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ABSTRACT 

Aquaculture is a rapid growing industry in Malaysia. Indiscriminate use of antibiotics causes the emergence, 
selection and dissemination of antibiotic-resistant bacteria. The aim of this study was to determine the 
distribution of plasmid associated antibiotic resistance in Escherichia coli isolated from aquaculture 
environment and Sarawak River. In this study, a total of 31E. coli isolates were identified and tested for 
susceptibility to 12 antibiotics by disc diffusion method. The plasmid DNA of the bacteria strain~ extracted 
by alkali lysis SDS procedure and analysis of plasmid and antibiotic resistance were carried out through 
statistical software. In present study, all the river isolates showed resistance to piperacillin whereas all the 
aquaculture isolates showed resistance to amoxicillin and ampicillin. Moreover, 46% of the E. coli 
isolateswere resistant to more than one antibiotic had at least one plasmid. Multiple antibiotic resistance 
bacteria have plasmids with the size range from 1.1 to > 10kb. The MAR index value obtained is ranged from 
0.25 to 0.83 w!J.ich indicates that the isolates were exposed to high risk sources of contamination. However, 
chloramphenicol recorded the least resistance levels of 7.14% and 5.88% among isolates from river and 
aquaculture respectively. The statistical analysis revealed that no statistical significant differences (r = 0.21, P 
= 0.25) between number of plasmid and multiple antibiotic resistance (MAR) index of the tested isolates. 
This study suggested that the occurrence of mUltiple antibiotic resistances E. coli in Sarawak river is higher 
compared to aquaculture environment. 
Keywords: antibiotic-resistant, aquaculture, plasmid, Sarawak river, Escherichia coli 

ABSTRAK 

Akuakultur adalah industri yang pesat berkembang di Malaysia. Penggunaan antibiotik sewenang-wenang 
telah menyebabkan kemunculan, pemilihan dan penyebaran bakteria tahan antibiotik. Tujuan pengajian ini 
adalah untuk menentukan pengedaran plasmid yang mempunyai rintangan antibiotik dalam Escherichia coli 
yang diasingkan dari persekitaran akuakultur serta sungai Sarawak. Dalam pengajian ini, 31 E.. coli telah 
diuji untuk 12 antibiotik dengan cara difusi disk. Plasmid DNA daripada strain bakteria diekstrak dengan 
alkali lysis SDS prosedur. Selain itu, plasmid dan rintangan antbiotik boleh dianalisis dengan perisian 
statistik. Dalam kajian ini, semua baketria.'ing diasingkan dad sungai menunjukkan rintangan yang tinggi 
terhadap pipperaciIlin manakala semua ba"Kteria yang diasingkan dari akuakultur menunujukkan rintangan 
terhadap amoxicillin and ampicillin. Selain itu, terdapat 46% bacteria menunjukkan rintangan terhadap 
antibiotik yang lebih daripada dua mengandungi sekurang-kurangnya satu plasmid.Rintangan berbilang 
antibiotic bacteria mengadungi saiz plasmid dad 1.1 hingga > 10kb.Nilai MAR indeks antara 0.25 to 0.83 
menunjukkan hacteria terdedah kepada sumber kontaminasi yang mengandungi risiko tinngi. Selain itu, 
chloramphenicol mt?1lllIVlIkkan tahap rintangan yang paling rendah iaitu 7.14% dan 5.88% arrtara bakteria 
yang diasing dar; SlIngai serta akuakultur masing-masing. Statistik analisis memperlihatkan tidak ada 
perbezaan bererti (r = 0.21, P = 0.25) antara jumlah plasmid dengan rintangan berbilang antibiotik (MAR) 
indeks dalam bakteria yang diuji. Kajian ini menandakan kejadian rintangan berbilang antibiotik E..coli 
dalam sungai adalah lebilz tinggi berbandingdengan persekitaran akuakultur. 
Kam KUlle;: rintangan antibiotik, akuakultur, plasmid, sungai Sarawak, Escherichia. coli 
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1.0 Introduction 

To date, the prevalence of antibiotic resistance in the aquaculture environment and 

Sarawak: river has become an issue in developing and developed countries. The emergence 

ofantibiotic resistance inpathogenic bacteriais a major threat to human health. As stated by 

Raufu et al. (2014), aquaculture can serve as reservoirs and disseminators of resistant 

bacterial strains. However, the extensive use of antibiotics causes the increase in multiple 

antibiotic resistant (MAR) in E. coli strain and disseminate through the food chain. The 

multiple antibiotic resistant (MAR) in E. coli strain associated with either chromosomes or 

plasmids contain one or more resistance genes (Patricia & Mark, 2012; Avsar, 2014). 

Plasmid is a circular DNA which facilitates the spread of antibiotic resistant genes from 

one bacterium to another and poses a threat to human health. Moreover, Ash et al.(2002) 

stated that a large amount of antibiotic resistance bacteria found in environment often 

consist plasmids with resistance traits. Furthermore, antibiotic resistance genes are 

commonly transmitted with the animal and human intestinal tract microflora from virulent 

pathogenic species to nonpathogenic organisms (Uma et al., 2009). 

On the other hand, monitoring water quality is important to access the presence of 

pathogenic bacteria in water. Agricultural pollution is able to increase the prevalence of 

antibiotic resistance bacteria in ri~"" through animal droppings and slurry application 

(Amos et al., 2015).Fecal coliforms are good indicators for accessing fecal pollution (Pall 

et al., 2013). According to Ahmed et al. (2013), E. coli is a Gram-negative, non-spore 

forming rod organism and a facultative anaerobic bacterium that mostly prevalent in 

aquaculture environment and Sarawak River. However, E. coli can become pathogenic and 

cause infection such as gastrointestinal tract infection and blood stream infection 

( asanta et al., 2012) 
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This study suggests antibiotic resistance E. coli was present in aquaculture and Sarawak 

River at an alanning rate and this can poses a risk to human health. Therefore, rational use 

of antibiotic can reduce the acquisition of antibiotic resistance in both river and 

aquaculture environment bacteria. 

The objectives of this study were: 

1. 	 To detennine the distribution of antibiotic resistant E. coli isolates from two 

different sources which are Sarawak river and aquaculture environment. 

2. 	 To detennine the plasmid size in E. coli isolated. 

3. 	 To detennine the association between plasmid and antibiotic resistance among the 

E. 	coli isolates. 
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2.0 Literatl\re Review 

2.1 Aquaculture 

Aquaculture is a fastest growing industry compared to other animal food-production 

sectors in many regions of the world (Tidwell & Allan, 2001). Tidwell and Allan (2001) 

stated that different species of aquatic organism such as fish, crustaceans, mollusks and 

oysters provide proteins and essential nutrients needed for supplementing human diets. 

According to Heuer et al. (2009), the world aquaculture production of food fish in 2004 is 

45.5 million tons. China accounted for 30.6 million tons while 6.8 million tons were 

produced in India, Vietnam, Thailand, Indonesia, and Bangladesh (Heuer et al., 2009). 

On the other hand, aquatic organisms exposed to pathogenic bacteria which influence 

aquaculture production. There are 2 methods of antibiotic treatment in aquaculture which 

are use of medicated feed and immersion therapy which involved adding antibiotics to the 

water (Heuer et al., 2009). As a result, antibiotic had been extensively used in the 

aquaculture environment to treat bacterial diseases which not only led to an emergence of 

antibiotic-resistant bacteria but also exert a significant selective pressure in animals as well 

as environments (Davies & Davies, 2010). Therefore, humans who consume aquaculture 

products with the presence of antibiotic residue would have problems of allergy and 

toxicity (Cabello, 2006). Studies have shown that 74% of the farmers applied 13 different 

types of antibiotics in shrimp production (Heuer et al., 2009). 

In Malaysia, the aquaculture industry is growing very quickly, specifically the production 

of freshwater aquaculture fish. The production of aquaculture products increased from 354, 

428 tonnes in 2008 to 634, 376 tonnes in 2012, with an increase of 78.9% (Department of 

Fisheries Malaysia, 2013). Moreover, the values of aquaculture product also indicate an 
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increase from RM 1740045,000 to RM 2758100,000 with an increase of 58.5% 

(Department of Fisheries Malaysia, 2013). From the statistics, it proved that aquaculture 

industry is an important source of food in Malaysia and had been growing rapidly within 5 

years. Besides, the antibiotics authorized for use in aquaculture to treat fish and shrimp 

disease are Sulfonamides, Tetracyclines, and Oxolinic acid whereas the often use of 

antibiotic in aquaculture Malaysia are Oxytetracycline and Oxolinic acid. (Shariff et aI., 

2000). 

1.1 Sungai Sarawak 

According to Said et al. (2009), the gate system established by state government to control 

the water level had resulted in a reduction in tidal flushing and lead to deterioration of 

water quality of the river. Furthermore, households and food outlet also contributed to river 

pollution (Said et al., 2009). For instance, grey water from residential household was 

discharged directly to the drain without any treatment system and flowed into Sarawak 

River (Said et al., 2009). Apart from that, Said et al. (2009) stated that the dissolve oxygen 

level had been greatly reduced when the river passed through the city center. Low oxygen 

level indicates a high level of ammonium and BOD. This showed that the bacterial counts 

in the city were very high. Furthermore, high microbial biomass and different types of 

antibiotic present in the river had made it become suitable habitat for the survival of 

antibiotic resistance bacteria and transfer of antibiotic resistance (Ayandiran et al., 2014). 

On the other hand, rapid growth of industrialization and human activities had heavily 

polluted the river. Therefore, antibiotic had been used in river to treat the bacterial disease 

and thus contributed to a high concentration of antibiotic which accelerated horizontal 

transfer and dissemination of antibiotic resistance gene (Davies & Davies, 2010). 
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Antibiotic pollution had exerted a strong selective pressure on bacterial populations, lead 

to a selection of resistance strain and threatened human health. 

2.3 Antibiotic Resistance 

Antibiotic resistance has become a major public health problem in this century. The 

mechanism carried out by antibiotic is either bactericidal or bacteriostatic. For bactericidal 

effect, antibiotic destroy the bacterium cell wall whereas for bacteriostatic, antibiotic do 

not kill bacteria and yet it prevent bacteria from multiplying by interfere bacterial cellular 

metabolism (Davies & Davies, 2010). 

An antibiotic is any class of organic molecules that kill microorganism or inhibit the 

growth due to specific interactions with targets bacterial cell (Pray, 2008). An organism is 

called as resistant means that antibiotic has lost its ability to effectively control bacteria 

and growing of bacteria continue in the presence of therapeutic levels of antibiotic (Pray, 

2008). Antibiotics are chemotherapeutic agents used to treat infectious disease in humans 

and animals. 

Antibiotic resistance is determined by bacterial genome and this phenomenon occurs is due 

to genetic mutation or acquisition of new arltibiotic resistance gene from another bacterium 

(Davies & Davies, 2010). Genetic mutation in bacteria produces enzymes that either 

inactivate antibiotics or eliminate the target cell of antibiotic (Pray, 2008). To acquire 

antibiotic resistance gene, bacteria can transfer genetic material through conjugation, 

transduction and transformation. Most of the antibiotic resistance genes are carried on 

vectors such as plasmids, transposons or integrons to transfer the required gene to other 

cteria either same genus or different genus. Besides, the processes in which resistant 

bacteria are able to transfer the resistance gene to other bacteria via plasmids that bypass 
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natural reproduction are known as horizontal gene transfer (HOT) (Serrano, 2005). On the 

other hand, bacteria show resistant to tetracycline due to widely use of this antibiotic in 

aquaculture and lead to the dissemination of transferable tet genes in aquaculture 

environment (Verner-Jeffreys et al., 2009). According to Serrano (2005), sulphonamides, 

tetracyclines and oxolinic acid mainly used in Malaysia whereas antibiotic banned are 

spectinomycin, chloramphenicol, and rifampin. 

Besides, tht'1'e are two types of methods used for antibiotic susceptibility testing in 

laboratories which aredisc diffusion method such as Kirby-Bauer method and dilution 

method such as broth and agar dilution (Rolinson & Russell, 1972). In Kirby-Bauer 

method, Mueller-Hilton agar medium are commonly used in antibiotic susceptibility 

testing for nonfastidious bacteria as it shows satisfactory growth of nonfastidious 

pathogens (Rolinson & Russell, 1972). 

1.4 Extrachromosomal DNA 

Extrachromosomal DNA or plasmids are small, circular molecules of double-stranded 

DNA that are not part of the chromosome of prokaryotic cells and contain a range of genes 

from ten to several hundred genes (Engelkrik et al., 2011). Plasmids have its own 

replicating system and play an im~ant role in the spread of antibiotic resistance gene 

(Svara & Rankin, 2011). Besides, antibiotic resistance genes present in R-plasmid can be 

transferred from the donor cell to a recipient cell via conjugation (Awwal & Abalaka, 

2011). Davies and Davies (2012) mentioned that the plasmid are able to code for antibiotic 

resistance gene as well as virulence gene result in the production of virulence antibiotic 

resistant strain that spread throughout bacteria population. Furthermore, R-plasmid can 

er resistance to five different antibiotics at once and the genes can be disseminated to 

7 




environment which threatening human health (Condit & Levin, 1990). Furthennore, 

plasmids are able to transfer antibiotic resistance across different species and genus (Svara 

& Rankin, 2011). Manjusha and Sarita (2011) stated that transfer of plasmid from one 

bacterium to other bacterium result modification in their plasmid carriage which can lead 

to diversity on plasmid profile and antibiotic resistance pattern. 

1.S Escherichia coli 

Escherichia coli is a gram negative, non-spore fonning rod organism found in the 

gastrointestinal tract of humans, birds and mammals (Fratamico et al., 2005). Most strains 

of E. coli are harmless, but some strains are pathogenic. According to Fratamico et al. 

(2005), E. coli has been recognized as an indicator organism to access the fecal 

contamination ofwater and aquaculture products. However, E. coli can become pathogenic 

and cause infection such as gastrointestinal tract infection and blood stream infection 

(Jeyasanta et al., 2012). 

E. coli is chosen for this project as they are common in environments contaminated by 

humans and animal feces. According to Ahmed et al. (2013), human infections caused by 

Vibrio spp. and Aeromonas spp. are rare in the aquaculture environment compared to E. 

coli and Salmonella spp. Furthennlre, E. coli is an ideal bacterium to study the trends in 

antibiotic resistance because it has adapted to humans and animal gastrointestinal tract, can 

be cultured easily, reasonable and also exposed to wide range of medical and veterinary 

antibiotic therapy (Talukdar et al., 2013) 

8 




2.6 Disease Caused by Escherichia coli 

There are 4 categories of E. coli which can cause severe diarrhea illness. Among them are 

Enteropathogenic E. coli (EPEC), Enteroinvasive E. coli (EIEC), Enterotoxigenic E. coli 

(ETEC) and Enterohemorrhagic E. coli (EHEC). 

EPEC can cause diarrhea in both infants and adults. The symptoms include severe diarrhea, 

nausea, vomiting, abdominal cramps, and fever (Wanke, 2001). The second category is 

EIEC which can cause chills, fever, muscle pain, abdominal cramps, and profuse diarrhea 

in human (Wanke, 2001). The third category is ETEC that are able to produce enterotoxin 

which play an important role for "traveler's diarrhea". This is an issue for travelers with 

good hygiene standards visited countries with poor hygiene standard (Wanke, 2001). 

Besides, according to Institute of Food Technologists (1997), EHEC are characterized by 

abdominal cramps, bloody diarrhea (haemorrhagic colitis), vomiting and fever. The 

infection from EHEC can cause hemolytic uremic syndrome (HUS) in children, which may 

lead to death. HUS is a common cause of kidney failure in children and its symptoms 

in.c1uded acute renal failure, haemolytic anemia and thrombocytopenia (Boyer & Niaudet, 

2011). 
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3.0 Materials and Methods 

The materials used in this study are listed in Appendix 5. 

3.1 Samples Collection 

The water samples for analysiswere collected from Sarawak River andaquaculture farms. 

The water samples were labeled and kept separately in sterile falcon tubes. All the water 

samples were transportedin ice box from the sampling site to the Virology laboratory at 

Department of Molecular Biology, Faculty of Resource Science and Technology, 

University Malaysia Sarawak (UNlMAS). 

3.1.1 Water sampling from aquaculture farms 

Figure 3.1: Location of Asia Aqauculture Sdn Bhd and PM Aqauculture Sdn Bhd, Sarawak (Source: 
https:/lwww.google.comlmaps/@1.6957.11 0.0297156, 1 Oz). 
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A total of 11 and 45 water samples were collected from PM aquaculture Sdn Bhd and Asia 

Aquaculture S4n Bhd respectively. The water samples were collected in duplicate from 

different ponds and labeled with the type of ponds, time and location collected. The water 

samples were kept in the sterile 50 ml falcon tubes and parafilmed. The water samples 

were labeled and kept separately in sterile falcon tubes. All the water samples were 

transported in ice box from the sampling site to the laboratory at UNIMAS. The samples 

were processed on the same day as collection. The code number for 11 water samples that 

collected from PM aquaculture were PM-WI, PM-W2, PM-W3, PM-W4, PM-W5, PM

W6, PM-W7, PM-W8, PM-W9, PM-WI0, PM-Wll. Four water samples PM-W5, PM-W6, 

PM-W7 and PM-Wll were taken from outdoor fish ponds which contains a variety of fish 

species while the remaining seven water samples were taken from indoor fish ponds in 

which different ponds contains specific fish species. The serial dilution was carried out by 

mixing 1 ml of water sample to 9 ml of PBS diluent and yields a 1: 1 0 dilution. Then, 

continue aliquot 1 ml of subsequent dilutions into 9 mi filled PBS diluent vessels and serial 

dilution was done until 10-5
• After that, 20 Jil of serial dilution was pipetted and spread on a 

surface of EMB agar by using sterile hockey stick rod to obtain a viable cell count in the 

culture plate. The serial dilution was carried out in duplicate and the plates were labeled 

and incubated for 16-24 hours a1pl7°C. The colony forming unit (cfu) of water samples 

were counted and recorded. 
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3.1.2 Water sampling from river 

Figure 3.2: Location of the SIX points of sampling sites along the Sarawak river. (Source: 
https:llwww.google.com/maps/@1.5273307.11 0.3441293, lIz). 

A total of 18 water samples were collected from 6 different points along Sarawak River 

which included upstream, middlestream and downstream of river.The six points of 

sampling sites were Muara Tuang, Bintawar, Waterfront, Siniawan, Windcave and 

Santubong. The water samples were labeled with the time and location collected. The ., 
water samples were kept in the sterile 50 ml falcon tubes and parafilmed. All the water 

samples were transportedin ice box from the sampling site to the laboratory. The code 

number for 18 water samples were MT-Sl, MT-S2, MT-S3, BT-Sl, BT-S2, BT-S3, WF

SI, WF-S2, WF-S3, SN-Sl, SN-S2, SN-S3, WC-Sl, WC-S2, WC-S3, ST-Sl, ST-S2, ST

S3. The sample processing and serial dilution method was conducted the same as 

mentioned in section 3.1.1. The colony forming unit (cfu) of water samples were counted 

andrecorded. 
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3.2 Isolation ofEscherichia colifrom Water Samples 

E. coli were isolated by direct plating of the water samples from PBS diluent on Eosin 

methylene blue agar (EMBA). The E. coli colonies appeared metallic greenish sheen on 

EMBA after the plating was preferred and streaking was done to purify the E.coli. 

3.3 Bacterial Identification 

Bacterial identification was performed using biochemical test. Biochemical test which 

included Gram Staining, Sulfur-Indole-Motility (SIM) test, Methyl Red and Voges

Proskauer (MR-VP) tests, Citrate test could give more definitive identification of E. coli. 

Only the bacterial isolates that are confirmed to be E. coli based on the results of 

biochemical tests wasselected for antibiotic susceptibility testing. Confirmed isolates were 

stored on Tryptic soy agar (TSA). For each biochemical test, positive and negative controls 

were prepared. 

3.3.1 Sulfur-Indole-Motility (SIM) test 

Sulfide indole motility (SIM) medium is a semi-solid agar that used to determine motility, 

indole formation, and hydrogen sulfide (H2S) production. SIM medium is very useful in 

identify members ofthe family Ent robacteriaceae. Sulfide indole motility (SIM) medium 

were inoculated with a bacteria by stabbing with an inoculating needle. The needle was 

stabbed vertically into the medium to within 1 cm from bottom of the tubes and the needle 

was removed from the same line of inoculation. The tubes were then incubated at 37°e for 

18-24 hours.Then, 5 drops of Kovacs reagent was added into SIM and result was recorded. 
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3.3.2 Methyl-Red and Voges-Proskauer (MR-VP) tests 

An isolated colony was resuspended into 10 ml of MR-VP broth tube and incubated 37°C 

for 48 hours. After incubation, 5ml of the culture were transferred into a new sterile tube 

and 5drops of0.05% Methyl Red reagent were added to the culture. The test organism was 

then compared to the control cultures to interpret the results. 

Besides, the remaining 5ml of the culture was used for Voges-Proskauer test. In this test, 

0.6 ml or 12 drops of Barritt's reagent A was added to the culture and followed by 0.2 ml 

or4 drops ofBarritt' s B reagent. Then, the tubesshake carefully for 30 seconds to 1 minute 

introduced the medium to atmospheric oxygen. After that, the tubes were left on bench for 

30 minutes. The test organism was then compared to the control cultures to interpret the 

results. 

3.3.3 Citrate tests 

A fresh pure culture of test culture was used as an inoculation source. A single colony was 

isolated and streaked lightly on surface of the citrate agar. All the tubes were then 

incubated at 37°C for 48 hours.After incubation, the formation of blue coloration for the 

citrate agar medium and growth of bacteria on the surface of the slant indicates . positive 

results. Furthermore, for negative results, there was no visible growth on surface of the 

slant and the colors of the agar remain green color. The test organism was then compared 

to the control cultures to interpret the results. 

3.3.4 Gram Staining 

To carry out gram staining test, the slides were wiped with alcohol and dried. Each slide 

w labelled according to the types of test culture. A drop of sterile water was placed on 

slide. Then, a bacteria colony was inoculated with a sterile loop and lightly stirs into 

drop of water to create an emulsion. The slide was heat fixing by passing the slide 
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