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ABSTRACT 

The discovery of cyanobacteria supporting the persistence of Vibrio species in the 

environment have bridged the gap for the discovery of Vibrio related association, however, 

the existing evidence are mixed. Some studies showed that cyanobacteria may be the side-

kick to Vibrio species in marine environments, while others have found little or no 

association between the two groups. In this research, the association between Vibrio species 

and cyanobacteria in a selected local shrimp farm in Sarawak was examined. Over the course 

of 5 months starting from August 2021 to December 2021 with 2 weeks intervals between 

each sampling starting from the stocking of shrimp larvae up to the harvesting time, thirty-

two (n=32) samples were collected from two shrimp ponds labelled as Pond A and Pond B, 

the effluent, and influent water of the shrimp farm from Persatuan Nelayan Kawasan Satang 

Biru, Telaga Air.  Vibrio species and cyanobacteria population density were observed, and 

canonical Correspondence Analysis (CCA) was used to evaluate their correlation. Molecular 

method called duplex-Polymerase Chain Reaction (duplex-PCR) was used to identify Vibrio 

parahaemolyticus and Vibrio cholerae at molecular levels. An inverted microscope with a 

DIC filter that can produce pseudo-3D images was used for the morphological identification 

of cyanobacteria. As a result, V. parahaemolyticus showed 78%, 100%, 90%, and 90% 

prevalence while V. cholerae showed 72%, 61%, 90% and 70% prevalence from Pond A, 

Pond B, effluent, and influent, respectively. The morphological identification of 

cyanobacterial species revealed the presence of Pseudanabaena, Chroococcus, Phormidium, 

Oscillatoria and Lyngbya genus in our local shrimp farm. Results from CCA showed an 

insignificant correlation between Vibrio species and cyanobacteria with p-values of 0.847, 

0.255, 0.288, and 0.304 for Pond A, Pond B, effluent, and influent water, respectively. This 

lack of association suggests that other factors such as species-specific association, regional 
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factors, and other multidimensional landscapes may play a role in the persistence of Vibrio 

species in shrimp farms. Additionally, this research also examined the virulence genes and 

antibiotic susceptibility of V. cholerae and V. parahaemolyticus. Ten (n=10) V. cholerae and 

ten (n=10) V. parahaemolyticus isolates were selected from the same study. The primers 

used were tdh, trh for V. parahaemolyticus isolates and ctxB, rtxA and rtxC for V. cholerae 

isolates. 70% of rtxA and 90% of rtxC virulence genes were present in V. cholerae isolates 

while tdh and trh were absent in V. parahaemolyticus isolates. Antibiotic susceptibility 

testing showed that all V. cholerae and V. parahaemolyticus isolates were resistant to at least 

one antibiotic with the mean MAR indices of 0.34 for V. cholerae and 0.24 for V. 

parahaemolyticus. The MAR index of 0.20 and greater indicates that antibiotics are heavily 

contaminating the shrimp farm water. V. cholerae isolates showed resistance towards 25 µg 

sulfamethoxazole (100%), 30 µg cephalothin (80%), 30 µg neomycin (70%), 10 µg 

streptomycin (70%) and 30 µg ceftriaxone (60%). On the other hand, V. parahaemolyticus 

showed resistance towards is 30 µg cephalothin (100%), 10 µg streptomycin (100%), 25 µg 

sulfamethoxazole (100%) and 300 µg compound sulphonamides (80%). With no evidence 

of resistance from V. cholerae isolates, 10 µg imipenem, 30 µg tetracycline, 10 µg 

norfloxacin appeared to be the most potent antibiotics. All of V. parahaemolyticus isolates 

were susceptible with 30 µg ceftazidime, 30 µg ceftriaxone, 30 µg amikacin, 30 µg 

neomycin, 30 µg nalidixic acid, 5 µg ciprofloxacin, 25 µg sulfamethoxazole-trimethoprim 

and 30 µg chloramphenicol. For the treatment against V. cholerae and V. parahaemolyticus, 

5 µg ciprofloxacin was found to be the best with the exception of banned antibiotics in food 

animals. This study contributes to the better understanding of Vibrio species’ distribution 

level in shrimp farm, and the possibility of them in causing diseases. The need for proper 

antibiotic administration and water treatment in shrimp farming environments is 
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recommended to reduce the risk of antibiotic-resistant infections caused by V. cholerae and 

V. parahaemolyticus and minimize negative impact on the environment.  

Keywords: Antibiotics, cyanobacteria, shrimp farm, Vibrio cholerae, Vibrio 

parahaemolyticus 
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Hubungan antara Spesis Vibrio dan Cyanobacteria di Ladang Udang Tempatan 

 ABSTRAK 

Penemuan cyanobacteria dalam menyokong pembiakan spesies Vibrio terhadap alam 

sekitar telah ditemui, namun begitu, bukti yang sedia ada didapati pelbagai. Sesetengah 

kajian menunjukkan spesis Vibrio boleh ditemui bersama dengan cyanobacteria dalam 

habitat marin, manakala dapatan lain menemui sedikit atau tiada kaitan antara kedua-dua 

bakteria. Dalam penyelidikan ini, perkaitan antara spesis Vibrio dan cyanobacteria di dua 

kolam udang tempatan di Sarawak telah dikaji. Sepanjang tempoh 5 bulan bermula 

daripada bulan Ogos 2021 sehingga Disember 2021 dengan selang 2 minggu antara setiap 

persampelan bermula dari penyimpanan larva udang sehingga masa penuaian, tiga puluh 

dua (n=32) sampel telahpun dikumpul. Sampel telah dilabel sebagai Kolam A dan Kolam B, 

efluen, dan influen daripada Persatuan Nelayan Kawasan Satang Biru, Telaga Air. Analisis 

Koresponden Kanonikal (AKK) telah digunakan untuk menilai perkaitan antara spesis 

Vibrio dan cyanobacteria. Kaedah molekular yang dipanggil tindak balas rantai polimerase 

dupleks (dupleks-PCR) telah digunakan untuk mengenal pasti spesis Vibrio 

parahaemolyticus dan Vibrio cholerae dalam kolam-kolam tersebut. Pengenalpastian 

morfologi cyanobacteria pula dikaji menggunakan mikroskop dengan filter DIC untuk 

menghasilkan imej pseudo-3D. Hasilnya, V. parahaemolyticus menunjukkan kelaziman 

78%, 100%, 90%, dan 90% manakala V. cholerae menunjukkan kelaziman 72%, 61%, 90% 

dan 70% daripada Kolam A, Kolam B, efluen, dan influen masing-masing. Pengenalpastian 

morfologi spesies cyanobacteria telah membuktikan kewujudan genus Pseudanabaena, 

Chroococcus, Geitlerinema, Phormidium, Oscillatoria dan Lyngbya dalam kolam-kolam 

tersebut. AKK menunjukkan korelasi yang tidak signifikan antara spesies Vibrio dan 

cyanobacteria dengan nilai p ialah 0.847, 0.255, 0.288, dan 0.304 untuk Kolam A, Kolam 
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B, efluen, dan air influen masing-masing. Kekurangan perkaitan ini menunjukkan bahawa 

faktor lain seperti perkaitan khusus spesies, faktor serantau dan landskap multidimensi lain 

mungkin memainkan peranan dalam pertumbuhan spesies Vibrio dalam kolam udang. 

Selain itu, penyelidikan ini juga mengkaji gen virulensi dan ketahanan terhadap antibiotik 

daripada V. cholerae dan V. parahaemolyticus. Sepuluh koloni (n=10) V. cholerae dan 

sepuluh (n=10) koloni V. parahaemolyticus telah dipilih daripada kajian yang sama. Primer 

yang digunakan ialah tdh, trh untuk koloni V. parahaemolyticus dan ctxB, rtxA dan rtxC 

untuk koloni V. cholerae. 70% daripada rtxA dan 90% daripada gen virulens rtxC telah 

ditemui dalam koloni V. cholerae manakala tdh dan trh tidak ditemui dalam koloni V. 

parahaemolyticus. Ujian ketahanan terhadap antibiotik menunjukkan bahawa semua koloni 

V. cholerae dan V. parahaemolyticus tahan terhadap sekurang-kurangnya satu antibiotik 

dengan purata indeks MAR 0.34 untuk V. cholerae dan 0.24 untuk V. parahaemolyticus. 

Indeks MAR 0.20 yang lebih tinggi menunjukkan bahawa antibiotik banyak mencemari air 

kolam udang. Koloni V. cholerae tidak menunjukkan sebarang ketahanan tehadap 10 µg 

imipenem, 30 µg tetracycline dan 10 µg norfloxacin. Bagi koloni V. parahaemolyticus pula, 

ianya tidak menunjukkan sebarang ketahanan terhadap 30 µg ceftazidime, 30 µg 

ceftriaxone, 30 µg amikacin, 30 µg neomycin, 30 µg nalidixic acid, 5 µg ciprofloxacin, 25 

µg sulfamethoxazole-trimethoprim dan 30 µg chloramphenicol. Bagi rawatan Vibriosis di 

kolam udang, 5 µg ciprofloxacin didapati terbaik (dengan pengecualian terhadap antibiotik 

yang terlarang dalam haiwan makanan). Kajian ini menyumbang kepada pemahaman yang 

lebih baik tentang tahap taburan spesis Vibrio pada kolam udang, dan kemungkinan ianya 

penyebab penyakit. Penggunaan antibiotik yang betul dan rawatan air dalam kolam udang 

disyorkan bagi mengurangkan risiko jangkitan ketahanan terhadap antibiotik yang 
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disebabkan oleh V. cholerae dan V. parahaemolyticus di samping dapat mengurangkan 

kesan negatif terhadap alam sekitar. 

Kata kunci: Antibiotik, cyanobacteria, ladang udang, Vibrio cholerae, Vibrio 

parahaemolyticus 
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Study Background 

Shrimp is one of the most popular seafood in the world’s animal protein production 

alongside salmon and tilapia in aquaculture (Nunes et al., 2022). Due to the high demand for 

shrimp, governments in developing countries such as China, Thailand, Indonesia, India, 

Vietnam, Ecuador and Bangladesh have widely encouraged shrimp aquaculture to minimize 

poverty (World Wildlife Fund, 2022). In Malaysia, the data from the Fisheries Development 

of Authority Malaysia (LKIM), (2020) reported that shrimp export volumes in 2017 and 

2018 totalled 27,674.10 and 33,667.54 metric tonnes, respectively, contributing RM 

833,283,764 in profit in 2017 and RM 1,001,325,595 in 2018. Despite the high demand for 

shrimp and the significant profit generated from shrimp farming, the susceptibility of shrimp 

towards diseases, specifically vibriosis, remains a major concern in the industry. Often 

reared in a packed environment with water parameters fluctuations, relying of innate immune 

system and lack in species diversity in reared shrimps can make shrimps highly susceptible 

towards diseases.  

Vibriosis is one of the common diseases that were caused by Vibrio species and 

belongs to the Vibrionaceae family. They are frequently found in warm seawater bodies. 

Vibrio species can infect shrimp at any stage of development and cause almost 100% death 

when an outbreak happens (Aguirre-Guzman et al., 2004; Harris & Owens, 1999; Prayitno 

& Latchford, 1995). Shrimp diseases that can be caused by Vibrio species in shrimp farms 

are White Spot Syndrome Virus (WSSV), Early Mortality Syndrome (EMS) or Acute 

Hepatopancreatic Necrosis (AHPND), White Faeces Disease (WFD), loose shell syndrome, 
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white gut disease, red disease and luminous disease (de la Peña et al., 2015; Jayasree et al., 

2006; Lavilla-Pitogo et al., 2000). Common Vibrio species that can be found in diseased 

shrimps are Vibrio harveyi, V. parahaemolyticus, Vibrio alginolyticus, Vibrio anguillarum, 

Vibrio vulnificus and Vibrio splendidus (Chatterjee & Haldar, 2012).  

Vibrio species often coexist with cyanobacteria due to their similarity in their living 

habitat and nutritional needs. According to research conducted by Islam et al., (2004), 

cyanobacteria can act as a long-term reservoir for V. cholerae O139 for up to 15 months due 

to the cyanobacteria's ability to encase V. cholerae cells within mucilaginous sheaths, 

causing V. cholerae to enter a viable but non-culturable state (VBNC). Another research by 

Ward (2014) that studied the association between cyanobacteria and V. parahaemolyticus 

found out that the strain G445 was able to last long with the presence of cyanobacteria 

because the cells seemed to cluster randomly within the cyanobacterial mats. Eiler et al. 

(2007) also stated that cyanobacterial organic matters play an essential role in the growth 

and abundance of V. cholerae and V. vulnificus, strengthening the possibility of the 

interaction between these two bacterial species.  

While many studies have found an association between Vibrio and cyanobacteria, 

there are also research that contradicts this, pointing to limited or no correlation between the 

two. For instance, the association is thought to differ according to regional factors, seasonal 

temperature and species involved (Greenfield et al., 2017; Paranjpye et al., 2015; Turner et 

al., 2009). Greenfield et al., (2017) reported that the presence of Vibrio species (V. vulnificus 

and V. parahaemolyticus) is dependent on seasonal temperature when they observed very 

low to no correlation between Vibrio species numbers with phytoplankton during winter. 

Chlorophyll a, essential for photosynthesis in cyanobacteria, also lacks correlation with 

Vibrio populations (Greenfield et al., 2017). Aside from seasonality, Turner et al., (2009) 
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also found out that species-specific taxa play a role in the determination of Vibrio species’ 

population density and their associations with cyanobacteria. The study observed the 

antagonistic relationship between cyanobacteria, copepods and diatoms (Turner et al., 2009). 

Paranjpye et al., (2015) gathered no evidence of the association between the two bacteria 

groups with low density of cyanobacteria in Pacific Northwest in the USA in 2015 as 

opposed to the majorly stagnant Vibrio population density. Overall, the evidence on the 

association between cyanobacteria and Vibrio species is limited and inconclusive and 

involves complex multidimensional landscape to understand the relationship between these 

two groups. 

The ability of a Vibrio species to cause diseases is determined by the presence of 

virulent genes in their genome. Several virulent genes that were known to be associated with 

Vibrio species are tdh, trh, tlh, ctxB, rtxA and rtxC. Thermostable direct haemolysin (tdh) 

and thermostable related haemolysin (trh) are majorly related to the toxicity of V. 

parahaemolyticus (Raghunath, 2015). The expression of tdh causes the formation of pore in 

red blood cell (Matsuda et al., 2010). trh genes are 70% similar to that of tdh and the 

expression results in abnormal secretion of chloride ion in human colon (Takahashi et al., 

2000). rtxA and rtxC genes expression induces cell death in human intestine (Lee et al., 2008) 

while cholera toxin subunit B (ctxB) is the gene responsible for the watery diarrhoea 

symptom causing dehydration and severe electrolyte imbalance in human (Satitsri et al., 

2016). ctxB was also detected in shrimp and is hazardous towards public health when 

consumed (Madhusudana & Surendran, 2013). Due to the high mortality rate of these 

illnesses, it is crucial to monitor them by looking for any possible virulence genes that the 

Vibrio species may have. 
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In shrimp farms, illnesses brought on by Vibrio species are typically treated with 

antibiotics. They were added in shrimp feed, or in the rearing pond water. However, due to 

the improper administration of antibiotics, the cases of antibiotic resistant bacteria have 

emerged (Fletcher, 2015; Holmström et al., 2003). Over the past few decades, the resistance 

towards antibiotics has developed and spread throughout many bacterial species as a result 

of the overuse of antibiotics in agricultural and aquaculture systems (Cabello, 2006). 

Antibiotic resistance can cause longer treatment duration, increase healthcare costs that can 

become a burden for families, society and the economy (Ventola, 2015). It is estimated that 

10 million people will die from antibiotic resistance globally with the loss of £60 trillion by 

2050 at the current rate of antibiotic resistance spread, making it more lethal than cancer 

(O’neill, 2016). When infection can no longer treated by first-line antibiotic, more expensive 

and toxic medication will come in play (Ventola, 2015).  

This research is vital to understand the biotic factor that supports the growth population 

of Vibrio and to facilitate better understanding on the species of Vibrio that exist in local 

shrimp farm. It is hypothesized that the association between Vibrio species and 

cyanobacteria in shrimp farms, is highly dependent with the environmental factors such as 

water temperature, salinity and pH. Additionally, specific virulent genes associated with 

Vibrio species, such as tdh, trh, ctxB, rtxA, and rtxC, are expected to be present in the 

predominant Vibrio isolates in shrimp farms. Furthermore, the study hypothesizes that the 

widespread administration of antibiotics in shrimp farms contributes to the emergence of 

antibiotic-resistant Vibrio species. Methods such as Most Probable Number (MPN), 

Sedgwick-Rafter cell counting, Canonical Correspondence Analysis (CCA), Duplex-

Polymerase Chain Reaction (D-PCR) were implemented in this study to achieve the 

objectives of quantifying and enumerating Vibrio species and cyanobacteria, determining 
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the interaction between the two bacteria genus and identifying the presence of V. cholerae 

and V. parahaemolyticus. This study also aimed to determine the virulence genes tdh, trh, 

ctxB, rtxA and rtxC from both predominant Vibrio species isolates in shrimp farm. The 

emergent of Multiple Antibiotic Resistance (MAR) index has been investigated and the 

antibiotics resistant profile has been established to mitigate the potentially infection in near 

future. 

1.2 Problem Statement  

The shrimp industry is a significant contributor to the global animal protein production 

and generates billions of dollars in profit annually. However, the susceptibility of shrimp 

towards vibriosis, a disease caused by Vibrio species, remains a major concern in the 

industry. The persistence of Vibrio species in shrimp farms is thought to be fuelled by the 

presence of cyanobacteria, however, there is limited research on the association between 

these two groups and the existing evidence is mixed. Understanding the possible interspecies 

correlation between Vibrio and cyanobacteria can contribute to better understanding of the 

microbial community in the shrimp farm, which led to the structuring of this study.  

In shrimp farms, the use of antibiotics is high, and the presence of virulent genes is 

anticipated. When Vibrio species that are armed with virulence genes and the ability to resist 

antibiotics are present, there is an increase in their potential to cause severe infections, while 

also being resistant to treatment. This evolution of the bacterium is called the “superbug”. 

The evolution of superbugs is feared because of its difficulty to control and treat infections 

when they arise. This research aims to determine the association between cyanobacteria and 

Vibrio species in a local shrimp farm and the impact of virulent genes and antibiotic 

resistance on the potential for disease outbreak in a local shrimp farm in Sarawak. The 



6 

information that is gathered in this study is hoped to be able to minimize the risks of 

antibiotic-resistant infections in the shrimp industry. This research is crucial to ensure the 

sustainability and safety of the shrimp industry and to protect public health. 

1.3 Objectives 

The objectives of this study are as follows: 

i. To quantify and identify the presence of Vibrio and cyanobacteria species in 

two selected shrimp ponds, effluent, and influent water from the same shrimp 

farm. 

ii. To tabulate the correlation between the two bacterial genera (Vibrio species 

and cyanobacteria) in two selected shrimp ponds, effluent, and influent water 

from the same shrimp farm. 

iii. To detect the virulence genes ctxB, rtxA and rtxC from V. cholerae and tdh, 

trh, from V. parahaemolyticus isolates by using Duplex-Polymerase Chain 

Reaction (D-PCR). 

iv. To determine the Multiple Antibiotic Resistance (MAR) index of V. cholerae 

and V. parahaemolyticus isolates. 

1.4 Chapter Summary 

This thesis is divided into 5 chapters. Chapter 1 serves as an introduction for readers 

to understand the context of this research. It is meant to set the tone and enlighten the readers 

with the existing gaps in the study. Chapter 2 extensively discuss the established concept 

and niche of this study while incorporating existing theories and researches within the 

territory of this paper.  
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Chapter 3 occupies addresses i, ii and iii with the main title of “Vibrio species and 

Cyanobacteria: Understanding their Association in Local Shrimp Farm using Canonical 

Correspondence Analysis (CCA)” while Chapter 4 entitled “The Prevalence of V. cholerae 

and V. parahaemolyticus Virulence Genes and Multiple Antibiotics Resistant (MAR) 

Assessment from Local Shrimp Farm in Sarawak” is the extension of the study which 

addresses objective iv and v. Chapter 3 and Chapter 4 are comprised with their own 

workflow which are Introduction, Methodology, Result, Discussion and Conclusion.  

Chapter 5 is meant to answer the gaps that were previously mentioned in Chapter 1 

with the recommendations for future studies. The figures were placed in the main text while 

the reference list was labelled and presented at the last section of this thesis.
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CHAPTER 2  
 

 

LITERATURE REVIEW 

2.1 Shrimp Farming in Malaysia: Economic Significance and Challenges 

In Malaysia, shrimp farm is a significant industry. The warm tropical climate and 

long coastline of Malaysia provide ideal conditions for the farming of both freshwater and 

marine species of shrimp. According to the annual report for 2017 and 2018 from the 

Fisheries Development of Authority Malaysia (LKIM), (2020), the export quantities for 

shrimp in the same years reached up to 27,674.10 and 33,667.54 metric tonnes respectively, 

which contributed to RM 833,283,764 of profit in 2017 and RM 1,001,325,595 in 2018. 

Additionally, shrimp products were recorded to carry the highest export values compared to 

other fishery products (fishes, crustaceans, molluscs and others) from 2016 until 2018. For 

the year 2016, the data from the LKIM have shown the export quantity for the shrimp 

products was 21,719.33 metric tonnes which valued as much as RM 663,029,806. These 

indicate that shrimp farming can be one of the most critical leverages to boost the national 

economy with over a hundred million and billions of profits.  

While shrimp farming is a significant industry, it is not without its challenges. 

Disease outbreaks, for example, is prominent in shrimp farms and can lead to significant 

shrimp morbidity and mortality, resulting in financial losses. Additionally, shrimp farming 

can have negative impacts on the environment, including the degradation of mangrove 

forests (de Lacerda et al., 2021), the pollution of water bodies (Nguyen et al., 2006), and the 

destruction of habitat for other species (Ozbay et al., 2014). There can also be social and 
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economic issues associated with shrimp farming, such as the exploitation of labour (Das, 

2014) and the displacement of local communities (Ahmed, 2018).  

To withstand the challenges and the negative impact brought by extensive shrimp 

farming, there is a need for continuous improvement and adaptation of sustainable practices. 

This includes ongoing research and development of innovative technologies and methods to 

address the environmental concerns associated with shrimp farming. To ensure the 

sustainability of shrimp farming, it is crucial to focus on disease prevention and management, 

sustainable feeding strategies, responsible water management practices, and adherence to 

environmental and social standards. By implementing these measures, Malaysia can mitigate 

the negative impacts of shrimp farming while still reaping the economic benefits that it 

provides. 

2.2 Types of Diseases that can Occur in Shrimp Farm 

Shrimp are vulnerable to a variety of diseases, which can be caused by a range of 

factors, including viruses, bacteria, fungi, and parasites. Their vulnerability can also be 

contributed to by the fact that they are invertebrates; therefore, they pose a non-specific 

immune system (Loker et al., 2004). Their bodies rely entirely on their first line of defence 

against infection. Their first line of protection includes haemocytes, plasma components, and 

multimeric systems (Aguirre-Guzman et al., 2009). 

The types of diseases that commonly occur in shrimp farms include viral (Lee et al., 

2022) and bacterial infections (Jayasree et al., 2006), as well as fungal (Karthikeyan et al., 

2015) and parasitic diseases (Yu et al., 2022). Compared to bacterial and fungal-related 

infections, viral infections are the most prevalent and devastating diseases in shrimp farming, 
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accounting for more than 60% of losses (Flegel, 2012). These infections are primarily caused 

by viruses such as the white spot syndrome virus, the infectious hypodermal and 

haematopoietic necrosis virus, and the Taura syndrome virus (Lee et al., 2022; Lightner, 

2011). These viruses can cause severe damage to shrimp, leading to high mortality rates and 

economic losses for farmers. 

Bacterial infections pose another significant threat to shrimp farms. Vibriosis is a 

common bacterial disease that affects farmed shrimp. It is caused by several species of 

bacteria in the genus Vibrio, which are naturally present in the aquatic environment. 

Vibriosis can occur in both freshwater and marine shrimp farms (Cartwright and Griffin, 

2012), and it has been reported in many countries around the globe. The disease can have 

profound consequences for shrimp farmers, as it can lead to significant morbidity and 

mortality in infected shrimp from eggs to brood stock, which can result in significant 

financial losses (Aguirre-Gusman et al., 2005; Harris & Owens, 1999; Prayitno & Latchford, 

1995). Vibriosis can be difficult to control, as the bacteria that cause the disease are 

widespread in the aquatic environment and can be transmitted through contaminated water, 

feed, and equipment. The example of shrimp that is infected with vibriosis can be seen in 

Figure 2.1 while Table 2.1 shows some of the examples of shrimp diseases that are known 

to have been caused by Vibrio species: 
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Figure 2.1: The photograph of a healthy shrimp hepatopancreas (no arrow) and the 

hepatopancreas of shrimp infected with Acute Hepatopancreatic Necrosis (AHPND) 

(arrows); (a) shows the hepatopancreas seen from the outer layer of shrimp while (b) 

shows the shrimp’s hepatopancreas without the outer layer (Soto-Rodriguez et al., 2015). 

 

Fungal and parasitic diseases are additional challenges that shrimp farmers face. 

While they account for fewer disease outbreaks compared to viral and bacterial infections, 

they still pose a threat to shrimp health and productivity. These infections can lead to 

significant damage to the shrimp's organs or tissues, impacting their growth and overall 

health (Ibarra-Gámez et al, 2023; Karthikeyan et al., 2015). Parasitic infections in farmed 

shrimp are also a concern. One example is hepatopancreatic microsporidiosis caused by the 

microsporidian parasite Enterocytozoon hepatopenaei (Ibarra-Gámez et al, 2023). This 

parasite specifically transmitted through fecal-oral pathway of shrimps, causing stunted 

growth and severe infections that can cause a poor production cycle and mortality (Ibarra-

Gámez et al, 2023). 

In conclusion, maintaining the health of shrimp farms is critical to the sustainability 

and profitability of aquaculture operations. Disease outbreaks caused by viruses, bacteria, 

fungi, and parasites can have devastating effects on shrimp populations and lead to 

significant economic losses for farmers. By understanding the various types of diseases that 

can occur in shrimp farming, farmers can take appropriate actions to minimize the impact 
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and spread of these infections. To mitigate these risks, shrimp farmers also must implement 

effective disease prevention and management strategies.   
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Table 2.1: The diseases that are caused by Vibrio species towards shrimps. 

Disease name Vibrio species Symptoms and risk Sources 

White Spot Disease or 

White Spot Syndrome 

Virus (WSSV) 

V. parahaemolyticus 

Black Tiger shrimp affected by this disease have red 

discolouration and white spots ranging from 0.5 to 

2.0 mm (in diameter) on the surface inside the 

carapaces. The white spots are deposits of calcium 

salts. 

 

Can wipe out shrimp stocks within 3-10 10 days of 

the onset of the signs especially juvenile shrimp of 

all ages and sizes. 

 

(de la Peña et al., 

2017). 

(Hashim & 

Kathamuthu, 

2005). 

 

 

Early Mortality 

Syndrome (EMS) or 

Acute Hepatopancreatic 

Necrosis (AHPND) 

V. parahaemolyticus 

Pale to white discoloured hepatopancreas with the 

loss of more than 50% of the organ mass. 

 

Can cause mass mortality within 20 to 30 days of 

post-larvae stocking. 

 

(de la Peña et al., 

2015). 

 

White Faeces Disease 

(WFD) 

V. vulnificus, Vibrio fluvialis, V. 

parahaemolyticus, V. alginolyticus, 

V. mimicus and V. cholerae 

(nonO1) 

Digestive system of shrimp malfunctions and 

normal shrimp faeces turns from brownish to pale 

white colour. Causes shrimp growth retardation, 

size disparities, reduced feeding and chronic 

mortalities. 

(Somboon et al., 

2012). 

(Shishehchian, 

2020). 

(Aranguren et al., 

2019). 

Loose shell syndrome 
V. harveyi, V. parahaemolyticus, V. 

alginolyticus, V. vulnificus, V. 

anguillarum, V. splendidus, V. 

harveyi and V. campbelli. 

 

Infected shrimps shrunk in size and became frail. 

Causes mass mortality of shrimp. 

(Jayasree et al., 

2006). 

(Raja, 2015). 

White Gut Disease 
Causes mass mortality of shrimp. 

 

(Jayasree et al., 

2006). 
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(Anas et al., 

2021). 

Red disease 

The body of shrimp turns red, and shrimp faecal 

matter turns brownish red. 

 

Causes mass mortality of shrimp. 

 

(Jayasree et al., 

2006). 

(Lavilla-Pitogo 

et al., 2000). 

Luminous disease V. harveyi, V. splendidus. 

Larvae become fragile and opaque white and can be 

seen exhibiting greenish luminescence when viewed 

under total darkness. Juvenile shrimp that are 

heavily infected also turn luminescence with their 

heads poised near the water surface. 

 

Can cause mass mortalities, especially in the first 45 

days of cultures. 

 

(Lavilla-Pitogo 

et al., 2000). 

Table 2.1 Continued 
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2.3 Reported Cases of Vibriosis in Asian Shrimp Farm 

The outbreaks of vibriosis are widespread across the globe. Asia, being one of the 

major hubs for shrimp farming, has witnessed a high occurrence of vibriosis in its 

aquaculture facilities. This has caused severe morbidity in farmed aquatic products, leading 

to a decline in shrimp productivity. Economic losses amounted to millions of dollars 

(Lundin, 1995), affecting not only individual farmers but also the overall industry in the 

region. This motivates the formation of the Association of Southeast Asian Nations 

(ASEAN) Shrimp Alliance (ASA), which serves as a platform for stakeholders in the 

industry to engage in discussions pertaining to challenges faced by shrimp farmers (ASEAN, 

2020). This association aims at harmonizing efforts and facilitating cooperation among 

members of the shrimp farming community across Asia. By providing a space for dialogue, 

ASA fosters an environment conducive to addressing issues that affect the productivity and 

sustainability of shrimp production. 

To fully understand the impact of vibriosis on global shrimp farming, it is important 

to examine specific case studies from different countries (Table 2.2). By examining specific 

instances from different areas, researchers can identify common trends, assess the severity 

of the problem, and propose effective measures for mitigating its detrimental effects on 

shrimp aquaculture. It is believed that many cases go undocumented due to a lack of 

monitoring and reporting measures. The reports of vibriosis cases are important for 

authorities to receive assistance and available compensation. A detailed examination of such 

specific cases will provide valuable insights into not only the widespread nature but also its 

socio-economic implications within varying contexts around the globe. 
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Table 2.2: Reported cases of vibriosis in shrimp farms. 

Year Country 
Disease caused by 

Vibrio species 
Vibrio species involved and their risks Sources 

2021 
Jinnan District, 

Tianjin City, China. 
AHPND 

 

V. parahaemolyticus. The mortality of the cultured 

shrimps was over 70%. 

 

(Zhang et al., 

2021). 

2021 
Setiu, Terengganu, 

Malaysia. 
Luminous disease 

V. harveyi. The bacterium was confirmed to being 

resistant to various antibiotics. 

(Wan Nurhafizah 

et al., 2021). 

2017 Bohol, Philippines 

AHPND and White 

Spot syndrome virus 

(WSSV). 

V. parahaemolyticus. Mortalities up to 60% in 

Litopenaeus vannamei pond. 

 

(de la Peña et al., 

2017).  

 

2012 
Eastern part of 

Thailand 
EMS 

V. parahaemolyticus. The outbreak contributed to 

7% of the loss in the total shrimp production of 

Thailand that year. 

(Lightner et al., 

2013). 

2010, 

2011 and 

2012 

Vietnam EMS 

V. parahaemolyticus. Shrimp product dropped from 

70,000 (2010) tonnes to 40,000 (2011) and to 

30,000 tonnes (2012). 

(Zorriehzahra & 

Banaederakhshan, 

2015). 

2006 Andhra Pradesh, India 

Loose shell syndrome 

(LSS), White gut 

disease (WGD), Red 

disease 

Caused mass mortality in shrimp ponds. 

 

(Jayasree et al., 

2006). 
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2.4 Existing Disease Prevention and Control Measure 

There are several measures that shrimp farmers can take to prevent and control 

diseases in their farms. They include biosecurity, anti-microbial, probiotics, 

immunostimulants (Biomin, 2012), vaccination (Amatul-Samahah et al., 2020) and 

bacteriophage therapy (Chellapandian et al., 2021). By implementing a combination of these 

measures, shrimp farmers can help to reduce the risk of disease outbreaks in their farms and 

improve the health and productivity of their shrimp. 

Biosecurity in shrimp farming refers to the measures taken to prevent the introduction 

and spread of diseases in shrimp farms. It is also a non-medical means taken by shrimp 

farmers to combat diseases in shrimp farms. It often involves the filtering of water, 

sanitation, and disinfection (Biomin, 2012). The flushing of contaminated water and 

switching diseased shrimps into other species was also done in the sampling site of this 

research as a biosecurity measure to control vibriosis outbreaks. By implementing effective 

biosecurity measures, shrimp farmers can help to prevent the introduction and spread of 

diseases in their farms, which can lead to healthier shrimp and lower production costs. 

Antibiotics are often regarded as a risky treatment as pathogens can evolve to develop 

resistance over time. Therefore, scientists in the microbiology community have long been in 

a constant state of searching for other available alternatives; essential oil is one of them. 

Essential oils are concentrated plant extracts that contain volatile compounds that give plants 

their characteristic smells (Dhifi et al., 2016). Domínguez-Borbor et al. (2020) uses essential 

oil (oregano), as a competent anti-virulence therapy to reduce the effects of toxic Vibrio 

species in shrimp. This is possible due to the ability of essential oil to disrupt quorum 

sensing, which is a form of bacterial communication (Defoirdt, 2018).  
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Certain strains of bacteria, known as probiotics, can be used to help prevent the 

proliferation of pathogenic bacteria, including Vibrio species. Probiotics will infiltrate 

shrimps’ gut to promote competition for nutrients and space (Biomin, 2012). A recent study 

by Nguyen Thi Truc et al. (2021) found that lactic acid bacteria, Lactobacillus plantarum, 

successfully reduced the intensity of AHPND in shrimp caused by V. parahaemolyticus. The 

same study also stated that shrimps treated with this probiotic were seen to have improved 

in growth and the stimulation of their non-specific immune system. 

Immunostimulants serve as a booster for shrimps’ non-specific immune system. For 

example, research by Kilawati and Islamy (2021) used seaweed extract (Gracilaria species) 

to improve the total number of haemocytes in Litopenaeus vannamei (whiteleg shrimp) and 

were successful in lowering the risk of infection by V. harveyi. They work by activating the 

immune system of the shrimp, which helps to improve the shrimp's ability to fight off 

infections (Kumar et al., 2022). 

Despite being innate, the shrimp immune system has been proven to have a simplified 

form of immune memory (Amatul-Samahah et al., 2020). This opens the gate for vaccine 

use for the treatment of shrimp diseases. Vaccines can be effective in preventing disease in 

shrimp, but they are not always 100% effective and may not provide long-lasting immunity 

because of their lack of true immunoglobulin (Amatul-Samahah et al., 2020). As a result, it 

is important for shrimp farmers to continue implementing other disease prevention and 

control measures. 

Lastly, bacteriophage therapy is a specific, non-residual issues-form of therapy that 

works by using viruses to kill only the bacteria that had caused the infection (Chellapandian 

et al., 2021). It is one of the most effective treatments up to date with a promising result 
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within the aquaculture industry (Wang et al., 2017). In research conducted by Karunasagar 

et al., (2007), bacteriophages from the family Siphoviridae were able to reduce the 

population of V. harveyi.  

In conclusion, various approaches have been explored to improve the health and 

productivity of farmed shrimp. The implementation of disease-resistant shrimp, specific 

pathogen-free shrimp, vaccines, immunostimulants such as probiotics, and bacteriophage 

therapy has shown promise in enhancing the immune response and reducing the incidence 

of diseases in shrimp farms. Given the high mortality rates that can be caused by vibriosis in 

shrimp farms, it remains essential to continually explore and create efficient approaches for 

preventing and managing diseases, especially the methods not only effectively protect 

against disease, but also minimize their impact on the environment. 

2.5 Vibrio Species 

Vibrio species, belonging to the family Vibrionaceae, represent a fascinating group 

of aquatic bacteria that predominantly inhabit warm saltwater environments (West & Lee, 

1982; Canellas et al., 2021). These Gram-negative organisms exhibit a distinctive comma 

shape and possess a flagellum (Zhu et al., 2013), enabling them to navigate through their 

aqueous habitats with remarkable agility. Morphologically, they are comma-shaped bacteria 

with a flagellum at one end and are 0.5-0.8 µm in width and 2-3 µm in length (Figure 2.2) 

(Venkateswaran, 1999). They are also facultative anaerobes, which means they can live 

without oxygen in certain circumstances (Youngren-Grimes et al., 1988). Vibrio species hold 

significant relevance in human clinical microbiology and food safety due to their notorious 

capacity to cause a range of diseases. Infections usually occur in people who have eaten raw 

or undercooked seafood or after exposure of an open wound to seawater (Ramamurthy et al., 
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1993; Johnson et al., 1994). V. cholerae, V. parahaemolyticus, V. alginolyticus, and Vibrio 

mimicus are among the Vibrio species that are known to have caused harm to the human 

body (Izumiya et al., 2011). From gastrointestinal inflammation (Ritchie et al., 2012) to 

septic shock (Mai et al., 2022) and wound infections (Yamazaki et al., 2022), these bacteria 

have been the focus of extensive research and scrutiny. 

 

Figure 2.2: Pure culture of V. cholerae after Gram-staining (Kamel & Fawzi Jarjes, 2015). 

 

Among the 48 species of Vibrio that have been recorded (Palit & Nair, 2014), V. 

cholerae is one of the most well-known. This is because the species caused seven cholera 

pandemics starting in 1817, with the 7th pandemic going on up to these days (Pollitzer, 1959; 

Islam et al., 1993). Cholera is also still endemic in certain countries around the globe. V. 

cholerae, which produces serogroup O1 and O139 toxin-producing strains, is responsible for 

most cholerae epidemics (Cartwright & Griffin, 2012). The next known Vibrio species 

covered in this study is V. parahaemolyticus. According to a review article by Raghunath 

(2015), thermostable direct hemolysin (TDH) or TDH-related hemolysin (TRH) genes are 
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important virulence factors for V. parahaemolyticus. However, some strains of this particular 

species reportedly do not contain these virulence factors (10% of the clinical strains) but are 

still highly cytotoxic to human gastrointestinal cells, therefore providing evidence for 

another virulence factor, according to the same article. Compared to V. cholerae, V. 

parahaemolyticus infections are more commonly associated with seafood consumption 

rather than waterborne transmission.  

Vibrio species play an important ecological role in marine ecosystems by influencing 

the delicate balance of microbial communities and nutrient cycling processes (Zhang et al., 

2018). These bacteria participate in intricate symbiotic relationships with various marine 

organisms, such as regular microflora in the haemolymph of bivalves (Pruzzo et al., 2005), 

planktonic organisms (Hartwick et al., 2021), and larger marine animals (Meighen, 1991). 

They can form mutualistic associations with bioluminescent organisms such as certain squid 

species and fish (Meighen, 1991). In return, these symbiotic partners provide an undisturbed 

habitat in which the bacterial species can multiply in their bodies (Lee & Ruby, 1994). In 

addition, Vibrio species are actively involved in the degradation of organic material (Zhang 

et al., 2018), contributing to the recycling of nutrients in the marine environment. Through 

their enzymatic activities, they contribute to the breakdown of intricate organic compounds, 

releasing vital nutrients that foster the development of other microbial communities (Zhang 

et al., 2018). By understanding the importance of Vibrio species for marine ecological 

dynamics, we can better appreciate the complex role played by these bacteria in maintaining 

ecological stability. 

 In conclusion, despite their unfavourable reputation for spreading a variety of 

diseases, Vibrio species are crucial to marine ecology. They have a significant impact on the 
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seafood sector because they have an influence on the world economy and face unique 

challenges as a result of Vibrio contamination. As Vibrio species thrive in warm seawater, 

ensuring seafood safety becomes paramount to preventing outbreaks and protecting 

consumer health. Stringent regulations, improved handling practices, and heightened 

awareness are essential for maintaining consumer confidence and sustaining the seafood 

industry's viability. Understanding the dynamics between Vibrio species and their 

environment is crucial for environmental conservation efforts. In studying Vibrio species, it 

becomes evident that these bacteria extend far beyond the confines of their microscopic 

world.  

2.6 Cyanobacteria 

Cyanobacteria are Gram-negative phytoplankton that are abundant in nature. They 

are one of the oldest groups of photosynthetic organisms on Earth (Biello, 2009). The 

cyanobacterial fossil record is among the oldest for any group of organisms, possibly 

reaching back to 3500 million years ago (Golubić & Lee, 1999). Today, cyanobacteria are 

found in diverse environments, from freshwater to marine environments, and are considered 

to be important sources of energy and nitrogen fixation for other organisms.  A substantial 

amount of oxygen can be found in the atmosphere as a by-product of cyanobacterial 

photosynthesis (Cassier-Chauvat & Chauvat, 2014). 

Morphologically, cyanobacteria can be found in coccoid unicellular, coccoid 

multicellular, or filamentous forms (Figure 2.3) (Mur et al., 1999). They are also commonly 

enveloped with a jelly-like structure called the mucilaginous sheath that protects the bacteria 

from ultraviolet rays, predation, and dehydration (Nienaber & Steinitz-Kannan, 2018). Some 

species can fix nitrogen under adverse conditions (Britannica, 2020) by dividing their 



23 

vegetative cells to undergo specialization and carry out specific functions (Nienaber & 

Steinitz-Kannan, 2018): akinetes to store ‘food’, apical cells (a  reproductive cell that appears 

at the end terminal of cyanobacteria) to promote the formation of new filaments, and 

heterocysts to carry out nitrogen fixation under nitrogen-deficient conditions. 

 

Figure 2.3: Morphological diversity of cyanobacteria (Dvorak et al., 2015). Scale bar 10 

µm. 

 

Cyanobacteria are important to the ecosystem in several ways. Whitton (2012) 

highlights the importance of cyanobacterial nitrogen fixation in the oceans and discusses 

several ecological subjects of current interest, including sensing the environment and other 

organisms and signaling between cyanobacterial cells and between cyanobacteria and other 

organisms. The ability of cyanobacteria to influence nutrient cycling and engage in 
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symbiotic relationships with other organisms earned them the title of primary producer 

(Allan & Castillo, 2007). The ability of cyanobacteria to cycle nutrients has also been 

beneficial for the formation of symbiotic relationships with other living organisms such as 

coral reefs and protozoa. Aside from supplying fixed nitrogen, coral reefs have been found 

to benefit from the association with cyanobacteria in their calcification and decalcification 

(Charpy et al., 2012). A mutualistic relationship also exists between an uncultivated 

unicellular cyanobacterium (UCYN-A) that fixes nitrogen, and a protozoon called a 

unicellular prymnesiophyte, which takes fixed nitrogen from the cyanobacteria in exchange 

for transferring fixed carbon (Thompson et al., 2016).  

In addition to their ecological benefits, cyanobacteria are also important for various 

applications, including biotechnology, agriculture, and industry. They can be used as 

biofuels (Ducat et al., 2011), biofertilizers, wastewater treatment agents, and sources of 

value-added products such as pigments, enzymes, and exopolysaccharides (Garlapati, 2019). 

The diverse bioactive compounds found in cyanobacteria, which have antiviral, antibacterial, 

antifungal, and anticancer activities, can be used as food supplements (Ananya, 2014). The 

unique characteristics of cyanobacteria, including their ability to live in various 

environments, short generation time, and capability to fix atmospheric N2, make them 

effective biofertilizer sources to improve soil physio-chemical characteristics such as water 

holding capacity and mineral nutrient status in degraded lands (Singh, 2016).  

Despite the vast usefulness of cyanobacteria, they can also impact the ecosystem in 

a harmful way by creating algal blooms in certain conditions. Blooms of cyanobacteria are 

often attributed to two primary factors: natural processes such as circulation, upwelling 

relaxation, and river flow; and hazards caused by humans, leading to eutrophication (Sellner 
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et al., 2003). It is known that any type of harmful algae appears to be able to thrive when 

nutrient loads are not in proportion (Glibert & Burkholder, 2011). Harmful algal blooms 

(HABs) can release toxins called microcystins. Microcystins can contaminate all areas of 

aquatic ecosystems and enter the food chain in seafood, therefore posing health risks to 

humans (Pham & Utsumi, 2018). A study on Ukerewe Island in Tanzania found that 

concentrations of cyanobacteria cells in Lake Victoria were beyond acceptable limits, and 

water usage indicated that lake water users were more likely to experience gastrointestinal 

illness, vomiting, and throat irritation compared to those using other water sources, 

highlighting the negative impact of HABs on human health (Mchau et al., 2019). From a 

toxicological viewpoint, cyanotoxins span four major classes: neurotoxins, hepatotoxins, 

cytotoxins, and dermatoxins (irritant toxins) (Pearson et al., 2010). Algal blooms can also 

have negative effects on the environment and society by promoting habitat destruction and 

causing higher water treatment costs (Burkholder, 2009). The challenges of monitoring 

microcystins in the environment are due to their susceptibility to abiotic and biotic processes 

that alter their toxicity and structure (Schmidt et al., 2014). Several genera of cyanobacteria 

can produce toxins that may be accessible for chemical warfare agents (Van der Merwe, 

2015).  

Several techniques have been developed to control HABs based on microorganism-

based methods, including alga-bacterium and alga-fungus bioflocculation, algicidal bacteria, 

fungi, and actinomycete, and methods based on microbial aggregates such as periphytons 

and biofilms (Sun, 2018). The use of predatory bacteria as a biological control agent for 

HABs has also been studied (Gumbo, 2008). The use of a type of fungus, Trichaptum 

abietinum 1302BG, was able to destroy algal cells within 48 hours of co-incubation, possibly 

through encasing the algal cells with a mucous membrane secreted by the fungal mycelia 
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(Jia, 2010). Still, climate change can impact all mitigation strategies, despite these methods. 

Therefore, there may be a need to establish new targets and thresholds for reducing nutrient 

input and preventing nutrient blooms in impacted water bodies (Paerl et al., 2016). 

2.7 Vibrio-Cyanobacteria Relationship 

There are several researches about the association between Vibrio species and 

cyanobacteria, but the evidence is often mixed. Some studies have suggested that Vibrio 

species may be found close to cyanobacteria in marine environments, while others have 

found little or no association between the two groups. Many speculate the involvement of 

environmental reservoirs that facilitate the persistence of Vibrio species hinting at the 

connection with cyanobacteria in the scheme. Glazing the grounds as on how this might be 

possible, a taxonomical research were done by Jesser and Noble in 2018 by incorporating 

the method of amplicon sequencing of 16S rRNA and founded that there is a positive 

relationship between Vibrio species, predominantly V. parahaemolyticus with cyanobacteria 

with the relative abundance of r=0.53 for 16S rRNA data proving that there is indeed 

interspecies associations between the two.  

Nguyen Thi Truc et al., (2021) noted that previously in Vietnam, shrimp farmers used 

the products that can promote the supply of carbon, nitrogen and phosphorus (CNP) as an 

effort to improve the growth of phytoplankton (a diverse group of aquatic microorganisms 

that include various types of algae, including cyanobacteria) which are known as a natural 

feed of shrimps. However, after 2 weeks, the shrimps were diagnosed with AHPND brought 

by V. parahaemolyticus. Earlier research by Ward (2014) studied the association between 

cyanobacteria and V. parahaemolyticus G445 and found out that the strain was able to last 

long with the presence of cyanobacteria and the cells can be seen clustering randomly within 
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the cyanobacterial mucilaginous sheath when viewed under a confocal microscope (Figure 

2.4). 

 

Figure 2.4: The interaction between cyanobacteria (red fluorescence) and V. 

parahaemolyticus G445 (green fluorescence) as viewed under a confocal microscope 

(Ward, 2014). 

 

Islam et al., (2020) stated that cyanobacteria can be a long-term reservoir for V. 

cholerae O139 for up to 15 months due to the ability of the cyanobacteria (Anabaena 

variabilis) to encase the cells of V. cholerae within mucilaginous sheaths that causes V. 

cholerae to enter a Viable but non-Culturable state (VBNC) (Figure 5). Prior study by Islam 

et al., (2004) stated that V. cholerae O139 can be isolated for up to 12 days in a culturable 

form when cyanobacteria is present but were unable to be isolated after 2 days without the 

presence of cyanobacteria. Other study by Eiler et al. (2007) stated that cyanobacterial 

organic matters play an essential role in the growth and abundance of V. cholerae and V. 



28 

vulnificus, therefore, strengthening the possibility of the interaction that exists between these 

two bacterial species.  

However, other studies have found no or limited associations between Vibrio species 

and cyanobacteria. The low density gathered of cyanobacteria in Pacific Northwest in the 

USA in 2015 suggests minor impact on the concentration of Vibrio (Paranjpye et al., 2015). 

The association is thought to differ according to regional factors, seasonal temperature and 

species involved. Another research reported the lack of evidence between the effect of 

planktonic bloom on V. parahaemolyticus existence (Julie et al., 2010). In the study, 

chlorophyll a were proven to be impactful to the V. parahaemolyticus present in mussels 

(Julie et al., 2010). However, since chlorophyll a can be found not only in cyanobacteria but 

also green algae and plants, this leaves open the possibility that cyanobacteria might not be 

the exact variable in affecting the population of Vibrio species.  

Research by Greenfield et al., (2017) argued that the presence of Vibrio species 

(Vibrio vulnificus and V. parahaemolyticus) is dependent on seasonal temperature. The 

research concluded there was a very low to no correlation between Vibrio species population 

with phytoplankton during winter. Vibrio populations also lack the correlation with 

chlorophyll a (Greenfield et al., 2017). Turner et al., (2009) found out that seasonality and 

species-specific taxa plays a role in the determination of Vibrio species’ population density 

and their associations with cyanobacteria. This result was consistent with their finding that 

the presence of copepods, cyanobacteria, and diatoms had an antagonistic relationship with 

Vibrio concentrations (Turner et al., 2009). Overall, the evidence on the association between 

cyanobacteria and Vibrio species is limited, inconclusive and involves complex 

multidimensional landscape to understand the relationship between these two groups.  
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2.8 Canonical Correspondence Analysis (CCA) 

Canonical Correspondence Analysis (CCA) is a statistical method that is used to 

analyse the relationships between a set of predictor variables and a set of response variables 

(ter Braak, 1986). In microbiology, CCA is often used to study the relationships between a 

microbial community's composition and various environmental factors (Kuczynski et al., 

2010). CCA also allows researchers to identify the environmental variables that are most 

strongly correlated with the composition of a microbial community. This is important 

because it helps researchers to understand how microbial communities survive in different 

environmental conditions and how these responses may be affected by external changes 

(Hou et al., 2017). 

CCA has immensely contributed to our knowledge of the ecology and behaviour of 

microbial inhabitants (Zheng et al., 2019). In CCA, the predictor variables are typically the 

environmental variables thought to influence the microbial community, such as temperature, 

pH, and nutrient levels (Zheng et al., 2019). The response variables are the population of 

microbes that are present in the community, according to their taxa (ter Braak, 1986). For 

example, CCA has been used to study the impacts of land use change on soil microbial 

communities (Hou et al., 2017) and to investigate the relationships between aquatic 

microbial communities and water quality parameters (Breton-Deval et al., 2019). 

2.9 Virulent Genes of V. cholerae and V. parahaemolyticus 

Virulent genes play a role in determining the ability of a bacterium to cause disease. 

They encode to produce proteins or other molecules that allow the bacteria to survive and 

thrive in the host, often at the expense of the host's health. Some virulent genes encode for 

toxins production (Kobayashi et al., 2013). Some are responsible for creating enzymes that 
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help the bacteria to evade the host's immune system (Denzer et al., 2020), and help the 

bacteria to stick to and occupy host tissues (Deng et al., 2020; Pizarro-Cerdá & Cossart, 

2006). In Vibrio species, the presence of virulent genes is known and studied extensively. 

Several virulent genes that were known to be associated with Vibrio species are tdh, trh, tlh, 

ctxB, rtxA and rtxC.  

tdh and trh genes are genes that code to produce two related toxins called 

thermostable direct hemolysin (TDH) and TDH-related hemolysin (TRH) in certain Vibrio 

species, primarily V. parahaemolyticus. TDH and TRH are considered major virulence 

factors in V. parahaemolyticus (Raghunath, 2015). The presence of tdh and trh genes are 

commonly used as a marker to identify the virulent strain of V. parahaemolyticus (Sun et al., 

2022). TDH is a toxin that can harm cells in many ways. It can break open red blood cells, 

harm other types of cells, and even damage the heart (Raghunath, 2015). TDH works by 

forming small openings, or pores on the surface of cells (Matsuda et al., 2010). These pores 

are about 2 nanometers in size, causing the unintentional flush of water and ions from the 

host cells (Matsuda et al., 2010; Honda et al., 1992). Both genes, trh and tdh share 

approximately 70% similarity in their structure (Kishishita et al., 1992). Similar to TDH, 

TRH activates chloride ion channels resulting in altered ion flux (Raghunath, 2015; 

Takahashi et al., 2000). tdh and trh are mostly found in clinical strains isolated from patients 

suffering from V. parahaemolyticus gastroenteritis (Klein et al., 2014) however, the 

detection rate of trh gene is relatively more in environmental strains (Raghunath, 2015). Both 

genes are considered as virulence factor, and play crucial role in causing infections like food 

poisoning in humans. The mechanism for tdh and trh toxin gene from V. parahaemolyticus 

can be observed in Figure 2.5.  
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Thermolabile hemolysin (TLH) is a toxin produced by certain strains of the 

bacterium Vibrio. The gene that encodes for the production of this toxin is called the tlh 

gene. The TLH toxin produced by Vibrio species can cause hemolysis, which is the rupture 

of red blood cells (Broberg et al., 2011). The gene encoding the toxin, tlh, encodes 

phospholipase A2, while its contribution to V. parahaemolyticus pathogenicity is unknown, 

expression of this gene is pertinent in the human intestine (Klein et al., 2014). It is important 

to note that the presence of tlh gene does not necessarily mean that the strain is pathogenic, 

it could be only a marker for certain Vibrio species (Hasrimi et al., 2018). The mechanism 

for tlh toxin gene from V. parahaemolyticus can be observed in Figure 2.5. 

 

Figure 2.5: TDH works by forming pore on cell membrane, causing the burst of red blood 

cell. TRH and TLH can work in a similar way (Verma & Chattopadhyay, 2021). 

 

ctx gene, (short for Cholera Toxin) encodes the production of cholera toxin in certain 

Vibrio species, most notably V. cholerae. CTX is thought to originate from a filamentous 

bacteriophage called the CTXφ (Mahboobi et al., 2020). The gene is found on a mobile 

phage, which can be transferred between different strains of V. cholerae through a process 

known as lysogeny (Davis et al., 1999). Cholera toxin is a protein that causes the symptoms 

of cholera, a severe diarrheal disease that can be fatal if left untreated (Holmgren, 1981). 
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Once inside the host (a human or other animal cell), the toxin ctxB works together with ctxA 

to bind to a holotoxin (specific receptor) on the cells lining the small intestine, which triggers 

an increase in the amount of water and electrolytes that are secreted into the intestinal lumen 

(Madhusudana & Surendran, 2013).  This leads to severe diarrhoea, which can cause 

dehydration and electrolyte imbalance that can be fatal if not treated promptly (Guichard et 

al., 2013). The molecular mechanism for ctxB toxin gene from V. cholerae can be observed 

in Figure 2.6. 

The rtxA and rtxC genes code to produce a type of toxin called RTX toxins in certain 

Vibrio species. RTX toxins are mostly known to pose the hemolytic activity (lysing blood) 

and cytotoxic ability that causes damage to cell membrane (Wiles & Mulvey, 2013). The 

unique feature of RTX is the way it exports proteins, and it is characterized by repeating 

sequences of nonapeptide, glycine, aspartate-rich repeats that bind with calcium ions 

(Linhartová et al., 2010). The RTX protein family contains secreted proteases and lipases 

that work together to cause damage to body tissues and cause inflammation when the bacteria 

infect the host (Linhartová et al., 2010). rtxC controls the expression of RTX toxin that is 

encoded by rtxA (Osickova et al., 2018). RTX exoproteins are shared between Gram-

negative bacteria and are steadily growing and constructing various biological functions 

(Linhartová et al., 2010). The Gram-negative bacteria that were known to possess RTX 

toxins are of the genera Escherichia, Bordetella, Proteus, Morganella, Moraxella, Vibrio 

and Kingella, and members of the Pasteurellaceae family (Mannheimia, Pasteurella and 

Aggregatibacter) (Linhartová et al., 2010). The mechanism for rtx toxin gene from V. 

cholerae can be observed in Figure 2.6.  



33 

 

Figure 2.6: CTX (labelled as CT (Cholera Toxin)) binds to the specific receptor that 

cascades into event of the release of chloride ions into the lumen and causes diarrhea and 

dehydration. RTX proteins causes the disruption of actin crosslinking, leading to 

cytotoxicity and cell death (Pérez-Reytor et al., 2018). 

 

Other factors, such as the overall genetic makeup of a bacterium and the 

susceptibility of the host, can also play a role in the ability of a bacteria to cause disease 

(Doron & Gorbach, 2008). It is worth noting that there is a great diversity among Vibrio 

species, and their virulence factors can vary depending on the strain or even the isolation. 

The molecular mechanisms of pathogenesis and host-microbe interactions in Vibrio species 

are still being studied, and many aspects are not fully understood. 
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2.10 Antibiotic Resistance of Vibrio Species in Shrimp Farm 

The vulnerability of shrimps towards diseases are attributed to a range of factors, 

such as overfeeding and high stocking density in stagnant water which provide a breeding 

ground for the proliferation of Vibrio (Alfiansah et al., 2018) therefore compelled the use of 

antibiotics due to the lack of other alternative treatments (Thornber et al., 2020). Antibiotics 

such as tetracycline, norfloxacin, oxytetracycline, enrofloxacin, and sulphonamides 

(Holmström et al., 2003; Luu et al., 2021) are often used to fight off infections caused by 

pathogenic bacteria in shrimp farms. They are used often without a veterinary diagnosis, and 

are prescribed by feed dealers, drug sellers, and farmers themselves (Chowdhury et al., 

2022). Research conducted by Holmström et al., (2003) confirmed that 74% of 76 farmers 

interviewed in the study used at least 13 different antibiotics to treat shrimps’ diseases but 

rather loosely equipped with the proper knowledge of the handling practice of the antibiotics. 

An environment with high stress like a shrimp farm, the proliferation of antibiotic resistant 

bacterial strain is often anticipated. Antibiotic resistance is the term used to describe a 

bacteria's increased ability to withstand the effects of antibiotics, to which they were 

previously vulnerable (Osunla & Okoh, 2017). Despite the efficiency of antibiotics in 

eradicating shrimp diseases, improper antibiotic use in the aquaculture environment poses a 

risk of the potential transfer of resistance from aquaculture bacteria to human and animal 

pathogens (Abdullahi et al., 2013). 

Just like any other bacteria, Vibrio species can develop antibiotic resistance as a 

naturally occurring survival technique (Figure 2.7). The way in which Vibrio species develop 

resistance to antibiotics can be broadly divided into two categories: intrinsic and acquired 

(Dutta et al., 2021). Intrinsic resistance is determined when the bacteria themselves have 
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evolved over time to become resistant to certain antibiotics, while acquired resistance occurs 

when the bacteria acquire resistance genes through the transfer of genetic material via 

horizontal and vertical gene transfer. Intrinsic resistance mechanism involves limiting the 

uptake of drugs by the adjustment in cell permeability, drugs efflux pump, modification in 

the drug’s usual target site, the destruction of the drug and metabolism alteration (increase 

in tolerance towards drugs) (Dutta et al., 2021). Acquired resistance occurs when the Vibrio 

species is armed with mobile genetic elements like plasmid, integrating conjugative 

elements, superintegron, transposable elements, and insertion sequences, that contains 

genetic materials for antibiotic resistance genes (Dutta et al., 2021). These mobile genetic 

elements can bypass bacteria cells by using HGT and propagate them into the next 

generations (Dutta et al., 2021).  

 

Figure 2.7: The molecular mechanism of antibiotic resistance genes in Vibrio species. 1: 

limiting the uptake of drugs by the adjustment in cell permeability, 2: drugs efflux pump, 

3: modification in the drug’s usual target site, 4: the destruction of the drug, 5: metabolism 

alteration, 6,7,8: acquirement of antibiotic resistant genes from conjugation, 

transformation, and transduction, respectively, 12: biofilm formation (Dutta et al., 2021). 
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As bacteria possess the ability to transfer their antibiotic-resistant genome across 

their cells (Thornber et al., 2020), they can become resistant to more than one antibiotic. This 

is known as Multiple Antibiotic Resistance (MAR). A MAR index greater than 0.2 indicates 

that isolates came from a highly contaminated source where antibiotics are frequently used 

(Davis & Brown, 2016). MAR cases have been reported in shrimp farms located in 

peninsular Malaysia, where 84% of the Vibrio species isolates harboured a MAR index value 

of more than 0.2 (Haifa-Haryani et al., 2022).  

As MAR indices only indicate the number of antibiotics that the bacterial isolates are 

resistant to over the antibiotics used in the test, it is important for researchers to perform the 

profile and recognize the pattern that the isolates are most likely to show. Antibiotic patterns 

are also highly susceptible to changes (Ayobami, 2022); therefore, there is a need for a 

periodic update to their current profile. The pattern of antibiotic resistance varies between 

regions and countries according to the level of antibiotic consumption controlled and 

regulated by the antibiotic policy of a particular country (Zanichelli et al., 2018). 

In shrimp farms, resistance towards antibiotics of Vibrio species issues raises several 

issues towards economy, human clinical health and the marine environment. The economic 

burden of treating, mitigating, and finding alternative treatments for infections caused by 

multiple antibiotic-resistant bacteria can be significant (Joy et al., 2017). There is also the 

possibility that the banned export can cause a significant drop in export product yield 

(Behera, 2018). In the human healthcare system, an infection brought on by antibiotic 

resistance can reduce the range of available treatments and raise the possibility of treatment 

failure. Patients may require longer hospital stays, more complex treatments, and more 

expensive medications, all of which contribute to higher healthcare costs (Dadgostar, 2019). 
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The presence of antibiotic-resistant strains in cooked shrimp was found in a study 

(Sharma, 2021), therefore raising concerns about food safety for human consumption. The 

ingestion of antibiotic residues in the environment causes alterations to the human 

microbiome, creating an enabling condition for bacteria resistance to emerge and propagate 

within the human body (Ben et al., 2019). The MAR index of aquaculture-related bacteria 

has been found to correlate with MAR indices from human clinical bacteria (Reverter et al., 

2020). A systematic review and meta-analysis of point prevalence surveys in Asia revealed 

concerning levels of resistance to medically important antimicrobials in foodborne 

pathogens from aquatic food animals, including shrimp (Schar et al., 2021). The spread of 

antibiotic-resistant bacteria and genes in aquatic environments may be linked to the 

discharge of shrimp pond effluent into estuarine ecosystems or the exposure of harvested 

shrimps to antibiotic-resistant bacteria during processing (Hossain, 2012). Additionally, 

overuse can lead to selection pressure on environmental microbiomes, fostering reservoirs 

harbouring antibiotic-resistant strains that pose a potential threat to public health (Ben et al., 

2019). The ecological consequences of MAR in shrimp farming present themselves as a form 

of disruption of microbial communities and the potential for the spread of resistance genes 

in the environment (Ben et al., 2019). Antibiotic residues, antibiotic-resistant bacteria, and 

resistance genes are considered environmental pollutants and are responsible for a tenacious 

public health crisis throughout the globe (Xi et al., 2009). 

In conclusion, the extensive use of antibiotics in shrimp farming has contributed to 

the significant emergence and spread of multiple antibiotic-resistant bacteria strains. This 

has created a public health crisis that affects not only the aquaculture sector but also human 

populations, as bacteria resistant to medically important antibiotics can infect humans. 

Furthermore, the ecological consequences of this practice threaten environmental 
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microbiomes. The urgency of finding alternative treatments and sustainable farming 

practices in the aquaculture sector is now greater than ever. Finally, the efforts to mitigate 

antibiotic resistance in shrimp farming need a comprehensive approach that involves 

stakeholder engagement, regulatory efforts, and the search for alternative medicines. 

  



39 

CHAPTER 3  
 

 

Vibrio SPECIES AND CYANOBACTERIA: UNDERSTANDING THEIR 

ASSOCIATION IN SELECTED LOCAL SHRIMP FARM USING CANONICAL 

CORRESPONDENCE ANALYSIS (CCA) 

3.1 Introduction 

The Vibrioneceae genus, comprising diverse bacterial species, has captivated 

scientists due to its adaptability and wide-ranging habitats. They possess a curved 

morphology and exhibit flagellated motility on one end, measuring 0.5-0.8 µm in width and 

2-3 µm in length (Venkateswaran, 1999). In clinical microbiology and food safety, V. 

cholerae, V. parahaemolyticus, V. vulnificus, V. alginolyticus, and V. mimicus are among the 

Vibrio species that are potentially dangerous to humans (Izumiya et al., 2011). Their 

prevalence and pathogenicity in the environment raise concerns, as Vibrio is still endemic in 

certain countries (Cartwright & Griffin, 2012).  

The common track record of Vibrio species in causing the infection is further 

enhanced by the fact that they can infect not only humans but also marine animals, such as 

shrimp, therefore leading to vibriosis. The shrimp farming industry regards vibriosis as a 

significant threat as it can affect the entire life cycle of shrimp, ranging from eggs to brood 

stock, which may lead to the complete eradication of an entire population in case there is an 

outbreak (Prayitno & Latchford, 1995; Harris & Owens, 1999). These infections can spread 

rapidly within shrimp ponds due to the close proximity and crowded conditions in 

aquaculture settings (Duc, 2015). Since Vibrio species are readily present in bodies of warm 

saltwater (Canellas et al., 2021), regular monitoring of their population is needed to prevent 

vibriosis infection in shrimp culture.  
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Shrimp farming is one of the most significant products for the Malaysian aquaculture 

industry. Among the Association of Southeast Asian Nations (ASEAN) countries, Malaysia 

has maintained its competitiveness in exporting fresh shrimp, alongside Thailand (Ismail & 

Abdullah, 2013). In Sarawak, the state's Modernization of Agriculture and Regional 

Development Minister aims to expand shrimp farming with the goal of producing RM 1 

billion of exports by 2030 (Sulok Tawie, 2022). The shrimp farm selected for this study 

achieved the production of 165 metric tonnes of shrimp in 2021 (Lembaga Kemajuan Ikan 

Malaysia (LKIM), 2022), which marks great potential for the goal. As shrimp farming in 

Malaysia has the potential to be profitable and contribute to the country's economic 

expansion, effective disease prevention measures are essential to avoid profit loss from 

vibriosis-related infections. 

It's been demonstrated through previous research that cyanobacteria play a crucial 

role in the ability of Vibrio to persist in our environment (Islam et al., 2004). These bacteria 

possess the unique ability to conduct photosynthesis, and they exist in either coccoid 

unicellular, coccoid multicellular, or filamentous forms (Mur et al., 1999). Some 

cyanobacterial species reside in the same habitat as Vibrio, supplying dissolved organic 

matter for the Vibrio community (Eiler et al., 2007). Both genera of bacteria can rapidly 

multiply under certain conditions, such as poor nutrition, oxygen depletion, and low water 

quality (Dawes, 1989), which can create a stressful environment for shrimp. As 

microorganisms are very much able to create symbiotic relationships, more research is 

required to better understand them. 

Despite the evidence of their association, there have been a number of studies that 

have demonstrated contradictory results. Some isolated strains of cyanobacteria have been 
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found to exhibit antibacterial properties against pathogenic microorganisms, indicating that 

they can potentially eradicate Vibrio species (Rojas et al., 2020). Another study has found 

that the relationship between cyanobacteria and Vibrio species depends on the growth stage 

of the cyanobacteria (King et al., 2022). Therefore, there is a need to conduct research on the 

interaction between cyanobacteria and Vibrio species, particularly in the context of shrimp 

farms, where favourable conditions for the proliferation of both bacteria genera are naturally 

present. 

Aside from the potential association with cyanobacteria, water parameters such as 

temperature, salinity, and pH can also influence the growth and abundance of Vibrio species 

(Larsen, 1984) in shrimp farms. For example, high water temperatures can provide optimal 

conditions for the growth of Vibrio species (Sheikh et al., 2022). Shrimps are equally 

sensitive to changes in their environment, and stressors such as suboptimal water quality can 

weaken their immune systems (Chen & He, 2019), making them more susceptible to 

infections from Vibrio species. On the contrary, the maintenance of optimum salinity can 

lead to better survival, weight gain, and protein retention rates in reared shrimp (Maicá, 

2014).  

To find out the correlation between both Vibrio species and cyanobacteria with water 

parameters such as pH, salinity, and temperature as additional variables, a statistical method 

called Canonical Correspondence Analysis (CCA) was employed.  Previous studies have 

used CCA as a tool to analyze the microbial communities of aquatic environments, and it 

has been effective in elucidating the correlation between Vibrio populations, particulate 

organic matter, and environmental factors (Kopprio et al. 2020). By implementing CCA as 
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the statistical method for the study, the association between cyanobacteria and Vibrio species 

can be determined via their growth patterns.  

This research is focused on shrimp farming and has several aims: Quantifying the 

number of Vibrio species and cyanobacteria in a nearby shrimp farm, detecting the presence 

of two major Vibrio species (V. parahaemolyticus and V. cholerae) that are known to be 

harmful to people and shrimp, figuring out which cyanobacterial genera are present there, 

and then calculating any possible relationships between the two genera and the water quality 

parameters. Methods such as Most Probable Number (MPN), Duplex-Polymerase Chain 

Reaction (D-PCR), Sedgwick-Rafter cell counting, Differential Interference Contrast (DIC) 

microscopy using an inverted microscope, and Canonical Correspondence Analysis (CCA) 

were implemented in this study to achieve the objectives of this study. 

3.2 Methodology 

3.2.1  Water Sampling 

Water sampling was commenced biweekly (August – December 2021) in two White-

leg shrimp (Litopenaeus vannamei) shrimp ponds (Pond A and Pond B), effluent and influent 

water (Figure 3.1) of Persatuan Nelayan Kawasan Satang Biru, Telaga Air, Kuching, 

Sarawak, Malaysia (1°40'34.7" N 110°12'10.8" E). The sampling campaign was executed 

within the shrimps’ post-larvae stocking to harvesting time frame. A total of six (n=6) 

samples from Pond A, six (n=6) samples from Pond B, ten (n=10) samples from effluent and 

ten (n=10) samples from influent were successfully collected, making up to thirty-two 

(n=32) samples. A plankton net was used to sift water from shrimp ponds to collect a 

concentrated amount of cyanobacteria inside 50 mL Falcon tubes. Environmental parameters 
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such as water temperature, salinity and pH were also recorded during the sampling activity. 

The samples were then transported to the laboratory under aseptic conditions within 2 hours.  

 

Figure 3.1: Map of the sampling sites at Persatuan Nelayan Kawasan Satang Biru, 

Telaga Air, Kuching, Sarawak, Malaysia: (A) Pond A; (B) Pond B; (C) Effluent; (D) 

Influent. 

 

3.2.2 Enrichment of Vibrio Species  

A total of one mL of the water samples were pipetted into 9 mL of Alkaline Peptone 

Water (APW) (HiMedia, India) to enrich Vibrio species in the samples. The cultures were 

then incubated overnight at 37 C. Remaining water samples were treated with Lugol’s 

solution for cyanobacteria counting step.  

3.2.3 Dilution of Vibrio Species Culture  

After enrichment, 1 mL of culture broths were diluted up to 10-5. Each dilution was 

incubated overnight at 37 C. 

(A) (B) 

(D) 

(C) 
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3.2.4  Most Probable Number (MPN) 

MPN method from United States Food and Drug Administration’s Bacterial 

Analytical Manual (BAM), (2020) was employed to enumerate the Vibrio species present in 

each water sample. This is done by making serial dilutions of the water samples and 

inoculating aliquots into broth media to detect bacterial growth. Firstly, 1 mL of the broths 

from the selected dilutions (10-2, 10-3 and 10-4) were inoculated into triplicates of 10 mL 

APW. The culture broths were then incubated for 24 hours at 37 C. The tubes that went 

turbid from each triplicate of MPN tubes from every dilution indicate growth for Vibrio 

species. The number of tubes that went turbid from each triplicate was recorded and the 

result was referred from the MPN table (BAM, 2020). In this study, we used a different 

approach compared to the traditional MPN table for presenting our results. Instead of using 

dilutions of 10-1, 10-2 and 10-3 like in a normal MPN table, we used dilutions of 10-2, 10-

3 and 10-4. This modification allowed us to obtain accurate measurements and evaluate the 

microbial population more effectively. Therefore, each result for MPN/mL was multiplied 

by 10 to match the table configuration (Sutton, 2010). From each MPN tube that was 

incubated, a loopful of broth was streaked on the surface of Thiosulfate-citrate-bile salts 

sucrose (TCBS) agar (HiMedia, India) and subsequently incubated overnight at 37 C for 

Vibrio species confirmation.  

3.2.5 DNA Extraction of Vibrio Species 

The method was modified from Peng et al., (2013) to fit the requirement of this study. 

500 µL of the culture broth were pipetted into 1.5 mL microcentrifuge tube and centrifuged 

at 10,000 rpm for 5 minutes. The supernatant was discarded before adding 100 µL of 

deionized distilled water (ddH2O). The mixture was then boiled for 10 minutes, and snap 
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cooled in ice for 5 minutes. Lastly, each tube was centrifuged for 10 minutes at 10,000 rpm. 

The clear solution is the product of the DNA extract. 

3.2.6 Polymerase Chain Reaction (PCR) 

PCR was done by adding exTEN PCR 2X Master Mix (Base Asia), 2 pairs of forward 

and reverse primers (Kim et al., 2015) as specified in Table 3.1, nuclease-free water and 

DNA extracts from each sampling. The volume of each reagent was shown in Table 3.2, 

while the amplification of DNA sequence was done by using thermal cycler (Eppendorf 

Mastercycler Gradient) with the conditions shown in Table 3.3. 

Table 3.1: Primer pairs and their sources used for the identification of V. cholerae and V. 

parahaemolyticus. 

Target genus or 

species 

Primer 

name 

Protein of 

target gene 
Primer sequences 

PCR 

base 

pair 

V. 

parahaemolyticus 

VP 

1155272 

F Hypothetical 

protein 

VPA1095 

5’ - AGCTT ATTGG 

CGGTT TCTGT CGG – 3’ 

297 
VP 

1155272 

R 

5’ - CCAA GACCA AGAAA 

AGCCG TC – 3’ 

V. cholerae 

VC 

C634002 

F Hypothetical 

protein 

VCA0694 

5’ - CAAGC TCCGC 

ATGTC CAGAA GC – 3’ 

154 
VC 

C634002 

R 

5’ - GGGGC GTGAC 

GCGAA TGATT – 3’ 
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Table 3.2: PCR reagent for the identification of V. cholerae and V. parahaemolyticus, forming 17 µL of aliquot. 

PCR reagent Volume per reaction (µL) 

exTEN 2X PCR Master Mix (Base Asia) 12.5 

10 pmol/µL of primer VP 1155272 F 0.6 

10 pmol/µL primer VC C634002 F 0.6 

10 pmol/µL primer VP 1155272 R 0.6 

10 pmol/µL primer VC C634002 R 0.6 

Nuclease-free water 1.1 

DNA extract 1.0 

Total volume 17 

 

Table 3.3: PCR condition for the detection of V. cholerae and V. parahaemolyticus. 

Step Cycle Temperature/Time 

Initial denaturation 94 C (6 min) 

Denaturation 94 C (30 sec) 

62 C (2 min) (35 cycles) 

72 C (1 min 50 sec) 

Annealing 

Extension 

Final extension 72 C (6 min) 
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3.2.7 Agarose Gel Electrophoresis (AGE) 

The PCR products were loaded into 1.5% agarose gel and were charged with 80V 

electric current for 1 hour prior to being stained for 45 minutes with 0.1% of Ethidium 

Bromide (EtBr). The bands formed were then observed by using UV transilluminator before 

being photographed. 

3.2.8 Quantification and Morphological Identification of Cyanobacteria 

A total of 1 mL of water samples that were previously preserved with Lugol’s 

solution were pipetted by using Pasteur pipette into Sedgewick-Rafter counting chambers 

exactly filling it while avoiding the formation of air bubbles. The water sample were then 

given about 5-10 minutes to settle down before being counted grid by grid using compound 

microscope starting from left to right (Watzin et al., 2006). This process was repeated 3 times 

for each sample to gather the average count of the result. The number of cells per filament 

of the cyanobacteria were obtained by multiplying the total filaments counted with the 

average numbers of cells of the first 30 filaments (Chorus & Bartram, 1999). The 

morphological identification of cyanobacteria was done by using an Inverted Microscope: 

Olympus FluoView300 (Olympus Corporation, Japan). The microscope incorporates the 

Differential Interference Contrast (DIC) filter in the process that can produce high quality, 

pseudo-3D images of the cyanobacteria (Scientifica, n.d.). The camera used to capture the 

images were called Infinity 3 (Teledyne Lumenera, Ottawa, Canada) while the software used 

to analyse the image was Infinity Analyze (Teledyne Lumenera, Ottawa, Canada). 
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3.2.9 Canonical Corresponding Analysis (CCA) 

Data regarding the environmental variables obtained during the sampling activity, 

Vibrio and cyanobacteria population was used to recognize any significant relationship 

between all the variables. The p-values are provided to indicate the statistical significance of 

Vibrio species and cyanobacteria. A p-value that is greater than 0.01 is considered not 

significant, while a p-value that is less than or equal to 0.01 indicates a significant 

relationship between the variables. The analysis was performed with PAST software version 

4.03 which is available free on the internet at the time of writing.  

3.3 Results 

3.3.1 Environmental Parameters 

Based on Table 3.4, the pond water pH ranges from 6.14 to 7.64, indicating that they 

were slightly acidic to neutral. While influent water was neutral, pond B was shown to 

develop the greatest amount of acidity in average. Minimal changes in water temperature for 

both ponds, effluent, and influent can be observed as they only slightly fluctuate. The salinity 

of ponds A and B both generally increased as the sampling process came to a close, 

contributing to the mean of 24. Evidently, the influent water had the lowest salinity compared 

to all sampling sites. 
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Table 3.4: A summary on the selected environmental parameters involved in this study. 

Sampling sites Duration of sampling Total samples 
Water pH 

(mean), 

Water temperature (mean), 

(℃) 

Water salinity (mean), 

(ppt) 

Pond A 
10 August -19 October 

2020 
± 6 ± 6.59 ± 31.5 ± 24 

Pond B 
5 October – 14 December 

2020 
± 6 ± 6.14 ± 30.8 ± 24 

Effluent 
10 August – 14 

December 2020 
± 10 ± 6.57 ± 30.9 ± 23 

Influent 
10 August – 14 

December 2020 
± 10 ± 7.64 ± 30.9 ± 17.4 
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3.3.2 Growth Pattern and Identification of Vibrio Species 

3.3.2.1 Pond A 

The growth of Vibrio showed a notable rise during the second sampling and remained 

consistent until the conclusion of all samplings. Vibrio species continued to be abundant until 

the end of the sampling cycle. In summary, PCR detection of V. cholerae and V. 

parahaemolyticus in Pond A shows 72% positive detection of V. cholerae and 78% of V. 

parahaemolyticus (Figure 3.2 and Table 3.5).  

Table 3.5: The growth profile of Vibrio species in Pond A. 

Number of samplings Sampling site triplicates MPN/10 mL 

Sampling 1 

A >11000 

B <30 

C <30 

Sampling 2 

A <30 

B >11000 

C <30 

Sampling 3 

A >11000 

B >11000 

C >11000 

Sampling 4 

A >11000 

B >11000 

C >11000 

Sampling 5 

A >11000 

B >11000 

C >11000 

Sampling 6 

A >11000 

B >11000 

C >11000 
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Figure 3.2: Duplex PCR result for the detection of V. parahaemolyticus and V. cholerae 

for Pond A viewed in 1.5% agarose gel. M: 100 bp DNA ladder, 1: positive control of V. 

cholerae and V. parahaemolyticus, 2: negative control, 3: Sampling 1, 4: Sampling 2, 5-7: 

Sampling 3, 8-9: Sampling 4, 10-12: Sampling 5, 13-15: Sampling 6. Positive detection for 

V. parahaemolyticus is seen in lane 3 to 15, while positive detection for V. cholerae is seen 

in lane 3 to 14. V. cholerae bands appears to be faint when compared to V. 

parahaemolyticus. 

  

 M    1     2     3     4     5     6     7     8    9    10   11  12   13   14   15   M    

297 bp, VP 

154 bp, VC 
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3.3.2.2 Pond B  

The Vibrio species demonstrated rapid growth, reaching peak levels during each 

sampling period. According to the findings obtained through the Duplex PCR technique, V. 

cholerae and V. parahaemolyticus were detected with a prevalence of 61% and 100%, 

respectively (Figure 3.3 and Table 3.6).  

Table 3.6: The growth profile of Vibrio species in Pond B. 

Number of samplings 
 

Sampling site triplicates MPN/10 mL 

Sampling 1 

A >11000 

B >11000 

C >11000 

Sampling 2 

A >11000 

B >11000 

C >11000 

Sampling 3 

A >11000 

B >11000 

C >11000 

Sampling 4 

A >11000 

B >11000 

C >11000 

Sampling 5 

A >11000 

B >11000 

C >11000 

Sampling 6 

A >11000 

B >11000 

C >11000 
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 M    1     2      3      4     5     6      7      8      9    10    11    12   M    
 

 

Figure 3.3: Duplex PCR result for the detection of V. parahaemolyticus and V. cholerae 

for Pond B viewed in 1.5% agarose gel. M: 100 bp DNA ladder, 1: positive control of V. 

cholerae and V. parahaemolyticus, 2: negative control, 3-4: Sampling 1, 5: Sampling 2, 6: 

Sampling 3, 7-8: Sampling 4, 9-10: Sampling 5, 11-12: Sampling 6. All samples show 

positive detection of V. parahaemolyticus while the positive detection of V. cholerae is 

shown in lane 4, 5, 7, 8, 9, 10, 11 and 12. V. cholerae bands appears to be faint when 

compared to V. parahaemolyticus with the exception of lane 5.   

297 bp, VP 

154 bp, VC 
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3.3.2.3 Effluent 

The initial effluent water sampling demonstrated minimal Vibrio proliferation, while 

the following samples indicated a rapid escalation in bacterial growth that remained 

consistent until the completion of the sampling period. The detection of V. cholerae and V. 

parahaemolyticus is observed in Figure 3.4 while the summary from Table 3.7 gathered 90% 

of both species’ prevalence.  

Table 3.7: The growth profile of Vibrio species in effluent water. 

Number of samplings MPN/10 mL 

Sampling 1 <30 

Sampling 2 >11000 

Sampling 3 >11000 

Sampling 4 >11000 

Sampling 5 >11000 

Sampling 6 >11000 

Sampling 7 >11000 

Sampling 8 >11000 

Sampling 9 >11000 

Sampling 10 >11000 
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Figure 3.4: Duplex PCR result for the detection of V. parahaemolyticus and V. cholerae 

for effluent water viewed in 1.5% agarose gel. M: 100 bp DNA ladder, 1: positive control 

of V. cholerae and V. parahaemolyticus, 2: negative control, 3-4: Sampling 2, 5: Sampling 

3, 6: Sampling 4, 7: Sampling 5, 8: Sampling 6, 9: Sampling 7, 10: Sampling 8, 11: 

Sampling 9, 12: Sampling 10. Positive detection of V. parahaemolyticus. can be seen in 

lane 3, 5, 6, 7, 8, 9, 10, 11 and 12, same with V. cholerae.  V. cholerae bands appears to be 

faint when compared to V. parahaemolyticus with the exception of lane 6.  

297 bp, VP 

154 bp, VC 

 M    1      2       3      4      5     6      7      8     9     10     11     12    M 
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3.3.2.4 Influent 

Vibrio growth can be seen off to a gradual increase during earlier sampling before 

the number persistently soared from the third sampling until the end. As observed in Figure 

3.5, the Duplex PCR result of V. cholerae and V. parahaemolyticus showed successful 

detection of both species with 70% of V. cholerae and 90% of V. parahaemolyticus 

prevalence (Table 3.8). 

Table 3.8: The growth profile of Vibrio species in influent water. 

Number of samplings MPN/10 mL 

Sampling 1 150 

Sampling 2 350 

Sampling 3 >11000 

Sampling 4 >11000 

Sampling 5 >11000 

Sampling 6 >11000 

Sampling 7 >11000 

Sampling 8 >11000 

Sampling 9 >11000 

Sampling 10 >11000 
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Figure 3.5: Duplex PCR result for the detection of V. parahaemolyticus and V. cholerae 

for influent water viewed in 1.5% agarose gel. M: 100 bp DNA ladder, 1: positive control 

of V. cholerae and V. parahaemolyticus, 2: negative control, 3: Sampling 1, 4: Sampling 2, 

5: Sampling 3, 6: Sampling 4, 7: Sampling 5, 8: Sampling 6, 9: Sampling 7, 10: Sampling 

8, 11: Sampling 9, 12: Sampling 10. Positive detection of V. parahaemolyticus can be seen 

on lane 3 to 12 while positive detection of V. cholerae can be seen on lane 3, 4, 7, 8, 9, 10, 

11 and 12.  V. cholerae bands are faint in comparison to V. parahaemolyticus with the 

exception of lane 4. 

 

3.3.3 Growth Pattern and Morphological Identification of Cyanobacteria 

Figure 3.6 shows the growth pattern of cyanobacteria in every sampling site, across 

their sampling period. Pond A’s cyanobacterial growth curve gradually increased during the 

course of the sample weeks. The 4th and 6th week, however, show a stagnant growth 

development. As for Pond B, up until the 8th week, cyanobacterial growth indicated an 

overall increase. After that, there was a slight dip in the growth curve during week 10. 

Overall growth pattern for effluent displayed two peaks, one during the 4th week and the 

other at the 10th. However, it was clear that the peak of the 10th week was higher than the 

peak of the 4th week. The growth curve started to decline after the 10th week. The growth of 

cyanobacteria in the influent water can be observed to fluctuate, thus forming two peaks, 

which occurred during the 4th and 10th week. In comparison to the peak from the 4th week, 

the peak from the 10th week appeared to be higher. There was also a noticeable decline in 

M    1      2        3      4      5      6      7      8      9     10     11    12      M 

297 bp, VP 

154 bp, VC 



58 

growth during the 6th week, which appeared to be at the lowest point throughout the entire 

sampling period of this site. 

 

Figure 3.6: The cyanobacteria cell growth pattern in the shrimp farm.  

 

A total of five members of the cyanobacteria genera were found residing in the 

shrimp farm water, namely Chroococcus, Pseudanabaena, Phormidium, Oscillatoria and 

Lyngbya. Based on cell counting with a Sedgwick-Rafter cell and morphological 

examination with an inverted microscope, it was evident that early samplings accumulate a 

greater diversity of cyanobacteria when compared to the conclusion of the sampling period, 

where Pseudanabaena genus can be seen dominating. The morphological assessment of the 

cyanobacterial species can be referred in Table 3.9.  
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Table 3.9: The morphological assessment of observed cyanobacteria in the shrimp farm water. 

Labels, scale bar 

100 µm 

Cyanobacteria 

genus 

Unicellular, colonial or 

filamentous 
Cell shape Mucilaginous sheath 

 

Chroococcus 
Forms a colony of 2, 4 

or 8 cells 

Small, round cell with jelly-

like consistency. 

Colourless sheath sticks together to 

form a biofilm 

 

Pseudanabaena 

A 

Filamentous and 

usually solitary. 
Cylindrical, long cells. Colourless. 

 

Pseudanabaena B 
Filamentous and 

usually solitary. 
Cylindrical, long cells. Colourless. 
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Phormidium Filamentous. 
Almost uniform square stack 

of cells. 
Colourless, thin but firm sheath. 

 

Oscillatoria Filamentous. 
Wide stack of cells that with 

no visible gaps. 
No distinctive sheath. 

 

Lyngbya Filamentous. 
Disc-like stack of cells that 

appear short and wide. 

Sheath can be seen extending beyond 

the row of cells (trichome). 

Table 3.9 Continued 
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3.3.4 Canonical Correspondence Analysis (CCA) 

The association between Vibrio species and cyanobacteria in Pond A, Pond B, 

effluent and influent water are shown in Figure 3.7. Canonical Correspondence Analysis 

(CCA) was used to calculate the p value for the correlation between both bacteria species. 

The water parameters were included to determine the distribution of Vibrio species and 

cyanobacteria according to abiotic factors. All p values are insignificant (p > 0.01).  

Figure 3.10 (A) shows that the proliferation of cyanobacteria in pond A is 

predominantly associated with pH, salinity and temperature as opposed to Vibrio species. 

The CCA for pond B (Figure 3.10 (B)) shows that Vibrio growth gravitates towards pH while 

cyanobacteria growth gravitates towards salinity and temperature, although minimal 

correlation between both bacteria can be seen. In effluent water (Figure 3.10 (C)), a 

connection can be seen between Vibrio and cyanobacteria, yet, the growth of Vibrio is still 

primarily associated with pH levels rather than cyanobacteria, temperature, and salinity. 

Influent water shows no correlation between Vibrio species and cyanobacteria however, 

cyanobacteria correlates with all environmental parameters (Figure 3.10 (D)).  

In summary, both genera have a stronger relationship with environmental factors than 

they do with one another. The link between both genera is proven to be inconsistent with 

every sampling site and are minor. Cyanobacteria can be seen to prefer salinity at all sample 

locations while Vibrio species were observed to prefer pH in pond B and effluent water. 

Compared to Vibrio species, cyanobacteria were seen to be more closely related to all 

environmental conditions. 
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(A) Pond A 

p = 0.847 

(B) Pond B 

p = 0.255 

(C) Effluent 

p = 0.288 

(D) Influent 

p = 0.304 

Figure 3.7: The products of canonical correspondence analysis as calculated using PAST 

software. 
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3.4 Discussion 

Water quality parameters acts as a measure of health and wellbeing of shrimp culture 

(Carbajal-Hernández et al., 2013). Maintaining ideal environmental conditions can ensure 

shrimps' resilience to bacterial infections, to which they are particularly vulnerable with 

(Cheng et al., 2003). In the sampling location where this study was conducted, pH, salinity 

and temperature were monitored daily by the farmers. Mean pH for all the sampling sites 

were recorded to be along the line of 6.14 to 7.64. Moderate increase in acidity of the shrimp 

farm water was observed as the sampling progressed towards the end. This might indicate 

the accumulation of decaying organic matter in the shrimp farm waters (Zhang, 2017). This 

observation can be supported by the low pH displayed by pond A, pond B and effluent that 

are in contact with shrimps but not from influent where the water comes into the shrimp farm 

from outside source. Despite being slightly acidic, the level of pH remained in the normal 

range of 6.5 to 9.0 (Carbajal-Hernández et al., 2012).  

In the past, shrimps have been known to be sensitive towards small changes in water 

temperature in a way that it can affect their sizes (Wyban et al., 1995). An increase in shrimp 

yield can be seen from shrimp water with the temperature between 23.5 ℃ and 25.5 ℃ or 

between 30 ℃ and 31.5 ℃ (Abdelrahman et al., 2019). Therefore, it has been reported that 

the ideal range for shrimp rearing is from 28 ℃ to 32 ℃ (Carbajal-Hernández et al., 2012). 

In the shrimp farm, water temperature ranges from 30.8 ℃ to 31.5 ℃ across all sampling 

sites. No significant fluctuations were recorded. 

As for salinity, the optimum growing performance for shrimp was discovered 

between 20 and 30 ppt (Gao et al., 2016). Likewise, the recorded salinity of the ponds (17.4 

ppt to 24 ppt) was well kept within the ideal range in all sampling sites. Shrimps can tolerate 
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changes in salinity level as long as proper acclimation was done before stocking the post 

larvae (Rahi et al., 2021). It is clear from the environmental parameters’ data that daily 

monitoring in shrimp farms is essential in ensuring the best possible water quality for the 

shrimps' growth. 

The growth of Vibrio and cyanobacteria were compared with various water 

parameters. Based on the canonical correspondence analysis, pH, salinity and temperature 

all influence cyanobacterial growth, but salinity had greater influence. This has also been 

proven from previous research (Silveira & Odebrecht, 2019). Salinity can affect 

cyanobacteria in many ways such as their cell growth and their rate of photosynthesis 

(Moisander et al., 2002). Cyanobacteria’s tolerance towards salt might be due to the fact that 

they contain vast regulatory mechanism that allows them to acclimatize in various salt 

concentrations (Pade & Hagemann, 2014). Cyanobacteria’s high tolerance towards salt has 

been proven beneficial in the past for treating saline soil to improve rice crop (Jan et al., 

2018). In pond B and effluent water, Vibrio species were found to favour pH. However, other 

ponds (Pond A and influent) indicate no major effect of pH towards the growth of Vibrio 

species. The variation of the result might indicate the optimum pH where they grow best 

(Keenleyside, 2019).  

In addition to water parameters, the monitoring of the population density of Vibrio 

species plays an important role in early prevention of shrimp diseases (de Souza Valente & 

Wan, 2021). Over the course of sampling period across multiple sampling sites, Vibrio 

species can be seen to either kick-start their growth slowly followed with a drastic increase 

in growth, or, maintaining a constant high growth pattern above 1,000 UFC/mL which is the 

maximum range of acceptable Vibrio population in healthy shrimp farm water (Carbajal-
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Hernández et al., 2012). High concentration of Vibrio in water are commonly viewed as a 

rather undesirable attribute as they can cause outbreaks of shrimp diseases (de Souza Valente 

& Wan, 2021). In spite of that, it is important to consider that not all Vibrio species are 

pathogenic because they are naturally associated with shrimp gut microbiome (Zoqratt et al., 

2018). Further testing for toxin genes was done to analyze the potential of the Vibrio species 

in causing infection due to the high abundance of their population.  

Table 3.10: The summary of the PCR detection of V. cholerae and V. parahaemolyticus in 

Pond A, Pond B, effluent and influent.  

Vibrio species Number and percentage of positive detection 

 Pond A Pond B Effluent Influent 

V. cholerae 13/18 (72%) 11/18 (61%) 9/10 (90%) 7/10 (70%) 

V. parahaemolyticus 14/18 (78%) 18/18 (100%) 9/10 (90%) 9/10 (90%) 

 

According to the findings of this study, V. cholerae was detected at rates of 72%, 

61%, 90%, and 70% in Pond A, Pond B, effluent, and influent (respectively), while V. 

parahaemolyticus was identified at levels of 78%, 100%, 90%, and 90% using Duplex-PCR 

methodology (Table 3.10). Since these Vibrio species are naturally found in water and 

the gut microbiome of shrimps, their detection in this study is expected (Garibay-

Valdez et al., 2020). Recent studies have also proven the presence of both Vibrio 

species in aquaculture setting (Chen et al., 2022; Haifa-Haryani et al., 2022) and 

hypermarket setting ((Noorlis et al., 2011). The variation in the band’s brightness can be 

explained by the halophilic profile of V. parahaemolyticus (Cartwright & Griffin, 2012) that 

thrives in saline water better than V. cholerae. V. parahaemolyticus can also sustain greater 

range of environmental differences such as pH and temperature in coastal water than V. 
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cholerae (Prasanthan et al., 2011). Since the sampling was done at a coastal region it is 

expected that V. parahaemolyticus population exceeds that of V. cholerae’s which explains 

the brighter bands displayed in duplex PCR.  

When compared to overall Vibrio species, the growth curve of cyanobacteria 

displayed a clearer consistency. They have a structure resembling the lag phase, exponential 

or log phase, stationary phase, and death phase like a normal bacterial growth. This 

phenomenon can be attributed to the naturally slow growth rate of cyanobacteria due to their 

ability to carry on complex mechanism (such as the synthetization of amino acid and 

utilization of carbon dioxide for photosynthesis) causing the cells to prioritize cell function 

over reproduction (Burnap, 2015). In contrast to cyanobacteria, heterotrophic bacteria like 

Vibrio species use less energy to proliferate because they consume rather than produce their 

own food, leading to their quicker and more rapid development profile (Burnap, 2015). This 

repetitive nature of the data accounts for the persistently high Vibrio concentration as 

opposed to the assumed cyanobacterial growth trend. 

Cyanobacteria may be very well distinguished from other prokaryotes based on the 

characteristics of their cells, tendency to form colonies and the structure of their filaments 

(Dvorak et al., 2017). It is apparent that Pseudanabaena genus dominated the shrimp farm 

water as we approach the end of the sampling, significantly reducing the diversity of 

cyanobacteria. Aside from the reason that Pseudanabaena genus can commonly be found 

inhabiting planktonic water, they also are highly tolerant towards disturbance and low light 

when compared to other cyanobacteria genus (Nienaber & Steinitz-Kannan, 2018). 

Chroococcus, Phormidium, Oscillatoria and Lyngbya were among the other species that 

were discovered during prior samplings. 
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Based on the canonical correspondence analysis, pH, salinity and temperature all 

influence cyanobacterial growth, but salinity had a greater influence. This has also been 

proven by previous research where high cell densities were preferred by a cyanobacteria 

Nodularia spumigena (Silveira & Odebrecht, 2019). The high degree of salt tolerance in 

cyanobacteria can be attributed to their extensive regulatory mechanism, which enables them 

to adapt and thrive under diverse salinity levels (Pade & Hagemann, 2014). In the past, 

cyanobacteria's remarkable ability to withstand high salinity levels has been found 

advantageous for enhancing rice cultivation by remediating saline soil (Jan et al., 2018). In 

pond B and effluent water, Vibrio species were found to favour pH. However, other ponds 

(Pond A and influent) indicate no major effect of pH on the growth of Vibrio species. The 

variation in the result might indicate the optimum pH where they grow best (Keenleyside, 

2019).  

The interspecies relationship between the two genera has been proven to be an 

extremely complex discussion. Our data demonstrated minimal interspecies correlation 

between Vibrio species and cyanobacteria, which is consistent with previous studies (Julie 

et al., 2010; Paranjpye et al., 2015; Greenfield et al., 2017) although several (Islam et al., 

2004; Ward, 2014; Jesser & Noble, 2018) provide alternative evidence. This is because of 

the high population of Vibrio species in most sampling as opposed to the structured and more 

consistent growth pattern of cyanobacteria. It is also evident from the aforementioned studies 

that the interspecies relationship between the two genera is dependent on the species 

involved (Julie et al., 2010), seasonal temperature (Greenfield et al., 2017), and regional 

factors (Turner et al., 2009). However, this finding should not completely rule out the 

compatibility of Vibrio proliferation with cyanobacterial blooms as several studies have 

provided alternative evidence based on different regions and species involved.  
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It can be concluded that environmental considerations such as pH, temperature, and 

salinity are more important factors in determining the growth of Vibrio species and 

cyanobacteria than their relationship with each other. It is suggested that reducing exposure 

to environmental stressors may be a more effective way to limit Vibrio and cyanobacterial 

growth than focusing on controlling one bacterium over another. Further research is required 

to determine the precise mechanisms by which these bacteria interact with their environment 

and to develop more targeted interventions for managing them in aquaculture systems. A 

conclusive study involving a multidimensional landscape can link fragmentary knowledge 

regarding the relationship of both genera.  

3.5 Conclusion 

In this study, high Vibrio concentrations were detected in the shrimp farm; and 

molecular detection of Vibrio species showed a high percentage of V. cholerae and V. 

parahaemolyticus albeit the water parameters being within the acceptable range for shrimp 

farming. This calls for a regular Vibrio monitoring in the shrimp farming facility. Water 

treatments such as filtration, sanitation and disinfection can also be implemented to reduce 

the population of Vibrio species. Alternative treatments such as probiotics and phage therapy 

can be explored, as they have shown potential in controlling cell density of pathogenic Vibrio 

species. As for the Vibrio-cyanobacteria dynamic, the connection between Vibrio species 

and cyanobacteria appears to be minimal as suggested by their growth patterns. Since other 

factors affecting the persistence of Vibrio species in shrimp farms may be present still, 

further studies should also explore other factors such as species-specific relationships, 

regional dynamics, and other multidimensional landscapes that may be affecting the 

persistence of Vibrio species in shrimp farms.  
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CHAPTER 4   
 

THE PREVALENCE OF V. cholerae AND V. parahaemolyticus VIRULENCE 

GENES AND MULTIPLE ANTIBIOTICS RESISTANT (MAR) ASSESSMENT 

FROM SELECTED LOCAL SHRIMP FARM IN SARAWAK  

4.1 Introduction 

A significant and valuable aquaculture product, shrimps are widely traded on a global 

scale. Governments in developing nations like China, Thailand, Indonesia, India, Vietnam, 

Ecuador, and Bangladesh are compelled to encourage shrimp farming as a way to fight 

poverty due to the high demand for shrimps (World Wildlife Fund, 2022). In Malaysia, 

shrimp export during 2017 and 2018 contributed RM 0.8 billion of profit in 2017 and RM 1 

billion in 2018 (Fisheries Development Authority of Malaysia, 2020). According to the same 

source, shrimp goods also had the greatest export values when compared to other fishery 

products in those years, respectively. With high value of consumption of shrimp, there also 

comes the risk of the infection from shrimp sources. Vibrio species, including V. 

parahaemolyticus and V. cholerae, have been found to be associated with shrimp and pose 

a risk to human health. 

Recent studies showed that V. parahaemolyticus have been prevalent in shrimp farms 

in Malaysia, Indonesia, India and Thailand (Yano et al., 2014; Narayanan et al., 2020; Sarjito 

& Sabdono, 2021; Haifa-Haryani et al., 2022). Ingesting seafood contaminated with 

pathogenic V. parahaemolyticus can cause gastroenteritis, an inflammation of the stomach 

and intestines that leads to symptoms such as abdominal pain, diarrhoea, vomiting, and fever 

(Broberg et al., 2011). While most cases of V. parahaemolyticus infection are mild, in rare 

cases it can cause a more severe form of the disease that requires hospitalization (Broberg et 
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al., 2011). The looming effects brought by V. parahaemolyticus serves as a motivation for it 

to be included in this study. 

In addition to V. parahaemolyticus, the presence of V. cholerae in shrimp is also 

prominent (Joseph et al., 2015; Kriem et al., 2015; Shishehchian, 2020). The presence of V. 

cholerae in shrimp is a particularly concerning issue, as it is responsible for causing cholera 

infection towards human (Fu et al., 2019). Cholera infection causes severe dehydration with 

the onset of rice water diarrhoea and can cause a healthy person to die within 24 hours if not 

treated (Dick et al., 2012). Given the long track record of V. cholerae as a food-borne 

pathogen, (Reda et al., 2022), it is not surprising that this bacterial species was also included 

in the current study.  

Vibrio is a natural occurring microbiota of shrimp guts; therefore, they are not 

necessarily pathogenic (Zoqratt et al., 2018). However, an unhealthy shrimp harboured 30% 

more Vibrio in their guts of overall shrimp gut microbiome, compared to a healthy shrimp 

(Kuthoose et al., 2021). Their ability to cause infections can be determined by the presence 

of virulence genes in their genome. Thermostable direct haemolysin (tdh) and thermostable-

related haemolysin (trh) are majorly related to the toxicity of V. parahaemolyticus 

(Raghunath, 2015). The expression of tdh causes the formation of pore in red blood cell 

membrane (Matsuda et al., 2010). trh genes are 70% similar to that of tdh and the expression 

results in abnormal secretion of chloride ion in human colon (Takahashi et al., 2000). Repeat 

in toxin genes (rtxA and rtxC) are recently found in abundance in the genome of V. cholerae 

(Fu et al., 2020). rtxA and rtxC are present in many Gram-negative bacteria and can be 

transferred across their envelope (Linhartová et al., 2010). rtxA and rtxC genes expression 

induces cell death in human intestine (Lee et al., 2008). Cholera toxin subunit B (ctxB) is the 

gene responsible for the watery diarrhoea symptom causing dehydration and severe 
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electrolyte imbalance in human (Satitsri et al., 2016). ctxB was also detected in shrimp and 

is hazardous towards public health when consumed (Madhusudana & Surendran, 2013). 

In shrimp farms, illnesses brought on by Vibrio species are typically treated with 

antibiotics such  as tetracycline, norfloxacin, oxytetracycline, enrofloxacin and 

sulphonamides (Holmström et al., 2003; Luu et al., 2021). They were added in shrimp feed, 

or in the rearing pond water. However, due to the improper administration of antibiotics, the 

cases of antibiotic resistant bacteria have emerged (Fletcher, 2015; Holmström et al., 2003). 

Over the past few decades, the resistance towards antibiotics has developed and spread 

throughout many bacterial species as a result of the overuse of antibiotics in agricultural and 

aquaculture systems (Cabello, 2006). Antibiotic resistance is the term used to describe a 

bacteria increased in ability to withstand the effects of antibiotics, to which they were 

previously vulnerable to (Osunla & Okoh, 2017). Even non-pathogenic bacteria can harbour 

antibiotic resistance genes that then can transfer to pathogenic bacteria by a mechanism 

called horizontal gene transfer (Pérez-Rodríguez & Mercanoglu Taban, 2019). When 

infection can no longer treated by first-line antibiotic, more expensive and toxic medication 

will come in play (Ventola, 2015). Antibiotic resistance can cause longer treatment duration, 

increase healthcare costs that can become a burden for families, society and the economy 

(Ventola, 2015).  

This research project was conducted with great rigor, involving an in-depth analysis 

of a single, intensively sampled population of Vibrio isolates present in the local shrimp farm 

water. The study spanned a period of eight months and aimed to shed light on the virulence 

and antibiotic resistant profile of these bacterial strains. Specifically, this research aimed to 

identify several key virulence genes, including tdh, trh, ctxB, rtxA, and rtxC, which are 

associated with the pathogenicity of Vibrio species.  
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In addition to the investigation of virulence genes, the present study also focused on 

the emergence of Multiple Antibiotic Resistance (MAR) index. This index was used to 

identify the number of antibiotics that each isolate is resistant to, and their patterns of 

antibiotic resistance, with the aim of developing strategies to mitigate the potential for 

infection and ensure effective treatment in the near future. Overall, this study provides 

valuable new insights into the virulence and antibiotic resistance of Vibrio isolates present 

in shrimp farm water, and underscores the importance of ongoing research efforts to identify 

and mitigate potential health risks associated with these bacterial strains. 

4.2 Methodology 

4.2.1 Water Sampling 

Water sampling was commenced biweekly in two shrimp ponds (Pond A and Pond 

B), effluent and influent water of Persatuan Nelayan Kawasan Satang Biru, Telaga Air, 

starting from August to December 2021. The sampling campaign was executed within the 

shrimps’ post-larvae stocking to harvesting time frame. A total of six (n=6) samples from 

pond A, six (n=6) samples from pond B, ten (n=10) samples from effluent and ten (n=10) 

samples from influent were successfully collected, making up to (n=32) number of samples 

excluding triplicates samples. The samples were then transported to the laboratory under 

aseptic condition within 2 hours after sampling.  

4.2.2 Enrichment of Vibrio Species  

A total of one mL of the water samples was pipetted into 9 mL of Alkaline Peptone 

Water (APW) (HiMedia, India) to enrich Vibrio species in the samples. The cultures were 

then incubated overnight at 37 C.  
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4.2.3 Isolation of Vibrio Species 

A loopful of broth were streaked on the surface of TCBS agar (HiMedia, India) and 

subsequently incubated overnight at 37 C. Ten yellow (n=10) and 10 green (n=10) colonies 

that were formed on the agar was reintroduced to 5 mL of APW and incubated overnight at 

37 C for the detection using PCR.  

4.2.4 DNA Extraction of Vibrio Species  

The method was adjusted from Peng et al., (2013) to fit the requirement of this study. 

500 µL of the culture broth were pipetted into 1.5 mL microcentrifuge tube and centrifuged 

at 10,000 rpm for 5 minutes. The supernatant was discarded before adding 100 µL of 

deionized distilled water (ddH2O). The mixture was then boiled for 10 minutes, and snap 

cooled in ice for 5 minutes. Lastly, each tube was centrifuged for 10 minutes at 10,000 rpm. 

The clear solution is the product of the DNA extract. 

4.2.5 Polymerase Chain Reaction (PCR)  

PCR was done by adding exTEN PCR 2X Master Mix (Base Asia), 2 pairs of forward 

and reverse primers as specified in Table 4.1, nuclease-free water and DNA extracts from 

each sampling. The volume of each reagent was shown in Table 4.2, while the amplification 

of DNA sequence was done by using thermal cycler (Eppendorf Mastercycler Gradient) with 

the conditions shown in Table 4.3. trh and tdh (Bio basic, Canada) PCR condition was 

derived from (Hossain et al., 2020) with slight modification. The PCR condition for ctxB 

(IDT, USA) was derived from (Said et al., 1995) while rtxA, rtxC (IDT, USA) was derived 

from (Chow et al., 2001), also with slight modification. 
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Table 4.1: Primer pairs for the detection of toxin genes tdh, trh ctxB, rtxA and rtxC. 

Target genus or species 
Target 

gene 
Primer name Primer sequences 

PCR 

base 

pair 

V. parahaemolyticus 

tdh 

tdh-F 5’- GTA AAG GTC TCT GAC TTT TGG AC -3’ 

623 

tdh-R 5’- TGG AAT AGA ACC TTC ATC TTC ACC -3’ 

trh 

trh-F 5’- TTG GCT TCG ATA TTT TCA GTA TCT-3’ 

460 

trh-R 5’ – CAT AAC AAA CAT ATG CCC ATT TCG G-3’ 

V. cholerae 

ctxB 

ctx B2 5’- GGT TGC TTC TCA TCA TGG AAC CAC – 3’ 

460 

ctx B3 5’ – GAT ACA CAT AAT AGA ATT AAG GAT G-3’ 

rtxA 

rtx A-F 5’- CTG AAT ATG AGT GGG TGA CTT ACG -3’ 

417 

rtx A-R 5’- GTG TAT TGT TCG ATA TCC GCT ACG -3’ 

rtxC 

rtx C-F 5’- CGA CGA AGA TCA TTG ACG AC -3’ 

263 
rtx C-R 

5’- CAT CGT CGT TAT GTG GTT GC -3’ 
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Table 4.2: The volume of PCR reagent for the detection of tdh, trh ctxB, rtxA and rtxC. 

PCR Reagent Volume per reaction (µL) 

 tdh and trh ctxB rtxA and rtxC 

exTEN 2X PCR Master Mix (Base Asia) 12.5 

10 pmol/µL of primer F-tdh 1.25   

10 pmol/µL primer R-tdh 1.25   

10 pmol/µL primer F-trh 1.25   

10 pmol/µL primer R-trh 1.25   

10 pmol/µL of primer ctx B2  1.5  

10 pmol/µL primer ctx B3  1.5  

10 pmol/µL of primer rtx A-F   1.5 

10 pmol/µL primer rtx A-R   1.5 

10 pmol/µL primer rtx C-F   1.5 

10 pmol/µL primer rtx C-R   1.5 

Nuclease-free water 3.0 1.5 3.5 

DNA extract 2.0 3.0 3.0 

Total volume 22.5 20 25 
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Table 4.3: PCR condition for tdh, trh ctxB, rtxA and rtxC. 

Step Cycle Temperature/Time 

 tdh and trh ctxB, rtxA and rtxC 

Initial denaturation 94 C (5 min) 95 C (5 min) 

Denaturation 94 C (1 min) 95 C (1 min) 

Annealing 58 C (1 min) (30 cycles) 55 C (1 min) (30 cycles) 

Extension 72 C (1 min) 72 C (1 min) 

Final extension 72 C (10 min) 72 C (10 min) 
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4.2.6 Agarose Gel Electrophoresis (AGE) 

The PCR products were loaded into 1.5% agarose gel and were charged with 80V 

electric current for 1 hour prior to being stained for 45 minutes with 0.1% of Ethidium 

Bromide (EtBr). The bands formed were then observed by using UV transilluminator before 

being photographed. 

4.2.7 Antibiotic Susceptibility Test (AST)  

AST were done to determine bacterial sensitivity or resistance towards various 

antibiotics. The method used were disc diffusion method (Bauer et al., 1966). Firstly, healthy 

pure sample cultures of V. cholerae and V. parahaemolyticus were isolated and suspended 

in inoculums where their turbidity was compared with 0.5 Mcfarland standard of suspension. 

The pure bacterial cultures were then lawned by using sterile cotton swabs on the Mueller 

Hinton Agar (MHA) (HiMedia, India) plates that were supplied with 2% NaCl each. These 

plates were then left to settle and dry for 5 minutes (Uddin et al., 2018) Discs containing 

antibiotics were then secured on top of the agar by using sterile tweezer leaving a decent 

amount of spaces between each disc for accurate measurement of result. The antibiotics 

(Oxoid, UK) used in this experiment are listed in Table 4.4.  The plates were then incubated 

overnight at 37 °C. The results were recorded by measuring the diameter of the inhibition 

zone in millimetre and interpreted as Resistant (R), Intermediate (I) or Sensitive (S) 

according to Clinical and Laboratory Standards Institute (CLSI), M45 guidelines (CLSI, 

2015).  

By quantifying the number of resistant isolates, information can be inferred, 

including the most effective and/or ineffective antibiotics for treating these isolates, the 
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Multiple Antibiotic Resistant (MAR) indices, and patterns indicating frequent antibiotic 

resistance among specific groups of antibiotics. This data allows for a comprehensive 

understanding of bacterial susceptibility to different drugs. 
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Table 4.4: Antibiotics used in this study for the Antibiotic Susceptibility Test (AST) for V. 

cholerae and V. parahaemolyticus. 

Antimicrobial Class Antibiotic Names Abbreviation 
Content 

(µg) 

Penicillins and β- lactam/β- 

Lactamase Inhibitor 

Combinations 

Ampicillin AMP10 10 

Amoxycillin/Clavulanate  AMC30 30 

Cephalosporins/Cephems 

Ceftazidime CAZ30 30 

Ceftriaxone CRO30 30 

Cephalothin KF30 30 

Carbapenems 

Imipenem IPM10 10 

Meropenem MEM10 10 

Aminoglycosides 

Amikacin AK30 30 

Kanamycin K30 30 

Neomycin N30 30 

Streptomycin S10 10 

Tetracyclines Tetracycline TE30 30 

Quinolones/Fluoroquinolones 

Nalidixic Acid NA30 30 

Norfloxacin NOR10 10 

Ciprofloxacin CIP5 5 

Folate Pathway Inhibitors 

Compound 

Sulphonamides 
S3 300 

Sulfamethoxazole RL25 25 

Sulfamethoxazole-

Trimethoprim 
SXT25 25 

Phenicols Chloramphenicol  C30 30 

Rifamycin Rifampicin RD5 5 
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4.3 Results 

4.3.1 Toxin Genes 

a. V. cholerae (ctxB, rtxA and rtxC) 

The genomes of all V. cholerae isolates lacked formation of any DNA bands for the 

detection of ctxB, therefore indicating a complete absence of the said gene in the isolates. As 

for rtxA and rtxC, 7 out of the 10 isolates showed a positive result for the detection of rtxA, 

indicating the presence of this virulence gene in those isolates. Similarly, 9 out of the 10 

isolates tested positive for the detection of rtxC, suggesting the presence of this virulence 

gene in those isolates. These also mean that 70% of the V. cholerae isolates harbour rtxA 

genes and 90% of the V. cholerae isolates harbour rtxC genes. These findings are presented 

in Figure 4.1 and 4.2, which clearly shows the distribution of the positive results by the 

formation of stained DNA bands for each virulence gene across the lanes.  
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Figure 4.1: PCR result for the detection of ctxB toxin gene in V. cholerae isolates as 

viewed in 1.5% agarose gel. M: 100 bp DNA ladder, 1: positive control for ctxB, 2: 

negative control, 3: Isolate 1, 4: Isolate 2, 5: Isolate 3, 6: Isolate 4, 7: Isolate 5, 8: Isolate 6, 

9: Isolate 7, 10: Isolate 8, 11: Isolate 9, 12: Isolate 10. No ctxB gene were detected in the V. 

cholerae isolates.   

 

 

 

Figure 4.2: Duplex-PCR result for the detection of rtxA and rtxC toxin genes in V. 

cholerae isolates as viewed in 1.5% agarose gel. M: 100 bp DNA ladder, 1: positive 

control for rtxA and rtxC, 2: negative control, 3: Isolate 1, 4: Isolate 2, 5: Isolate 3, 6: 

Isolate 4, 7: Isolate 5, 8: Isolate 6, 9: Isolate 7, 10: Isolate 8, 11: Isolate 9, 12: Isolate 10. 

Lane 4, 5, 6, 7, 9, 10, and 11 appeared to have positive detection of rtxA while lane 3 to 11 

showed positive detection of rtxC toxin gene.  

  

460 bp, 

ctxB 

417 bp, rtxA 

263 bp, rtxC 
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b. V. parahaemolyticus (tdh and trh) 

All 10 V. parahaemolyticus isolates showed no evidence of the tdh and trh gene in 

their genomes, as demonstrated in Figure 4.3. This is also determined by the lack of stained 

DNA bands formation indicating a complete absence of both genes in the isolates.  

 

 

Figure 4.3: Multiplex-PCR result for the detection of tdh, trh and tlh toxin genes in V. 

parahaemolyticus isolates as viewed in 1.5% agarose gel. M: 100 bp DNA ladder, 1: 

positive control for tdh and trh, 2: negative control, 3: Isolate 1, 4: Isolate 2, 5: Isolate 3, 6: 

Isolate 4, 7: Isolate 5, 8: Isolate 6, 9: Isolate 7, 10: Isolate 8, 11: Isolate 9, 12: Isolate 10. 

Negative detection can be observed for tdh and trh. 

  

623 bp, tdh 

460 bp, trh 
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4.3.2 Antibiotic Profile  

a. V. cholerae 

Table 4.5 presents the results of the antibiotic profiling of V. cholerae isolates against 

selected antibiotics. There appears to be no evidence of resistance from V. cholerae isolates, 

imipenem, tetracycline, norfloxacin thus awarding them as the most potent antibiotics. 

Amoxycillin/clavulanate, sulfamethoxazole-trimethoprim, and chloramphenicol are next in 

line and were recorded with 80% susceptibility of eradicating V. cholerae population. The 

least effective antibiotics at preventing the growth of V. cholerae is sulfamethoxazole (100% 

resistance), followed by cephalothin (80% resistance), neomycin (70% resistance), 

streptomycin (70% resistance) and ceftriaxone (60% resistance). 
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 Table 4.5: Antibiotic profiling of V. cholerae isolates against selected antibiotics. 

Antimicrobial Class Antibiotic Names Abbreviation 

No. and Percentage (%) of V. cholerae 

according to their Susceptible, Intermediate and 

Resistance Distribution 

Susceptible, S Intermediate, I Resistant, R 

Penicillins and β- lactam/β- Lactamase 

Inhibitor Combinations 

Ampicillin AMP10 
4 

(40%) 

1 

(10%) 

5 

(50%) 

Amoxycillin/Clavulanate  AMC20 
8 

(80%) 

0 

(0%) 

2 

(20%) 

Cephalosporins/Cephems 

Ceftazidime CAZ30 
7 

(70%) 

0 

(0%) 

3 

(30%) 

Ceftriaxone CRO30 
4 

(40%) 

0 

(0%) 

6 

(60%) 

Cephalothin KF30 
1 

(10%) 

1 

(10%) 

8 

(80%) 

Carbapenems 

Imipenem IPM10 
10 

100% 

0 

(0%) 

0 

(0%) 

Meropenem MEM10 
7 

(70%) 

2 

(20%) 

1 

(10%) 

Aminoglycosides 
Amikacin AK30 

4 

(40%) 

3 

(30%) 

3 

(30%) 

Kanamycin K30 3 5 2 
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(30%) (50%) (20%) 

Neomycin N30 
3 

(30%) 

0 

(0%) 

7 

(70%) 

Streptomycin S10 
1 

(10%) 

2 

(20%) 

7 

(70%) 

Tetracyclines Tetracycline TE30 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Quinolones/Fluoroquinolones 

Nalidixic Acid NA30 
5 

(50%) 

0 

(0%) 

5 

(50%) 

Norfloxacin NOR10 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Ciprofloxacin CIP5 
7 

(70%) 

3 

(30%) 

0 

(0%) 

Folate Pathway Inhibitors 

Compound 

Sulphonamides 
S3 

4 

(40%) 

4 

(40%) 

2 

(20%) 

Sulfamethoxazole RL25 
0 

(0%) 

0 

(0%) 

10 

(100%) 

Sulfamethoxazole-

Trimethoprim 
SXT25 

8 

(80%) 

0 

(0%) 

2 

(20%) 

Phenicols Chloramphenicol  C30 
8 

(80%) 

2 

(20%) 

0 

(0%) 

Table 4.5 Continued 
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Rifamycin Rifampicin RD5 
6 

(60%) 

0 

(0%) 

4 

(40%) 

Table 4.5 Continued 
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b. V. parahaemolyticus 

Table 4.6 presents the results of the antibiotic profiling of V. parahaemolyticus 

isolates against selected antibiotics. A total of 100% of V. parahaemolyticus isolates was 

susceptible with ceftazidime, ceftriaxone, amikacin, neomycin, nalidixic acid, ciprofloxacin, 

sulfamethoxazole-trimethoprim and chloramphenicol (Table 4.9). 90% of susceptibility was 

displayed by the antibiotic kanamycin, tetracycline and norfloxacin in eradicating V. 

parahaemolyticus. Others such as amoxycillin/clavulanate, meropenem and rifampicin were 

recorded to have 80% susceptibility towards V. parahaemolyticus isolates. The least 

effective antibiotics at preventing the growth of V. parahaemolyticus is cephalothin, 

streptomycin and sulfamethoxazole with 100% resistance recorded. The next antibiotic that 

the species were highly resistant to was compound sulphonamides which can be attributed 

to the high rates of resistance found in V. parahaemolyticus (80%). 
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Table 4.6: Antibiotic profiling of V. parahaemolyticus isolates against selected antibiotics. 

Antimicrobial Class Antibiotic Names Abbreviation 

No. and Percentage (%) of V. parahaemolyticus 

according to their Susceptible, Intermediate and 

Resistance Distribution 

Susceptible, S Intermediate, I Resistance, R 

Penicillins and β- lactam/β- 

Lactamase Inhibitor 

Combinations 

Ampicillin AMP10 
6 

(60%) 

0 

(0%) 

4 

(40%) 

Amoxycillin/Clavulanate  AMC20 
8 

(80%) 

0 

(0%) 

2 

(20%) 

Cephalosporins/Cephems 

Ceftazidime CAZ30 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Ceftriaxone CRO30 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Cephalothin KF30 
0 

(0%) 

0 

(0%) 

10 

(100%) 

Carbapenems 

Imipenem IPM10 
5 

(50%) 

4 

(40%) 

1 

(10%) 

Meropenem MEM10 
8 

(80%) 

1 

(10%) 

1 

(10%) 

Aminoglycosides Amikacin AK30 
10 

(100%) 

0 

(0%) 

0 

(0%) 
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Kanamycin K30 
9 

(90%) 

1 

(10%) 

0 

(0%) 

Neomycin N30 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Streptomycin S10 
0 

(0%) 

0 

(0%) 

10 

(100%) 

Tetracyclines Tetracycline TE30 
9 

(90%) 

0 

(0%) 

1 

(10%) 

Quinolones/Fluoroquinolones 

Nalidixic Acid NA30 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Norfloxacin NOR10 
9 

(90%) 

0 

(0%) 

1 

(10%) 

Ciprofloxacin CIP5 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Folate Pathway Inhibitors 

Compound Sulphonamides S3 
1 

(10%) 

1 

(10%) 

8 

(80%) 

Sulfamethoxazole RL25 
0 

(0%) 

0 

(0%) 

10 

(100%) 

Sulfamethoxazole-

Trimethoprim 
SXT25 

10 

(100%) 

0 

(0%) 

0 

(0%) 

Table 4.6 Continued 
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Phenicols Chloramphenicol  C30 
10 

(100%) 

0 

(0%) 

0 

(0%) 

Rifamycin Rifampicin RD5 
8 

(80%) 

0 

(0%) 

2 

(20%) 

Table 4.6 Continued 
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4.3.2 MAR Indices and Antibiotic Resistant Pattern 

a. V. cholerae 

The identification of the antibiotic resistant pattern from each V. cholerae isolates 

and their MAR indexes provides an insight on the diversity of the antibiotics that they are 

resistant with. Table 4.7 shows 9 profile patterns of antibiotic resistance with the most 

frequent pattern being C with the resistance profile of KF30N30RD5RL25S10. The 

frequency happened to be of 20% occurrence of all the 10 isolates. MAR indexes of V. 

cholerae isolates ranges from 0.15 to 0.55 while their mean is 0.34. The antibiotic pattern I 

has the highest MAR index at a staggering 0.55 while the pattern A showed the lowest MAR 

index at 0.15. Both occurrences were recorded to be at 10% frequency. From the 10 isolates, 

a total of 9 isolates showed MAR indexes greater than 0.2. 
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Table 4.7: Patterns of antibiotic resistance profile and MAR index of V. cholerae isolates. 

Label 
Isolate 

Number 
aAntibiotic Resistance Pattern 

bMAR 

Index 

Percentage of 

Occurrence (No. 

of Isolates/Total 

of isolates) (%) 

A VC10 NRlS 0.15 10% 

B VC03 AmpCroKfNaRl 0.25 

30% 
C 

VC07 
KfNRdRlS 

0.25 

VC08 0.25 

D VC02 AmcAmpCroKfNaRl 0.30 
20% 

E VC09 KfNRdRlSSxt 0.30 

F VC01 AmcAmpCroKfMemRlSxt 0.35 10% 

G VC05 AkCazCroKNNaRlSS3 0.45 10% 

H VC06 AkAmpCazCroKfNNaRdRlS 0.50 10% 

I VC04 AkAmpCazCroKKfNNaRlSS3 0.55 10% 
a Antibiotics used: Amp, Ampicillin; Amc, Amoxycillin/Clavulanate; Caz, Ceftazidime; Cro, Ceftriaxone; Kf, Cephalothin; Ipm, Imipenem; Mem, Meropenem; Ak, 

Amikacin; K, Kanamycin; N, Neomycin;  S, Streptomycin; Te, Tetracycline; Na, Nalidixic Acid; Nor, Norfloxacin; Cip, Ciprofloxacin; S3, Compound 

Sulphonamides; Rl, Sulfamethoxazole; Sxt, Sulfamethoxazole-Trimethoprim; C, Chloramphenicol; Rd, Rifampicin 

b MAR Index = The number of antibiotics that the isolate is resistant to / Total number of antibiotics used 
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b. V. parahaemolyticus 

The identification of the antibiotic resistant pattern and their MAR indexes provides 

an insight on the diversity of the antibiotics that each isolate is resistant with. From V. 

parahaemolyticus isolates, 8 profile patterns of antibiotic resistance were recorded (Table 

4.8). The most frequent pattern was B with the resistance profile of KF30RL25S10S3. 100% 

of V. parahaemolyticus isolates were detected with the MAR indexes of 0.2 and higher. 

MAR indexes of V. parahaemolyticus isolates ranges from 0.20 to 0.35, making them all 

above 0.20 threshold. Their calculated mean is 0.24. The greatest MAR index is 0.35 from 

pattern H while the lowest is pattern A with 0.20 MAR index.  
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Table 4.8: Patterns of antibiotic resistance profile and MAR index of V. parahaemolyticus isolates. 

Label 
Isolate 

Number 
aAntibiotic Resistance Pattern 

bMAR 

Index 

Percentage of 

Occurrence (No. of 

Isolates/Total of 

isolates) (%) 

A VP03 KfNorRlS 0.20 

50% 
B 

 

VP04 

KfRlSS3 

0.20 

VP05 0.20 

VP08 0.20 

C VP10 AmpKfRlS 0.20 

D VP02 KfMemRlSS3 0.25 

30% E VP06 KfRdRlSS3 0.25 

F VP09 AmcAmpKfRlS 0.25 

G VP07 AmpKfRdRlSS3 0.30 10% 

H VP01 AmcAmpIpmKfRlSTe 0.35 10% 
a Antibiotics used: Amp, Ampicillin; Amc, Amoxycillin/Clavulanate; Caz, Ceftazidime; Cro, Ceftriaxone; Kf, Cephalothin; Ipm, Imipenem; Mem, Meropenem; Ak, 

Amikacin; K, Kanamycin; N, Neomycin;  S, Streptomycin; Te, Tetracycline; Na, Nalidixic Acid; Nor, Norfloxacin; Cip, Ciprofloxacin; S3, Compound Sulphonamides; 

Rl, Sulfamethoxazole; Sxt, Sulfamethoxazole-Trimethoprim; C, Chloramphenicol; Rd, Rifampicin 

b MAR Index = The number of antibiotics that the isolate is resistant to / Total number of antibiotics used
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4.4 Discussion 

In the present study, the impact of vibriosis on the global shrimp industry was 

examined, with a focus on the role of V. parahaemolyticus and V. cholerae in causing various 

diseases in shrimps. The presence of virulence genes, such as tdh and trh in V. 

parahaemolyticus and rtxA and rtxC in V. cholerae, can increase the toxicity and 

pathogenicity of these bacteria, leading to serious infections in shrimps. Table 4.9 shows the 

summary of PCR toxin genes detection in both V. cholerae and V. parahaemolyticus isolates 

that were done in this study.  

Table 4.9: The summary of the PCR detection of toxin genes in the isolates of V. cholerae 

and V. parahaemolyticus. 

Vibrio species 
Toxin 

gene 

Number of positive 

detections 

Percentage of positive 

detection 

V. cholerae 

ctxB 0/10 0% 

rtxA 7/10 70% 

rtxC 9/10 90% 

V. parahaemolyticus 
tdh 0/10 0% 

trh 0/10 0% 

 

trh and tdh genes were absent in V. parahaemolyticus isolates. Low detection of tdh 

and trh genes from aquaculture sample was also reported from previous study (Vieira et al., 

2011). Since these virulence factors are major and can infect both people and aquatic 

organisms, it is crucial that their density remained low (Robert-Pillot et al., 2004). Despite 

the absence of tdh and trh genes, there is no certainty that V. parahaemolyticus does not 

possess other virulence components that are not covered in this study.  

As for V. cholerae isolates, 70% rtxA and 90% rtxC genes were detected. RTX toxin 

are well known to be associated with gram-negative bacteria (Coote, 1992). Gram-negative 
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bacteria-related toxins have a number of effects, including haemolysin, pore formation, and 

cytotoxicity (Prithvisagar et al., 2021). The detection of rtxA and rtxC genes were also 

mentioned in recent studies (Igere et al., 2022; Fu et al., 2020; Xu et al., 2019). Since rtx 

genes can be present in not only Vibrio species but also in gram-negative bacteria, it is 

possible that horizontal gene transfer is widespread causing the high pathogenicity 

(Dell’Annunziata et al., 2021; Deng et al., 2019). In order to prevent a widespread infection 

from endangering the health of shrimp and people, a control measure should be carried out 

in response to the high proportion of rtxA and rtxC genes detected in the sampling location.  

The classes of antibiotics that are the most effective for the treatment from V. 

cholerae are tetracycline (tetracycline), carbapenem (imipenem) and older quinolone 

(norfloxacin). As for V. parahaemolyticus, cephalosporins/cephems (ceftazidime and 

ceftriaxone), aminoglycosides (amikacin and neomycin), older quinolones (nalidixic acid 

and ciprofloxacin), folate pathway inhibitor (sulfamethoxazole-trimethoprim) and phenicol 

(chloramphenicol) are the most effective. Norfloxacin was the most successful antibiotic in 

eradicating 100% of V. cholerae and 90% of V. parahaemolyticus for the same reason it was 

banned for the use of food animals in Malaysia (Hassali et al., 2018). Avoparcin, 

chloramphenicol, nitrofurantoin, nitrofurazone, furazolidone, furaltadone, teicoplanin and 

vancomycin are also banned in food animals due to the level of harmful residues that can 

cause adverse impact on human health (Hassali et al., 2018). Antibiotic residues are proven 

to be difficult to extinguish entirely since they can remain in food even after cooking (Fathy 

Mahmoud, 2015).  

Mean MAR indices of 0.34 for V. cholerae and 0.24 for V. parahaemolyticus were 

calculated in this study. 90% of V. cholerae isolated have recorded MAR index of higher 
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than 0.2 while 100% of V. parahaemolyticus have recorded MAR index of 0.2 and/or higher. 

MAR index greater than 0.2 indicate that isolates came from a highly contaminated source 

where antibiotics are frequently used (Davis & Brown, 2016). Based on the result, V. 

parahaemolyticus displayed significant resistance towards sulfamethoxazole, compound 

sulphonamides, cephalothin and streptomycin. It matches the antibiotics mentioned in CLSI-

M45,  (2015). As for V. cholerae, they are the most resistant towards sulfamethoxazole, 

cephalothin, neomycin, streptomycin, and ceftriaxone. This result is in favour with previous 

research that found the same antibiotics resistance from V. cholerae towards listed antibiotics 

except for neomycin (Adesiyan et al., 2021; Fu et al., 2020; Mandal et al., 2012; Noorlis et 

al., 2011). Low resistance (Verma et al., 2019) and high susceptibility (Mrityunjoy et al., 

2013) of neomycin for the treatment of V. cholerae have been recorded in previous research. 

Decrease in neomycin resistant from the year 2000 to 2022 were also documented (Wu et 

al., 2022). Regardless, the use of neomycin for treating vibriosis in aquaculture and cholera 

infection is indeed described by other studies (Adesiyan et al., 2022; Farooq & Unno, 2018; 

Manjusha & Sarita, 2011).  

The distribution of antibiotic resistance genes is linked to various factors such as 

potential host genera and biomes, sample collection year, environmental factors influenced 

by human activities and collection countries (Lin et al., 2022). As the shrimp farmers in this 

study denied any use of treatment for the shrimps, it is possible that the bacteria acquired 

antibiotics resistance from the environment or from the post-larvae that were imported from 

other hatcheries. This observation correlates with a study which stated that higher frequency 

of MAR occurs in hatcheries compared to in shrimp rearing pond (Zhang et al., 2011). 

Nevertheless, the high susceptibility of Vibrio species towards banned antibiotics in this 
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study indicate proper obligation and understanding of shrimp farmers and aquaculture 

organisations towards food safety.  

Several control measures can be taken before bigger conflict involving shrimp 

diseases develop. To avoid prolong effect of MAR, the proper usage and constant 

supervision of antibiotics use in shrimp farm should be implemented. The use of alternative 

treatments such as detergents (Elexson et al., 2014), probiotics (Ngo & Fotedar, 2010), and 

phage therapy (Chen et al., 2019) have all been shown to be equally effective, if not superior, 

in treating vibriosis in the shrimp farming industry. Water treatment should be implemented 

before being released back to the environment to lessen the negative impact brought by the 

rearing of shrimp from a highly contaminated source. These precautions should be properly 

considered as the shrimp farming industry develops to help safeguard the welfare of our 

natural environment. Finally, it is important for everyone participating in the shrimp farming 

sector, as well as the general public, to have a sufficient awareness of food safety.   

4.5 Conclusion 

Toxin genes rtxA and rtxC were prominent in V. cholerae isolates, proving the 

pathogenicity of the bacteria. High MAR indices from both bacterial species isolates indicate 

the consequences of improper use of antibiotics from highly contaminated sources, whether 

from imported shrimp larvae from external nurseries, or other bacteria in the environment 

via water current. Despite the high MAR indices, the banned antibiotics are still highly 

susceptible towards the isolates, therefore proving the obligation of shrimp handlers towards 

banned antibiotics. Alternative shrimp disease treatments with lower risk towards the 

environment and human consumption can slowly be implemented for treating diseases 

caused by Vibrio species. Of all the antibiotics tested in this study, ciprofloxacin is the most 
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suitable antibiotic for the treatment of vibriosis. Overall, the research presented in this study 

provides important insights into the pathogenicity and antibiotic resistance of Vibrio species 

isolates in aquaculture, underscoring the need for ongoing surveillance and monitoring of 

these bacterial strains to prevent the spread of antibiotic-resistant infections and protect the 

health of shrimp handlers and consumers. With the implementation of preventative measures 

and more sustainable practices, the impact of Vibrio-related illnesses on public health can be 

properly mitigated. 
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CHAPTER 5  
 

 

CONCLUSION AND RECOMMENDATIONS 

From this study, it is apparent that most sampling showed that the population of 

Vibrio species were above the considered normal density of 1000 UFC/mL. From the total 

samples of thirty-two (n=32), V. parahaemolyticus showed 78%, 100%, 90%, and 90% 

prevalence while V. cholerae showed 72%, 61%, 90% and 70% prevalence from Pond A, 

Pond B, effluent, and influent, respectively. The quantification of cyanobacteria using 

Sedgwick-Rafter counting chamber and inverted microscope with DIC filter revealed the 

presence of Pseudanabaena, Chroococcus, Phormidium, Oscillatoria and Lyngbya genus in 

our local shrimp farm with Pseudanabaena dominating the shrimp farm towards the end of 

sampling.  

This study also provided an overview of the relationship between Vibrio species and 

cyanobacteria in a local shrimp farm. Results from CCA showed an insignificant correlation 

between Vibrio species and cyanobacteria with p-values of 0.847, 0.255, 0.288, and 0.304 

for Pond A, Pond B, effluent, and influent water, respectively. The insignificant correlation 

of Vibrio species and cyanobacteria in a local shrimp farm in Sarawak proves that other 

factors such as regional factors and species-specific bacteria plays the role in determining 

their correlation. Further research should be conducted in order to better understand the 

relationship between Vibrio species and cyanobacteria.  

Aside from that, the emergence of virulent genes and antibiotic resistance in Vibrio 

species detected in this study can pose as potential health risks in the shrimp industry. It is 

apparent that 70% of rtxA and 90% of rtxC virulence genes were present in V. cholerae 
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isolates while tdh and trh were absent in V. parahaemolyticus isolates. Antibiotic 

susceptibility testing showed that all V. cholerae and V. parahaemolyticus isolates were 

resistant to at least one antibiotic with the mean MAR indices of 0.34 for V. cholerae and 

0.24 for V. parahaemolyticus. The MAR index of 0.20 and greater indicates that antibiotics 

are heavily contaminating the shrimp farm water.  

Based on the results of this study, it is recommended that Vibrio monitoring is 

performed periodically in shrimp farms so that disease prevention measure can be done. Due 

to the high Vibrio population in the shrimp farm water, the treatments such as water filtration, 

sanitation, and disinfection are recommended. Aside from that, the import of shrimp larvae 

from other hatcheries leaves open the possibility of the hatcheries to be contaminated with 

antibiotics as well. As such, it is also important for farmers to limit the use of antibiotics in 

their shrimp farms to mitigate the emergence of superbugs. It is also advised that alternative 

treatment of diseases in the aquaculture industry to be implemented before antibiotic 

resistance becomes the new normal. This research has provided valuable insight into the 

risks of antibiotic-resistant infections, which can be applied by or suggested for the shrimp 

industry in Sarawak and beyond.  
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Shrimp post-larvae. 

 

 

Acclimation process before post-larvae stocking. 
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Aeration process by using machine to promote continuous flow of oxygen. 

 

 

Automatic feeder attached to the end of the bridge to equally dispense shrimp feed.  
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Pond A:  MPN Raw Data 
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samplings 
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triplicates 

Number of positive 

tubes MPN/10 

mL 

95% Confidence 

Range 
0.01 

0.00

1 

0.00

01 

Sampling 1 

A 3 3 3 >11000 4200-40000 

B 0 0 0 <30 0-95 

C 0 0 0 <30 0-95 

Sampling 2 

A 0 0 0 <30 0-95 

B 3 3 3 >11000 4200-40000 

C 0 0 0 <30 0-95 

Sampling 3 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 4 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 5 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 6 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 
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Pond B:  MPN Raw Data 

 

 

  

Number of 

samplings 
 

Sampling site 

triplicates 

Number of positive 

tubes MPN/10 

mL 

95% Confidence 

Range 
0.01 0.001 

0.00

01 

Sampling 1 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 2 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 3 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 4 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 5 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 

Sampling 6 

A 3 3 3 >11000 4200-40000 

B 3 3 3 >11000 4200-40000 

C 3 3 3 >11000 4200-40000 
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Effluent: MPN Raw Data 

Number of 

samplings 

Number of positive tubes 
MPN/10 

mL 

95% Confident 

Range 0.0

1 
0.001 

0.000

1 

Sampling 1 0 0 0 <30 0-95 

Sampling 2 3 3 3 >11000 4200-40000 

Sampling 3 3 3 3 >11000 4200-40000 

Sampling 4 3 3 3 >11000 4200-40000 

Sampling 5 3 3 3 >11000 4200-40000 

Sampling 6 3 3 3 >11000 4200-40000 

Sampling 7 3 3 3 >11000 4200-40000 

Sampling 8 3 3 3 >11000 4200-40000 

Sampling 9 3 3 3 >11000 4200-40000 

Sampling 10 3 3 3 >11000 4200-40000 

 

Influent: MPN Raw Data 

Number of 

samplings 

Number of positive tubes 
MPN/10 

mL 

95% Confident 

Range 0.01 0.001 
0.000

1 

Sampling 1 2 1 0 150 37-420 

Sampling 2 2 2 2 350 87-940 

Sampling 3 3 3 3 >11000 4200-40000 

Sampling 4 3 3 3 >11000 4200-40000 

Sampling 5 3 3 3 >11000 4200-40000 

Sampling 6 3 3 3 >11000 4200-40000 

Sampling 7 3 3 3 >11000 4200-40000 

Sampling 8 3 3 3 >11000 4200-40000 

Sampling 9 3 3 3 >11000 4200-40000 

Sampling 10 3 3 3 >11000 4200-40000 
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Effluent: Environmental Parameters and Cyanobacteria Cell Counting (Pre-log) 
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Influent: Environmental Parameters and Cyanobacteria Cell Counting (Pre-log) 
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Pond B: Environmental Parameters and Cyanobacteria Cell Counting (Pre-log) 
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Pond A: Environmental Parameters and Cyanobacteria Cell Counting (Pre-log) 
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V. cholerae Antibiotic Susceptible Isolates (Henceforth, 1 = Present) 

Antibiotic Code 

Con

c 

(µg) 

VC0

1 

VC0

2 

VC0

3 

VC0

4 

VC0

5 

VC0

6 

VC0

7 

VC0

8 

VC0

9 

VC1

0 

Tota

l 

Percentag

e 

Amikacin AK 30 1 1 1      1  4 40% 

Amoxycillin/clavulani

c acid 

AM

C 
30   1 1 1 1 1 1 1 1 8 80% 

Ampicillin AMP 10     1  1  1 1 4 40% 

Chloramphenicol C 30   1 1 1 1 1 1 1 1 8 80% 

Ceftazidime CAZ 30 1 1 1    1 1 1 1 7 70% 

Ciprofloxacin CIP 5 1 1 1 1 1   1 1  7 70% 

Ceftriaxone CRO 30       1 1 1 1 4 40% 

Imipenem IPM 10 1 1 1 1 1 1 1 1 1 1 10 100% 

Kanamycin K 30 1 1 1        3 30% 

Cephalothin KF 30     1      1 10% 

Meropenem 
ME

M 
10  1 1   1 1 1 1 1 7 70% 

Neomycin N 30 1 1 1        3 30% 

Nalidixic Acid NA 30 1      1 1 1 1 5 50% 

Norfloxacin NOR 10 1 1 1 1 1 1 1 1 1 1 10 100% 

Rifampicin RD 5 1 1 1 1 1     1 6 60% 

Sulphamethoxazole RL 25           0 0% 

Streptomycin S 10 1          1 10% 

Compound 

Sulphonamide 
S3 300 1 1 1     1   4 40% 

Sulphame thoxazole – 

Trimetoprim 
SXT 25  1 1 1 1 1 1 1  1 8 80% 

Tetracycline TE 30 1 1 1 1 1 1 1 1 1 1 10 100% 

 



149 

 

V. cholerae Antibiotic Intermediate Isolates  

Antibiotic Code 

Con

c 

(µg) 

VC0

1 

VC0

2 

VC0

3 

VC0

4 

VC0

5 

VC0

6 

VC0

7 

VC0

8 

VC0

9 

VC1

0 

Tota

l 

Percentag

e 

Amikacin AK 30       1 1  1 3 30% 

Amoxycillin/clavulani

c acid 

AM

C 
30           0 0% 

Ampicillin AMP 10        1   1 10% 

Chloramphenicol C 30 1 1         2 20% 

Ceftazidime CAZ 30           0 0% 

Ciprofloxacin CIP 5      1 1   1 3 30% 

Ceftriaxone CRO 30           0 0% 

Imipenem IPM 10           0 0% 

Kanamycin K 30      1 1 1 1 1 5 50% 

Cephalothin KF 30          1 1 10% 

Meropenem 
ME

M 
10    1 1      2 20% 

Neomycin N 30           0 0% 

Nalidixic Acid NA 30           0 0% 

Norfloxacin NOR 10           0 0% 

Rifampicin RD 5           0 0% 

Sulphamethoxazole RL 25           0 0% 

Streptomycin S 10  1 1        2 20% 

Compound 

Sulphonamide 
S3 300      1 1  1 1 4 40% 

Sulphame thoxazole – 

Trimetoprim 
SXT 25           0 0% 

Tetracycline TE 30           0 0% 
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V. cholerae Antibiotic Resistant Isolates 

Antibiotic Code 
Conc 

(µg) 

VC0

1 

VC0

2 

VC0

3 

VC0

4 

VC0

5 

VC0

6 

VC0

7 

VC0

8 

VC0

9 

VC1

0 
Total 

Percent

age 

Amikacin AK 30    1 1 1     3 30% 

Amoxycillin/clavulanic 

acid 
AMC 30 1 1         2 20% 

Ampicillin AMP 10 1 1 1 1  1     5 50% 

Chloramphenicol C 30           0 0% 

Ceftazidime CAZ 30    1 1 1     3 30% 

Ciprofloxacin CIP 5           0 0% 

Ceftriaxone CRO 30 1 1 1 1 1 1     6 60% 

Imipenem IPM 10           0 0% 

Kanamycin K 30    1 1      2 20% 

Cephalothin KF 30 1 1 1 1  1 1 1 1  8 80% 

Meropenem MEM 10 1          1 10% 

Neomycin N 30    1 1 1 1 1 1 1 7 70% 

Nalidixic Acid NA 30  1 1 1 1 1     5 50% 

Norfloxacin NOR 10           0 0% 

Rifampicin RD 5      1 1 1 1  4 40% 

Sulphamethoxazole RL 25 1 1 1 1 1 1 1 1 1 1 10 100% 

Streptomycin S 10    1 1 1 1 1 1 1 7 70% 

Compound 

Sulphonamide 
S3 300    1 1      2 20% 

Sulphame thoxazole – 

Trimetoprim 
SXT 25 1        1  2 20% 

Tetracycline TE 30           0 0% 
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V. parahaemolyticus Antibiotic Susceptible Isolates  

Antibiotic Code 

Con

c 

(µg) 

VP0

1 

VP0

2 

VP0

3 

VP0

4 

VP0

5 

VP0

6 

VP0

7 

VP0

8 

VP0

9 

VP1

0 

Tota

l 

Percentag

e 

Amikacin AK 30 1 1 1 1 1 1 1 1 1 1 10 100% 

Amoxycillin/clavulanic 

acid 
AMC 30  1 1 1 1 1 1 1 1 1 9 90% 

Ampicillin AMP 10  1 1 1 1 1  1   6 60% 

Chloramphenicol C 30 1 1 1 1 1 1 1 1 1 1 10 100% 

Ceftazidime CAZ 30 1 1 1 1 1 1 1 1 1 1 10 100% 

Ciprofloxacin CIP 5 1 1 1 1 1 1 1 1 1 1 10 100% 

Ceftriaxone CRO 30 1 1 1 1 1 1 1 1 1 1 10 100% 

Imipenem IPM 10  1 1 1 1 1     5 50% 

Kanamycin K 30 1 1 1 1 1 1  1 1 1 9 90% 

Cephalothin KF 30           0 0% 

Meropenem 
ME

M 
10 1  1 1 1 1 1 1 1  8 80% 

Neomycin N 30 1 1 1 1 1  1 1   7 70% 

Nalidixic Acid NA 30 1 1 1 1 1 1 1 1 1 1 10 100% 

Norfloxacin NOR 10 1 1  1 1 1 1 1 1 1 9 90% 

Rifampicin RD 5 1 1 1 1 1   1 1 1 8 80% 

Sulphamethoxazole RL 25           0 0% 

Streptomycin S 10           0 0% 

Compound 

Sulphonamide 
S3 300 1          1 10% 

Sulphame thoxazole – 

Trimetoprim 
SXT 25 1 1 1 1 1 1 1 1 1 1 10 100% 

Tetracycline TE 30  1 1 1 1 1 1 1 1 1 9 90% 
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V. parahaemolyticus Antibiotic Intermediate Isolates  

Antibiotic Code 
Conc 

(µg) 

VP0

1 

VP0

2 

VP0

3 

VP0

4 

VP0

5 

VP0

6 

VP0

7 

VP0

8 

VP0

9 

VP1

0 
Total 

Percent

age 

Amikacin AK 30           0 0% 

Amoxycillin/clavulanic 

acid 

AM

C 
30           0 0% 

Ampicillin AMP 10           0 0% 

Chloramphenicol C 30           0 0% 

Ceftazidime CAZ 30           0 0% 

Ciprofloxacin CIP 5           0 0% 

Ceftriaxone CRO 30           0 0% 

Imipenem IPM 10       1 1 1 1 4 40% 

Kanamycin K 30       1    1 10% 

Cephalothin KF 30           0 0% 

Meropenem 
ME

M 
10          1 1 10% 

Neomycin N 30           0 0% 

Nalidixic Acid NA 30           0 0% 

Norfloxacin NOR 10           0 0% 

Rifampicin RD 5           0 0% 

Sulphamethoxazole RL 25           0 0% 

Streptomycin S 10           0 0% 

Compound 

Sulphonamide 
S3 300   1        1 10% 

Sulphame thoxazole – 

Trimetoprim 
SXT 25           0 0% 

Tetracycline TE 30           0 0% 
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V. parahaemolyticus Antibiotic Resistant Isolates  

Antibiotic Code 
Conc 

(µg)  

VP0

1 

VP0

2 

VP0

3 

VP0

4 

VP0

5 

VP0

6 

VP0

7 

VP0

8 

VP0

9 

VP1

0 

Tota

l 

Percentag

e 

Amikacin AK 30           0 0% 

Amoxycillin/clavulani

c acid 
AMC 30 1        1  2 20% 

Ampicillin AMP 10 1      1  1 1 4 40% 

Chloramphenicol C 30           0 0% 

Ceftazidime CAZ 30           0 0% 

Ciprofloxacin CIP 5           0 0% 

Ceftriaxone CRO 30           0 0% 

Imipenem IPM 10 1          1 10% 

Kanamycin K 30           0 0% 

Cephalothin KF 30 1 1 1 1 1 1 1 1 1 1 10 100% 

Meropenem MEM 10  1         1 10% 

Neomycin N 30           0 0% 

Nalidixic Acid NA 30           0 0% 

Norfloxacin NOR 10   1        1 10% 

Rifampicin RD 5      1 1    2 20% 

Sulphamethoxazole RL 25 1 1 1 1 1 1 1 1 1 1 10 100% 

Streptomycin S 10 1 1 1 1 1 1 1 1 1 1 10 100% 

Compound 

Sulphonamide 
S3 300  1  1 1 1 1 1   6 60% 

Sulphame thoxazole – 

Trimetoprim 
SXT 25           0 0% 

Tetracycline TE 30 1          1 10% 

 

 


