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Objective: The purpose of this study was to investigate the epidemiological and genomic characteristics of Vibrio parahaemolyticus (V. parahaemolyticus) isolates from outbreaks in Huzhou, China.

Methods: This study aims to analyze the epidemiological data on V. parahaemolyticus outbreaks reported in Huzhou from 2019 to 2023. A total of 70 V. parahaemolyticus outbreak isolates were collected. The antibiotic resistance, serotypes, molecular typing, and genomic characteristics of these isolates were analyzed.

Results: Most outbreaks of V. parahaemolyticus infection occurred in the summer, and the majority of outbreaks occurred in restaurants and rural banquets. High resistance rates were observed for ampicillin (AMP, 24.29%), followed by tetracycline (TET, 15.71%) and trimethoprim-sulfamethoxazole (SXT, 15.71%). The newly emerged serotype O10:K4 became dominant from 2021 to 2023, with most isolates belonging to ST3. The resistance gene blaCARB was frequently detected among these isolates. The pulsed-field gel electrophoresis (PFGE) and whole-genome single-nucleotide polymorphisms (wgSNPs) effectively differentiated the nine outbreaks.

Conclusion: The newly emerged serotype O10:K4 became dominant from 2021 to 2023, with most isolates being ST3. PFGE and WGS technologies provided reliable methods for typing and identifying V. parahaemolyticus for outbreaks.
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1 Introduction

Vibrio parahaemolyticus (V. parahaemolyticus) is a Gram-negative bacterium commonly found in temperate and tropical coastal areas worldwide. It is a significant foodborne pathogen, particularly prevalent in halophilic environments. Cases of V. parahaemolyticus infections were mostly associated with the consumption of raw or undercooked contaminated food in summer (Letchumanan et al., 2014; Martinez-Urtaza and Baker-Austin, 2020). Symptoms of acute gastroenteritis caused by V. parahaemolyticus include nausea, vomiting, and diarrhea, with severe cases potentially leading to death (Baker-Austin et al., 2010). V. parahaemolyticus was first isolated and geographically restricted to Japan in 1950, but its infections were reported in geographically diverse locations from 1969. Since 1996, the worldwide prevalence of the O3:K6 serotype, V. parahaemolyticus, has gradually become a major global foodborne pathogen (Hara-Kudo et al., 2012), and according to the estimates of 2020, there were over 50,000 infections each year in the United States (Martinez-Urtaza and Baker-Austin, 2020). Coastal countries such as Canada, the United States, Mexico, Spain, and South Korea have also reported cases of V. parahaemolyticus infections (Taylor et al., 2018; McLaughlin et al., 2005; Cabanillas-Beltrán et al., 2006; Martinez-Urtaza et al., 2016; Jeong et al., 2020).

In China, V. parahaemolyticus is becoming a major pathogen for bacterial foodborne outbreaks (Li W. et al., 2020), particularly in eastern coastal areas such as Shanghai and Zhejiang Province (Luo et al., 2019; Chen et al., 2022b; Chen et al., 2022a). In Shanghai, the incidence rate of V. parahaemolyticus infections was 183 cases per 100,000 individuals (Luo et al., 2019). The research of Zhejiang indicated that V. parahaemolyticus had become the main cause of foodborne outbreaks, which account for 58.4% (Chen et al., 2022b; Chen et al., 2022a). Currently, there has been an increase in foodborne outbreaks attributed to V. parahaemolyticus in Zhejiang province, China, with reported cases escalating from 5 in 2011 to 45 in 2021 (Chen et al., 2023).

Located on the southeast coast of China, Huzhou had a permanent population of 3.44 million at the end of 2023. The southeastern coastal region of China was considered a hotspot for V. parahaemolyticus prevalence (Chen et al., 2016). V. parahaemolyticus has emerged as the second most commonly detected pathogen in diarrhea cases in Huzhou, Zhejiang Province, followed by diarrheal Escherichia coli (Wu et al., 2021). There were different degrees of V. parahaemolyticus contamination in freshwater and seawater products in Huzhou (Yan et al., 2021). In 2010, the Foodborne Disease Outbreaks Surveillance System (FDOSS) was established. Analysis of the data revealed a consistent occurrence of foodborne outbreaks caused by V. parahaemolyticus since 2019 in Huzhou. However, there is a lack of reports analyzing antimicrobial resistance (AMR) profiles and genetic diversity of V. parahaemolyticus from foodborne outbreaks.

The aim of this study was to analyze the outbreaks caused by V. parahaemolyticus in Huzhou from 2019 to 2023, which were obtained from FDOSS. We conducted an investigation of the AMR profiles and molecular epidemiological characteristics of 70 V. parahaemolyticus isolates from foodborne outbreaks over a 5-year period. This study provides us with the genetic diversity, virulence potential, and AMR profiles of V. parahaemolyticus from outbreaks in Huzhou. This could be beneficial for future intervention and prevention of foodborne diseases caused by V. parahaemolyticus.



2 Materials and methods


2.1 Definition of Vibrio parahaemolyticus outbreak

The V. parahaemolyticus outbreak is defined as two or more cases of diarrhea (≥3 times/24 h) by consuming the same food contaminated with V. parahaemolyticus. The bacteria can be isolated from the food, equipment used in food preparation, stool, or vomit of multiple affected individuals.



2.2 Epidemiological investigation

After the outbreak, the local public health physician conducted an investigation. Suspected cases were further investigated based on a standardized questionnaire. The questionnaire included basic information (such as age and gender), clinical details (including onset time, symptoms such as vomiting, diarrhea, abdominal pain, fever, and stool character), and information on food exposure. Additionally, the sanitary investigation was carried out on-site, and food and environment samples were obtained for laboratory testing.



2.3 Sample collection and Vibrio parahaemolyticus isolation

From 2019 to 2023, there were 9 foodborne outbreaks caused by V. parahaemolyticus in Huzhou. A total of 218 samples were collected, comprising 151 patient samples (83 anal swabs, 62 stool samples, and 6 vomit samples), 39 food samples (21 aquatic products, 10 Chinese cold dishes, 5 meat and meat products, and 3 vegetables), and 28 environmental samples (9 bowls, 7 plates, 5 cutting boards, 5 kitchen water samples, and 2 kitchen knives). Among these samples, 70 isolates of V. parahaemolyticus were isolated, with 68 originating from patients and 2 from food, and no isolates were obtained from environmental samples. The isolation and identification of V. parahaemolyticus in each outbreak were conducted in accordance with the Chinese National Standard for Food Safety Manual (GB 4789.7–2013). For each sample, enrichment was performed using 3% sodium chloride alkaline peptone water at 37°C for 18 h. The enriched cultures were then plated on Chromogenic Vibrio agar (Chromogar, France) and incubated at 37°C for 24 h for colony screening. The single colony display purple or fuchsia coloration was selected and confirmed using the VITEK MS system (bioMérieux, France).



2.4 Serotyping

Serotypes of V. parahaemolyticus isolates were determined by slide agglutination for 11 O (lipopolysaccharide) and 65 K (capsule) antisera using commercially available antiserum (Denka Seiken, Japan). Pure cultures of bacterial strains were washed from the agar plates with 3% NaCl and 5% glycerin solution. A part of the suspension was directly mixed with K antigen antisera for slide agglutination reactions. Another part suspension was subjected to autoclave at 121°C for 1 h, followed by centrifugation at 4000 rpm for 15 min, and the supernatant was discarded and washed with normal saline three times. The final suspension was tested against antisera for O-antigens agglutinating reaction, with normal saline used as a negative control. The serotyping scheme of V. parahaemolyticus is based on the combination of O and K antigens.



2.5 Antimicrobial susceptibility testing

Antibiotic susceptibility of all V. parahaemolyticus isolates was tested using the broth micro-dilution minimum inhibitory concentration (MIC) method. A bacterial colony suspension was prepared in a sterile 0.9% NaCl solution and adjusted to a 0.5 McFarland standard. The suspension was added to the broth, and then the broth was inoculated onto the antimicrobial susceptibility plate and incubated for 24 h at 36°C. The 12 antibiotics selected were chloramphenicol (CHL), trimethoprim-sulfamethoxazole (SXT), meropenem (MEM), cefotaxime (CTX), ceftazidime (CAZ), tetracycline (TET), ciprofloxacin (CIP), nalidixic (NAL), azithromycin (AZM), amikacin (AMI), ampicillin (AMP), and ampicillin/sulbactam (AMS). Breakpoint interpretations were developed by reference to Clinical and Laboratory Standards Institute (CLSI) guidelines (CLSI, 2020). Negative and blank controls were set up at the same time, and Escherichia coli ATCC 25922 was included as a quality control strain.



2.6 Pulsed-field gel electrophoresis analysis

The PFGE analysis of V. parahaemolyticus was carried out according to the standard operation method of PulseNet International guidelines (Parsons et al., 2007). Not I (50 U/μL) was selected as the restriction enzyme that could digest the chromosomal DNA of V. parahaemolyticus. The gel blocks were loaded onto the 1% SeaKem Gold agarose gel (Lonza, Swiss) and subjected to PFGE testing using the CHEF Mapper pulsed-field electrophoresis system (Bio-Rad, United States). The electrophoresis conditions were set as follows: the electrophoresis time was 18 h, the initial switch time of 10 s, and the final switch time of 35 s. The gel image was observed after GelRed staining and subsequent decolorization with pure water. BioNumerics software 7.6 (Applied Maths, Belgium) was used to analyze the images. Clustering was conducted using the unweighted pair group method (UPGMA) and the dice correlation coefficient with a position tolerance of 1.5%. Bands with a similarity greater than 85% were grouped into the same gene cluster (Tenover et al., 1995).



2.7 Whole-genome sequencing and genomic analysis

The DNA of V. parahaemolyticus isolates was extracted using the QIAamp DNA Mini Kit (Qiagen, Germany) according to the manufacturer’s instructions. The concentration of V. parahaemolyticus DNA was tested using the Qubit 4 (Thermo, United States), and the qualified DNA was stored at −80°C for further use. WGS libraries were constructed using the Metagenomic DNA Library Kit (Matridx, China) and subsequently sequenced on the NextSeq 550 High Output Reagent Cartridge v2 300 cycles (Illumina, United States).

Raw data were assessed for quality, trimmed, and subsequently assembled into a draft genome sequence using the SPAdes software. For multilocus sequence typing (MLST), we submitted the sequence of isolates to the PubMLST for housekeeping genes (dnaE, gyrB, recA, dtdS, pntA, pyrC, and tnaA) allele alignment.1 The antibiotic resistance genes of the isolates were predicted using ResFinder.2 Virulence genes were detected via the virulent factors of pathogenic bacteria (VFDB) database.3 Considering GCA_000196095.1 as a reference genome, we used Snippy to obtain the wgSNPs of the isolates. FastTree was used for sequence alignment and homology analysis, and Gubbins was used for reassembly. Finally, the phylogenetic tree and the heatmap of genes were visualized using the ChiPlot tool.4 The genome sequences had been submitted to GenBank. The BioSamples of NCBI are from SAMN41518030 to SAMN41518099.




3 Results


3.1 Epidemiological characteristics

From 2019 to 2023, the Huzhou Center for Disease Control and Prevention (CDC) reported 9 outbreaks caused by V. parahaemolyticus, resulting in 212 illnesses and 5 hospitalizations (Table 1). The median number of patients in all outbreaks was 18 (range: 5–59). The incidence of V. parahaemolyticus outbreaks exhibits a distinct seasonality, with the onset time being concentrated from May to September. Specifically, 66.67% of all outbreaks (6/9) and 72.17% of total cases (153/212) were reported in July and August. V. parahaemolyticus outbreaks were most commonly reported in restaurants and rural banquets, accounting for 44.44%, respectively. The largest recorded V. parahaemolyticus outbreak occurred in a restaurant, resulting in 59 cases.



TABLE 1 Epidemiological characteristics of nine Vibrio parahaemolyticus outbreaks.
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The main symptoms of the cases were diarrhea (99.06%, 210/212), abdominal pain (88.68%, 188/212), vomiting (53.30%, 113/212), fever (41.51%, 88/212), and headache (34.91%, 74/212). In all reported outbreaks, the maximum incubation period was 36 h and the minimum was only 2 h.



3.2 Serotyping and MLST

Only 4 serotypes were identified among the 70 V. parahaemolyticus isolates, with O10:K4 being the dominant type, accounting for 61.43% (43/70) of the isolates, followed by serotypes O4:KUT (20.00%, 14/70) and O3:K6 (15.71%, 11/70). A total of 54 V. parahaemolyticus isolates were fully typed, resulting in a complete typing rate of 77.14%. Additionally, 16 isolates had untyped K antigens that were O4:KUT and O5:KUT (22.86%, 16/70). Both O5: KUT strains were isolated from food samples from the same outbreak. MLST revealed 2 sequence types (STs) among 68 strains, specifically ST3 and ST2516.



3.3 Antimicrobial susceptibility

All 70 isolates of V. parahaemolyticus were tested for AST using 7 antibiotic groups (Table 2), including β-lactam, fluoroquinolones, macrolides, aminoglycosides, tetracyclines, amphenicol, and sulfonamides. A total of 24 V. parahaemolyticus isolates (34.29%) demonstrated susceptibility to all 12 tested antimicrobials. Notably, all isolates exhibited sensitivity to MEM, AZM, and AMI. The highest resistance rate was recorded for AMP (24.29%), followed by TET (15.71%) and SXT (12.86%). In contrast, MEM, AZM, AMI, and CHL exhibited a 0.00% resistance rate. Only one V. parahaemolyticus isolate displayed resistance to three or more antimicrobials, with a multi-drug resistance (MDR) spectrum of AMP-AMS-NAL-TET.



TABLE 2 Antimicrobial susceptibilities of 70 V. parahaemolyticus isolates.
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3.4 PFGE analysis

PFGE analysis was performed using the restriction enzyme Not I to study the genetic relatedness among V. parahaemolyticus isolates. This analysis revealed 14 distinguishable patterns among the 70 isolates, with similarity ranging from 65.9 to 100.0% (Figure 1). These isolates showed a tendency to cluster on the basis of their STs and serotype profiles, although some O3:K6 isolates mixed with O10:K4 and showed high similarity with O10:K4. Given that all isolates were obtained from outbreaks, the PFGE patterns were relatively concentrated. Using an 85% similarity cutoff value, the 68 isolates were divided into 4 genetic clusters, while the remaining 2 isolates exhibited dispersed patterns. Notably, each outbreak had two or more strains with the same pattern, showing a similarity of 100.0%.

[image: Figure 1]

FIGURE 1
 PFGE pattern of 70 Vibrio parahaemolyticus isolates from outbreaks.




3.5 Detection of antibiotic-resistant genes and virulence factors

After comparison and analysis with the ResFinder database, it was found that 70 isolates of V. parahaemolyticus contained blaCARB, with blaCARB-22 being the most prevalent (77.14%, 54/70), followed by blaCARB-20 (20.00%, 14/70), blaCARB-26 (1.43%, 1/70), and blaCARB-46 (1.43%, 1/70). The blaCARB was one of the β-lactam genes that could cause antibiotic inactivation to acquire drug resistance, with the blaCARB point mutation, associated with resistance to amoxicillin, AMP, and piperacillin.

In addition, virulence analysis using the VFDB database identified 159 virulence genes from 70 isolates. These genes were categorized into seven categories based on the roles in pathogenesis by virulence factor (VF) class, including adherence, antiphagocytosis, chemotaxis and motility, iron uptake, quorum sensing, secretion system, and toxin. The distribution of VFs is shown in Figure 2.

[image: Figure 2]

FIGURE 2
 Annotation heatmap of virulence factors among 70 V. parahaemolyticus isolates from outbreaks.




3.6 Phylogenetic analysis

The wgSNP phylogenetic analysis of 70 V. parahaemolyticus isolates identified three major clades, designated I, II, and III (Figure 3). These clades showed a significant correlation with the serotypes. The nine outbreaks could be clearly distinguished using wgSNP phylogenetic analysis, although there were no distinct characteristics in terms of sex and regional distribution among the cases. Clade I, the largest clade, consisted of 54 isolates, while clade II (O4:KUT) had 14 isolates, and clade III (O5:KUT) had 2 isolates originating from food and forming a single lineage. The serotyping of O3:K6 and O10:K4 concentrated in clade I was indistinguishable, leading to a reanalysis of the sequences within clade I using wgSNP (Figure 4). The reanalysis revealed that the 54 isolates in clade I could be further divided into 3 clusters (A, B, and C), with 17 isolates from an outbreak in June 2021 forming a distinct lineage known as lineage C.

[image: Figure 3]

FIGURE 3
 Phylogenetic analysis of all 70 V. parahaemolyticus isolates from outbreaks, 2019–2023.


[image: Figure 4]

FIGURE 4
 Phylogenetic analysis of 54 V. parahaemolyticus isolates from clade I.





4 Discussion

V. parahaemolyticus has become one of the major causes of global diarrheal diseases, and it is of great public health significance for China to perform an infectious disease surveillance project that includes V. parahaemolyticus (Martinez-Urtaza and Baker-Austin, 2020). In recent years, outbreaks of foodborne diseases caused by V. parahaemolyticus have been common in coastal provinces such as Guangdong (Li et al., 2022) and Fujian (Yuxian et al., 2023). Since 2015, V. parahaemolyticus has become the most important pathogen of bacterial foodborne outbreaks in our province (Chen et al., 2022b; Chen et al., 2022a). Similarly, the situation in our city is also not optimistic, with a total of nine foodborne outbreaks caused by V. parahaemolyticus reported in Huzhou over the past 5 years; more than one outbreak occurred every year. In particular, three V. parahaemolyticus outbreaks were recorded in 2023 alone. V. parahaemolyticus has increasingly become a significant risk factor to food safety in Huzhou.

From 2019 to 2023, we collected 70 isolates of V. parahaemolyticus from outbreaks in Huzhou, analyzing their antimicrobial susceptibility and genomic characteristics. These outbreaks caused by V. parahaemolyticus had obvious seasonal characteristics, with all nine outbreaks occurring between May and September when the temperature increased, which was consistent with many studies (Chen et al., 2023; Wang et al., 2015; Park et al., 2018). Similarly, most reports of V. parahaemolyticus infection cases were predominantly observed in the summer (Huang et al., 2023; Zhang et al., 2022). This is because of the mesothermal nature of V. parahaemolyticus, which results in higher concentrations of V. parahaemolyticus in aquatic products or seawater during summer compared to the other seasons (Cook et al., 2002; Li Y. et al., 2020). Gastroenteritis associated with V. parahaemolyticus infection is typically self-limiting and resolves within 72 h (Baker-Austin et al., 2010), as a result, only 5 of the 212 patients were hospitalized. Aquatic products, especially seafood, were the foods responsible for most V. parahaemolyticus outbreaks. V. parahaemolyticus has also been isolated from freshwater aquatic products, even some ready-to-eat foods (cooked meat and cold dishes; Li et al., 2019; Xie et al., 2016). Given that V. parahaemolyticus outbreaks occur more frequently in restaurants and rural banquets, it is important to implement enhanced supervision and specialized training programs for chefs on seafood preparation in order to effectively mitigate the risk of V. parahaemolyticus.

Before 2021, the predominant serotype of V. parahaemolyticus outbreaks in Zhejiang Province was O3:K6 (Chen et al., 2023; Yan et al., 2020); however, our previous research (Zhang et al., 2022) has shown that the main serotype of sporadic clinical patients had shifted to O10:K4 from 2021 in Huzhou. In this previous research, we found that O10:K4 was detected in Huzhou sporadically in 2020 (13.58%, 11/81); however, O10:K4 suddenly increased to 77.50% (62/80) in 2021, becoming the dominant serotype instead of O3:K6. This study about V. parahaemolyticus outbreaks also confirms this viewpoint. The outbreaks in 2019 and 2020 were caused by the O3:K6 serotype, and after 2020, the outbreaks began to be caused by the O10:K4 serotype. The emergence of new serum variants poses a challenge to the prevention and control of outbreaks and epidemics of V. parahaemolyticus in the future. This requires us to re-understand and analyze the characteristics of new serotypes. The mechanism behind the continuous emergence of new serotypes and the relationship between the different serotypes require further study. The isolates in all 9 outbreaks were associated with ST3, and ST3 dominated in 8 of them, consistent with other reports (Han et al., 2016; He et al., 2021). Another outbreak was mainly ST2516, which was suspected to be the ST345 clone group, with two differing only in the recA gene. The recA variation is closely related to the genetic evolution of V. parahaemolyticus (Han et al., 2014), and disease prevention and control still requires vigilance against infection caused by rare ST (such as ST2516).

Although infections associated with V. parahaemolyticus are often self-limiting, antibiotic therapy is sometimes used if infections do not resolve or progress to systemic infections. The rapid increase in antimicrobial resistance (Baker-Austin et al., 2010) of V. parahaemolyticus has become a serious public health concern. With the irrational use of antibiotics in clinical and other fields, the problem of resistance is becoming more and more serious (Arias and Murray, 2009). Antibiotic treatment recommendations for V. parahaemolyticus infections include TET, fluoroquinolones (CIP), third-generation cephalosporins (CTX), aminoglycosides (AMI), and folate pathway inhibitors (SXT; Shaw et al., 2014). Fortunately, in our study, with the exception of TET (15.71%) and SXT (12.86%), which have relatively high resistance rates, the remaining recommended antibiotics all have resistance rates below 3.00%. The AST results revealed a high level of resistance (24.29%, 17/70) of the outbreak isolates of V. parahaemolyticus to AMP, which aligns with the high resistance rate of AMP in V. parahaemolyticus reported in different regions worldwide. A study in Vietnam reported that 81.4% of seafood isolates demonstrated resistance to AMP (Vu et al., 2022). Similarly, Obaidat et al. (2017) reported an AMP resistance rate of 43.0% among imported fish isolates from Jordan. The high rates of AMP resistance have been observed in clinical isolates from Nantong and Huzhou in China, reaching 64.2 and 86.8%, respectively (Huang et al., 2023; Zhang et al., 2022). These indicate that AMP may be ineffective for the treatment of V. parahaemolyticus infections. In this study, MDR was rare, and only one multi-drug-resistant isolate was found in 70 isolates. This may be related to the small sample size we studied.

PFGE is the gold standard for molecular traceability because of its high resolution, good repeatability, and easy standardization (Carstens et al., 2019). In this study, the PFGE fingerprint patterns revealed a high degree of homogeneity among strains from the same outbreak within the same genetic cluster; thus, we can judge whether the strains have homology by the similarities between PFGE patterns. The PFGE can also determine the genetic relatedness between V. parahaemolyticus isolates with serotypes O3:K6 and O10:K4. It could be found that the O3:K6 serotype was mixed with the O10:K4 serotype, which means that the two serotypes were genetically similar. Zhao et al. (2019) reported that divergent serotypes could be related to genes. The changes in serotype by mutation or horizontal gene transfer may be a pattern for V. parahaemolyticus to adapt to circumstance variation and human immune systems (Mahmud et al., 2007). Similarly, PFGE could distinguish among different ST types very well, with ST3 and ST2516 concentrated in different regions of Figure 1. There may be two or more PFGE patterns of isolates in the same outbreak, suggesting the possibility of simultaneous infection of multiple cloned isolates in the same outbreak (2022.9 and 2023.8).

All isolates in this study carried the β-lactam resistance gene blaCARB, but the resistance rate of AMP was only 24.29%. It demonstrated that some genes are usually not sufficient to cause changes in the resistance phenotype unless the strain has mutations that can increase their expression (Salipante and Hall, 2003). Thermostable direct hemolysin (TDH) and TDH-related hemolysin (TRH) are considered to be the most important VFs of V. parahaemolyticus, which can form 2 nm pores on the cell membrane, allowing water and ions to enter freely, thus making the red blood cells have osmotic dissolution and hemolytic activity, and they share 70% genetic homology (Raghunath, 2015). It is generally believed that clinical isolates mostly contain the virulence gene tdh, while food isolates mainly carry the virulence gene trh (Raghunath, 2015). Most infections are associated with isolates that possess tdh (Ottaviani et al., 2012). Type III secretion systems (T3SSs) are important VFs from the secretion system. T3SS factors contain more than 40 factors, such as Vop Q and Vop L. Their function is to mediate the translocation of bacterial effector proteins directly into eukaryotic cells (Portaliou et al., 2016) and ensure V. parahaemolyticus survival in the environment (Domman et al., 2017). V. parahaemolyticus could use adhesion factors to bind to fibronectin on the host cell and use T3SSs to transport different effectors and toxins into the cell, causing serious diseases.

WGS can rapidly generate a large amount of precise data, which is used for species identification, determining virulence and resistance characteristics, and conducting phylogenetic analyses (Ribot et al., 2019). With the decrease in sequencing cost, WGS has been gradually applied to the surveillance of foodborne pathogens. SNP analysis based on WGS, as a new molecular typing method, is replacing PFGE in outbreak tracing (Taylor et al., 2015). In this study, wgSNP phylogenetic analysis revealed that the V. parahaemolyticus from outbreaks in Huzhou encompasses a wide range of genotypes that can be divided into three main clades; however, it is able to clearly distinguish the nine outbreaks. Isolates with the same outbreak are more closely related and carry more consistent VFs. Using wgSNPs analysis, we can directly compare the differences of SNP mutation sites between isolates to determine whether it is the same outbreak.

The major limitations of this study were that we analyzed only outbreak strains of V. parahaemolyticus. Further studies are required with a greater detection range of sporadic strains to evaluate the effects of V. parahaemolyticus-related diseases and provide a scientific basis for the prevention and control of V. parahaemolyticus infection in Huzhou.



5 Conclusion

This study is one of the most extensive genomic analyses of V. parahaemolyticus from outbreaks in Huzhou, offering valuable insights into the prevalence of epidemiological characteristics, AST, STs, serotypes, PFGE analysis, virulence factors, and phylogenetic relationships from 2019 to 2023. V. parahaemolyticus outbreaks had obvious seasonal characteristics, and the majority of outbreaks occurred in restaurants and rural banquets. The high resistance rates to AMP (24.29%), with the following being TET (15.71%) and SXT (15.71%). The newly emerged serotype O10:K4 became dominant from 2021 to 2023, and most of the isolates were ST3. WgSNP analysis based on WGS technology provided reliable methods for the identification of the pathogens for outbreaks, caused by V. parahaemolyticus.
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Footnotes

1   
https://pubmlst.org/organisms/vibrio-parahaemolyticus


2   
http://genepi.food.dtu.dk/resfinder


3   
http://www.mgc.ac.cn/VFs/search_VFs.htm


4   
https://www.chiplot.online/
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