
Abstract 

Increased global consumption of fish and seafood, driven by their nutritional benefits, has highlighted concerns regarding bacterial 
contamination, particularly by Vibrio parahaemolyticus. This study investigates the prevalence and associated risk factors of V. para-
haemolyticus in fish samples collected from three cities in the Kurdistan region of Iraq. A total of 185 fish samples were collected 
and analyzed for V. parahaemolyticus contamination using enrichment and isolation protocols. The overall detection rate was 9.19%, 
with no significant differences observed between cities, fish age, sex, or species. However, fish exhibiting abnormal physical signs, 
such as loose scales, pale gills, and bulging eyes, showed significantly higher contamination rates. Seasonal trends indicated a 
decreasing, though not statistically significant, trend in contamination from spring to summer. The cortisol level and lymphocyte 
count showed significant elevation, with a decrease in red cell count and abnormal physical appearance in fish compared with normal 
fish. These findings highlight the role of physiological and environmental factors in V. parahaemolyticus contamination and empha-
size the need for improved biosafety measures in freshwater fish handling and processing to mitigate public health risks.
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Introduction 
In recent years, the global consumption of fish and seafood has 

surged due to growing awareness of their numerous health benefits 
and increased demand (Boyd et al., 2022). Fish meat is famous for 
its low cholesterol and fat content, as well as its rich composition 
of essential vitamins, minerals, polyunsaturated fatty acids, and 
high-quality animal protein, making it a vital component of a bal-
anced diet (OECD and FAO, 2023; Ponnampalam et al., 2024). 

Despite these nutritional advantages, seafood is particularly 
vulnerable to bacterial contamination. Filter feeders, such as mus-
sels, are at high risk due to their ability to concentrate microorgan-
isms, including bacteria and viruses, from their aquatic environ-
ments (Parlapani et al., 2023; Roy et al., 2024). Among the com-
mon pathogens associated with seafood is the bacterium Vibrio 
parahaemolyticus, a Gram-negative, curved rod prevalent in 
marine ecosystems. This pathogen is commonly found in raw, 
undercooked, or contaminated seafood, especially in temperate 
regions. It has emerged as a leading cause of foodborne illnesses 
globally (Dumen et al., 2020; Parlapani et al., 2023; Al-Garadi et 
al., 2024). 

The pathogenicity of V. parahaemolyticus is attributed to its 
thermostable direct hemolysin (tdh) and thermostable-related 
hemolysin (trh) genes, which enable it to cause mild to moderate 
gastrointestinal infections. Although the infection is typically self-
limiting, it can become severe, particularly in individuals with 
compromised immune systems. Alarmingly, V. parahaemolyticus 
has shown resistance to many antibiotics, complicating the treat-

ment of severe cases (Álvarez-Contreras et al., 2021; Nguyen et 
al., 2024). 

First identified as a foodborne pathogen in Japan in 1951, V. 
parahaemolyticus gained global recognition by the 1970s as a 
major cause of diarrheal diseases (Odeyemi, 2016; Wang et al., 
2022; Almashhadany, Rashid, et al., 2024). Outbreaks of V. para-
haemolyticus have been frequently reported, especially in Asia, but 
incidences in the United States and Europe have also been docu-
mented (Ndraha et al., 2022). Consumption of contaminated fish 
can lead to vibriosis in humans, characterized by symptoms such 
as diarrhea, abdominal cramps, nausea, vomiting, and fever. Proper 
handling, storage, and thorough cooking of seafood are essential to 
mitigate infection risks.  

The rise of antimicrobial-resistant strains, such as the pandem-
ic O3:K6 serotype, combined with the effects of climate change 
and warming seas, has amplified the public health challenges asso-
ciated with V. parahaemolyticus (Al-mashhadany and Mayass, 
2017; Silvester et al., 2022). These factors have contributed to the 
geographic expansion and increasing prevalence of this pathogen, 
underscoring the need for enhanced surveillance and control meas-
ures (Mishra et al., 2024). The global dissemination of highly vir-
ulent and antimicrobial-resistant strains of V. parahaemolyticus 
poses a significant public health concern (Silvester et al., 2022; 
Almashhadany, Zainel, et al., 2024). Climate change and rising 
river temperatures have been implicated in the increased preva-
lence and geographic expansion of V. parahaemolyticus, further 
exacerbating the risk of foodborne outbreaks. Fish are more sensi-
tive to stressors than many other vertebrates (Wendelaar Bonga, 
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1997), making them ideal candidates for stress response assess-
ments in different fields, such as environmental health and public 
health (Lemos et al., 2023). Stress responses in fish include 
changes in whole-animal performance (e.g., growth, disease resist-
ance, and modified behavioral patterns) (Barton, 2002). Among 
different stress response biomarkers, cortisol has been shown to be 
a reliable stress indicator towards organic pollutants in fish 
(Zimmer et al., 2011). 

Unlike marine environments, riverine ecosystems may present 
unique conditions that influence the survival and virulence of this 
pathogen. Moreover, little is known regarding the prevalence of 
pathogenic V. parahaemolyticus in locally consumed freshwater 
fish meat, highlighting a critical gap in food safety research. 
Enhanced monitoring of river water and fish products is crucial to 
mitigate public health risks associated with this emerging threat 
(Kim, 2024).  

There is some evidence that environmental and social stressors 
disrupt microbial communities associated with the fish gut and 
skin (Webster et al., 2020); however, a potential role of cortisol in 
mediating these effects is unknown. Therefore, the aims of this 
study were to investigate the physiological factors (cortisol, red 
blood cell count, and lymphocyte counts) in fish that contribute to 
the contamination by V. parahaemolyticus, and to establish a sim-
ple protocol for isolation and identification of V. parahaemolyticus 
from fish meat, as well as to provide recommendations for mitigat-
ing fish contamination by this species. 

 
 
 

Materials and Methods 
Samples collection and preparation 

The samples were collected from January 2024 to June 2024. 
A total of 185 samples were collected from three different cities in 
the Kurdistan region (Iraq) in sterile, labelled, sealed plastic bags. 
Information regarding each sample, such as age, sex, physical 
appearance, healthy status, gross lesions, and type of fish were 
recorded. Blood samples were collected from the caudal vein into 
two different tubes, one of them with an anticoagulant for blood 
picture, and the other one for serum collection to determine corti-
sol. Samples were transported to the lab in an icebox. In the lab, 
samples were analyzed immediately on the day of sampling 
according to the methodology described elsewhere (Noorlis et al., 
2011). Briefly, 10 gm of fish meat were homogenized in 90 mL 
alkaline saline peptone water (ASPW) in a sterile polythene stom-
acher bag for 1 minute. Incubation of the first enrichment was done 
at 41.5±1°C for 6±1 hours, after which, 10 mL volume of the first 
enrichment culture (taken from the surface of the broth) was trans-
ferred to 90 ml ASPW as the second enrichment broth. 
Subsequently, a loopful (1 μL) from the second enriched broth was 
streaked onto Thiosulfate Citrate Bile Salts Sucrose (TCBS) agar 
plates (Hassan et al., 2012; Al-Garadi et al., 2025). 

 

Detection and identification of V. parahaemolyticus 
Enrichment and selective culturing 

10 g of minced fish tissue were homogenized in 90 mL of alka-
line peptone water (pH 8.6) and incubated at 37°C for 24 hours to 
facilitate the enrichment of Vibrio species. Following enrichment, 
a 1 μL loopful of the broth was streaked onto TCBS agar plates, a 
selective medium for Vibrio species. The plates were incubated at 
37°C for 24 hours (Hassan et al., 2012; Al-Garadi et al., 2025). 

Colony morphology and purification 
Presumptive V. parahaemolyticus colonies on TCBS agar 

appeared round, smooth, opaque, and blue-green due to sucrose 
non-fermentation. To obtain pure cultures, single colonies were 
subcultured onto fresh TCBS agar and re-incubated under the same 
conditions (Vuoso et al., 2025). 

 
Gram staining and microscopic examination 

Bacterial smears were prepared from suspected colonies and 
subjected to Gram staining. V. parahaemolyticus isolates appeared 
as Gram-negative, curved or rod-shaped (comma-shaped) cells 
under microscopy (Dinh-Hung et al., 2025). 

 
Biochemical characterization 

The purified colonies were further confirmed using the follow-
ing biochemical tests according to reference protocols (Zorrilla et 
al., 2003; Hassan et al., 2012; Kademi et al., 2018).  
- Catalase test: positive 
- Oxidase test: positive 
- Urease test: negative 
- Indole production: positive 
- Motility test: motile (observed via hanging drop method) 
- Methyl red test: negative 
- Voges-Proskauer test: negative 
- Citrate utilization: negative 
- Triple sugar iron agar: alkaline slant/acid butt, no H2S pro-

duction 
 

Salt tolerance test 
To confirm halophilic characteristics, suspected colonies were 

inoculated into nutrient broths containing 0%, 3%, 6%, 8%, and 
10% NaCl and incubated at 37°C for 24 hours. V. parahaemolyti-
cus exhibited growth in 3%, 6%, and 8% NaCl, but no growth in 
0% and 10% NaCl, confirming its moderate halophilic nature 
(Kwok et al., 2024). 

Blood indices and cortisol level estimation 
Red blood cell count and lymphocytes count were done by a 

fully automated hematological analyzer at HPLC Scientific 
Research Laboratories, Mosul. Serum cortisol was quantified via a 
commercially available kit for enzyme-linked immunosorbent 
assay [Cortisol (Cort) ELISA Kit-Competitive, BioVenic, New 
York, USA] according to the manufacturer and a published proto-
col (Connell, 2012).  

 
Statistical analysis  

Data was analyzed by the SPSS package program (IBM, 
Armonk, NY, USA) for Windows. The Chi-square test was used to 
compare groups, and the Wilson method was used for confidence 
interval calculations at a significance level ≤0.05. 

 
 
 

Results 
The overall detection rate of V. parahaemolyticus in the col-

lected samples is 9.19% (5.82-14.23%, 95% confidence interval) 
(Table 1). No significant differences were found between the cities 
where samples were collected from, or fish age, species, or gender. 
The highest contamination rate was observed in fish aged 1-2 years 
(10.7%), with younger fish (<1 year) showing the lowest rate 
(6.7%). Similarly, female fish showed a slightly higher contamina-
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tion rate (9.5%) compared to males (8.5%). The infected fish 
showed clear abnormal appearance and physiological signs of an 
infection (Figure 1). Fish with abnormal physical appearance 
showed a significantly higher rate of positive cultures for V. para-
haemolyticus ((p<0.001) when compared to the positive cultures of 
normally looking fish. Likewise, fish with exophthalmos, pale or 
discolored gills, or loose scales showed significantly more infec-
tions with V. parahaemolyticus (p<0.001). However, there was no 
significant difference between the groups of abnormally looking 
fish (p=0.8845) or among the diseased groups (p=0.6911).  The 
temporal distribution of V. parahaemolyticus infections during the 
study period showed a slight decrease in infections from spring to 

summer (Table 2). No significant differences between months 
were observed (p=0.961). Generally, the average infection percent-
age at any time among the sampled locations is estimated statisti-
cally to be between 5.82% and 14.23%.  

The results in Table 3 show a significant increase in red blood 
cell count in fish that exhibit abnormal physical appearance 
(4.3±1.3×10⁶ cells/μL) compared with the normal fish (1.7±0.9 
×10⁶ cells/μL). But there was a significant increase in lymphocyte 
count and cortisol level in the serum of fish that exhibited abnor-
mal physical appearance (5.2±1.627×10⁶ cells/μL), (97±0.5 
ng/mL) respectively, compared with the normal fish (4.4±0.631 
×10⁶ cells/μL), (6±0.34 ng/mL) respectively. 

                                                                                                                              Article

Table 1. Characteristics of fish samples investigated for the infection of Vibrio parahaemolyticus. 

                                                    No. tested                              Positive, n (%)                               95% CI                                      p 

Source  
     Dukan city                                            65                                                 4 (6.15)                                          2.45-14.84                                       0.547 
     Daquq city                                            60                                                7 (11.67)                                         5.79-22.22                                            
     Taqtaq city                                           60                                                6 (10.00)                                         4.66-20.15                                            
     Total                                                    185                                               17 (9.19)                                         5.82-14.23                                            
Age (year) 
     <1 year                                                 60                                                 4 (6.67)                                          2.64-15.97                                       0.707 
     1-2 years                                               75                                                8 (10.67)                                         5.53-19.70                                            
     >2 years                                                50                                                5 (10.00)                                         4.35-21.36                                            
     Total                                                    185                                               17 (9.19)                                         5.82-14.23                                            
Species  
     Coregonus lavaretus                            75                                                 6 (8.00)                                          3.72-16.37                                       0.644 
     Cyprinus carpio                                  110                                              11 (10.00)                                        5.68-17.02                                            
     Total                                                    185                                               17 (9.19)                                         5.82-14.23                                            
Gender  
     Male                                                     90                                                 8 (8.89)                                          4.58-16.58                                       0.891 
     Female                                                 95                                                 9 (9.47)                                          5.08-17.06                                            
     Total                                                    185                                               17 (9.19)                                         5.82-14.23                                            
CI, confidence interval.

Figure 1. Vibrio parahaemolyticus infections in fish according to stress indicators vs. the normal appearance (A) and physical signs that 
may reflect an ongoing infection (B). Error bars are the 95% confidence intervals. 
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Discussion 
Pathogenic species like V. parahaemolyticus are a major food-

borne concern, necessitating continuous monitoring to understand 
their epidemiology, transmission routes, and control measures. The 
detection of V. parahaemolyticus in fish meat underscores the need 
for stringent biosafety measures in seafood handling and consump-
tion. The overall contamination rate of V. parahaemolyticus in this 
work (9.2%) is slightly higher than reports from Bulgaria (6%) 
(Stratev et al., 2021) but noticeably lower than findings from 
regions such as Bangladesh (63.75%) (Ali et al., 2021) and 
Thailand (21.7%) (Siriphap et al., 2024). These regional variations 
could be attributed to differences in environmental conditions, 
sampling techniques, fish species, and detection methods (Lovell, 
2017; Gavilan et al., 2023; Liu et al., 2025). 

There is limited evidence directly linking the age or sex of fish 
to varying levels of V. parahaemolyticus contamination. Most 
studies focus on environmental factors and handling practices as 
primary determinants. However, fish species and physiology (e.g., 
sexual maturity, immune function, metabolic state) can affect the 
survival and growth of disease-causing Vibrio spp., as seen in 
shellfish (Tirsgaard et al., 2015; Christensen et al., 2021; van 
Deurs et al., 2023; Perry et al., 2024). Age and sex can influence 
bacterial infections in fish, though the extent varies by species and 
pathogen. Older fish may be more susceptible to some infections, 
like Lactococcus garvieae (Morita et al., 2011), while younger fish 
can exhibit higher mortality rates under certain conditions. Male 
fish have been found to be more vulnerable to acute infections, 
such as Streptococcus agalactiae (Amal et al., 2018), likely due to 
differences in immune responses. However, it is still unclear if that 
is the case for V. parahaemolyticus. 

The study further identifies abnormal physical appearance, 
such as changes in fish coloration and breathing patterns, as factors 
associated with higher infection rates. Fish exhibiting loose scales, 
bulging eyes, or pale gills also showed low red blood cell count, 
increased lymphocyte count, and an increase in cortisol level, in 
addition to higher rates of V. parahaemolyticus infection. These 
signs likely reflect compromised health or environmental stressors, 

indicating potential markers for bacterial infection, as elevated cor-
tisol is a known stress response in various fish species (Lemos et 
al., 2023). Bacterial infections in fish are often associated with 
symptoms like loose scales, bulging eyes, and pale gills. Loose 
scales can result from infections caused by bacteria, including 
Vibrio species and Aeromonas hydrophila, which often lead to skin 
lesions or ulcers (Zhou et al., 2024).  

Stress or poor water quality can exacerbate these conditions, 
increasing susceptibility to infections. Bulging eyes (exoph-
thalmia) have been observed in bacterial infections like 
Streptococcus iniae or Pseudomonas fluorescens, often caused by 
fluid accumulation due to inflammation or internal abscesses 
(Deng et al., 2024; Juárez-Cortés et al., 2024). Pale gills, on the 
other hand, are a typical sign of anemia or hypoxia, which can 
occur during bacterial septicemia (systemic infection) (Ruth and 
Denise, 2020; Faye et al., 2022). Pathogenic organisms, such as 
Flavobacterium columnare and Aeromonas spp., are known to 
cause damage to gill tissues in fish and other aquatic animals. This 
damage often results in compromised oxygen exchange due to the 
destruction of the delicate lamellae in the gills, leading to poten-
tially fatal respiratory distress and a condition often referred to as 
gill disease or bacterial gill disease (Zamparo et al., 2024).  

Seasonal trends showed a peak in V. parahaemolyticus contam-
ination during the warmer months, correlating with elevated sea-
water temperatures that favor bacterial proliferation. Indeed, this 
observation is supported by the findings of previous studies that 
reported the summer season to naturally favor the growth of cer-
tain bacterial species, including vibrios, by elevating the tempera-
ture to 25-29°C (Mohi et al., 2010; Shen et al., 2017; Sheikh et al., 
2022; Al-Garadi et al., 2024). This temperature-dependent growth 
is observed across multiple Vibrio species, including V. cholerae, 
V. parahaemolyticus, and V. vulnificus (DePaola et al., 2003; 
Froelich and Daines, 2020; Randa et al., 2022). However, it is 
important to note that while temperature is a significant factor, it is 
not the only one influencing Vibrio abundance. Other factors, such 
as salinity, also play important roles in Vibrio ecology (Ahmadi et 
al., 2025). 

 

                 Article

Table 2. Isolation of V. parahaemolyticus according to study period. 

Month                            No. examined                               Positive, n (%)                                    95% CI                                          p 

January                                           35                                                      3 (8.57)                                                2.97-22.42                                           0.961 
February                                          30                                                     4 (13.33)                                               5.29-29.64                                                 
March                                             34                                                      3 (8.82)                                                3.03-22.93                                                 
April                                                29                                                     3 (10.34)                                               3.56-26.33                                                 
May                                                27                                                      2 (7.41)                                                2.05-23.36                                                 
June                                                 30                                                      2 (6.67)                                                1.86-21.37                                                 
Total                                               185                                                    17 (9.19)                                               5.82-14.23                                                 
CI, confidence interval. 
 

Table 3. Stress indicators (mean ± standard error) in all examined fish (n=185) from different sources.  

Fish                                                    RBCs *××10⁶ cells/μL                                 Lymphocyte %                         Cortisol ng/mL 

Fish appear normal                                                   4.3±1.3*                                                          4.4±0.631                                            6±0.34 
Fish with abnormal physical appearance                 1.7±0.9                                                          5.2±1.627*                                          97±0.5* 
RBCs, red blood cells. *Means within the same column are significantly different at p<0.05 at each experimental time. 
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Conclusions 
The study demonstrates that V. parahaemolyticus poses a mea-

surable risk to fish consumers in the Kurdistan region, with an 
overall contamination rate of 9.19%. Fish with visible stress indi-
cators, such as loose scales, pale gills, and bulging eyes, are more 
likely to be infected, suggesting a link between fish health and sus-
ceptibility to bacterial contamination. While no significant differ-
ences were observed between fish age, gender, or sampling loca-
tions, the study underscores the importance of maintaining proper 
handling and storage practices, particularly during warmer months 
when bacterial proliferation is likely. Enhanced surveillance, along 
with targeted interventions, can help mitigate the public health 
risks associated with V. parahaemolyticus in freshwater fish meat. 

 
 
 

References 
Ahmadi M, Esrafili A, Pazoki-Toroudi H, Gorjipour F, Kalantary 

RR, 2025. Occurrence, environmental correlates, and risk 
assessment of Vibrio parahaemolyticus in Caspian sea coastal 
waters. Sci Rep 16:153.  

Al-Garadi MA, Almashhadany DA, Aziz RN, Ali Al-Qabili DM, 
Alhumaidan OS, Alnuwaysir H, Ali AHM, Sayed E, Alabsi 
AM, 2025. The role of sea fish meat in the transmission of 
Vibrio parahaemolyticus to humans: an in-depth analysis of 
seasonal and species-specific variations. Vet World 18:348-54.  

Al-Garadi MA, Aziz RN, Almashhadany DA, Al Qabili DMA, 
Abdullah Aljoborey AD, 2024. Validity of cold storage and 
heat treatment on the deactivation of Vibrio parahaemolyticus 
isolated from fish meat markets. Ital J Food Saf 13:11516.  

Al-mashhadany DA, Mayass SM, 2017. Incidence of helicobacter 
pylori in food and water in Dhamar governorate/Yemen. Int J 
Curr Res 9:45320-6. 

Ali S, Hossain M, Azad AB, Siddique AB, Moniruzzaman M, 
Ahmed MA, Amin MB, Islam MS, Rahman MM, Mondal D, 
Mahmud ZH, 2021. Diversity of Vibrio parahaemolyticus in 
marine fishes of Bangladesh. J Appl Microbiol 131:2539-51. 

Almashhadany DA, Rashid RF, Altaif KI, Mohammed SH, 
Mohammed HI, Al-Bader SM, others, 2024. Heavy metal 
(loid) bioaccumulation in fish and its implications for human 
health. Ital J Food Saf 14:12782.  

Almashhadany DA, Zainel MA, AbdulRahman TT, 2024. Review 
of foodborne Helicobacteriosis. Ital J Food Saf 13:12176. 

Álvarez-Contreras AK, Quiñones-Ramírez EI, Vázquez-Salinas C, 
2021. Prevalence, detection of virulence genes and antimicro-
bial susceptibility of pathogen Vibrio species isolated from dif-
ferent types of seafood samples at “La Nueva Viga” market in 
Mexico City. Antonie van Leeuwenhoek 114:1417-29.  

Amal MNA, Zarif ST, Suhaiba MS, Aidil MRM, Shaqinah NN, 
Zamri-Saad M, Ismail A, 2018. The effects of fish gender on 
susceptibility to acute Streptococcus agalactiae infection in 
Javanese medaka Oryzias javanicus. Microb Pathog 114:251-
4. 

Barton BA, 2002. Stress in fishes: a diversity of responses with 
particular reference to changes in circulating corticosteroids. 
Integr Comp Biol 42:517-25.  

Boyd CE, McNevin AA, Davis RP, 2022. The contribution of fish-
eries and aquaculture to the global protein supply. Food Secur 
14:805-27.  

Christensen EAF, Norin T, Tabak I, van Deurs M, Behrens JW, 
2021. Effects of temperature on physiological performance 

and behavioral thermoregulation in an invasive fish, the round 
goby. J Exp Biol 224:jeb237669.  

Connell E, 2012. Tietz Textbook of Clinical Chemistry and 
Molecular Diagnostics (5th e). SAGE Publications, Thousand 
Oaks, CA, USA. 

Deng Y, Lin Z, Xu L, Jiang J, Cheng C, Ma H, Feng J, 2024. A first 
report of Streptococcus iniae infection of the spotted sea bass 
(Lateolabrax maculates). Front Vet Sci 11:1404054. 

DePaola A, Nordstrom JL, Bowers JC, Wells JG, Cook DW, 2003. 
Seasonal abundance of total and pathogenic Vibrio para-
haemolyticus in Alabama oysters. Appl Environ Microbiol 
69:1521-6.  

Dinh-Hung N, Mai HN, Matthews M, Wright H, Dhar AK, 2025. 
Isolation, characterization, and pathogenicity of a Vibrio para-
haemolyticus strain causing translucent post-larvae disease in 
Penaeus vannamei outside China. PLoS One 20:e0331862. 

Dumen E, Ekici G, Ergin S, Bayrakal GM, 2020. Presence of food-
borne pathogens in seafood and risk ranking for pathogens. 
Foodborne Pathog Dis 17:541-6. 

Faye R, Fall J, Kane Y, J. Bruce T, Bada Alambedji R, 2022. Non-
infectious and infectious pathological patterns in tilapia and 
catfish: a review of the literature on causes and clinical mani-
festations. Int J Adv Res 10:972-93.  

Froelich BA, Daines DA, 2020. In hot water: effects of climate 
change on Vibrio–human interactions. Environ Microbiol 
22:4101-11.  

Gavilan RG, Caro-Castro J, Blondel CJ, Martinez-Urtaza J, 2023. 
Vibrio parahaemolyticus epidemiology and pathogenesis: 
novel insights on an emerging foodborne pathogen. Adv Exp 
Med Biol 1404:233-51. 

Hassan ZH, Zwartkruis-Nahuis JTM, Boer E, 2012. Occurrence of 
Vibrio parahaemolyticus in retailed seafood in the 
Netherlands. Int Food Res J 19:39-43. 

Juárez-Cortés MZ, Vázquez LEC, Díaz SFM, Cardona Félix CS, 
2024. Streptococcus iniae in aquaculture: a review of patho-
genesis, virulence, and  antibiotic resistance. Int J Vet Sci Med 
12:25-38. 

Kademi HI, Zebere GC, Güvenir M, Adun P, Susever S, Süer K, 
2018. Prevalence of Vibrio parahaemolyticus in various 
seafood consumed in north Cyprus. Cyprus J Med Sci 3:54-8. 

Kim J-G, 2024. Influence of climatic factors on the occurrence of 
Vibrio parahaemolyticus food poisoning in the Republic of 
Korea. Climate 12:25.  

Kwok CTK, Yu RCW, Hau PT, Cheung KYC, Ng ICF, Fung J, 
Wong ITF, Yau MCY, Liu WM, Kong HK, Siu GKH, Chow 
FWN, Seto SW, 2024. Characteristics and pathogenicity of 
Vibrio alginolyticus SWS causing high mortality in mud crab 
(Scylla serrata) aquaculture in Hong Kong. Front Cell Infect 
Microbiol 14:1425104. 

Lemos LS, Angarica LM, Hauser-Davis RA, Quinete N, 2023. 
Cortisol as a stress indicator in fish: sampling methods, analyt-
ical techniques, and organic pollutant exposure assessments. 
Int J Environ Res Public Health 20:6237.  

Liu J, Xiong R, Wu Q, Xu T, Caridad OCO, Zhu Y, Pan Y, Malakar 
PK, Zhao Y, Zhang Z, 2025. Detection, assessment, and con-
trol strategies for managing Vibrio parahaemolyticus risk in 
seafood. Food Qual Saf 9:11-35. 

Lovell CR, 2017. Ecological fitness and virulence features of 
Vibrio parahaemolyticus in estuarine environments. Appl 
Microbiol Biotechnol 101:1781-94.  

Mishra A, Kim H-S, Kumar R, Srivastava V, 2024. Advances in 
Vibrio-related infection management: an integrated technology 
approach for aquaculture and human health. Crit Rev 

                                                                                                                              Article



[page 50]                                                         [Italian Journal of Food Safety 2026; 15:14283]

Biotechnol 44:1610-37. 
Mohi MM, Kuratani M, Miyazaki T, Yoshida T, 2010. 

Histopathological studies on Vibrio harveyi– infected tiger 
puffer, Takifugu rubripes (Temminck et Schlegel), cultured in 
Japan. J Fish Dis 33:833-40.  

Morita H, Toh H, Oshima K, Yoshizaki M, Kawanishi M, Nakaya 
K, Suzuki T, Miyauchi E, Ishii Y, Tanabe S, Murakami M, 
Hattori M, 2011. Complete genome sequence and comparative 
analysis of the fish pathogen Lactococcus garvieae. PLoS One 
6:e23184.  

Ndraha N, Huang L, Wu VCH, Hsiao H-I, 2022. Vibrio para-
haemolyticus in seafood: recent progress in understanding 
influential factors at harvest and food-safety intervention 
approaches. Curr Opin Food Sci 48:100927. 

Nguyen KCT, Truong PH, Thi HT, Ho XT, Van Nguyen P, 2024. 
Prevalence, multidrug resistance, and biofilm formation of 
Vibrio parahaemolyticus isolated from fish mariculture envi-
ronments in Cat Ba Island, Vietnam. Osong Public Heal Res 
Perspect 15:56-67. 

Noorlis A, Ghazali FM, Cheah YK, Tuan Zainazor TC, Ponniah J, 
Tunung R, Tang JYH, Nishibuchi M, Nakaguchi Y, Son R, 
2011. Prevalence and quantification of Vibrio species and 
Vibrio parahaemolyticus in freshwater fish at hypermarket 
level. Int Food Res J 18:689-95. 

Odeyemi OA, 2016. Incidence and prevalence of Vibrio para-
haemolyticus in seafood: a systematic review and meta-analy-
sis. Springerplus 5:464.  

OECD, FAO, 2023. OECD-FAO Agricultural Outlook 2023-2032. 
Available from: 
https://www.oecd.org/content/dam/oecd/en/publications/report
s / 2 0 2 3 / 0 7 / o e c d - f a o - a g r i c u l t u r a l - o u t l o o k - 2 0 2 3 -
2032_859ba0c2/08801ab7-en.pdf. 

Parlapani FF, Boziaris IS, Mireles DeWitt CA, 2023. Chapter 32 - 
Pathogens and their sources in freshwater fish, sea finfish, 
shellfish, and algae. In: Knowles ME, Anelich LE, Boobis AR, 
Popping B, eds. Present knowledge in food safety: a risk-based 
approach through the food chain. Academic Press, Cambridge, 
MA, USA; pp 471-92. 

Perry D, Tamarit E, Sundell E, Axelsson M, Bergman S, Gräns A, 
Gullström M, Sturve J, Wennhage H, 2024. Physiological 
responses of Atlantic cod to climate change indicate that 
coastal ecotypes may be better adapted to tolerate ocean stres-
sors. Sci Rep 14:12896. 

Ponnampalam EN, Priyashantha H, Vidanarachchi JK, Kiani A, 
Holman BWB, 2024. Effects of nutritional factors on fat con-
tent, fatty acid composition, and sensorial properties of meat 
and milk from domesticated ruminants: an overview. Animals 
14:840. 

Randa MA, Polz MF, Lim E, 2022. Effects of temperature and 
salinity on Vibrio vulnificus population dynamics as assessed 
by quantitative PCR. Int J Adv Res 70:972-93. 

Roy PK, Roy A, Jeon EB, DeWitt CAM, Park JW, Park SY, 2024. 
Comprehensive analysis of predominant pathogenic bacteria 
and viruses in seafood products. Compr Rev Food Sci Food 
Saf 23:e13410.  

Ruth F-F, Denise P, 2020. Disorders and diseases of fish. Available 
from: https://www.msdvetmanual.com/all-other-pets/fish/dis-
orders-and-diseases-of-fish . 

Sheikh HI, Najiah M, Fadhlina A, Laith AA, Nor MM, Jalal KCA, 
Kasan NA, 2022. Temperature upshift mostly but not always 
enhances the growth of Vibrio Species: a systematic review. 

Front Mar Sci 9:959830. 
Shen GM, Shi CY, Fan C, Jia D, Wang SQ, Xie GS, Li GY, Mo ZL, 

Huang J, 2017. Isolation, identification and pathogenicity of 
Vibrio harveyi, the causal agent of skin ulcer disease in juve-
nile hybrid groupers Epinephelus fuscoguttatus × Epinephelus 
lanceolatus. J Fish Dis 40:1351-62. 

Silvester R, Alexander D, Sudha S, Harikrishnan M, Hatha M, 
2022. Virulence features of Vibrio parahaemolyticus: a review. 
In: Impact of climate change on hydrological cycle, ecosystem, 
fisheries and food security. CRC Press, Boca Raton, FL, USA; 
pp 211-8. 

Siriphap A, Prapasawat W, Borthong J, Tanomsridachchai W, 
Muangnapoh C, Suthienkul O, Chonsin K, 2024. Prevalence, 
virulence characteristics, and antimicrobial resistance of 
Vibrio parahaemolyticus isolates from raw seafood in a 
province in Northern Thailand. FEMS Microbiol Lett 
371:fnad134. 

Stratev D, Stoyanchev T, Bangieva D, 2021. Occurrence of Vibrio 
parahaemolyticus and Staphylococcus aureus in seafood. Ital J 
Food Saf 10:10027. 

Tirsgaard B, Behrens JW, Steffensen JF, 2015. The effect of tem-
perature and body size on metabolic scope of activity in juve-
nile Atlantic cod Gadus morhua L. Comp Biochem Physiol 
Part A Mol Integr Physiol 179:89-94. 

van Deurs M, Jacobsen NS, Behrens JW, Henriksen O, Rindorf A, 
2023. The interactions between fishing mortality, age, condi-
tion and recruitment in exploited fish populations in the North 
Sea. Fish Res 267:106822.  

Vuoso V, Mondelli A, Ceniti C, Venuti I, Ciardella G, Proroga 
YTR, Nisci B, Ambrosio RL, Anastasio A, 2025. Assessing 
risks and innovating traceability in Campania’s illegal mussel 
sale: a one health perspective. Foods 14:2672. 

Wang D, Flint SH, Palmer JS, Gagic D, Fletcher GC, On SLW, 
2022. Global expansion of Vibrio parahaemolyticus threatens 
the seafood industry: perspective on controlling its biofilm for-
mation. LWT 158:113182.  

Webster TMU, Rodriguez-Barreto D, Consuegra S, Garcia de 
Leaniz C, 2020. Cortisol-related signatures of stress in the fish 
microbiome. Front Microbiol 11:529410. 

Wendelaar Bonga SE, 1997. The stress response in fish. Physiol 
Rev 77:591-625. 

Zamparo S, Orioles M, Brocca G, Marroni F, Castellano C, 
Radovic S, Mandrioli L, Galeotti M, Verin R, 2024. Novel 
insights on microbiome dynamics during a gill disease out-
break in farmed rainbow trout (Oncorhynchus mykiss). Sci 
Rep 14:17791.  

Zhou D, Zhang B, Dong Y, Li X, Zhang J, 2024. Coinfection of 
cage-cultured spotted sea bass (Lateolabrax maculatus) with 
Vibrio harveyi and photobacterium damselae subsp. piscicida 
associated with skin ulcer. Microorganisms 12:503. 

Zimmer KE, Montaño M, Olsaker I, Dahl E, Berg V, Karlsson C, 
Murk AJ, Skaare JU, Ropstad E, Verhaegen S, 2011. In vitro 
steroidogenic effects of mixtures of persistent organic pollu-
tants (POPs) extracted from burbot (Lota lota) caught in two 
Norwegian lakes. Sci Total Environ 409:2040-8. 

Zorrilla I, Chabrillón M, Arijo S, Dı́az-Rosales P, Martı́nez-
Manzanares E, Balebona MC, Moriñigo MA, 2003. Bacteria 
recovered from diseased cultured gilthead sea bream (Sparus 
aurata L.) in southwestern Spain. Aquaculture 218:11-20.  

                 Article



                                                                                                                              Article

Received: 26 August 2025; Accepted: 21 January 2026; Early view: 9 March 2026. 
 
Conflict of interest: the author declares the absence of any competing interests. 
 
Ethics approval and consent to participate: not applicable. 
 
Availability of data and materials: data and materials are available from the corresponding author upon request.  
  
Publisher's note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is 
not guaranteed or endorsed by the publisher. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

                                                                     [Italian Journal of Food Safety 2026; 15:14283]                                                        [page 51]


