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Isolation and Characterization of Vibrio cholerae from 

Water in Aquaculture Farms 

Laurie anak Ali 

Resource Biotechnology Programme 
Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

ABSTRACT 

Aquaculture is an important sector in agriculture that supply protein source. However, the presence of 
pathogenic bacteria in aquaculture products may cause serious health problems. Vibrio cholerae is one of 
pathogenic bacteria that can cause food borne disease. In this study, we aim to isolate Vibrio cholerae 
isolates from water in commercial and traditional farms. Isolation was done using selective growth on 
TCBS agar, morphological and three biochemical identifications. A total of 12 Vibrio cholerae isolates 
were confirmed out of a total of 60 presumptive isolates. The isolates were later further confirmed using 
specific PCR targeting ctxA gene to detect pathogenic strain. ctxA encodes for cholera toxin gene. All 12 
isolates do not harbor ctxA genes. Antibiotic susceptibility test was also done on the 12 isolates and 
recorded a high antibiotic resistance profile. This study revealed the antibiotic resistance pattern of Vibrio 
cholerae towards antimicrobial agents. Constant monitoring on antibiotic resistance pattern of Vibrio 
cholerae in aquaculture farms should be done to prevent future resistance problems. 

Key words: Vibrio cholerae, aquaculture farms, specific PCR, ctxA gene, antibiotic susceptibility test. 

ABSTRAK 

Akuakultur merupakan sebuah sektor yang penting dalam agrikultur yang membekalkan sumber protein. 
Walaubagaimanapun, kewujudan bacteria yang patogenik dalam produk akuakultur boleh menyebabkan 
masalah kesihatan vang serius. Vibrio cholerae merupakan salah satu pathogen makanan yang boleh 
menyvebabkan penyakit, Dalam kajian ini, tujuan kami adalah untuk mengisolasikan Vibrio cholerae 
daripada air dari ladang akuakultur komersial dan tradisional. Pengisolasian dilakukan melalui 
pembiakan selektif atas agar TCBS, pengenalpastian morfologi dan tiga pengenalpastian biokimia. 
Sebanyak 12 Vibrio cholerae berjava dikenalpasti daripada 6 isolasi Isolasi tersebut akan menjalani 
pengenalpastian yang lebih lanjut dengan menggunakan PCR khusus yang mengtargetkan gen ctxA untuk 
mengesan strain patogenik. ctxA mengekodkan gen toksin kolera. Kesemua 12 isolasitidak mengandungi 
gen ctxA._ Ujian ketahanan terhadap antibiotik juga dijalankan ke atas kesemua ]2 isolasi dan memberi 
profil ketahanan terhadap antibiotik yang tinggi. Kajian ini menunjukkan corak rintangan antibiotik 
Vibrio cholerae terhadap ejen antimikrobial. Peng@wasan yang kerap ke atas corak rintangan antibiotik 
Vibrio cholerae dia ladang akuakultur patut dijalankan untuk mencegah masalah rintangan di masa 
hadapan. 

Kata kunci: Vibrio cholerae, ladang akuakultur, PCR khusus, gen ctxA, ujian ketahan terhadap antibiotik 
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1.0 Introduction 

1.1 Introduction 

Aquaculture products constitute an important food supply. It supplements energy 

and nutrients for human to carried out their daily life. Nowadays, people consumed 

aquaculture food products even without knowing the source of the food and ignored the 
\4, 

risk of food contamination. This ignorance may lead to unnecessary health problems and 
p 

may even cause death. Some of the health risks are diarrhea, food poisoning and more. 

Pathogenic Vibrio cholerae is the main cause that can cause potentially fatal diarrhea in 

human (Vincent et al., 2015). 

Vibrio cholerae, a member of Vibrio family, is distributed widely in estuarine 

environment. Pathogenic Vibrio cholerae is the main causative agent that cause diarrhea 

that can be potentially fatal in human. Vibrio cholerae produces several toxins that can 

cause bloodless, watery diarrhea and muscle cramps. This bacterium caused major cholera 

epidemics in many under-developed and developing countries in which 245,393 cases of 

cholera were reported in 2012 where approximately half of the cases occurred in Africa 

and South America (Vincent et al., 2015). 

Aquaculture is a fast growing sector globally. During the period 1994-2004, 

countries in Asia accounted for 80%-90% of the total world aquaculture production. The 

world aquaculture production of food fish was amounted to 45.5 million tons in 2004 

(Heuer et al., 2009). Tiger shrimp farming industry is an important economic sector in 

Sarawak, Malaysia. In the year 2005, the estimated production value of tiger shrimp in 

Sarawak was RM 171 million at 8,147 metric tonnes (Lim & Apun, 2013). However, tiger 

shrimp farming faced problems of diseases and outbreaks of infectious diseases. Vibrio 

species can cause vibriosis, a disease that affected crustaceans, fishes and mollusks. The 

purpose of the use of antibiotics is either therapeutic or subtherapeutic. The administration 
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of antibiotics in aquaculture is to promote growth and to treat disease. There are 74% of 

farmers reported of using 13 different antibiotics in shrimp pond in Thailand. This practice 

causes concern regarding the potential effects of using antibiotics in aquaculture on 

development of antibiotic resistance in the environment (Lim & A pun, 2013). 

Aquaculture product is rapidly growing to meet the world's demand for protein 

source. The presence of bacteria with antibiotic resistance can pose threat to the consumers 

(Kathleen et al., 2016). Commercial farm have better facilities and practices good water 

management such as frequent monitoring of water quality while traditional farm do not 

monitor the water quality. It is important to find out the possible risk of detecting Vibrio 

cholerae in the water of aquaculture farms as it may present in aquaculture products and 

may pose health problems among consumers. Therefore, the purpose of this research study 

is to isolate and characterize Vibrio cholerae in the water of both commercial and 

traditional farms. 

1.2 Objectives 

The objectives of this research are: 

1. To isolate Vibrio cholerae from water in both traditional and commercial 

aquaculture farms. 

2. To compare antibiotic resistance of Vibrio cholerae isolated from water in both 

traditional and commercial aquaculture farms. 

3. To detect cholera toxin gene (ctxA) in Vibrio cholerae isolated from water in 

both traditional and commercial aquaculture farms. 

1.3 Hypothesis 

The hypothesis of this study is traditional farm have higher concentration of Vibrio 

cholerae isolates and higher antibiotic resistance profile. 
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2.0 Literature Review 

2.1 Vibrio cholerae 

Vibrio cholerae is a gram-negative, rod or curve shaped facultative halophilic 

anaerobes. The suitable condition for the growth of Vibrio cholerae is at temperature 

ranges from 15 °C to 45 °C, a pH range of six to ten and a salt (NaCl) concentration of 6% 

(Bhunia, 2008). The bacteria are resistant to alkaline environment but Will die in solutions 
. 

with pH lower than six. The presence and abundance of Vibrio cholerae in the 

environment are affected by different ecological parameters (Vincent et al., 2015). 

Vibrio cholerae caused the disease cholera which threatened public health. 

especially in developing countries. Goel (2010) stated that seven cholera pandemics have 

been reported in the past two centuries. Chennai in Sounthem India faced reoccurring 

cholera outbreaks due to drinking contaminated water (Goel, 2010). Vibrio cholerae with 

O I antigen is the reason of epidemic cholerae while the non-O1 strains are less likely to 

caused epidemic. Vibrio cholerae O139 Bengal is a new strain that emerged in India in late 

1992 (Radu et al., 2002). World Health Organization (WHO) stated that cholera has 

estimated of more than 5 million cases annually despite it being the most preventable 

disease theoretically. 

Cholera is spread through contaminated food and water. The disease is transmitted 

through fecal-oral route. Toxin-coregulated pili (TCP), flagella and neuraminidase 

facilitate the bacteria adherence arid colonization and small intestinal mucosa upon 

ingestion. Several toxins such as cholera toxin (CT), zona occluding toxin (ZOT), 

accessory cholera enterotoxin (ace), and HlyA will be produced by the bacteria. Ion 

transport pump for Na', CT, HCO,, and K" in cell is affected due to the alteration in ion 

balance by the toxins. This alteration caused excessive fluid and ion losses (Bhunia, 2008). 
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2.2 Cholera toxin gene 

According to Vincent et al. (2015), virulence factor of Vibrio cholerae, especially 

group Ol, produce several toxins such as cholera toxin A (ctxA), cholerae toxin B (ctxB), 

accessory cholera enterotoxin (ace) and zonula occludens toxin (zot). Virulence gene was 

detected among environmental strains of Vibrio cholerae from freshwater lakes and ponds 

in the eastern part of Calcutta, India (Jiang et al., 2003). Occurence of c/xA was also found 

among some environmental isolates from coastal Brazil (Jiang et al., 2003). Three main 

attribute to pathogenic mechanism of Vibrio cholerae are strong heat-labile cholera toxin 

(ctx), zonula occludens toxin (zot) and accessory cholera toxin (ace) (Radu et al., 2002). 

Pathogenic Vibrio cholerae is an important agent that can cause potentially fatal diarrhea 

in human (Vincent et al., 2015). 

2.3 Biochemical identification of Vibrio cholerae 

The biochemical tests used for the identification of Vibrio cholerae are oxidase test, 

Kligler's Iron Agar and Voges-Proskauer test. 

2.3.1 Oxidase test 

Oxidase test strips are impregnated with NNN'N' tetramethyl -p- phenylene- 

diamine dihydrochloride that helps in detecting bacterial cytochrome oxidase enzyme. 

Vibrio cholerae gives positive result to oxidase test. 

2.3.2 Kligler's Iron Agar (KIA) 

The purpose of Kligler's Iron Agar is to detect the presence of carbohydrate from 

the production of acid by lactose of dextrose fermentation that resulted in color change of 

phenol red indicator. Red slant and yellow butt indicates fermentation of dextrose only. 
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Yellow slant and butt indicates fermentation of both dextrose and lactose. Red slant and 

red butt indicates fermentation of neither dextrose nor lactose. The presence of black 

precipitate indicates the production of hydrogen sulphide while the presence of crack, split 

or bubble indicates gas production. Vibrio cholerae showed red slant and yellow butt with 

the absence of both hydrogen sulphide and gas. 

2.3.3 Voges-Proskauer (VP) test 

Pyruvic acid is a pivotal compound in fermentative degradation of glucose and is 

further metabolized through various metabolic pathways. One of the pathways resulted i 

production of acetoin. Organism produced acetoin as chief product of glucose metabolism 

and form small quantities of mixed acids. In the presence of atmospheric oxygen and 40% 

potassium hydroxide, acetoin is converted to diacetyl and alpha-naphthol acts as catalyst to 

bring out red complex. According to Centers for Disease Control and Prevention, isolates 

of Vibrio cholerae serotype 01 biotype El Tor give positive result while biotype classical 

strains are negative. 

2.4 Antibiotic resistance in Vibrio cholerae 

Antibiotics which are also antimicrobial drugs reduce the severity of symptoms. 

The administration of antibiotics lessened. the duration of illness to around 50%. 

Antibiotics tetracycline and quinolones used to reduce the symptoms. However, usage of 

antibiotics increased antimicrobial resistance and make it harder to treat cholera and other 

bacterial infections (Kitaoka, 2011 ). Antibiotic resistance in Vibrio spp. develops through 

mutation or through acquiring resistance genes on mobile genetics elements such as 

plasmids, transposons, integrons, and integrative conjugative elements (ICEs). ICEs can 

transfer between bacteria by conjugation. 0139 isolate was the first Vibrio cholerae ICE, 
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isolated in Madras, India, in 1992 and was named STX (Sjolund-Karlsson et al., 2011). 

2.5 Aquaculture 

Heuer et al. (2009) stated that aquaculture is growing rapidly with increasing 

economic importance. World aquaculture products were reported doubled since 2004 and 

countries in Asia contributed 80% to 90% of the total production. This sector covers 
{ 

different species and method, from traditional systems, where the fish or other aquatic 

animals were reared in small ponds, to industrial scale production system (Heuer et al., 

2009). This sector faced challenges such as diseases and bacterial infections. Antibiotics 

were used to tackle the challenges. The presence of multiple-antibiotic resistance bacteria 

poses threat to public health (Kathleen et al. 2016). 

2.6 Development of antibiotic resistance in aquaculture 

Aquaculture is growing rapidly as an important sector in agriculture. This sector 

faced the challenge from diverse type of diseases and bacterial infections. Antibiotics were 

administered to curb the problems. Antibiotics were used in aquaculture farm either for 

therapeutic, prophylactic, or other purposes. The development of antibiotic resistance in 

bacteria has been accelerated greatly due to inappropriate and overuse of antibiotics. The 

presence of antibiotic-resistant bacteria posed threat to human health. This is because the 

efficiency of antibiotics has been reduced when treating infections and increased the 

morbidity and mortality associated with diseases (Kathleen et al., 2016). 

Antimicrobial agents are commonly administered through adding antibiotics to the 

feed and directly adding antimicrobial agents into the water. These practices resulted in 

overuse of antibiotics. This will convey selective pressure in animals and in the exposed 

environments. The use of antibiotics in aquaculture farm affects wide variety of bacteria, 
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including Vibrio cholerae (Heuer et al., 2009). 

2.7 Antimicrobial susceptibility test 

Antimicrobial susceptibility test is a low cost screening tool that is used to detect 

antimicrobial resistance of the bacteria, Vibrio cholerae. The test is carried out on Mueller 

Hinton agar using disk diffusion method to determine antimicrobial agent sensitivity 

profiles of Vibrio cholerae isolates towards antimicrobial agents. The antimicrobial agents 

are Chloramphenicol, Nalidixic acid, Tetracycline, Ampicillin, Trimethoprim 

sulfamethoxazole and Ciprofloxacin. Kingston et al. (2009) reported that Inaba strains and 

Ogawa strains of Vibrio cholerae isolated from Delhi were resistant to antibiotics nalidixic 

acid, polymyxin-B, cloxacilin, trimethopim-sulfamethaxazole, furazolidone, vibriostatic 

compound-agent 0129, and streptomycin. However, Inaba strains and Ogawa strains were 
bh» 

found susceptible to nortloxacin, ciprofloxacin, and tetracycline (Kingston et al., 2009). 
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3.0 Materials and Methods 

3.1 Materials 

The list of materials used in this study is listed in Appendix A. 

3.2 Collection of samples 

Water samples were collected from one traditional farm and two commercial farms. 

Commercial farm practices good water management while traditional farm do not. Eight 

water samples were collected from each farm, totaling to a number of 24 samples 

collected. The eight samples were collected from four sampling points as shown in Figure 

3.1. Water parameters (temperature, dissolved oxygen and pH) of each farm were checked 

on the day of sampling as described by Lim and Apun (2013). The water samples were 

collected in pre-sterilized 100 mL Schott bottles and stored inside an ice box, then 

transported to the laboratory and processed. 

X 
X 

X X 

X 
X 

X 
X 

Figure 3 .1: Layout of sampling points at aquaculture pond. 
X represents sampling point for each sample. 

3.3 Enrichment and serial dilution of water samples 

The water samples were diluted to a 1 :5 ratio in alkaline peptone water (APW) 

(Merck, Darmstadt, Germany) according to method of Vincent et al. (2015). For each 

water samples, 50 mL was added to 200 mL of APW, mixed well and incubated at 37C 

for 16 to 18 hours. After enrichment, serial dilution was done for each sample. The diluted 

water were then spread on thiosulphate citrate bile salt (TCBS) agar (Himedia, Mumbai, 
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India) for selective growth and incubated for 16 to 18 hours. After incubation, the number 

of colonies were counted and recorded. The colonies were expressed as CFU/mL. 

3.4 Isolation of Vibrio cholerae 

Single yellow colony on the TCBS agar was picked and streaked on new TCBS 

agar to purify the colony. A total of 20 colonies from each farm were picked to prepare 20 

isolates each farm, totaling to a number of 60 isolates and incubated for 16 to 18 hours. 

After incubation, each isolate was grown in LB broth (BD, Maryland, USA) and incubated 

overnight. A total of 750 µL cultured broth were mixed with a mixture of LB broth with 

glycerol and stored at -2Q°C until further use. 

3.5 Gram staining 

Gram staining was done on each isolate as a preliminary identification of Vibrio 

cholerae. A single colony was selected from TCBS agar for gram staining. The colony was 

fixed on a glass slide by quick flaming for two to three times and was allowed to cool 

before staining. The slide was flooded with crystal violet for 1 minute. The slide was 

rinsed before iodine was added and allowed to stain for 1 minute. The excess iodine was 

rinsed off before adding decolorizing agent was added to decolorize for a few seconds until 

the slide become clear. The decolorizing agent was then rinsed off before adding safranin 

and allowed to stain for 30 seconds to 1 minute. Excess safranin was rinsed off and the 

slide was allowed to dry. The morphological observation of the isolates was done using a 

compound microscope. 
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3.6 Identification of Vibrio cholerae using biochemical tests 

The presumptive isolates with the morphological characteristic of Vibrio cholerae 

were further confirmed by a series of biochemical tests: oxidase test, Kligler's iron agar 

and Voges-Proskauer test. 

3.6.1 Oxidase test 

The bacterial colony was touched with the Oxidase Detection Strip (Oxoid, 

Hampshire, England) and the color change of the strip was observed after IO to 15 

seconds. A deep blue/violet colour indicates a positive result. 

3.6.2 Kligler's Iron Agar (KIA) 

KIA (Oxoid, Hampshire, England) slants were inoculated by stabbing the butt and 

streaking the surface of the medium. The slants were then incubated at 37°C and examined 

after 18 to 24 hours. The caps on all tubes were loosened before incubation. This is 

because if the caps are too tight and anaerobic conditions exist in the KIA tubes, the 

characteristic reactions of Vibrio cholerae may not be exhibited. The formation of red slant 

and yellow butt, no black precipitate and no crack or bubble formed indicates positive 

result. 

3.6.3 Voges-Proskauer test 

The bacterial colony was incubated in MR-VP broth (Oxoid, Hampshire, England) 

for 24 hours. After incubation, I ml of broth was aliquot to a clean test tube. The broth was 

later added with 0.6 ml of 5% alpha-naphthol and after that 0.2 mL of 40% potassium 

hydroxide (KOH). The tube was then shake gently to expose the medium to atmospheric 

oxygen and allowed for 10 to 15 minutes. No color change indicates the isolate is of 
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biotype classical strains while red color indicates the isolate is of serotype O 1 biotype El 

Tor. 

3.7 Molecular identification of Vibrio cholerae 

3.7.1 Vibrio cholerae positive control 

Bacterial culture of known Vibrio cholerae strain was used in further evaluation of 

Specific PCR targeting ctxA gene. The positive control was taken from the culture stock 

available in Microbiology Laboratory, Faculty of Resource Science and Technology, 

Universiti Malaysia Sarawak. 

3.7.2 Preparation of DNA template 

DNA extraction method was conducted using boiled-ce11 method as described by 

Bilung et al. (2005). The isolates that showed positive result for biochemical tests were 

grown in LB broth and incubated overnight. A total of one ml of the broth were. transferred 

to centrifuge tubes and were centrifuged at 12,000 rpm for three minutes to pellet the 

bacterial cells. The supernatant was discarded and the pellet was resuspended with 400 lL 

of sterile distilled water and vortexed shortly. The suspension was boiled for 10 minutes 

followed by freezing in -20°C for 10 minutes. It was the centrifuged at 10,000 rpm for five 

minutes to pellet the cell debris. The supernatant that contain DNA template was 

transferred to a new centrifuge tube and kept for use in PCR. 

3.7.3 Detection of ctxA gene by Specific PCR 

Detection of ctxA gene in the isolates was done using oligonucleotide primers 

described by Nandi et al. (2000). The primers set used in this study are shown in Table 3 .1. 

The PCR condition for the detection of ctxA gene was conducted as decribed by Nandi et 
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al. (2000) with some modification. The PCR mixture and condition for ctxA gene is shown 

in Table 3.2 and Table 3.3 respectively. Negative control used was prepared by mixing 

PCR reagent with sterile distilled water instead of DNA template. The reaction was run in ,._ 

a DNA thermal cycler (Perkin Elmer, USA). The amplification products obtained were 

stained with ethidium bromide for 20 minutes after electrophoresis in 1.5% agarose gel at 

90 V for 60 minutes and visualized using UV trans-illuminator. 

Table 3.1: Primers set for PCR amplification 

Oligonucleotide Sequence (5-3') Amplicon Source 

primer size (bp) 

ctxA-F CTCAGACGGGATTTGTTAGGCACG 302 Nandi et 

ctxA-R TCTATCTCTGTAGCCCCTATTACG al.,2000 

Table 3.2: PCR mixture for amplification of ctxA gene 

Components Reaction concentration Volume (l) 

5X buffer 

MgCh 

dNTP 

Forward primer (ctxA-F) 

Reverse primer (ctx.A-R) 

5X 

25 mM 

10 mM each 

10 pmol 

10 pmol 

DNA template 

Taq Polymerase 

Total 

5 U/µl 

5.0 

2.0 

1.0 

1.0 

1.0 

9.7 

5.0 

0.3 

25.0 
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Table 3.3: PCR condition for amplification of ctxA gene 

Stage 
' 

Condition 
Temperature Time (minute) 

Predenaturation 94°C 3 

Dena tu ration 
6 

94C 1 } . 35 
Annealing 60C 1 cycles 

Extension 72C 2 

Final extension 72C 5 

3.8 Antibiotic Susceptibility Test 

The antibiotic susceptibility test was carried out using disk diffusion method as 

described by Clinical and Laboratory Standards Institutes (CLSI) on Mueller-Hinton agar 

(MHA) (Himedia, Mumbai, India) (Kathleen et al., 2016). The isolates were grown in LB 

broth and incubated overnight. The bacterial cultures were adjusted to a McFarland 0.5 

standard. A sterile swab was dipped into the broth culture and the wet swab was used to 

swab the surface of MHA plate. The plate was rotated approximately 60 degrees after each 

application to ensure an even distribution. Antimicrobial disks (Oxoid, Hampshire, 

England) were then embedded onto the agar plate and incubated for 16 to 18 hours. Six 

antibiotics used in the antibiotic susceptibility test are listed in Table 3.4. After incubation, 

the zone of inhibition was measured using a ruler and the measurement was recorded. The 

interpretation of zone of inhibition was done following the guidelines from Clinical and 

Laboratory Standards Institute (CLSI), Performance Standards for Antimicrobial 

Susceptibility Testing M100, 28 edition as shown in the Appendix B. 
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