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ABSTRACT 

E. coli is a common inhabitant of the intestinal tract of human and warm-blooded animal. 
Most are hannless but some strains of E. coli are pathogenic to human. E. coli can be used 
as indicator of fecal contamination to indicate the present of other more pathogenic 
microorganisms. Hence, this project study the survival of a MAR E. coli isolated from 
aquaculture environment. Isolate was tested for the antibiotic resistant pattern and undergoes 
further identification through molecular studies and biochemical test. E. coli with initial 
inoculum around 1 xl 08 CFU/mL was inoculated in broth at 4°C, 25°C, 30°C, 37°C and 40°C 
for up to 60 days and plate count method was used to detennine the concentration (CFU/mL) 
of the growth of the E. coli. Cell numbers at all temperatures declined over the duration of the 
experiment. The decline was most pronounced at 37°C that is 5-10 1 CFU/mL, and was most 
prolonged at 25°C to 30°C where the numbers of cells were decreased to 2.0-105 and 8-W5 

CFU/mL, respectively. Survival rate of E. coli was enhanced in the sediment regardless the 
effect of the temperature. Hence, E. coli in aquaculture environment was able to survive for 
up to 60 days at all 5 various temperatures. 

Key words: E. coli, survival rate, water, sediment, temperature 

ABSTRAK 

E. coli merllpakan penghlll1i biasa terdapat dahlin sa/uran WillS manusia dan hailV(ln berdarah 
pallas. Kebanyakan ada/all tidak membahayakan kesihatun II/anllsia tetapi kewujlldan ketahanan 
{lntibiotik yang ballyak membawa kejangkitall. E. coli boleh digllnakan sebagai pel1l11~j/lk 

pel1cemaran tahi IIntlik menllnjllkkan kewlljudan mikroorganisma patogen yang lain. O/eh 
. ebab Ull. prqjek ini dija/ankan lIntllk mentaksirkal/ ke/angsllngall /tidup E. coli persekitaran 
yang diperoleh dari kawasan akllaku/tllr. Iso/at akan dillji IIntuk po/a ketahanan antibiotic 
me/a/lli pelle/Wan mo/ekll/ dan IIjian biokimia. E. coli dengan inoku/lim awed sebanyak I-lOx 
CFUlmL akan diinokll/asi da/am bikar mellgandllllgi SlI/lll 4°C. 25°C. 300C. 37"C dan 4(j'C 
se/ama 60 /wri dengan kaeclah plate COl/lit digllnakan l/Iltllk menenlllkal/ CFUlmL E. co/i. 
Nombor Se/ di semua sllhll menllrllfl £la/am tempoh yang dilljikan. Penll1'lln{[n paling 
menonjo/ pada 37"C iaitu 5-10' CFUlmL. Pel111rlllWIl paling stabil pada 25 uC dan 30ue iaitll 
2.0-105 dan 8-J()5 CFUlmL. Tempoh berta/wll hidup ditingkatkan dahlin sedimen tanpa 
dipengal'llhi oleh SII!zll. Oleh sebab itll. E. coli da/am persekitaran akllakllltlir ini mmnpll 
berta/ulII hingga 60 hari dalam semlla 5 jenis slIhll yang dikaji. 

Kata klillci: E. coli. tahap kelangslingan hidup. air. sedimen. sllhll 



1.0 INTRODUCTION 


Microbial contamination of aquaculture environment posed a serious threat to human 

health, particularly if the aquaculture product is consumed. Severe lethal infections such as 

diarrhea, haemorrhagic enteritis and haemolytic uraemic syndrome occurred by 

enteropathogenic strain isolated from aquaculture environment had been reported (Hunter, 

2003 & Obasohan et al., 2010). It leaded to the concern of public health officials especially 

the environmental strain had been found to resist multiple antibiotics (Rogers et aI., 2011). 

The presence of Escherichia coli (E. coli) in aquaculture environment can be used to 

indicate fecal contamination. Detection of fecal coliform bacteria above certain level is 

regarded as an indication of infectious disease risk in either water or food and also the 

possible presence of other, more pathogenic microorganisms such as salmonella, shigella, 

giardia or Norovirus (Grabow et aI., 2001 & Sampson et aI., 2006). E. coli is a common 

inhabitant of the intestinal tract of human and warnl-blooded animal. Most are harmless and 

useful in body by suppressing the grow of harmful bacteria. The primary host environment 

provides E. coli with stable condition to growth. Once excreted from this primary habitat into 

the external environment, the bacterium may faced the limited nutrient availability, wisely in 

temperature, pH and moisture range, as well as the variably predation (Wintield & Groisman, 

200~). All of these factors can lead to a low rate of survival in non-host environments and a 

low probability of colonizing a new host (Winfield & Groisman, 2003). By given the 

variations with different range between the physical and chemical characteristics at each 

environment, the survival rate of E. coli is uncertain. 
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Persistence and survival of bacteria in aqua envirorunent has been linked to water 

temperature (Bogosian et al., 1996). Several studies reported that low temperature increased 

the ability of E. coli to survive in a variety of aquatic condition (Brettar & Hofle, 1992; Smith 

et al., 1994; Bogosian et al., 1996) but the perception of the general public, and that of many 

public heal th officials, that low temperature would be unsuitable for bacterial survival. In 

addition to the effect of temperature on survival, recent finding suggest that sediment may be 

a reservoir for fecal bacteria in aqua environment (Wheeler-Aim et al., 2003). Since 

temperature and the presence of sediment apparently playa major role in affecting bacterial 

concentration in aquatic environment, this project is to further explore the effect of 

temperature of water and sediment on the survival of E. coli in the aquaculture environment. 

Thi study utilizes an environmental E. coli isolate obtained from aquaculture environment 

and examines a wider range of temperature level by using the plate count method to 

enumerate E. coli. 

A better understanding of the effect of temperature on E. coli survival in aquaculture 

environment will allow for a more complete understanding of E. coli concentrations found 

during aquaculture product to determine the available temperature for transportation. 

The objectives for this study are: 

1. to detennine the antibiotics resistance pattern of the selected E. coli isolates. 

II. to study the survival rate of a selected MAR E. coli strain under certain temperature 

range. 
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2.0 LITERATURE REVIEW 


2.1 Escherichia coli 

Most strains of E. coli are hannless and are a part of the nonnal intestinal microtlora 

that can be found in the wann-blooded animal and human being (Ishii et af.. 2006). Once they 

are released into unknown environment, these bacteria have to adjust themselves in order to 

achieve a better metabolic adaptability. Rapid changes of physical and chemical condition 

help bacteria to survive against environment stress variably increase the evolution of the 

species for the new environment adaption (Wcisto & Chrost, 2000). Ishii et af. (2006) 

reported that E. coli had been found in tropical and temperate soils beside present only inside 

the primary host (Ishii et al.. 2006). Recently, adaptation of E. coli among the aqua 

environment had been identified (Wcisto & Chrost, 2000; Sampson et al.. 2006; Sonier et al.. 

2008). 

The occurrence of E. coli in aqua environment had been used as an indicator of fecal 

contamjnation (Sampson et al.. 2006). This is due, in part, to the observed correlation between 

elevated E. coli counts in water and the rate of occurrence of gastrointestinal symptoms or 

disease (Ishii et al. 2006). Noble et al. (2003) had reported that the presence of E. coli is 

currently used as an indicator of recent feca l pollution in recreational waters (Noble et al.. 

2008). ,Sampson et lIl. (2006) has also reported that E. coli can be used as indicator of fecal 

contamination in lake water environment by studying the effect of temperature toward the 

survi val (Sampson et al.. 2006). An ever-increasing of research studies completed during past 

half centuries have provided evidence indicating that fecal coli forms and E. coli can persist in 
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nonhost habitats (Byappanahalli et aI., 2003; Powers et aI., 2005 ; Ishii et aI., 2006). 

Prolonged survival of fecal colifonns and E. coli in aqua environment had been reported for 

several decades (Wcislo & Chrost, 2000). In recent years, other studies indicated that E. coli 

can survive in sediments and soils over extended periods of time. It was showed to harbor not 

only high densities of E. coli but also some potential human pathogens such as Salmonella 

and Campylobacter spp (Stenstroem & Carlander, 2001; Anderson et aI., 2005). 

Pathogenic strains of E. coli have capability of causing lethal infection and disease in 

healthy individuals. Among the intestinal pathogens, there are six well-described categories: 

enteropathogenic E. coli (EPEC), enterohaemorrhagic E. coli (EHEC), enterotoxigenic E. coli 

(ETEC), enteroaggregative E. coli (EAEC), enteroinvasive E. coli (EIEC) and diffusely 

adherent E. coli (OAEC) (Nataro & kaper, 1998). One example of Enterohemorrhagic E. coli 

(EHEC) strains are a highly pathogenic subgroup of Shiga toxin-producing E. coli (STEC) 

that can causes severe serious human diseases, including bloody diarrhea and hemolytic 

uremic syndrome (Karch et aI, 2005). Food-borne outbreaks of STEC diseased appear to be 

increasing and, when mass-produced and mass-distributed foods are being concerned; it can 

involve large population of people (Paton et al., 1998). The ability to cause severe human 

disease differentiates EHEC from other STEC found in the environments that are less 

pathogenic or nonpathogenic. But, it had been reported that E. coli 0157:H7 is the most 

frequ_ent EHEC implicated as a cause of hemolytic uremic syndrome (Tarr, 2005). But non

01 57:H7 EHEC is variably present as the only pathogens in stools from HUS patients 

(Brooks et al., 2005). Zurek et al. (2004) had reported that outbreaks of the food-borne illness 

caused by E. coli 0157: H7 have been throughout the northern hemisphere, most frequently in 
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the US, Canada Japan and the United Kingdom (Zurek et at., 2004). The E. coli pathotypes 

implicated in inte tinal infections have recently been named as ExPEC3. EPEC, EHEC and 

ETEC can also cause disease in animals using many of the same virulence factors that are 

present in human strains or some unique colonization factors that may not detected in human 

strains. In additional, animal pathotype, known as avian pathogenic E. coli (APEC), can 

causes extra intestinal infections too. 

2.2 Aquaculture Industries 

Aquaculture is defined as the systematic cultivation of the natural produce of aquatic 

habitats (Kinsey, 2006). The production incIudes selection of breeding stock, the rearing of 

fry and fi ngerlings and the growth of adult fish (F AOINACAIWHO, 1997). Aquaculture have 

become a fastest growing food-producing sector in the world, with an average annual growth 

rate of 8.9% since 1970, compared to only 1.2% for capture fisheries and 2.8% for terrestrial 

fanned meat production systems at the same time (Subasinghe, 2005). World aquaculture has 

grown rapidly during the last fitly years from a production of one million tons to 59.4 million 

tons by 2004 (FAO, 2006). According to F AO in 2009, fishery products constitute an 

important part of international trade, currently worth more than US$50 billion (F AO, 2009). 

Recently, aquaculture industries have developed rapidly in Malaysia. The fisheries sector in 

Malaysia contributed 1.42 million tons of seafood valued at RM 5.3 billion (USD 1= RM 3.4) 

in 200~ (Ng, 2009). 

Fish and fish products are the protein source essential to human health and it is 

estimated that more than 30% of tish for human consumption comes from aquaculture 
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(Hastein et al., 2006). Due to this situation, Microbiological quality evaluation of fish aims to 

quantify the hygienic quality of fish, including the possible presence of pathogenic 

microorganisms in the fish. In food business, assurance of quality has become a central part of 

all activities focusing on safety (Abraham, 2011). 

However, there is the food safety concern about consumption of the fish, such as the 

case of food poisoning. It derived from the problems in aquaculture like fish diseases (Li et aI. , 

2009) and serious infections that had been reported in those countries in which aquaculture 

are reasonably developed, including Nigeria, South Africa, Zambia and Zimbabwe (Ogunshe 

& Olabode 2009). Aoki (1997) had reported with the detection of ultimate development of 

antibiotic resistance among bacterial flora from fish which derived from the use of 

antimicrobial agents in aquaculture (Aoki, 1997). The feed of the livestock is supplemented 

with various antimicrobials for growth promoting, prophylactic and therapeutic treatments. 

Such animal manures are excreted into the aquaculture environment establish a selective 

pressure in favour of antimicrobial-resistant bacteria (Petersen & Dalsgaard, 2003). The 

transfer of resistance with the commonly used antibiotics among the microorganisms adds to 

the consumers' fear and concern about the product they eat. Therefore, with the increasing 

demand for environment friendly aquaculture, probiotics in aquaculture is widely accepted 

(Ba\ca.zar et aI., 2006; Wang et al., 2008; Qi et al., 2009). 

7 




2.3 Multiple Antibiotic Resistances 

Antibiotics are probably the important drugs developed only to defend against 

bacterial infections. Nevertheless, several antibiotics are natural products of microorganisms 

that play important ecological roles in the wider environment. Dantas et al. (2008) have 

reported that bacteria subsisting on antibiotics are phylogeneticaIly diverse, and many are 

identified closely related to human pathogens (Dantas et al., 2008). 

According to Schwartz (2003), presence of bacteria resistance to antibiotics is 

commonly in the areas where antibiotics are used, and it included with the aquaculture 

environment (Schwartz, 2003). Antibiotic substances affect the quantitative and qualitative 

composition of bacteriocenoses in water ecosystems and also playa substantial role in the 

food competition systems (Barja et aI., 1989). Usage of antibiotic to the aquaculture 

environment have developed with widespread of multiple antibiotic resistant human 

pathogens commonly like E. coli and Vibro cholera, were well-documented since 1999 

(WHO, 1999). Recently, environmental researchers also reported that aquatic bacteria like 

Aeromona. spp. E. tarda. V. Vllinificlls and V. parahaemolyticlls also develop with resistance 

genes as a consequence of exposure to antimicrobial agents (Kim et al.. 2004 & S0rum, 2006). 

Schwartz et al. (2003) had explained that the potential human pathogen, can acquire 

resistance traits through genetic exchange probably with resistant subpopulations of the 

autoc,hthonous microbiota (Schwartz, 2003). The evolution of the strain can develop various 

efficient mechanisms to render ineffective the antibiotics used against them (Mudryk, 2005). 
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Thus, the indiscriminate use of antibiotics for fish has increasingly become concern of 

the public especialJy in China, and a legal framework is being enforced. Only few antibiotics 

can be licensed for the efficient and safe use due to the complex nature of aquatic culture 

systems and the diversity of culture species and pathogens. Currently, a chemotherapeutic 

agent is the only government-approved antibiotic that is used for prevention and treatment of 

infectious aquatic diseases. There is a need to discover alternatives for the widely use of 

antibiotics incident (Qi et a/., 2009). 

2.4 Factors that Affecting E. coli Survival Rate in Aqua Environment 

The study ofE. coli survival is important due to the interpretation of water quality data 

and the possible of representing of other human pathogen appearances. Thus, the factors 

which affect the E. coli decay become the concern to the environmental microbiologists with 

their contribution to investigate and improve the better quality of environment. 

Numerous investigators had reported that fresh water of aquaculture environment 

exhibits a marked bactericidal activity toward enteric bacteria which consider as some factors 

in fresh water may influence the survival rate of bacteria (Davenport et al., 1976; Collins & 

Stolt7.ky 1989). According to the evidences of large number of laboratory studies by 

researchers, various physicochemical factors (such as temperature, visible light, pH, and 

toxicity of heavy metals) are believed to give a significant impact toward the bacterial 

survival rate. Especially with the temperature is among the factors that contribute to the 

bacteria survivability in aquatic environment (Rhodes & Kator 1988). Baccina et al. (1997) 

had perfonned an experiment by studying the survival rate of E. coli based on relationships 
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population 

between wann and cold condition, it concluded T90 (time necessary for 90% of a bacterial 

to die) in wann situation is inverse exponential relationship with water 

perature (Barcina et al., 1997). The evidence have been substantiated by showing that E. 

coli introduced into autoclaved filtered river water survived for up to 260 days at temperatures 

from 4° to 25°C with no loss of viability. It is proven that low temperature can maintained the 

survival rate of E. coli. Survival rate is also dependent upon temperature with survival at 4°C > 

15°C> 25°C > 37°C for any water sample (Flint, 1987). McFeters and Stuart observed that 

the survival of E. coli exposed to aquaculture environment was inversely proportional to 

temperature (McFeters & Stuart, 1972). Similar results had been noted in estuarine water 

environment (Faust, 1975). 

Beside only the temperature has the major effect toward the survival rate of E. coli. a 

studies have focused especially related to the presence of the sediment in various temperature. 

Sampson el al. (2006) had reported that E. coli is able to survive up to 4 weeks in nonsterile 

lake water system with the present of sand or sediment (Sampson et al.. 2006). The evidence 

substantiated by the researchers where the presence of sand condition may contain 2-100 

times more fecal bacteria than water and is likely to be a major non-point source for the 

environment contamination (Kinzel man et al.. 2000; Whitman & Nevers 2003). Other 

laboratory and mesocosm studies had showed that cooler water temperatures with the 

presen<?e of sand may increase the duration of E. coli survival (Rhodes & Kator 1988; Brettar 

& Ho" fie 1992; Bogosian et al. 1996). Meanwhile, it had been reported that environmental 

isolates extend their survival for some period of time outside a primary host, and had 
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demonstrated their abil ity to adapt the famine limitation found in the environment at large 

with the widely range of parameter provided (Sampson et aI., 2006). 

1.5 The Survival Studies of E. coli in Aqua Environment 

Survival of bacteria varies depending on environmental factors. In the water 

environment, their survival rate is influenced mostly by environment stresses such as 

insufficient nutrients, suboptimal physical conditions and occasional toxins which can cause 

die-off but not multiplication (Barcina et al., 1997). Once it is released into unknown water 

environment, these bacteria have to adjust themselves in order to achieve a better metabolic 

adaptability. Rapid changes of physical and chemical condition help bacteria to survival 

against environment stresses but may reduce the survival rate by the first initial adaptation. 

Wcisto & Chrost, (2000) have reported with the decreasing rapidly of living cells after 

inoculated into natural water. With the further experiment proceed, the number of living cells 

varied between 20-40% of their initial value (Wcislo & Chrost, 2000). Furthermore, E. coli 

may respond to adverse conditions in the environment by expressing various stress response 

genes that enable survival (Arnold & Kaspar, 1995). The master regulator of the general stress 

response is an alternative sigma factor 0-38 (RpoS). This sigma factor may be induced in 

response to stresses such as weak acids, starvation, high osmolarity, and high or low 

temperature (Lange & Hengge-Aronis, 1994). Recently, an experiment had been done by 

Enge~brecht according to the survival studies of E. coli in ground water also proved the 

possibility f E. coli able to prolonged the survive rate in the environment and move through 

the soil-water matrix (Engelbrecht, 2005). Besides, Barcina et al. (1997) had reviewed the 

studies of survivability mechanisms of E. coli encounter the viable but non-culturable or 
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donnant state in seawater, E. coli undergoes starvation survival in seawater (Barcina et ai, 

1997). Meanwhile, Czajkowska's group had conducted experiment with survival of E. coli 

serotype 0157:H7 resulted evidently indicate the existence of possible hazards with long 

swvival periods of pathogenic bacteria in water environment (Czajkowska et al., 2005). 

Although certain studies have proved that enteric bacteria have high die-off rate, but more 

frequent are ace unts of extended survival and growth in various range of environment. 

Several cases of enteric survival and growth in aquatic systems, especially in the 

presence of ediment have been studied by Coleman's group proved the extended survival 

period of E. coli in sediment environment (Coleman et aI., 1974). Besides, Czajkowska's 

group has reviewed that the existing of pathogenic serotype with high probability of survival 

rate presented in the bottom-shore sediments (Czajkowska et aI. , 2005). That evidence had 

proved which E. coli can survive with the sediment condition similarity to the water 

environment or enhance the survival when sand or sediment was presented (Sampson et aI., 

2006). 

2.6 16S rRNA Sequence 

16S rRNA is the major molecule of the small ribosomal subunit of prokaryotes. The 

sequences had been used to study bacterial taxonomy. It keep as the most common 

housekeeping genetic marker used due to its presence in most of the bacteria, with their 

properties of high infonnation content existing as a multigene family, or operons (Janda & 

Abbott, 2 07). 
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complexes (Janda & Abbott, 2007). 

One of the potential uses of l6S rRNA gene sequence infonnatics is to provide genus 

ies identification especially if the isolates cannot match with biochemical profiles 

:Janda & Abbott, 2007). According to Mignard & Flandrois in (2006), 16S rRNA gene 

encing provides genus identification in nearly 90% for most of the cases but lesser so 

th regard to species between 65 to 83% (Mignard & Flandrois, 2006), due to few sequences 

deposited in nucleotide databases, species sharing similar or identical l6S rRNA sequences. 

omenclature problems occurred from multiple genomovars assigned to single species or 

2.7 Agarose Gel Electrophoresis (AGE) Analysis 

Gel electrophoresis is a technique used for the analysis of DNA, RNA and protein. It 

is a procedure that enables separates molecules separation based on size and charge. In AGE, 

DNA can be made to move through a gel by the influence of electrical field. It is due to the 

negative charges on their sugar-phosphate backbone, travel toward the positive electrode. 

According to Campbell et al. (2005), distance of DNA molecule traveled while the current is 

on is inversely proportional to its length. For the dsDNA fragments, their migration through 

the gel is relative to their size or depends on cyclic fragments, their radius of gyration 

(Campbell et al., 2005). Movement of DNA fragment is depending to the matrix 

concentration prepared. Hence, mobility of the DNA is time dependently while adjustment of 

the v~ltage gradient and time conducted is necessary (Wang & Chu, 1989). 

DNA electrophoresis has been a widely used technique in molecular biology since 40 

years ago and the foundation for this common technique is based on a few simple 
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.cu.lCJl1emical principles. The media used remained unchanged, which Tris as the primary 

after the developed of gel electrophoresis for the RNA and protein analysis (Brody et 
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3.0 MATERIALS AND METHODS 

1" .pJe Collection and Preparation 

Unidentified E. coli isolates labeled with B7-I-F-3, B6-I-W-4, B6-I-W-5 and SB-l

-I were obtained from the stock culture collection in Microbiology Laboratory of Faculty of 

U!IOUII'C,e Science and Technology. All four bacteria isolates were revived and plated on EMB 

before sub-cultured in TSA slant agar. 

1.2 Study Area and Sampling 

Water and sedjment samples for this survival study were collected from aquaculture 

pond located at 7th miles of Kuching Serian Road in kuching area. The samples were taken by 

using IL Scott's bottles. For the sediment sample, only surface partition under bottom 

aquaculture pond was collected for the research. Date and time of sampling were labeled at 

the same time of tht! samples collected. Both samples were autoc1aved to remove any possible 

microorganism before further survival studies. 

3.2 Antibiotic Susceptibility Test 

Antibiotic susceptibility test was performed by the disk diffusion method on Mueller 

Hinton Agar. The method was slightly modified by referring to National Committee tor 

Clinical Laboratory Standards (NCCLS, 2002). The E. coli isolates were tested with seven 

diffi rent types of antibiotics which were chloramphenicol (30)lg), erythromycin (15 )lg) , 
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(lO~g), nitrofurantoin (300~g), tetracycline (30,~g), ampicillin (l O~g) and 

_tJelu',cillin (lOO~g). ATCC 2S922 was included as a reference strain for the entire antibiotic 

tibility test. Briefly, colonies on TSA slant agar were picked up with 'wire loop and 

ferred into the LB broth. The broth was then incubated at 37°C for 24 hours. Mueller 

. ton medium was prepared and transferred into universal bottles with ISmL each. The 

ttles were then autoclaved and allowed to cool down. 1OOO~L of the broth culture was 

inoculated into the Mueller Hinton medium, shook and poured onto the petri dish and was 

allowed to solidify. The antimicrobial discs were dispensed on the inoculated agar plate. The 

lat were inverted and placed in an incubator at 37°C for 24 hours. The diameters of the 

zone of complete inhibition were measured. Zones were measured to the nearest whole 

millimeter by using a ruler. 

.3 E. coli Identification 

Bacteria colony with pure metallic green sheen colonies observed on EMB agar was 

selected for the identification. 

3.3.1 Identification through Molecular Studies 

3.3.1.1 DNA Extraction (Boiling Method) 

DNA was extracted by boiling the cell (Bilung et a/., 200S). Briefly, The colonies 

were-picked from the slant agar and inoculated into 3mL of LB broth. The culture was grown 

for 24 hours in an incubator shaker at 37°C with the speed of 12Srpm. 1 mL of the culture was 

pipetted into the tube and centrifuged at 10,000 rpm for S minutes. The supernatant was 

discarded and re uspended with SOO~L sterile distilled water and boiled for 10 minutes. The 
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