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Abstract: The growing global population has increased the demand for seafood, making the 

aquaculture industry a vital food source. However, climate change has negatively impacted 

the industry as natural inhabitants of aquatic environments such as Vibrio parahaemolyticus 

are thriving in the warming waters. These foodborne pathogens can cause disease in marine 

animals, resulting in lowered production rates and substantial economic losses. V. 

parahaemolyticus is transmitted from these marine animals in aquaculture to humans via raw 

or undercooked seafood, resulting in gastroenteritis outbreaks. In addition, the extensive use 
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of antibiotics in aquaculture to treat infections within marine animals has led to the 

development of multidrug-resistant (MDR) V. parahaemolyticus, which threatens the 

effectiveness of antimicrobial treatments. Thus, it is vital to explore the alternatives of 

antibiotics in aquaculture to manage the spread of antibiotic resistance. This study aimed to 

investigate the prevalence of MDR V. parahaemolyticus to provide insight into the current 

antibiotic resistance patterns of this pathogen and to determine potential anti-Vibrio 

properties of Streptomyces MUM 178J which was previously isolated from the soils of a 

mangrove forest in Sarawak, Malaysia. Colony morphology and toxR-assay indicated that all 

samples tested positive for V. parahaemolyticus. Further identification with genomic 

analyses confirmed that 64% (64/100) of the isolates were V. parahaemolyticus. The multiple 

antibiotic resistance index (MAR) of the isolates ranged between 0.07 and 0.57, with 81% 

(52/64) of the isolates resistant to more than one antibiotic. The isolates were most resistant 

to ampicillin (98.4%), followed by ceftazidime (53.1%). In contrast, the isolates were highly 

susceptible to nalidixic acid (98.4%), tetracycline (93.8%), and 

sulfamethoxazole/trimethoprim (90.6%). They also demonstrated susceptibilities of 89.1% 

to levofloxacin, oxytetracycline, and gentamicin. Streptomyces sp. MUM 178J exhibited 

antagonistic effects on select V. parahaemolyticus strain, RP0132, with a minimum 

inhibitory concentration of 12.5mg/mL and a minimum bactericidal concentration of 

50mg/mL. 

Keywords: Vibrio parahaemolyticus; antibiotic resistance; prevalence; aquaculture; 

Streptomyces; SDG 3 Good health and well-being 

 

1. Introduction 

The aquaculture industry has been steadily expanding following improvements in 

knowledge and technology, whereby increased yield and seafood production can be seen 

throughout the years to fulfill the demand for human consumption [1]. In the 1990s, total 

production from world fisheries and aquaculture was only 110.7 million tons; in 2020, there 

was a 60.6% increase to 177.8 million tons [2]. The increase in the global population has also 

contributed to the rise in seafood consumption, further prompting the expansion of the 

aquaculture industry [3]. The global aquaculture market was valued at USD 204 billion in 

2020 and has a projected compound annual growth rate of 3.6%, estimated at USD 262 billion 

by the end of 2026 [4]. The aquaculture market provides the producers in the industry a means 

of generating income and continuously brings opportunities for employment for many 

individuals worldwide [5]. It was reported that approximately 59.6 million people were 

engaged in the primary sector of capture fisheries and aquaculture in 2016 [6]. Furthermore, 

seafood is an important of the human diet as it supplies a plethora of macro- and 

micronutrients such as protein, omega-3 fatty acids, selenium, taurine, and vitamins B12 and 

D [7, 8]. These nutrients are essential for promoting growth and maintaining a healthy immune 

system.  
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However, climate change negatively affected the aquaculture industry, affecting its 

production to satisfy global seafood demand [9]. For instance, the rise in global temperatures 

has brought about an increase in infectious diseases, including zoonotic diseases worldwide 
[10-12], such as the most recent COVID-19 pandemic [13-15], which was attributed to the sale of 

wild animals in a seafood market in China [16-18]. The COVID-19 pandemic not only caused 

high fatalities worldwide but also affected the healthcare system badly [14, 19-22]. As such, 

COVID-19 patients were prioritized [23, 24], while other non-severe cases, such as foodborne 

infection cases, were treated as outpatient care. This led to underreported cases and a lack of 

surveillance on foodborne-related infections. 

The rise in water temperatures [25], makes the aquatic environments more favorable 

for bacteria like Vibrio parahaemolyticus to thrive in [26, 27]. Consequently, there is an 

increased spread of diseases in the marine animals that inhabit these waters [28]. V. 

parahaemolyticus is a Gram-negative, rod-shaped, halophilic bacteria that is autochthonous 

to aquatic environments such as ponds, rivers, estuaries, and oceans [29]. First discovered in 

1950, this pathogen was the causative agent for an outbreak of gastroenteritis in Japan, 

resulting in 20 deaths associated with the consumption of shirasu [30]. Since then, multiple 

outbreaks of gastroenteritis associated with V. parahaemolyticus with common symptoms 

such as nausea, vomiting, fever, abdominal pain, and diarrhea have been reported in various 

countries [31-35]. The increased presence of V. parahaemolyticus in water environments raises 

concern regarding food safety, as these foodborne bacteria can accumulate in animals from 

aquaculture and be transmitted to humans upon consuming contaminated seafood [29, 36-38]. 

Polymerase chain reaction (PCR), multiplex PCR, nucleic acid sequence-based amplification 

(NASBA), or loop-mediated isothermal amplification (LAMP) are among the rapid 

diagnostic methods which can be deployed to detect this foodborne pathogen to monitor its 

prevalence in the environment to prevent outbreaks of gastroenteritis [39, 40].  

Pathogenic strains of V. parahaemolyticus possess virulence factors known as 

thermostable direct hemolysin (tdh) and TDH hemolysin (trh) to elicit their pathogenicity [29, 

41]. These virulence factors are associated with V. parahaemolyticus hemolysis and 

cytotoxicity of cells in the gastrointestinal tract of the host. In addition, it is documented that 

V. parahaemolyticus with trh typically produces urease, which is important for colonizing 

intestinal epithelial cells and triggers inflammatory cytokine production [42]. The correlation 

between the presence of virulence genes in V. parahaemolyticus and the pathogenicity of the 

bacteria is well known, but clinical strains without the virulence genes have also been 

documented [43-45]; thus, the mechanisms of pathogenesis for these V. parahaemolyticus 

isolates remain unknown. Infections caused by V. parahaemolyticus are generally self-

limiting, whereas in severe cases, antimicrobial treatment is administered to reduce the 

microbial load in the host [46, 47]. However, multidrug-resistant (MDR) V. parahaemolyticus 

is emerging. Traditionally, they have been susceptible to various antimicrobials, such as 

penicillins, cephalosporins, tetracyclines, and fluoroquinolones, to name a few. Still, recent 

reports have shown that V. parahaemolyticus isolates are developing resistance to these 



PMMB 2023, 6, 1; a0000347 4 of 31 

 

 

antibiotics [48-54]. The evolution of their antibiotic resistance patterns is worrying as this 

indicates that current treatments may no longer be effective in managing V. parahaemolyticus 

infections in aquaculture and humans. The rise in MDR V. parahaemolyticus can be 

attributed to the misuse of antimicrobials in the aquaculture industry as prophylaxis and 

disease management [55-57]. The dissemination of antimicrobial residues into the waters 

creates environmental pressure for MDR V. parahaemolyticus to survive and propagate, thus 

increasing their prevalence in aquatic environments [58]. These factors further drive the intra- 

and interspecies transmission of antibiotic-resistance genes via horizontal gene transfer. 

Hence, there is a need for continuous surveillance and monitoring of the prevalence and 

antibiotic resistance patterns of V. parahaemolyticus to ensure food safety and preserve the 

efficacy of the antimicrobials that are currently available to maintain public health. 

Moreover, exploring the alternatives to antibiotics to manage V. parahaemolyticus 

populations in aquaculture is needed to effectively control the spread of antibiotic resistance 

while maintaining the health of the farmed animals and consumers. Alternatives to antibiotics 

that have been well studied include bacteriophages, prebiotics, probiotics, and vaccines, 

which are deployed in managing diseases in aquaculture [55, 59-61]. Vaccines provide immunity 

to the farmed aquatic animals to fight against potential infections, while bacteriophages can 

cause lysis of bacterial cells during infection [55]. Meanwhile, prebiotics and probiotics can 

help strengthen the immune system of aquatic animals via the modulation of their gut 

microbiota while promoting their growth and disease prevention [62-64]. Microbial-derived 

natural products have also been shown to be promising sources of antagonistic compounds 

against bacterial pathogens [65]. For instance, Streptomyces sp. has been deemed a promising 

candidate for inhibiting the growth of Vibrios in aquatic environments [66, 67]. Streptomyces 

sp. are a group of Gram-positive, filamentous bacteria which can produce secondary 

metabolites with various bioactivities [68-72]. These include antioxidant, antibacterial, 

antibiofilm, anticancer, cytotoxic, and even anti-Vibrio properties, making them potential 

candidates as anti-Vibrio agents. For instance, Streptomyces rubrolavendulae M56 isolated 

in India caused a decline in viable Vibrio count. Researchers speculated the production of 

enzymes by M56 was the reason for growth inhibition within the Vibrios in the co-culture 

experiments [73]. Yang et al. isolated a marine Streptomyces sp., S073, with antagonistic 

properties against V. parahaemolyticus. Carboxylate-type siderophores are produced by 

S073, which creates an iron-limiting condition lethal to V. parahaemolyticus [74], thereby 

effectively inhibiting their growth. Available evidence leads researchers to believe that 

Streptomyces sp. will continue to be a valuable source of prolific compounds to manage the 

proliferation of V. parahaemolyticus in aquaculture. The current study aims to explore the 

prevalence of MDR V. parahaemolyticus from seafood and anti-Vibrio properties of 

Streptomyces sp. MUM 178J. Through this research, we hope to harness the potential of 

Streptomyces sp. MUM 178J which could be used as a probiotic in managing Vibrio 

infections in aquaculture settings, subsequently reducing antibiotic dependency.    
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2. Methods  

2.1. Sampling 

In this study, white prawns (Fenneropenaeus indicus), speckled shrimps 

(Metapenaeus monoceros), venus clams (Paratapes textilis), blood clams (Tegillarca 

granosa), and flower crabs (Portunus pelagicus) we sampled. The seafood samples were 

purchased from a local wet market (3.3512° N, 101.2520° E) in April 2022. Upon purchase, 

the samples were stored in an ice box and immediately transported to the laboratory for 

processing. All the seafood samples were processed at the laboratory within 3 hours of 

collection. 

2.2. Isolation of presumptive Vibrio parahaemolyticus isolates in seafood samples 

The methodology of isolating V. parahaemolyticus was adapted from Reshma et al. 
[75] with some minor modifications. Ten grams of each sample were weighed and 

homogenized with 90 mL of alkaline peptone water (APW) supplemented with 2% w/v 

sodium chloride (NaCl) (Vivantis, United States) in a sterile homogenizer bag. The samples 

were then homogenized for 1 minute using a stomacher (Bagmixer 400W, Interscience, St 

Nom, France) and incubated under aerobic conditions at 37°C for 18 hours. After incubation, 

a loopful of enriched broth was streaked onto chromogenic selective agar (HiCrome™ Vibrio 

agar, Himedia) plates and incubated under aerobic conditions at 37°C for 18 hours. On 

HiCrome™ Vibrio Agar, the growth of V. parahaemolyticus in bluish-green colonies is well 

differentiated from other Vibrio species. A total of 100 presumptive V. parahaemolyticus 

were isolated from the seafood samples.  

2.3. Purification of presumptive V. parahaemolyticus isolates 

After incubation, the bluish-green colonies were picked and purified by re-streaking 

streaked onto Tryptic Soya Agar (TSA) plates supplemented with 2% NaCl and incubated 

under aerobic conditions at 37°C for 18 hours. The purified colonies were streaked onto 

sterile TSA slant agar supplemented with 2% w/v sodium chloride (NaCl) (Vivantis, United 

States) and stored until further molecular identification.   

2.4. DNA extraction 

The extraction of genomic DNA was done according to the instructions of GF-1 

bacterial DNA Extraction Kit (Catalog No. BA-100, Vivantis, Malaysia). One loopful of 

isolates was picked from the TSA slants and inoculated into Tryptone Soy Broth (TSB) 

supplemented with 2% w/v sodium chloride (NaCl) (Vivantis, United States) and incubated 

at 37°C at 220 rpm for 18 hours. 1-3 mL of the overnight culture was centrifuged at 6,000g 

for 2 minutes and the supernatant was discarded. The cells were resuspended with 100µl of 

Buffer, centrifuged at 10,000g for 3 minutes and the supernatant was discarded. The pellet 
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was resuspended in 180µl of Buffer R2 and 20µl Proteinase K, then incubated at 65°C for 20 

minutes in a water bath with mixing every 5 minutes. After incubation, 400µl of Buffer BG 

was added and the tube was inverted several times to achieve a homogenized solution. The 

tubes were subsequently incubated at 65°C for 10 minutes. 200µl of absolute ethanol was 

added with immediate mixing to prevent precipitation of DNA and transferred (maximum 

volume 650µl) into a clean column and centrifuged at 10,000g for 1 minute. The flow through 

was discarded and 650µl of wash buffer was added to the column and centrifuged at 10,000g 

for 1 minute in which the flow through was discarded. The column was centrifuged again at 

10,000g for 1 minute to remove residual ethanol. The column was then placed into a clean 

microcentrifuge tube and 100µl of sterile water was added, and the tube was left to stand for 

2 minutes. The DNA was then eluted via centrifugation at 10,000g for 1 minute. The DNA 

was then stored for further analysis at 4°C. 

2.5. Molecular identification of Vibrio parahaemolyticus using toxR-based polymerase chain 

reaction 

The toxR-based polymerase chain reaction (PCR) assay was performed to identify V. 

parahaemolyticus from all the presumptive isolates by using the primers: toxR-F (5′-GTC 

TTC TGA CGC AAT CGT TG-3′) and toxR-R (5’-ATA CGA GTG GTT GCT GTC ATG-

3′). The expected amplicon size is 368 bp [76]. A final volume of 20µl for the reaction mixture 

was prepared with 1µl of DNA template, 10µl of 2x Taq PLUS PCR Smart mix 1 (SolGent™, 

Korea), 7µl of sterile distilled water and 1µl of each primer. The toxR-based PCR 

amplification was performed using a PCR thermocycler (Kyratec, SuperCycler Thermal 

Cycler, Australia) with the cycling conditions: initial denaturation at 95°C for 4 minutes, 35 

cycles of 94°C for 1 minute, 68°C for 1 minute and 72°C for 30 seconds, and a final 

elongation step at 72°C for 5 minutes. The PCR products were then separated in 1.5% agarose 

gel and visualized under a gel documentation system (ChemiDoc™ XRS, Bio-Rad, USA). 

2.6. Genomic and Phylogenetic Analyses 

Polymerase chain reaction amplification of the 16S rRNA gene of all the toxR-

positive V. parahaemolyticus was performed following the protocol described by Thomas et 

a. with slight modifications [77]. The 16S rRNA gene sequence of each isolate was aligned 

with representative sequences of related type strains of V. parahaemolyticus retrieved from 

the GenBank database using ClustalW software [78]. Manual verification and adjustment of 

the alignment were made, followed by the utilization of MEGA11 [79] to construct 

phylogenetic trees with neighbor-joining [80] and maximum-likelihood [81] algorithms. In the 

neighbor-joining algorithm, the evolutionary distances were computed using Kimura’s two-

parameter model [82]. The GenBank server was used to calculation the level of sequence 

similarity and bootstrap based on 1,000 re-sampling method by Felsentein [83] was used to 

analyze the stability of the resultant tree topologies.  
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2.7. Antibiotic susceptibility testing 

Fourteen antibiotic discs (Oxoid, UK) infused with amikacin (30µg), ampicillin 

(10g), ampicillin/sulbactam (30µg), cefotaxime (30µg), ceftazidime (30µg), 

chloramphenicol (30µg), gentamicin (30µg), imipenem (10µg), kanamycin (30µg), 

levofloxacin (5µg), nalidixic acid (30µg), oxytetracycline (30µg), 

sulfamethoxazole/trimethoprim (25µg), and tetracycline (30µg) were used to determine the 

antibiotic susceptibility of the identified V. parahaemolyticus isolates via the Kirby-Bauer 

disk diffusion method [84].  

The antibiotic discs were dispensed on Mueller Hinton agar (HiMedia, India) (MHA) 

plates supplemented with 2% w/v NaCl (Vivantis, United States) with bacterial lawn and 

incubated at 37°C for 18 hours. After incubation, the inhibition zones were measured and 

interpreted according to the guidelines from Clinical and Laboratory Standard Institute 

(CLSI) (2010) M45-A2 [85]. The multiple antibiotic resistance (MAR) index was calculated 

using the formula first developed by Krumperman in 1983 [86]. The ratio between the number 

of antibiotics that an isolate is resistant to and the total number of antibiotics the organism 

was exposed to is represented by the MAR index. 

𝑴𝒖𝒍𝒕𝒊𝒑𝒍𝒆 𝒂𝒏𝒕𝒊𝒃𝒊𝒐𝒕𝒊𝒄 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (𝑴𝑨𝑹) =
𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒂𝒏𝒕𝒊𝒃𝒊𝒐𝒕𝒊𝒄𝒔 𝒕𝒉𝒂𝒕 𝒂𝒏 𝒊𝒔𝒐𝒍𝒂𝒕𝒆 𝒊𝒔 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒕 𝒕𝒐

𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒂𝒏𝒕𝒊𝒃𝒊𝒐𝒕𝒊𝒄𝒔 𝒕𝒉𝒆 𝒊𝒔𝒐𝒍𝒂𝒕𝒆 𝒊𝒔 𝒆𝒙𝒑𝒐𝒔𝒆𝒅 𝒕𝒐
 

 

2.8. Evaluation of anti-Vibrio activity of Streptomyces sp. extract 

The V. parahaemolyticus strain chosen for the cross-streak assay was based on its 

antibiotic resistance profile and the neighbor-joining phylogenetic tree. RP0132 was chosen 

for the evaluation of anti-Vibrio effects of Streptomyces sp. as the strain was multidrug 

resistant with MAR of 0.36, and it is from a distinct clade in the neighbor-joining 

phylogenetic tree with a bootstrap value of 75%. Ten presumptive Streptomyces sp. isolates 

used in the cross-streak assay were previously isolated from the soils of the mangrove forest 

of Sarawak.  

2.8.1. Maintenance and growth condition of V. parahaemolyticus (RP0132) 

The RP0132 isolate was grown in tryptic soy broth (TSB) (HiMedia, India) 2% w/v 

sodium chloride (NaCl) (Vivantis, United States) at 37◦C for 18 h under constant agitation. 

2.8.2. Maintenance and growth condition of Streptomyces sp. 

The Streptomyces sp. isolates were maintained in the International Streptomyces 

Project-2 Medium (ISP2) slants. They were inoculated into TSB and incubated at 28°C, with 

constant shaking at 200 rpm for 7 days [87].  
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2.8.3. Cross-streak assay 

The cross-streak assay was adapted from Yoshida et al. [88] with slight modifications. 

Each Streptomyces sp. was streaked onto MHA plates supplemented with 2% NaCl and 

incubated at 28°C for 7 days. After incubation, a loopful of RP0132 grown in TSB 

supplemented with 2% w/v sodium chloride NaCl was streaked perpendicularly to the line 

of Streptomyces isolate growth. Antagonism was observed based on the inhibitory interaction 

between the Streptomyces isolate and RP0132 after an overnight incubation. 

2.8.4. Molecular identification of Streptomyces sp. MUM 178J based on 16S rRNA gene 

DNA extraction and PCR amplification of the 16S rRNA gene for Streptomyces sp. 

MUM 178J was performed [89, 90]. The sequence similarities between the acquired sequence 

and its related type strains were determined via BLAST search on the EzBioCloud database 

(http://www.ezbiocloud.net/). 

2.8.5. Preparation of Streptomyces MUM 178J extract  

MUM 178J was grown in TSB at 28°C at 200rpm for 14 days to be used as a seed 

medium for fermentation. Fermentation was done in a 500mL Erlenmeyer flask with 200mL 

of sterilized Han’s Fermentation Media (HFM1) (BioMerge, Malaysia) inoculated with 

200µl of seed medium. The fermentation medium was cultured at 28°C, 200 rpm, for 10 days. 

Upon completion, the medium was centrifuged at 12000g for 15 minutes, and the supernatant 

was filtered and collected. The clear filtrate was subjected to freeze-drying, then the freeze-

dried samples were extracted using methanol for 72 hours [91]. Extraction with methanol was 

repeated twice under the same conditions at 24-hour intervals. The methanol-containing 

extract was collected and concentrated by using a rotary vacuum evaporator at 40°C to 

remove the extracting solvent [92]. The final extract was suspended in sterile ultrapure water 

and stored at -4°C. 

2.8.6. Measurement of minimum inhibitory concentration (MIC) for MUM 178J extract 

The MIC of MUM 178J extract was determined using a standard serial dilution 

method in TSB supplemented with 2% NaCl. 50µL of the MUM 178J extract was added to 

each well in a microtiter plate, followed by 50µL of RP0132 to give a final inoculum of 106 

colony-forming units/mL. The final testing concentrations of MUM 178J extract were 0.39, 

0.78, 1.56, 3.13, 6.25, 12.5, 25, and 50 mg/mL. The microtiter plate was then incubated at 

37°C for 18 hours, and the turbidity of the individual wells was observed. The absorbance 

value of each well was also measured at 600 nm to confirm the results. The MIC was 

determined at the lowest concentration of MUM 178J where growth of RP0132 was inhibited 
[93, 94]. Positive controls of 50µL florfenicol at concentrations of 8, 4, and 2µg/mL followed 

by 50µL of RP0132 were also prepared to validate the results further, while wells acting as 

negative controls contained RP0132 only. 

http://www.ezbiocloud.net/
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2.8.7. Measurement of minimum bactericidal concentration (MBC) for MUM 178J extract 

After measuring the MIC, aliquots of 100µL from the wells without bacterial growth 

were streaked onto TSA supplemented with 2% w/v sodium chloride NaCl and incubated at 

37°C for 18 hours. The MBC was determined at the lowest concentration when no bacterial 

growth was observed on the agar plates after incubation. 

2.9. Statistical analysis 

Data analysis was performed with SPSS statistical analysis software version 29. The 

statistical analysis was performed to determine whether there was any significant difference 

between the two types of seafood samples (crustaceans and bivalves) and the MAR index of 

resistant isolates using the independent t-test. The significance level was set at p ≤ 0.05. One-

way analysis of variance (ANOVA) followed by post hoc test (Tukey) was performed to 

determine the significant difference between the four types of seafood samples which were 

positive for MDR V. parahaemolyticus (white prawn, speckled shrimp, blood clam, flower 

crab) and the MAR index of resistant isolates. A difference was considered statistically 

significant when p ≤ 0.05. 

3. Results 

3.1. Prevalence of Vibrio parahaemolyticus in seafood 

In the present study, V. parahaemolyticus was isolated from 10 seafood samples 

comprised of white prawns (Fenneropenaeus indicus), speckled shrimps (Metapenaeus 

monoceros), venus clams (Paratapes textilis), blood clams (Tegillarca granosa), and flower 

crabs (Portunus pelagicus). One hundred presumptive isolates were isolated from HiChrome 

Vibrio agar based on colony morphology. Out of the 100 presumptive isolates, 25% (25/100) 

were isolated from white prawns, 18% (18/100) were from speckled shrimps, 36% (36/100) 

were isolated from blood clams, 7% (7/100) were from venus clams, and 14% (14/100) of 

the presumptive V. parahaemolyticus were isolated from flower crabs. The toxR-PCR assay 

demonstrated positive amplification of the toxR gene of 368 bp amplicon bands in 75% 

(75/100) of the presumptive V. parahaemolyticus isolates (Figure 1). 22.7% (17/75) of the 

isolates from white prawns, 18.7% (14/75) of isolates from speckled shrimps, 42.7% (32/75) 

of isolates from blood clams, 4% (3/75) isolates from venus clams, and 12% (9/75) of isolates 

from flower crabs were toxR positive.  

3.2. Genomic and phylogenetic analyses 

All 75 toxR-positive V. parahaemolyticus strains were positive for the 16S rRNA 

gene, but upon alignment with representative sequences of related type strains of V. 

parahaemolyticus from GenBank, 64 isolates were confirmed to be V. parahaemolyticus. The 

phylogenetic tree was constructed based on these 64 strains and the analysis showed that 
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closely related strains include RP0132 (OQ540693), P0151 (OQ540591), K0231 

(OQ533122), K01311 (OQ533125), and K0139 (OQ533047). The isolates are separated into 

five major clades (A to E) and isolates within the same clade of the phylogenetic tree are 

closely related (Figure 2). 

 

Figure 1. The total number of toxR positive V. parahaemolyticus isolates from each seafood sample. 

3.3. Antimicrobial susceptibility of V. parahaemolyticus isolates 

The commonly used antibiotics in aquaculture and the treatment of V. 

parahaemolyticus infections were included in this study [55, 95]. The antimicrobials are 

aminoglycosides (amikacin, gentamicin, kanamycin), amphenicols (chloramphenicol), 

carbapenems (imipenem), cephalosporins (ceftazidime and cefotaxime), fluoroquinolones 

(levofloxacin), folate pathway inhibitors (sulfamethoxazole/trimethoprim), penicillins 

(ampicillin and ampicillin/sulbactam), quinolone (nalidixic acid), and tetracyclines 

(oxytetracycline and tetracycline). The antibiotic resistance of the 64 confirmed strains of V. 

parahaemolyticus is summarized in Table 1.  

The antibiotic susceptibility test found that 98.4% (63/64) of the V. parahaemolyticus 

isolates were resistant to ampicillin, the highest resistance recorded in the current study. This 

is followed by resistance towards cephalosporins, with 53.1% (34/64) for ceftazidime and 

39.1% (25/64) for cefotaxime. Interestingly, 23 out of 64 (35.9%) isolates were resistant to 

the antimicrobial combination of ampicillin and sulbactam. Among the V. parahaemolyticus 

isolates, only 10.9% (7/64) were resistant towards the carbapenem, imipenem, and 

aminoglycoside, kanamycin, respectively. The study found that the V. parahaemolyticus 

isolates were highly susceptible to nalidixic acid (98.4%), tetracycline (93.8%), 

sulfamethoxazole/trimethoprim (90.6%), and shared similar susceptibilities (89.1%) to 
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gentamicin, levofloxacin, and oxytetracycline. This is followed by their susceptibility to 

chloramphenicol with 87.5% (56/64).  

The antibiograms and MAR indices for each of the V. parahaemolyticus isolates are 

summarized in Table 2. The MAR index for the isolates ranged from 0.07 to 0.57, with more 

than half (53.1%) of the isolates with a MAR index greater than 0.2, indicating these isolates 

were from a high-risk source of contamination where multiple antibiotics were used (Figure 

3) [96]. 81% of the isolates had a MAR index over 0.07, meaning that 52 out of 64 isolates 

were resistant to more than one antibiotic, making the majority of the isolates MDR V. 

parahaemolyticus.  

Table 1. Antibiotic resistance of V. parahaemolyticus isolates. 

Antibiotics Resistant (%) Intermediate (%) Sensitive (%) 

Penicillin 
 

Ampicillin (10µg) 63 (98.4) 0 (0) 1 (1.6) 

Ampicillin/sulbactam (30µg) 23 (35.9) 11 (17.2) 30 (46.9) 

Cephalosporin 
 

Ceftazidime (30µg) 34 (53.1) 22 (34.4) 8 (12.5) 

Cefotaxime (30µg) 25 (39.1) 27 (42.2) 12 (18.8) 

Carbapenem 
 

Imipenem (10µg) 7 (10.9) 2 (3.1) 55 (85.9) 

Aminoglycoside 
 

Amikacin (30µg) 5 (7.8) 16 (25) 43 (67.2) 

Gentamicin (30µg) 4 (6.3) 3 (4.7) 57 (89.1) 

Kanamycin (30µg) 7 (10.9) 43 (67.2) 14 (21.9) 

Amphenicol 
 

Chloramphenicol (30µg) 6 (9.4) 2 (3.1) 56 (87.5) 

Folate pathway inhibitors 
 

Sulfamethoxazole/trimethoprim (25µg) 4 (6.3) 2 (3.1) 58 (90.6) 

Tetracyclines 
 

Oxytetracycline (30µg) 2 (3.1) 5 (7.8) 57 (89.1) 

Tetracycline (30µg) 4 (6.3) 0 (0) 60 (93.8) 

Fluoroquinolone 
 

Levofloxacin (5µg) 2 (3.1) 5 (7.8) 57 (89.1) 

Quinolone 
 

Nalidixic acid (30µg) 0 1 (1.6) 63 (98.4) 
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Figure 2. Neighbor-joining phylogenetic tree based on 823 nucleotides of 16S rRNA gene sequence showing 

the relationship between a total of 85 Vibrio strains and representatives of related taxa. Number and nodes 

indicate percentages (>50%) of 1000 bootstrap re-sampling. Bar: 0.002 substitutions per site. 
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The statistical analysis done using an independent t-test revealed no significant 

difference between the type of seafood samples (crustaceans and bivalves) and the MAR 

index of the resistant isolates. It was found that there was a greater diversity of MAR indices 

in the resistant isolates from crustaceans compared to bivalves. In addition, the one-way 

ANOVA analysis indicated no significant difference between the four types of seafood 

samples which were positive for AMR V. parahaemolyticus and the MAR index of the 

resistant isolates. However, post-hoc test (Tukey) showed that resistant isolates from white 

prawns and their MAR index were significantly different from other seafood samples. The 

higher MAR indices from resistant isolates in white prawns could have been due to a higher 

antibiotic exposure compared to other seafood sources.    

 

 

Figure 3. Percentage occurrence of MAR index (0.07-0.57) of V. parahaemolyticus isolates from all seafood 

samples. 
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Table 2. Antibiogram of the 64 confirmed V. parahaemolyticus. 

Antibiogram* Strain 
Total antibiotic 

resistance 
MAR index 

AMP/CAZ/CTX/CN/K/LEX/SAM/TE P0139 8 0.57 

AMP/AK/C/CAZ/CN/CTX/ SAM P0137 7 0.50 

AMP/AK/CAZ/CN/CTX/ SAM P0121 6 0.43 

AMP/AK/CAZ/CTX/K/SAM P01310 6 0.43 

AMP/C/CAZ/CTX/IMI/SAM P0135 6 0.43 

AMP/AK/CTX/K/SAM RP0251 5 0.36 

AMP/CAZ/CTX/K/IMI K0136 5 0.36 

AMP/CAZ/C/CTX/SAM K0151 5 0.36 

AMP/CAZ/CN/CTX/SAM RP0132 5 0.36 

AMP/CAZ/CTX/K/SAM P0122, P0138 5 0.36 

AMP/CAZ/CTX/SAM/TE P0124 5 0.36 

AMP/CAZ/CTX/SAM/SXT P0132 5 0.36 

AMP/AK/CTX/SAM K0139 4 0.29 

AMP/CAZ/CTX/OT K0123 4 0.29 

AMP/CAZ/CTX/SAM RP0241 4 0.29 

AMP/CTX/K/SAM P0133 4 0.29 

AMP/CAZ/IMI K0133 3 0.21 

AMP/CAZ/LEV K0121 3 0.21 

AMP/CAZ/OT K0114 3 0.21 

AMP/CAZ/TE K0144 3 0.21 

AMP/CAZ/CTX P0131, P0211, K01310, K0143, 

K01410 

3 0.21 

AMP/CAZ/SAM RP0131, K0112, C0154 3 0.21 

AMP/IMI/SAM K0131 3 0.21 

AMP/CTX/SAM P0151 3 0.21 

AMP/SAM/SXT C0122 3 0.21 

AMP/C RP0243, RP0221, C0152 2 0.14 
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Antibiogram* Strain 
Total antibiotic 

resistance 
MAR index 

AMP/CAZ P0152, K0113, K0134, K0137, 

K01311, K0251, C0121 

2 0.14 

AMP/IMI RP0242, RP0244, K0115 2 0.14 

AMP/TE C0231 2 0.14 

AMP/CTX K0135 2 0.14 

CAZ/CTX K0141 2 0.14 

AMP/SAM P0153, K0132 2 0.14 

AMP/SXT RP0224, C0151 2 0.14 

AMP P0123, P0136, RP0121, 

RP0222, RP0223, RP0225, 

RP0231, K0122, K0147, 

K0231, C0153, C0221 

1 0.07 

*Amikacin: AK, Ampicillin: AMP, Ampicillin/sulbactam: SAM, Cefotaxime: CTX, Ceftazidime: CAZ, Chloramphenicol: 

C, Gentamicin: CN, Imipenem: IMI, Kanamycin: K, Levofloxacin: LEV, Nalidixic acid: NA, Oxytetracycline: OT, 

Sulfamethoxazole/trimethoprim: SXT, Tetracycline: TE. 

 

3.4. Evaluation of anti-Vibrio activity of Streptomyces sp. extract 

Based on the antibiotic susceptibility test results and the neighbor-joining (NJ) 

phylogenetic tree generated based on the 16S rRNA sequence of the V. parahaemolyticus 

strains, RP0132 was chosen for the cross-streak assay. RP0132 was found to be resistant to 

five types of antibiotics, namely ampicillin, ampicillin/sulbactam, cefotaxime, ceftazidime, 

and gentamicin, and it had a MAR index of 0.36 (Table 2). In addition, RP0132 appeared to 

be in a distinct phylogenetic clade with a bootstrap value of 75% (Figure 2). Out of the ten 

presumptive Streptomyces isolates chosen for the cross-streak assay in the current study, 

MUM 178J elicited the strongest antibacterial effects on RP0132, where the growth of the 

latter was completely inhibited. The BLAST results based on 16S rRNA gene from 

EzBioCloud show that MUM 178J indeed belonged to the Streptomyces genus as it showed 

98.69% sequence similarity to Streptomyces fragilis NBRC 12862T.  Following that was the 

evaluation of the anti-Vibrio effects of the crude extract of MUM 178J by measuring its MIC 

and MBC against RP0132. Based on visual observation of the microplate, the wells 

supplemented with 12.5, 25, and 50mg/mL of MUM 178J extract and all the positive control 

wells containing florfenicol were clear to the naked eye, indicating no bacterial growth. 

Further confirmation was done using a microplate reader at 600nm, which validated the 

results. For the MBC determination, no bacterial growth was observed on the agar plate 

spread with RP0132, which was treated with 50mg/mL of MUM 178J extract. In summary, 

the MIC and MBC of MUM 178J extract are measured at 12.5mg/mL and 50mg/mL, 

respectively.     
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4. Discussion 

There is an abundance of V. parahaemolyticus in aquatic animals, evident from the 

frequent reports of their detection in various types of seafood worldwide [97-102]. The findings 

from this study align with those from the literature whereby all the samples were positive for 

V. parahaemolyticus. The accumulation of V. parahaemolyticus in the crustaceans in this 

study, such as white prawns, red shrimps, and flower crabs, is inevitable as the bacterium is 

ubiquitous in aquatic environments. This impacts human health if the pathogen is transmitted 

to humans during consumption and heavily impacts the shrimp farming industry. In 2020, 

11.2 million tonnes of crustaceans valued at USD 81.5 billion were produced, and marine 

shrimp currently dominate the production of crustaceans. They are an important source of 

foreign exchange earnings for developing countries in Asia and Latin America [2]. V. 

parahaemolyticus can cause acute hepatopancreatic necrosis disease (AHPND), formerly 

known as early mortality syndrome (EMS), in shrimp. AHPND causes severe atrophy of the 

shrimp hepatopancreas, and the disease progresses to sloughing of the digestive tract 

epithelial cells [103, 104]. AHPND affects the early stages of the shrimp life cycle, whereby it 

affects shrimp postlarvae 20-30 days after stocking and can cause up to 100% mortality [105]. 

The very first AHPND outbreak was recorded in China in 2009, and it quickly spread to 

multiple countries such as Thailand [106], Malaysia [107], Philippines [108], Mexico[109], the 

United States of America [110, 111], and South America [112]. AHPND outbreaks have been 

reported to cause a collective loss of approximately USD 43 billion in shrimp aquaculture 

across China, Malaysia, Thailand, Vietnam, and Mexico [113]. The molluscan bivalves 

included in this study (blood clams and venus clams) are filter feeders that filter large 

volumes of water in their surroundings for sustenance [114]. During the feeding process, there 

will be a natural bioaccumulation of pathogenic organisms such as V. parahaemolyticus in 

these bivalves which can harbour unsafe levels of bacterial load to cause disease upon 

consumption. In 2020, the total harvest of 17.7 million tonnes of molluscs that was mostly 

bivalves amassed a total of USD 29.8 billion [2]. The huge supply of bivalves to the global 

market also potentially increases the spread of pathogenic V. parahaemolyticus via 

international trade of seafood products.  

As seafood consumption is steadily increasing worldwide, with a projected increase 

of 15% from 20.2kg per capita in 2020 to an average of 21.4kg per capita in 2030 [2], the 

increasing prevalence of V. parahaemolyticus is worrying. Moreover, the ever-increasing 

global demand for food and climate change are the driving forces in the expansion of fisheries 

[26]. Compared to terrestrial food production, seafood has the advantage of being nutritionally 

diverse and having a lower carbon footprint, making them the more sustainable option as a 
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food source [115]. Therefore, the constant detection of V. parahaemolyticus in seafood 

threatens global food safety and public health as the population relies on seafood as a food 

source. In addition, consuming raw seafood is common in numerous cultures, such as sashimi 

from Japan, hoe from Korea, ceviche from Peru, poke from Hawaii, and stroganina from the 

indigenous people in northern Russia. The consumption of raw or not thoroughly cooked 

seafood increases the risk of exposure to V. parahaemolyticus, thereby increasing the chances 

of developing gastroenteritis. Hence, consuming seafood that has been cooked thoroughly is 

strongly advised to reduce the risk of V. parahaemolyticus infections to maintain 

gastrointestinal health [116]. The contamination of the foodborne pathogen in seafood meant 

to be eaten raw or cooked can be minimised with the enforcement of sanitation and food 

safety regulations by authorities in seafood processing plants [117]. The continuous and 

extensive surveillance of these seafood products to ensure their conformance to regulations 

can instil confidence in the consumers regarding their food safety. As consumers, it is 

important to purchase high-quality seafood from reputable sources and to implement safe 

handling practices when handling seafood. For example, separating seafood from other meats 

or fresh produce is important to prevent cross-contamination when purchasing and storing 

seafood. By processing and handling seafood with these considerations in mind, the risk of 

V. parahaemolyticus contamination can be greatly reduced.  

The presence of V. parahaemolyticus in aquaculture is a major concern as it can 

seriously impact harvest and production, leading to huge economic losses. From a public 

health perspective, V. parahaemolyticus is a major foodborne bacterium that causes 

gastroenteritis outbreaks associated with consuming these crustaceans and molluscan 

bivalves [118-120]. Hence, it is crucial to constantly monitor the prevalence of V. 

parahaemolyticus in seafood to preserve food safety and minimise the risk of gastroenteritis 

outbreaks. Furthermore, there is an emergence of MDR V. parahaemolyticus mainly 

attributable to the over- and misuse of antibiotics in the aquaculture industry [121]. 

Antimicrobial residues can also be introduced into the aquatic environments via the 

wastewater from aquaculture or livestock, hospital effluents, or sewage discharge [122-124]. 

The environmental pressure produces MDR V. parahaemolyticus that can survive and 

propagate to populate the water bodies. Another vital issue is that MDR V. parahaemolyticus 

can transfer their resistance genes either inter- or intraspecies, which further increases 

antibiotic resistance in the ecosystem. This threatens global public health as infections 

become more difficult to treat, and managing outbreaks will be increasingly challenging. The 

findings from the current study showed that the V. parahaemolyticus isolates were resistant 
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to at least one out of 14 antimicrobial agents from the following classes of antibiotics: 

penicillin, cephalosporin, carbapenem, aminoglycosides, amphenicol, folate pathway 

inhibitors, tetracyclines, and fluoroquinolones.  

Penicillin is a class of antibacterial agents that was a serendipitous discovery by 

Alexander Fleming in 1928 and is widely used as a first-line agent in empirical therapy of 

bacterial infections [125, 126]. They are β-lactams that disrupt the formation of peptidoglycan, 

a major component of bacterial cell walls. Without the structural integrity of the cell wall, 

the bacterial cell lyse and the infection is effectively managed with minimal side effects [127]. 

Among the tested antimicrobials, ampicillin and ampicillin/sulbactam fall under this category. 

Antibiotic resistance towards penicillin has been amply documented over the years [49, 52, 128, 

129] and the current study also demonstrated that 98.4% of the isolates were resistant to 

ampicillin. The high levels of antibiotic resistance towards ampicillin jeopardise the role of 

ampicillin as a first-line therapy for bacterial infections, but ampicillin is still being used in 

aquaculture [130]. 35.9% of the isolates in this study were resistant to ampicillin/sulbactam, 

which is a combination of a β-lactam and sulbactam as a β-lactamase inhibitor. Sulbactam 

prevents ampicillin degradation by the β-lactamase enzyme in bacterial cells, allowing 

ampicillin to elicit its therapeutic effect [131]. The development of resistance towards this 

combination medication will negatively impact its efficacy in treating infections. To add, the 

V. parahaemolyticus isolates from this study have also shown resistance to ceftazidime 

(53.1%) and cefotaxime (39.1%), which are β-lactams known as third-generation 

cephalosporins. Compared to their predecessors, they are known to have better stability than 

common β-lactamases produced by Gram-negative bacilli. They have a broad spectrum of 

activity and are well-tolerated; thence, they are commonly prescribed as first-line therapy in 

bacterial infections [132]. Antibiotic resistance towards third-generation cephalosporins [133, 

134] is concerning as they are heavily used as a first-line agent to treat an array of bacterial 

infections in hospitalized patients before susceptibility profiles of the pathogenic organisms 

are confirmed [132].  

Besides, 10.9% of the V. parahaemolyticus isolates from this study were resistant to 

imipenem, belonging to the class of carbapenems, a newer class of β-lactam antibiotics. 

Imipenem has a broader antibacterial spectrum and potency than the traditional β-lactams, 

making them suitable for treating many bacterial infections [135]. It also has been indicated in 

severe infections, including mixed infections involving MDR pathogens [136]. The resistance 

of V. parahaemolyticus towards this carbapenem could be due to their expression of 

carbapenemase, which reduces the effectiveness of the drug. In 1993, carbapenemase was 
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first detected in Enterobacteriaceae isolated from the United States [137], and this form of 

antibiotic resistance has spread to different species of bacteria, including V. 

parahaemolyticus worldwide [138, 139]. If the resistance continues to spread rampantly, the 

therapeutic effects of imipenem and other carbapenems could be greatly diminished, causing 

a rise in untreated severe infections that lead to a surge in mortality rates. On another note, 

the antimicrobial susceptibility testing showed that the MDR V. parahaemolyticus had 

intermediate results towards amikacin (25%) and kanamycin (67.2%), which are 

aminoglycosides. This suggests that the dose of these medications will require adjustments 

during administration as the efficacy of the drug is compromised [140]. Aminoglycosides are 

highly effective against a broad range of Gram-negative bacteria as they have both 

bacteriostatic and bactericidal activity by inhibiting polypeptide synthesis in the target. 

However, resistance towards aminoglycosides may increase the dosage required and prolong 

the course of treatment for full recovery. This puts the patient at a higher risk of experiencing 

side effects such as nephrotoxicity and ototoxicity, which have been notoriously linked to the 

use of aminoglycosides [141]. Given these negative effects, it is vital to control the spread of 

antibiotic resistance to alleviate the burden on public health systems.  

Findings from the current study show that the V. parahaemolyticus isolates are highly 

susceptible to chloramphenicol, gentamicin, levofloxacin, nalidixic acid, oxytetracycline, 

sulfamethoxazole/trimethoprim, and tetracycline. Although this is the case, if the spread of 

antibiotic resistance is not adequately managed, the current trajectory of the rise in antibiotic 

resistance in V. parahaemolyticus will lead to total ineffectiveness of the antibiotics. As of 

2021, the World Health Organization (WHO) recorded a total of 258 antibiotics that are 

available for use, but the emergence of MDR bacteria will reduce the effectiveness of these 

drugs in treating diseases [142-145]. Lujiwa et al. revealed that from 2008-2018, the top 15 

major producers in aquaculture were using 67 different antibiotics, including previously 

banned antibiotics such as chloramphenicol, rifamycin, and penicillin [130]. This accounts for 

more than 25% of the available antibiotics, an alarming statistic given the increasing 

prevalence of MDR pathogens, including V. parahaemolyticus [146-149]. The outcomes of this 

study also showed that MDR V. parahaemolyticus is plentiful in seafood, where 81% of the 

isolates were resistant to more than one antibiotic, giving them an MAR index greater than 

0.02. This further indicates that the environment which the foodborne bacteria reside has 

been highly contaminated by multiple antibiotics. The rise in MDR V. parahaemolyticus will 

eventually lead to the spread of antibiotic resistance to other species of pathogens, thereby 

causing a butterfly effect where bacterial infections become more difficult to treat, 
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endangering the lives of those infected. The future of treating infectious diseases and 

outbreaks is at stake, given the dangerously high levels of antibiotic resistance which 

continue to rise [150]. Therefore, policymakers and the authorities need to implement strict 

rules and regulations on the antimicrobial agents used in aquaculture. The choice of drugs 

should be decided based on the specific region's most recent data on MDR V. 

parahaemolyticus and other MDR pathogens that are relevant in aquaculture. This is to 

manage infections of marine animals effectively and to minimise their impact in the 

development of antibiotic resistance. Following the implementation of stricter policies, the 

use of antimicrobial agents in aquaculture should be monitored under continued vigilance to 

ensure compliance.  

Moreover, utilising alternatives to antibiotics to prevent and manage diseases is 

imperative in controlling the spread of antibiotic resistance. With that, researchers have been 

actively searching for new antimicrobial compounds from natural products derived from 

various bioresources, including plants [151-153], animals [154] and microorganisms [155, 156]. 

Within the microbial world, Streptomyces sp. is a group of filamentous Gram-positive 

mycelial Actinobacteria that are well-established candidates with antimicrobial, antioxidant, 

anticancer and immunosuppressant effects [157-164]. Their ability to produce a myriad of 

compounds piques the interest of researchers to identify valuable compounds that could 

hinder the growth of Vibrios [143, 165-167]. In the cross-streak assay, Streptomyces MUM 178J 

demonstrated antagonistic effects against MDR V. parahaemolyticus, RP0132. Subsequent 

examination of the MIC and MBC of MUM 178J crude extract also validated the results from 

the cross-streak assay. The MIC was determined to be 12.5mg/mL, while the MBC was 

50mg/mL. This shows that MUM 178J may possess the ability to produce bioactive 

compounds with anti-Vibrio activity which inhibits the growth of Gram-negative pathogens 

like V. parahaemolyticus. Hence, MUM 178J could potentially be utilised as an anti-Vibrio 

agent. In addition, there have been studies which report on the anti-Vibrio activity of crude 

extract from Streptomyces sp. For instance, Thirumurugan and Vijayakumar found that the 

crude extract from Streptomyces sp. ECR77 was able to inhibit the growth of V. 

parahaemolyticus [168]. Kumaran et al. also determined that the extract from Streptomyces 

enissocaesilis SSASC10 was able to inhibit the growth of V. parahaemolyticus. Furthermore, 

Rateb et al. [169] was able to determine the presence of chaxalactins in Streptomyces sp. C34 

extract which conferred antibacterial activity against V. parahaemolyticus. Therefore, the  

mechanisms of the antagonistic activity of MUM 178J will require more in-depth analysis 

and further in-vivo studies involving animal models need to be executed to ensure its safety, 
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efficacy, and sustainability to be used in aquaculture. Nevertheless, studies into multiple 

strains of Streptomyces sp. have displayed antibacterial effects against V. parahaemolyticus. 

An anti-V. parahaemolyticus compound, Actinomycin D was discovered in Streptomyces 

parvus during molecular docking studies done by Liu et al. [165]. Actinomycin D was 

proposed to bind strongly to the flagellar motor switch protein FliN of V. parahaemolyticus, 

thereby impairing its motility and preventing biofilm formation [165]. You et al. [166] isolated 

several Streptomyces sp. from nearshore marine sediments, demonstrating antagonistic 

effects against V. parahaemolyticus. In marine environments, iron supply is limited; hence 

Streptomyces sp. needs to compete with other marine bacteria to acquire iron for growth. As 

a means to adapt, Streptomyces sp. produces siderophores, compounds with low molecular 

weight that have a high affinity for iron [170]. The production of siderophores depletes the iron 

supply for other bacteria, such as V. parahaemolyticus, ultimately resulting in cell death. 

5. Conclusion 

As shown in the current study, V. parahaemolyticus remains prevalent in seafood and 

they were most likely exposed to the pathogen before harvest. The prevalent nature of V. 

parahaemolyticus in our surrounding environment is a concern, as this can result in 

gastroenteritis outbreaks, thereby compromising the integrity of our public health systems. 

This situation is further worsened by the surge in detection of MDR V. parahaemolyticus, 

where the antibiotics that were effective in treating V. parahaemolyticus infections are no 

longer useful. Most notably, V. parahaemolyticus has been found to be resistant towards 

carbapenems, the last line of antibiotics used to treat bacterial infections. This is corroborated 

by the findings of the current study, whereby carbapenem-resistant V. parahaemolyticus 

isolates were detected from seafood samples. In an effort to explore potential agents that have 

anti-Vibrio properties, this study tested the antagonistic effects of Streptomyces sp. MUM 

178J against an MDR V. parahaemolyticus, RP0132 from a distinct clade. It was found that 

the MUM 178J bacterial isolates were able to inhibit the growth of RP0132 in the cross-

streak assay. Additionally, continued probing on the antagonistic effects of MUM 178J was 

done by using its crude extract to test against RP0132, and it was discovered that MUM 178J 

extract had an MIC of 12.5mg/mL and MBC of 50mg/mL. This shows that Streptomyces sp. 

MUM 178J could be potentially utilized as an anti-Vibrio agent which could be employed in 

disease control in aquaculture. In summary, this study found 64 confirmed V. 

parahaemolyticus strains out of 100 presumptive isolates. All 64 isolates exhibited antibiotic 

resistance to at least one antibiotic, with the highest resistance against ampicillin, followed 

by ceftazidime, cefotaxime, ampicillin/sulbactam, imipenem, and kanamycin. The isolates 

were most susceptible to nalidixic acid, followed by tetracycline, 

sulfamethoxazole/trimethoprim, gentamicin, levofloxacin, oxytetracycline, and 

chloramphenicol. The present study showed that MDR V. parahaemolyticus remains 

prevalent, and they are a concern as they can contribute to an increased spread of antibiotic 
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resistance both inter- and intraspecies. Nonetheless, the discovery of the antagonistic effects 

of MUM 178J against MDR V. parahaemolyticus provides a positive outlook in mitigating 

the propagation of antibiotic resistance. 

Author Contributions: K-YL conducted the laboratory research work, data analysis and manuscript writing. 

LT-HT, JW-FL, PP, L-HL and VL provided resources, supervision, proofreading and technical support. VL, L-

HL and JW-FL conceptualized and founded this writing project. All authors have read and agreed to the 

published version of the manuscript. 

Funding: This work is supported by the Jeffrey Cheah School of Medicine and Health Sciences Strategic Grant 

2021 (Vote Number: STG-000051) awarded to L-HL and VL. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Metian M, Troell M, Christensen V, et al. Mapping diversity of species in global aquaculture. Rev Aquac 2020; 

12(2): 1090-1100. 

2. Food and Agriculture Organization of the United Nations (FAO). The State of World Fisheries and Aquaculture 

2022. 2022  [Accessed 2023 15 May]; Available from: 

https://www.fao.org/3/cc0461en/online/sofia/2022/world-fisheries-aquaculture.html. 

3. Han K, Leem K, Choi YR, et al. What drives a country’s fish consumption? Market growth phase and the causal 

relations among fish consumption, production and income growth. Fisheries Research 2022; 254: 106435. 

4. International Trade Administration and U.S. Department of Commerce. Aquaculture Snapshot - Industry 

Summary. 2020  [Accessed 2023 16 May]; Available from: https://www.trade.gov/aquaculture-industry-

summary. 

5. Asche F, Bellemare MF, Roheim C, et al. Fair Enough? Food Security and the International Trade of Seafood. 

World Dev 2015; 67: 151-160. 

6. Bhari B and Visvanathan C, Sustainable Aquaculture: Socio-Economic and Environmental Assessment, in 

Sustainable Aquaculture, F.I. Hai, C. Visvanathan, and R. Boopathy, Editors. 2018, Springer International 

Publishing: Cham. p. 63-93. 

7. Hu XF and Chan HM. Seafood Consumption and Its Contribution to Nutrients Intake among Canadians in 2004 

and 2015. Nutrients 2020; 13(1). 

8. Lund EK. Health benefits of seafood; Is it just the fatty acids? Food Chem 2013; 140(3): 413-420. 

9. Muhala V, Chicombo TF, Macate IE, et al. Climate Change in Fisheries and Aquaculture: Analysis of the Impact 

Caused by Idai and Kenneth Cyclones in Mozambique. Front Sustain Food Syst 2021; 5. 

10. Leal Filho W, Ternova L, Parasnis SA, et al. Climate Change and Zoonoses: A Review of Concepts, Definitions, 

and Bibliometrics. Int J Environ Res Public Health 2022; 19(2). 

11. Ziarati M, Zorriehzahra MJ, Hassantabar F, et al. Zoonotic diseases of fish and their prevention and control. Vet 

Q 2022; 42(1): 95-118. 

12. Loo K-Y and Letchumanan V. COVID-19: Understanding the New Variants of Concern. Prog Microbes Mol Biol 

2022; 5(1): a0000282. 

13. Thye AY-K, Tan LT-H, Law JWF, et al. COVID-19 Booster Vaccines Administration in Different Countries. 

Prog Microbes Mol Biol 2021; 4(1): a0000256. 

https://www.fao.org/3/cc0461en/online/sofia/2022/world-fisheries-aquaculture.html
https://www.trade.gov/aquaculture-industry-summary
https://www.trade.gov/aquaculture-industry-summary


PMMB 2023, 6, 1; a0000347 23 of 31 

 

 

14. Loo K-Y, Letchumanan V, Tan LT-H, et al. Updated COVID-19 condition in Australia. Prog Microbes Mol Biol 

2021; 4(1): a0000250. 

15. Thye AY-K and Law JW-F. Focused Review: Insight and Updates on COVID-19 from Progress in Microbes and 

Molecular Biology. Prog Microbes Mol Biol 2023; 6(1): a0000333. 

16. Loh HC, Seah YK, and Looi I. The COVID-19 pandemic and diet change. Prog Microbes Mol Biol 2021; 4(1): 

a0000203. 

17. Loo K-Y, Tan LT-H, Law JW-F, et al. COVID-19: An Update on the Latest Therapeutic Agents. Prog Microbes 

Mol Biol 2023; 6(1): a0000329. 

18. Letchumanan V, Ab Mutalib N-S, Goh B-H, et al. Novel coronavirus 2019-nCoV: Could this virus become a 

possible global pandemic. Prog Microbes Mol Biol 2020; 3(1): a0000068. 

19. Thye AY-K, Loo K-Y, Tan KBC, et al. Insights into COVID-19 Delta variant (B.1.617.2). Prog Microbes Mol 

Biol 2021; 4(1): a0000243. 

20. Loo K-Y and Letchumanan V. COVID-19: Malaysia's fight against this deadly virus. Prog Microbes Mol Biol 

2021; 4(1): a0000204. 

21. Hoo HE, Loh HC, Ch’ng ASH, et al. Positive impacts of the COVID-19 pandemic and public health measures on 

healthcare. Prog Microbes Mol Biol 2021; 4(1): a0000221. 

22. Ang WS, Law JW-F, Letchumanan V, et al. COVID-19 Pandemic in Brunei Darussalam. Prog Microbes Mol 

Biol 2023; 6(1): a0000326. 

23. Thye AY-K, Pusparajah P, Tan LT-H, et al. COVID-19: Gastrointestinal Manifestations and Complications. Prog 

Microbes Mol Biol 2021; 4(1): a0000247. 

24. Feng H, Lakshmi KV, Ng CT, et al. Update on Remdesivir in the Treatment of Novel Coronavirus Pneumonia. 

Prog Microbes Mol Biol 2023; 6(1): a0000341. 

25. Hoegh-Guldberg O, Jacob D, Taylor M, et al. The human imperative of stabilizing global climate change at 1.5°C. 

Science 2019; 365(6459): eaaw6974. 

26. Davis BJK, Jacobs JM, Davis MF, et al. Environmental Determinants of Vibrio parahaemolyticus in the 

Chesapeake Bay. Appl Environ Microbiol 2017; 83(21): e01147-17. 

27. Hsiao H-I, Jan M-S, and Chi H-J. Impacts of Climatic Variability on Vibrio parahaemolyticus Outbreaks in 

Taiwan. Int J Environ Res Public Health 2016; 13(2): 188. 

28. Mazumdar A and Majee MC. Impact of Climate Change on Seafood and their Consumption. J Crit Rev 2020; 

7(1). 

29. Letchumanan V, Chan KG, and Lee LH. Vibrio parahaemolyticus: a review on the pathogenesis, prevalence, and 

advance molecular identification techniques. Front Microbiol 2014; 5: 705. 

30. Fujino T, Okuno Y, Nakada D, et al. On the bacteriological examination of shirasu-food poisoning. Med J Osaka 

Univ 1953; 4(2/3): 299-304. 

31. Jung SW. A foodborne outbreak of gastroenteritis caused by Vibrio parahaemolyticus associated with cross-

contamination from squid in Korea. Epidemiol Health 2018; 40: e2018056. 

32. Sala MR, Arias C, DomÍNguez A, et al. Foodborne outbreak of gastroenteritis due to Norovirus and Vibrio 

parahaemolyticus. Epidemiol Infect 2009; 137(5): 626-629. 



PMMB 2023, 6, 1; a0000347 24 of 31 

 

 

33. Zhang Y, Chen L, Jiang Y, et al. Epidemiological and Whole-Genome Sequencing Analysis of a Gastroenteritis 

Outbreak Caused by a New Emerging Serotype of Vibrio parahaemolyticus in China. Foodborne Pathog Dis 2022; 

19(8): 550-557. 

34. Letchumanan V, Loo K-Y, Law JW-F, et al. Vibrio parahaemolyticus: The protagonist of foodborne diseases. 

Prog Microbes Mol Biol 2019; 2(1): a0000029. 

35. Loo K-Y, Law JW-F, Tan LT-H, et al. The burden of Vibrio sp. infections – A scoping review. Prog Microbes 

Mol Biol 2023; 6(1): a0000340. 

36. Baker-Austin C, Oliver JD, Alam M, et al. Vibrio spp. infections. Nat Rev Dis Primers 2018; 4(1): 1-19. 

37. Venggadasamy V, Tan LT-H, Law JW-F, et al. Incidence, antibiotic susceptibility and characterization of Vibrio 

parahaemolyticus isolated from seafood in selangor, Malaysia. Prog Microbes Mol Biol 2021; 4(1): a0000233. 

38. Letchumanan V, Chan K-G, Pusparajah P, et al. Insights into Bacteriophage Application in Controlling Vibrio 

Species. Front Microbiol 2016; 7. 

39. Law JW-F, Ab Mutalib N-S, Chan K-G, et al. Rapid methods for the detection of foodborne bacterial pathogens: 

principles, applications, advantages and limitations. Front Microbiol 2015; 5. 

40. Loo K-Y, Law JW-F, Tan LT-H, et al. Diagnostic techniques for rapid detection of Vibrio species. Aquaculture 

2022: 738628. 

41. Letchumanan V, Chan K-G, Khan TM, et al. Bile Sensing: The Activation of Vibrio parahaemolyticus Virulence. 

Front Microbiol 2017; 8. 

42. Iida T, Suthienkul O, Park K-S, et al. Evidence for genetic linkage between the ure and trh genes in Vibrio 

parahaemolyticus. J Med Microbiol 1997; 46(8): 639-645. 

43. Wang H, Tang X, Su Y-C, et al. Characterization of clinical Vibrio parahaemolyticus strains in Zhoushan, China, 

from 2013 to 2014. PLoS One 2017; 12(7): e0180335. 

44. Chao G, Jiao X, Zhou X, et al. Serodiversity, pandemic O3: K6 clone, molecular typing, and antibiotic 

susceptibility of foodborne and clinical Vibrio parahaemolyticus isolates in Jiangsu, China. Foodborne Pathog 

Dis 2009; 6(8): 1021-1028. 

45. Okuda J, Ishibashi M, Abbott SL, et al. Analysis of the thermostable direct hemolysin (tdh) gene and the tdh-

related hemolysin (trh) genes in urease-positive strains of Vibrio parahaemolyticus isolated on the West Coast of 

the United States. J Clin Microbiol 1997; 35(8): 1965-1971. 

46. Supcharassaeng S and Suankratay C. Antibiotic prescription for adults with acute diarrhea at King Chulalongkorn 

Memorial Hospital, Thailand. J Med Assoc Thail 2011; 94(5): 545. 

47. Xie T, Wu Q, Zhang J, et al. Comparison of Vibrio parahaemolyticus isolates from aquatic products and clinical 

by antibiotic susceptibility, virulence, and molecular characterisation. Food Control 2017; 71: 315-321. 

48. Letchumanan V, Yin W-F, Lee L-H, et al. Prevalence and antimicrobial susceptibility of Vibrio parahaemolyticu 

s isolated from retail shrimps in Malaysia. Front Microbiol 2015; 6: 33. 

49. Letchumanan V, Pusparajah P, Tan LT-H, et al. Occurrence and antibiotic resistance of Vibrio parahaemolyticus 

from shellfish in Selangor, Malaysia. Front Microbiol 2015; 6: 1417. 

50. Tan CW, Rukayadi Y, Hasan H, et al. Prevalence and antibiotic resistance patterns of Vibrio parahaemolyticus 

isolated from different types of seafood in Selangor, Malaysia. Saudi J Biol Sci 2020; 27(6): 1602-1608. 



PMMB 2023, 6, 1; a0000347 25 of 31 

 

 

51. Lei T, Jiang F, He M, et al. Prevalence, virulence, antimicrobial resistance, and molecular characterization of 

fluoroquinolone resistance of Vibrio parahaemolyticus from different types of food samples in China. Int J Food 

Microbiol 2020; 317: 108461. 

52. Kang C-H, Shin Y, Kim W, et al. Prevalence and antimicrobial susceptibility of Vibrio parahaemolyticus isolated 

from oysters in Korea. Environ Sci Pollut Res 2016; 23: 918-926. 

53. Letchumanan V, Ser H-L, Tan W-S, et al. Genome sequence of Vibrio sp. SALL 6 isolated from shellfish. Prog 

Microbes Mol Biol 2019; 2(1): a0000044. 

54. Letchumanan V, Tan W-S, Yin W-F, et al. Genome sequence of Vibrio sp. OULL4 isolated from shellfish. Prog 

Microbes Mol Biol 2020; 3(1): a0000066. 

55. Bondad-Reantaso MG, MacKinnon B, Karunasagar I, et al. Review of alternatives to antibiotic use in aquaculture. 

Rev Aquac 2023; 1(31). 

56. Battah B, Rajab A, Shbibe L, et al. Evaluation of antibiofilm activity of Thymus syriacus essential oil against 

clinically isolated MDR bacteria. Prog Microbes Mol Biol 2022; 5(1): a0000284. 

57. Letchumanan V, Chan KG, and Lee LH. An insight of traditional plasmid curing in Vibrio species. Front 

Microbiol 2015; 6: 735. 

58. Vaz-Moreira I, Nunes OC, and Manaia CM. Bacterial diversity and antibiotic resistance in water habitats: 

searching the links with the human microbiome. FEMS Microbiol Rev 2014; 38(4): 761-78. 

59. Tan LT-H, Lee L-H, and Goh B-H. Critical review of fermentation and extraction of anti-Vibrio compounds from 

Streptomyces. Prog Microbes Mol Biol 2020; 3(1): a0000051. 

60. Goh JXH, Tan LTH, Law JWF, et al. Harnessing the potentialities of probiotics, prebiotics, synbiotics, 

paraprobiotics, and postbiotics for shrimp farming. Rev Aquac 2022; 14(3): 1478-1557. 

61. Low CX, Tan LT-H, Ab Mutalib N-S, et al. Unveiling the impact of antibiotics and alternative methods for animal 

husbandry: A review. Antibiotics 2021; 10(5): 578. 

62. Loo K-Y, Tan LT-H, Law JW-F, et al. Vibrio parahaemolyticus: Exploring its Incidence in Malaysia and the 

Potential of Streptomyces sp. as an Anti-Vibrio Agent. Prog Microbes Mol Biol 2023; 6(1): a0000334. 

63. Goh JXH, Tan LT-H, Law JW-F, et al. Probiotics: Comprehensive Exploration of the Growth Promotion 

Mechanisms in Shrimps. Prog Microbes Mol Biol 2023; 6(1): a0000324. 

64. Ong IJ, Loo K-Y, Law LN-S, et al. Exploring the impact of Helicobacter pylori and potential gut microbiome 

modulation. Prog Microbes Mol Biol 2023; 6(1): a0000273. 

65. Ong K-S, Letchumanan V, Law JW-F, et al. Microbes from Peat Swamp Forest—The Hidden Reservoir for 

Secondary Metabolites? Prog Microbes Mol Biol 2020; 3(1): a0000077. 

66. Law JW-F, Letchumanan V, Hong K-W, et al. Streptomyces learnhanii sp. nov., unveiling a Mangrove-Derived 

Novel “Modern Actinobacteria” in Malaysia. Prog Microbes Mol Biol 2023; 6(1): a0000342. 

67. Law JWF, Tan LT-H, Letchumanan V, et al. Streptomyces griseiviridis sp. nov., a Novel “Modern 

Actinobacteria” isolated from Malaysia Mangrove Soil. Prog Microbes Mol Biol 2023; 6(1): a0000270. 

68. Law JW-F, Letchumanan V, Tan LT-H, et al. The rising of “modern actinobacteria” era. Prog Microbes Mol Biol 

2020; 3(1): a0000064. 

69. Law JW-F, Chan K-G, He Y-W, et al. Diversity of Streptomyces spp. from mangrove forest of Sarawak 

(Malaysia) and screening of their antioxidant and cytotoxic activities. Sci Rep 2019; 9(1): 15262. 



PMMB 2023, 6, 1; a0000347 26 of 31 

 

 

70. Law JW-F, Ser H-L, Khan TM, et al. The Potential of Streptomyces as Biocontrol Agents against the Rice Blast 

Fungus, Magnaporthe oryzae (Pyricularia oryzae). Front Microbiol 2017; 8. 

71. Ser H-L, Law JW-F, Tan W-S, et al. Whole genome sequence of Streptomyces colonosanans strain MUSC 93JT 

isolated from mangrove forest in Malaysia. Prog Microbes Mol Biol 2020; 3(1): a0000061. 

72. Pusparajah P, Letchumanan V, Law JW-F, et al. Streptomyces sp.—A treasure trove of weapons to combat 

methicillin-resistant Staphylococcus aureus biofilm associated with biomedical devices. Int J Mol Sci 2021; 

22(17): 9360. 

73. Augustine D, Jacob JC, and Philip R. Exclusion of Vibrio spp. by an antagonistic marine actinomycete 

Streptomyces rubrolavendulae M56. Aquac Res 2016; 47(9): 2951-2960. 

74. Yang M, Zhang J, Liang Q, et al. Antagonistic activity of marine Streptomyces sp. S073 on pathogenic Vibrio 

parahaemolyticus. Fish Sci 2019; 85(3): 533-543. 

75. Silvester R, Alexander D, and Ammanamveetil MHA. Prevalence, antibiotic resistance, virulence and plasmid 

profiles of Vibrio parahaemolyticus from a tropical estuary and adjoining traditional prawn farm along the 

southwest coast of India. Ann Microbiol 2015; 65(4): 2141-2149. 

76. Kim YB, Okuda J, Matsumoto C, et al. Identification of Vibrio parahaemolyticus Strains at the Species Level by 

PCR Targeted to the toxR Gene. J Clin Microbiol 1999; 37(4): 1173-1177. 

77. Thomas SK, Johney J, and Ragunathan R. Molecular characterization of Myroides gitamensis from fish samples 

and use bio preservatives. Res J Life Sci Bioinform Pharm Chem Sci 2018; 4: 568-578. 

78. Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 

95/98/NT. in Nucleic acids symposium series. 1999. Oxford. 

79. Tamura K, Stecher G, and Kumar S. MEGA11: Molecular Evolutionary Genetics Analysis Version 11. Mol Biol 

Evol 2021; 38(7): 3022-3027. 

80. Saitou N and Nei M. The neighbor-joining method: a new method for reconstructing phylogenetic trees. Mol Biol 

Evol 1987; 4(4): 406-25. 

81. Felsenstein J. Evolutionary trees from DNA sequences: a maximum likelihood approach. J Mol Evol 1981; 17(6): 

368-76. 

82. Kimura M. A simple method for estimating evolutionary rates of base substitutions through comparative studies 

of nucleotide sequences. J Mol Evol 1980; 16(2): 111-20. 

83. Felsenstein J. Confidence Limits on Phylogensis: An Approach using the Boostrap. Evolution 1985; 39(4): 783-

791. 

84. Reyhanath PV and Kutty R. Incidence of multidrug resistant Vibrio parahaemolyticus isolated from Ponnani, 

South India. Iran J Microbiol 2014; 6(2): 60. 

85. Jorgensen JH, Methods for antimicrobial dilution and disk susceptibility testing of infrequently isolated or 

fastidious bacteria; approved guideline. 2010. 

86. Krumperman PH. Multiple antibiotic resistance indexing of Escherichia coli to identify high-risk sources of fecal 

contamination of foods. Appl Environ Microbiol 1983; 46(1): 165-70. 

87. Kemung HM, Tan LT-H, Chan K-G, et al. Antioxidant activities of Streptomyces sp. strain MUSC 14 from 

mangrove forest soil in Malaysia. Biomed Res Int 2020; 2020. 

88. Yoshida K, Nasu Y, Shitami N, et al. A novel convenient method for high bacteriophage titer assay. Nucleic Acids 

Symp Ser 2009; 53(1): 315-316. 



PMMB 2023, 6, 1; a0000347 27 of 31 

 

 

89. Lee LH, Zainal N, Azman AS, et al. Streptomyces pluripotens sp. nov., a bacteriocin-producing streptomycete 

that inhibits meticillin-resistant Staphylococcus aureus. Int J Syst Evol Microbiol 2014; 64(Pt 9): 3297-3306. 

90. Law JW, Ser HL, Ab Mutalib NS, et al. Streptomyces monashensis sp. nov., a novel mangrove soil 

actinobacterium from East Malaysia with antioxidative potential. Sci Rep 2019; 9(1): 3056. 

91. Kemung HM, Tan LT-H, Chan K-G, et al. Streptomyces sp. strain MUSC 5 from mangrove forest in Malaysia: 

Identification, antioxidant potential and chemical profiling of its methanolic extract. Prog Microbes Mol Biol 

2020; 3(1): a0000087. 

92. Law JW, Ser HL, Duangjai A, et al. Streptomyces colonosanans sp. nov., A Novel Actinobacterium Isolated from 

Malaysia Mangrove Soil Exhibiting Antioxidative Activity and Cytotoxic Potential against Human Colon Cancer 

Cell Lines. Front Microbiol 2017; 8: 877. 

93. Chou H-T, Kuo T-Y, Chiang J-C, et al. Design and synthesis of cationic antimicrobial peptides with improved 

activity and selectivity against Vibrio spp. Int J Antimicrob Agents 2008; 32(2): 130-138. 

94. Mangzira Kemung H, Tan LT-H, Chan K-G, et al. Streptomyces sp. strain MUSC 125 from mangrove soil in 

Malaysia with anti-MRSA, anti-biofilm and antioxidant activities. Molecules 2020; 25(15): 3545. 

95. Morris JG, Vibrio parahaemolyticus infections. 2022, UpToDate: Waltham (MA). 

96. Davis R and Brown PD. Multiple antibiotic resistance index, fitness and virulence potential in respiratory 

Pseudomonas aeruginosa from Jamaica. J Med Microbiol 2016; 65(4): 261-271. 

97. Letchumanan V, Ab Mutalib N-S, Wong SH, et al. Determination of antibiotic resistance patterns of Vibrio 

parahaemolyticus from shrimp and shellfish in Selangor, Malaysia. Prog Microbes Mol Biol 2019; 2(1): 

a0000019. 

98. Meza G, Majrshi H, and Tiong HK. Recovery of Pasteurization-Resistant Vibrio parahaemolyticus from Seafoods 

Using a Modified, Two-Step Enrichment. Foods 2022; 11(5): 764. 

99. Lee Y, Choi Y, Lee S, et al. Occurrence of pathogenic Vibrio parahaemolyticus in seafood distribution channels 

and their antibiotic resistance profiles in S. Korea. Lett Appl Microbiol 2019; 68(2): 128-133. 

100. Changsen C, Likhitrattanapisal S, Lunha K, et al. Incidence, genetic diversity, and antimicrobial resistance 

profiles of Vibrio parahaemolyticus in seafood in Bangkok and eastern Thailand. PeerJ 2023; 11. 

101. Parthasarathy S, Das SC, and Kumar A. Occurrence of pathogenic Vibrio parahaemolyticus in crustacean 

shellfishes in coastal parts of Eastern India. Vet World 2016; 9(3): 330-6. 

102. Noor NRABM, Mutalib SA, and Sani NA. Isolation and Identification of Vibrio parahaemolyticus from Flower 

Crab (Portunus pelagicus) in Negeri Sembilan and Selangor. e-AJ 2019; 7(SI-TeMIC18). 

103. Tran L, Nunan L, Redman RM, et al. Determination of the infectious nature of the agent of acute hepatopancreatic 

necrosis syndrome affecting penaeid shrimp. Dis Aquat Org 2013; 105(1): 45-55. 

104. Kumar R, Ng TH, and Wang HC. Acute hepatopancreatic necrosis disease in penaeid shrimp. Rev Aquac 2020; 

12(3): 1867-1880. 

105. Lai H-C, Ng TH, Ando M, et al. Pathogenesis of acute hepatopancreatic necrosis disease (AHPND) in shrimp. 

Fish Shellfish Immunol 2015; 47(2): 1006-1014. 

106. Joshi J, Srisala J, Truong VH, et al. Variation in Vibrio parahaemolyticus isolates from a single Thai shrimp farm 

experiencing an outbreak of acute hepatopancreatic necrosis disease (AHPND). Aquaculture 2014; 428-429: 297-

302. 



PMMB 2023, 6, 1; a0000347 28 of 31 

 

 

107. Kua BC, Iar A, Siti Zahrah A, et al. Current status of acute hepatopancreatic necrosis disease (AHPND) of farmed 

shrimp in Malaysia. in Addressing Acute Hepatopancreatic Necrosis Disease (AHPND) and Other 

Transboundary Diseases for Improved Aquatic Animal Health in Southeast Asia: Proceedings of the ASEAN 

Regional Technical Consultation on EMS/AHPND and Other Transboundary Diseases for Improved Aquatic 

Animal Health in Southeast Asia, 22-24 February 2016, Makati City, Philippines. 2016. Aquaculture Department, 

Southeast Asian Fisheries Development Center. 

108. de la Peña LD, Cabillon NAR, Catedral DD, et al. Acute hepatopancreatic necrosis disease (AHPND) outbreaks 

in Penaeus vannamei and P. monodon cultured in the Philippines. Dis Aquat Org 2015; 116(3): 251-254. 

109. González-Gómez JP, Soto-Rodriguez S, López-Cuevas O, et al. Phylogenomic analysis supports two possible 

origins for Latin American strains of Vibrio parahaemolyticus associated with acute hepatopancreatic necrosis 

disease (AHPND). Curr Microbiol 2020; 77: 3851-3860. 

110. Dhar AK, Piamsomboon P, Caro LFA, et al. First report of acute hepatopancreatic necrosis disease (AHPND) 

occurring in the USA. Dis Aquat Org 2019; 132(3): 241-247. 

111. Schofield PJ, Noble BL, Caro LFA, et al. Pathogenicity of Acute Hepatopancreatic Necrosis Disease (AHPND) 

on the freshwater prawn, Macrobrachium rosenbergii, and Pacific White Shrimp, Penaeus vannamei, at various 

salinities. Aquac Res 2021; 52(4): 1480-1489. 

112. Castellanos A, Restrepo L, Bajaña L, et al. Genomic and Evolutionary Features of Nine AHPND Positive Vibrio 

parahaemolyticus Strains Isolated from South American Shrimp Farms. Microbiol Spectr 2023: e04851-22. 

113. Kumar V, Roy S, Behera BK, et al. Acute Hepatopancreatic Necrosis Disease (AHPND): Virulence, Pathogenesis 

and Mitigation Strategies in Shrimp Aquaculture. Toxins (Basel) 2021; 13(8). 

114. Nilsson WB, Paranjpye RN, Hamel OS, et al. Vibrio parahaemolyticus risk assessment in the Pacific Northwest: 

it's not what's in the water. FEMS Microbiol Ecol 2019; 95(4). 

115. Tsakiridis A, O'Donoghue C, Hynes S, et al. A comparison of environmental and economic sustainability across 

seafood and livestock product value chains. Mar Policy 2020; 117: 103968. 

116. Weissfeld AS. Infections from Eating Raw or Undercooked Seafood. Clin Microbiol Newsl 2014; 36(3): 17-21. 

117. Hicks DT. Seafood Safety and Quality: The Consumer’s Role. Foods 2016; 5(4): 71. 

118. Harth E, Matsuda L, Hernández C, et al. Epidemiology of Vibrio parahaemolyticus outbreaks, southern Chile. 

Emerg Infect Dis 2009; 15(2): 163-8. 

119. Wu Y, Wen J, Ma Y, et al. Epidemiology of foodborne disease outbreaks caused by Vibrio parahaemolyticus, 

China, 2003–2008. Food Control 2014; 46: 197-202. 

120. Li Y, Xie T, Pang R, et al. Food-borne Vibrio parahaemolyticus in China: prevalence, antibiotic susceptibility, 

and genetic characterization. Front Microbiol 2020; 11: 1670. 

121. Schar D, Klein EY, Laxminarayan R, et al. Global trends in antimicrobial use in aquaculture. Sci Rep 2020; 10(1): 

21878. 

122. Kim H, Hong Y, Park J-e, et al. Sulfonamides and tetracyclines in livestock wastewater. Chemosphere 2013; 

91(7): 888-894. 

123. Costanzo SD, Murby J, and Bates J. Ecosystem response to antibiotics entering the aquatic environment. Mar 

Pollut Bull 2005; 51(1-4): 218-223. 



PMMB 2023, 6, 1; a0000347 29 of 31 

 

 

124. Szekeres E, Baricz A, Chiriac CM, et al. Abundance of antibiotics, antibiotic resistance genes and bacterial 

community composition in wastewater effluents from different Romanian hospitals. Environ Pollut 2017; 225: 

304-315. 

125. Fleming A. Penicillin. BMJ 1941; 2(4210): 386. 

126. Thakuria B and Lahon K. The Beta Lactam Antibiotics as an Empirical Therapy in a Developing Country: An 

Update on Their Current Status and Recommendations to Counter the Resistance against Them. J Clin Diagn Res 

2013; 7(6): 1207-14. 

127. Waxman DJ and Strominger JL. Penicillin-binding proteins and the mechanism of action of beta-lactam 

antibiotics. Annu Rev Biochem 1983; 52(1): 825-869. 

128. Rortana C, Wajjwalku W, Boonyawiwat V, et al. Antimicrobial resistance and pirAB-like profiles of Vibrio 

parahaemolyticus in Pacific white shrimp. Agric Nat Resour 2018; 52(4): 377-381. 

129. Lopatek M, Wieczorek K, and Osek J. Prevalence and Antimicrobial Resistance of Vibrio parahaemolyticus 

Isolated from Raw Shellfish in Poland. J Food Prot 2015; 78(5): 1029-1033. 

130. Lulijwa R, Rupia EJ, and Alfaro AC. Antibiotic use in aquaculture, policies and regulation, health and 

environmental risks: a review of the top 15 major producers. Rev Aquac 2020; 12(2): 640-663. 

131. Rafailidis PI, Ioannidou EN, and Falagas ME. Ampicillin/Sulbactam. Drugs 2007; 67(13): 1829-1849. 

132. Chaudhry SB, Veve MP, and Wagner JL. Cephalosporins: A Focus on Side Chains and β-Lactam Cross-

Reactivity. Pharmacy (Basel) 2019; 7(3). 

133. Jeong HW, Kim JA, Jeon SJ, et al. Prevalence, Antibiotic-Resistance, and Virulence Characteristics of Vibrio 

parahaemolyticus in Restaurant Fish Tanks in Seoul, South Korea. Foodborne Pathog Dis 2020; 17(3): 209-214. 

134. Saifedden G, Farinazleen G, Nor-Khaizura A, et al. Antibiotic Susceptibility profile of Vibrio parahaemolyticus 

isolated from shrimp in Selangor, Malaysia. Int Food Res J 2016; 23(6). 

135. Hellinger WC and Brewer NS. Imipenem. Mayo Clin Proc 1991; 66(10): 1074-1081. 

136. Scholar E, Imipenem, in xPharm: The Comprehensive Pharmacology Reference, S.J. Enna and D.B. Bylund, 

Editors. 2007, Elsevier: New York. p. 1-5. 

137. Nordmann P, Naas T, and Poirel L. Global spread of carbapenemase-producing Enterobacteriaceae. Emerg Infect 

Dis 2011; 17(10): 1791. 

138. Lee LH, Ab Mutalib NS, Law JW, et al. Discovery on Antibiotic Resistance Patterns of Vibrio parahaemolyticus 

in Selangor Reveals Carbapenemase Producing Vibrio parahaemolyticus in Marine and Freshwater Fish. Front 

Microbiol 2018; 9: 2513. 

139. Goh JXH, Tan LT-H, Law JW-F, et al. Insights into Carbapenem Resistance in Vibrio Species: Current Status 

and Future Perspectives. Int J Mol Sci 2022; 23(20): 12486. 

140. Rodloff A, Bauer T, Ewig S, et al. Susceptible, intermediate, and resistant - the intensity of antibiotic action. Dtsch 

Arztebl Int 2008; 105(39): 657-62. 

141. Forge A and Schacht J. Aminoglycoside Antibiotics. Audiol Neurootol 2000; 5(1): 3-22. 

142. World Health Organization, WHO Access, Watch, Reserve (AWaRe) classification of antibiotics for evaluation 

and monitoring of use, 2021. 2021. 

143. Elsalam RM, Goh KW, Mahadi M, et al. The Antibacterial Activities of Secondary Metabolites Derived from 

Streptomyces sp. Prog Microbes Mol Biol 2022; 5(1): a0000281. 



PMMB 2023, 6, 1; a0000347 30 of 31 

 

 

144. Pusparajah P, Letchumanan V, Goh B-H, et al. Editorial: Novel Approaches to the Treatment of Multidrug-

Resistant Bacteria. Front Pharmacol 2022; 13. 

145. Pusparajah P, Letchumanan V, Goh BH, et al. Novel approaches to the treatment of multidrug-resistant bacteria, 

Volume II. Front Pharmacol 2022; 13: 1090618. 

146. He Y, Jin L, Sun F, et al. Antibiotic and heavy-metal resistance of Vibrio parahaemolyticus isolated from fresh 

shrimps in Shanghai fish markets, China. Environ Sci Pollut Res 2016; 23: 15033-15040. 

147. Nishino T, Suzuki H, Mizumoto S, et al. Antimicrobial drug-resistance profile of Vibrio Parahaemolyticus 

isolated from Japanese horse mackerel (Trachurus japonicus). Food Safety 2021; 9(3): 75-80. 

148. Saha S, Halder M, Mookerjee S, et al. Preponderance of Multidrug-resistant, Toxigenic, and Thermotolerant 

Enteropathogenic Bacteria in Raw and Cooked Seafood of Indo-Gangetic Basin and Associated Health Risks. J 

Aquat Food Prod 2020; 29(9): 838-849. 

149. Sperling L, Alter T, and Huehn S. Prevalence and antimicrobial resistance of Vibrio spp. in retail and farm shrimps 

in Ecuador. J Food Prot 2015; 78(11): 2089-2092. 

150. World Health Organization (WHO). Antibiotic resistance. 2020; Available from: https://www.who.int/news-

room/fact-sheets/detail/antibiotic-resistance. 

151. Elouafy Y, Mortada S, El Yadini A, et al. Bioactivity of walnut: Investigating the triterpenoid saponin extracts of 

Juglans regia kernels for antioxidant, anti-diabetic, and antimicrobial properties. Prog Microbes Mol Biol 2023; 

6(1): a0000325. 

152. Zouhra D, El Jemli M, Bouyahya A, et al. Radical-Scavenging Effect, Ferric Reducing Ability and Phytochemical 

Analysis of Urtica urens (L.) and Mercurialis annua (L.). Prog Microbes Mol Biol 2023; 6(1): a0000335. 

153. El Idrissi Y, Elouafy Y, El Moudden H, et al. Evaluation of Antioxidant and Antimicrobial Activity of Saponin 

Extracts from Different Parts of Argania spinosa L. Skeels. Prog Microbes Mol Biol 2023; 6(1): a0000338. 

154. Chee PY, Mang M, Lau ES, et al. Epinecidin-1, an antimicrobial peptide derived from grouper (Epinephelus 

coioides): Pharmacological activities and applications. Front Microbiol 2019; 10: 2631. 

155. Goh YX, Chan KG, and Hong KW. Whole-genome sequence of Chelatococcus daeguensis strain M38T9, Isolated 

from Ulu Slim hot spring in Malaysia. Prog Microbes Mol Biol 2022; 5(1): a0000276. 

156. Ser H-L, Tan W-S, Yin W-F, et al. Whole genome sequence of MUM116, a Bacillus species isolated from 

intertidal soil. Prog Microbes Mol Biol 2020; 3(1): a0000052. 

157. Tan LT-H, Chan K-G, Lee L-H, et al. Streptomyces Bacteria as Potential Probiotics in Aquaculture. Front 

Microbiol 2016; 7. 

158. Law JW-F, Pusparajah P, Ab Mutalib N-S, et al. A review on mangrove actinobacterial diversity: the roles of 

Streptomyces and novel species discovery. Prog Microbes Mol Biol 2019; 2(1): a0000024. 

159. Tan LT-H, Lee L-H, and Goh B-H. The bioprospecting of anti-Vibrio Streptomyces species: Prevalence and 

applications. Prog Microbes Mol Biol 2019; 2(1): a0000034. 

160. Pusparajah P, Law JW-F, Chan K-G, et al. Whole-Genome Sequence of Streptomyces pluripotens strain MUM 

16J, a Potential Resource of Glycopeptide Antibiotic and Biocontrol Agent against Biofilm-forming Bacteria. 

Prog Microbes Mol Biol 2023; 6(1): a0000330. 

161. Beroigui O and Errachidi F. Streptomyces at the Heart of Several Sectors to Support Practical and Sustainable 

Applications: A Review. Prog Microbes Mol Biol 2023; 6(1): a0000345. 

https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance
https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance


PMMB 2023, 6, 1; a0000347 31 of 31 

 

 

162. Thye AY-K, Letchumanan V, Tan LT-H, et al. Malaysia’s Breakthrough in Modern Actinobacteria (MOD-

ACTINO) Drug Discovery Research. Prog Microbes Mol Biol 2022; 5(1): a0000275. 

163. Ab Mutalib N-S, Wong SH, Ser H-L, et al. Bioprospecting of microbes for valuable compounds to mankind. Prog 

Microbes Mol Biol 2020; 3(1): a0000088. 

164. Ser H-L, Tan LT-H, Tan W-S, et al. Whole-genome sequence of bioactive streptomycete derived from mangrove 

forest in Malaysia, Streptomyces sp. MUSC 14. Prog Microbes Mol Biol 2021; 4(1): a0000195. 

165. Liu W, Ou P, Tian F, et al. Anti-Vibrio parahaemolyticus compounds from Streptomyces parvus based on Pan-

genome and subtractive proteomics. Front Microbiol 2023; 14. 

166. You JL, Cao LX, Liu GF, et al. Isolation and characterization of actinomycetes antagonistic to pathogenic Vibrio 

spp. from nearshore marine sediments. World J Microbiol Biotechnol 2005; 21(5): 679-682. 

167. Hui ML-Y, Tan LT-H, Letchumanan V, et al. The extremophilic actinobacteria: From microbes to medicine. 

Antibiotics 2021; 10(6): 682. 

168. Thirumurugan D and Vijayakumar R. Characterization and Structure Elucidation of Antibacterial Compound of 

Streptomyces sp. ECR77 Isolated from East Coast of India. Curr Microbiol 2015; 70(5): 745-755. 

169. Rateb ME, Houssen WE, Harrison WTA, et al. Diverse Metabolic Profiles of a Streptomyces Strain Isolated from 

a Hyper-arid Environment. J Nat Prod 2011; 74(9): 1965-1971. 

170. Hider RC and Kong X. Chemistry and biology of siderophores. Nat Prod Rep 2010; 27(5): 637-657. 

 

 

Author(s) shall retain the copyright of their work and grant the Journal/Publisher right for the first publication 

with the work simultaneously licensed under: 

Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0). This license allows for the 
copying, distribution and transmission of the work, provided the correct attribution of the original creator is 

stated. Adaptation and remixing are also permitted. 

 


