,  Mohd  N,  Puvanasundram P,  Abd   MM. Effects of 533 
Probiotics on Growth, Survival, Water Quality and Disease Resistance of Red Hybrid 534 

Tilapia (Oreochromis spp.) Fingerlings in a Biofloc System. Animals (Basel). 2021; 535 
11(12):3514. https://doi.org/10.3390/ani11123514. 536 
 537 

24. Yilmaz S, Yilmaz E, Dawood M, Ringo E, Ahmadifar E, Abdel H. Probiotics, 538 
prebiotics, and synbiotics used to control vibriosis in fish: A review. Aquac. 2022; 574: 539 

737514. https://doi.org/10.1016/j.aquaculture.2021.737514. 540 
 541 

https://pubmed.ncbi.nlm.nih.gov/?term=Zabidi%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yusoff%20FM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Amin%20N%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yaminudin%20NJ%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Puvanasundram%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Karim%20MM%5BAuthor%5D
https://doi.org/10.3390/ani11123514
https://doi.org/10.1016/j.aquaculture.2021.737514

