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ABSTRACT
Escherichia coli is a gram negative and rod-shaped bacterium that is commonly found in the lower intestine
of warm blood animals. Almost all E. coli strains are harmless, but some, such as serotype 0157:H7 can
cause serious food poisoning in humans due to the presence of Shiga-like toxin genes (sll) . Eating
contaminated raw food is one of the sources of transmission of E. coli. In this study, E. coli was isolated
from various raw vegetables in Kuching and Kota Samarahan wet markets and supermarkets in Kuching and
Kota Samarahan to determine the number of E. coli occurrences. The five main vegetables were cabbage,
cucumber, tomato, winged bean, and carrot. Samples were first inoculated into an enrichment media of Luria
Bertani (LB) broth while Eosin-Methylene Blue (EMB) agar was used for isolation. The isolates were tested
through a series of biochemical tests. After that, multiplex-PeR assay was carried out to detect the presence
of sill and sll] genes in the E. coli positive samples. Subsequently, antibiotic susceptibility test for E. coli
was determined via disk diffusion technique in determining the antibiotic susceptibility of E. coli isolates
against a range of antibiotics. Through a series of biochemical test, 26 (28.89%) isolates were identified as
E. coli while none of samples harbored Sill and sit] genes. All 26 samples were resistance toward
erythromycin and sensitive toward nalidixic acid, tetracycline, nitrofurantoin, norfloxacin, and
chloramphenicol. Seventeen samples were resistance toward ampicillin while 18 samples were resistance
toward carbenicillin.
Keywords: Escherichia coli; raw vegetables; Eosin-Methylene Blue (EMB) agar; Shiga-like toxin (sit),
antibiotic susceptibility.

ABSTRAK
Escherichia coli adalah bakleria gram-negatif dan berbentuk rod yang biasanya dijumpai di dalam usus
haiwan berdarah panas. Kebanyakan slrain E. coli lidak berbahaya tetapi sesetengah E. coli seperti
serotaip 0157:H7 dapat menyebabkan lceracunan makanan yang serius lcepada manusia disebabkan
lcehadiran gen toksik Shiga(slt) . Makan makanan yang mentah merupakan salah salu punca penyebaran E.
coli. Dalam kajian ini, E. coli lelah diasingkan daripada sayuran menlah dari pasar basah dan pasaraya di
Kuching dan Kota Samarahan unluk menentukan bilangan lcejadian E. coli. Lima sayuran utama adalah
kubis, tim un, tomalo, kacang botol, dan karot. Sampel telah diinokulasi Ice dalam media pengayaan iaitu
pali Luria Bertani (LB) manakala Eosin-Metilena Biru (EMB) agar telah digunakan untuk tujuan
pengasingan. Koloni-koloni lersebut lcemudiannya menjalani siri ujian biokimia. Selepas itu, multiplex-peR
dilakukan untuk mengesan lcehadiran gen sltl dan
dalam sampel positif E. coli. Kemudian, uji lcepekaan
antibiotik untuk E. coli ditentukan melalui teknik calcera difusi untuk menentukan kepekaan antibiotik
isolale E. coli terhadap pelbagai jenis anlibiotik. Melalui siri ujian biokimia, 26 (28,89%) isolat
dilcenalpasti sebagai E. coli lazim sementara tidak ada sampel yang mempunyai gen sltl dan~. Semua 26
sampel mempunyai daya tahan terhadap eritromisin dan sensitif terhadap asid nalidiksat, letrasiklin,
nitrofurantoin, norjloksasin, dan kloramfenikol. 17 sampel mempunyai daya lahan terhadap ampisilin
manakala 18 sampel mempunyai daya tahan terhadap karbenisilin.

m..

Kata kunci: Escherichia coli; sayuran mentah; Eosin-Metilena Biru (EMB) agar; toksik Shiga (mJ;
lcepekaan antibiotic.
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CHAPTER 1
INTRODUCTION

1.1 Introduction
E. coli (Escherichia coli) is a bacterium that generally lives in the intestines of animals,
including humans (OT A, 2010). This organism is a gram-negative rod-shaped bacterium that
is usually found in the lower intestine of warm-blooded organisms (Sliusarenko et al., 2010).
In fact, the existence of E. coli and other kinds of bacteria within our intestines is essential to
aid the human body develop well and to stay healthy. There are about 100 strains of E. coli,
most of which are beneficial (NYSDO H, 2008).
Although E. coli inhabit the intestinal tract as beneficial microorganisms, there also
are strains of E. coli that are known to produce toxins. There are four to six groups of E. coli
strains which comprise EEC, EHEC (enterohemorrhagic E. coli), ETEC (enterotoxigenic E.
coil), EPEC (enteropathogenic E. coli), EIEC (enteroinvasive E. coli), EAEC (enteroadherent
E. coli), and EAggEC (enteroaggregative E. coli) (Marks, 2010). Enterovirulent E. coli (EEC)
strains cause "poisoning" or diarrhea even though they usually remain within the intestine by
producing toxins or intestinal inflammation (Hayhurst, 2004).
The National Center for Infectious Diseases, Centers for Disease Control and
Prevention (CDC), particularly warns of the dangers posed by the rare strain E. coli OI57:H7,
a pathogenic strain isolated from manure from cattle, sheep, pigs, deer and poultry. This strain
can lead to severe diarrhea, kidney damage and sometimes death. Young children, the elderly,

and those with weakened immune systems are the most vulnerable to the E. coli 0157:H7
infections (CDC, 2010).
In recent years, E. coli 0157:H7 has been recognized in outbreaks of foodbome illness
related to fresh produce (Wallace and Kohatsu, 2008). In October 6, 2006, 199 people were
infected resulting in 3 deaths, while 31 suffered hemolytic uremic syndrome after consuming
spinach contaminated with the E. coli 0157:H7 in New Mexico (Grant et aI., 2008). In May
2010, an E. coli 0157:H7 outbreak has infecting at least 19 people in several European
countries was traced to the consumption of raw romaine lettuces (Niemira and Cooke, 2010).
However, there are no outbreak reports of foodbome disease cause by E. coli in Malaysia
(Sahilah et aI., 2010).
In this study, vegetables are chosen since they are often eaten raw. In Sarawak, several
types of vegetables are consumed raw in the popular dish 'ulam'. Subsequently, eating raw
vegetables that is rare or inadequately cleaned is the most common way of possible exposure
to E. coli contamination (Ingham et aI., 2004). The vegetables are bought from either wet
markets or supermarkets. In wet markets in Malaysia, a variety of food types including
seafood, poultry, meat, and fresh vegetables are commonly sold. Supermarkets normally offer
foods under conditions that seem more hygienic than those in wet markets as vegetables are
packed neatly before display. Conversely, the hygienic condition and foodstuff handling
methods in the packing facilities may be poor thus the occurrence and number of E. coli in
raw vegetables from both supermarkets and a wet market were determined.
In this study, the isolation of E. coli was done by using Luria-Bertani broth as an
enrichment media and eosin methylene blue (EMB) agar as a selective agar upon
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identification via Gram staining and biochemical tests, multiplex-PCR was performed on the
E. coli isolates for the detection of Shiga-like toxin I (sit-I) and Shiga-like toxin II (sIt-II)

genes. Then, antibiotic resistance test for the E. coli isolates was done via the disk diffusion
method against a range of antibiotics in determining the antibiotic resistant patterns of the E.
coli isolates.

1.2 Objectives of the study
The aims of the study were:
a) to isolate E. coli from vegetables samples obtained from wet market and supermarket
in Kota Samarahan, Kota Sentosa and Kuching area.
b) to identify isolated E. coli from samples using selective agar as a culture medium
(EMB agar), Gram staining technique, and biochemical tests (IMViC and TSI test).
c) to detect slt-I and sIt-II genes of isolated E. coli by using multiplex-PCR.
d) to screen the antibiotic susceptibility that can be found in the E. coli isolates.

3
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CHAPTER 2
LITERATURE REVIEW

2.1 Escherichia Coli

2.1.1. General characteristics of E. coli
There are five classes of E coli that are known as the EEC group (enterovirulent E coli).
Each class ofEEC is distinctive and dissimilar from the others (Curova et al., 2009). They are
enteroinvasive E coli (EIEC) that invades or passes into the intestinal wall to create severe
diarrhea, enterohemorrhagic E coli (EHEC) which is a type of EHEC, Ecoli Oi 57:H7 that
can cause bloody diarrhea and the hemolytic uremic syndrome, enterotoxigenic E coli
(ETEC) that can produces a toxin that acts on the intestinal lining, and is the most common
cause of traveler's diarrhea, enteropathogenic E coli (EPEC) which can cause diarrhea
outbreaks in newborn nurseries, and enteroaggregative E coli (EAggEC) that cause acute and
chronic diarrhea in children (Tucker, 2007).
Spicer (2008) stated that E coli a member of the Enterobacteriaceae family, which
consist of many enteric bacteria, which are facultatively anaerobic Gram-negative that live in
the intestinal tracts of animals in health and disease. Its cell wall is composed of a layer of
peptidoglycan, opposed to the phospholipid bilayer of gram-positive bacteria. It is rod shaped
bacteria that uses flagella for motility. It can grow in the presence or absence of oxygen.
Most E. coli strains are harmless except the EEC which can cause serious food poisoning in
humans. This bacterium can be cultured easily and its genetics are fairly simple and easily

4
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manipulated or duplicated through a process called mutagenic (Young et al., 2010). Both
pathogenic and non-pathogenic strains of E. coli can be isolated from contaminated
vegetables, feces, infected animals (cattle), and mainly found in guts (Heaton and Jones,
2007).

2.1.2 Optimal growth conditions of E. coli
The optimum temperature for E. coli to grow is 37°C which explains the reason why E. coli
can be found in the guts of mammalians. E. coli appears to be more tolerant of low pH than of
high pH which is approximately pH 7.0 and can grow in any low to medium concentration of

salt. E. coli growth is also affected by the presence of glucose. E. coli grows in environment
with no glucose, however survival rate is low (Don, 2008). In the presence of higher glucose

concentrations, E. coli would absorb the extra glucose and convert it into energy, allowing all
its chemical process to proceed faster and with a more rapid growth and reproduction rate
(Negrete et al., 2010).

2.2 Outbreak of E. coli
In 2006, an outbreak of E. coli 0157:H7 caused by consumption of contaminated fresh
spinach occurred in United States. One hundred and ninety nine persons infected with the
outbreak strain of E. coli 0157:H7 have been reported to CDC from 26 states. Three deaths in
confirmed cases have been associated with the outbreak (Kulasekara, et al., 2006).

5
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In July 2008, two children experienced E. coli 0157-associated hemolytic uremic
syndrome (HUS) after consuming raw milk purchased at a retail market and a fann located in
Connecticut. Guh et al. (2010) identified raw milk consumption was associated with illness
because E. coli 0157: NM outbreak strains were identified in stool specimens of six case

It

patients and one milking cow.
The multi state outbreak of human E. coli 0145 which is referred as Shiga toxin
producing E. coli or STEC infections linked to shredded romaine lettuce from a single
processing facility occurred in United States in 2010. Among the 30 patients with available
information of infection of this bacterium, 40% were hospitalized. Three patients have
developed a type of kidney failure known as hemolytic uremic syndrome, or HUS. There are
no deaths reported in the incident (CDC, 2010). In Malaysia, there are no outbreak reports of
foodbome disease cause by E. coli 0157:H7. However, these serotypes have been isolated
from clinical samples as well as beef samples (Son et aI., 1998).

2.3 Possible source of E. coli: Raw vegetables

E. coli was first recognized as a foodbome pathogen in 1982 and the definite number
that occurred is possibly much bigger due to E. coli infections did not develop a reportable
disease until 1987 (Rangel et aI., 2005). As a result, Central of Disease Control (CDC) states
that only the most geographically focused outbreaks would have gathered plenty attention in
order to prompt further investigation. Fresh vegetables once are thought to be quite free of
disease-producing pathogens. Lately, however, outbreaks of food-borne illness linked
vegetables have become more common (Soderstom et aI., 2008).
6

I

l

According to Chai et a!. (2008) research, vegetables in Malaysia which are mostly
'ularn' containing various pathogenic microbes including gram negative E. coli. In addition,
on September 14, 2006, the Centers for Disease Control (CDC) infonned the FDA that E. coli
had connected the spinach to several illnesses (Kulasekara et a!., 2006). Furthennore, some
vegetables are dirtied with animal (especially cattle) manure which comprises a lot of E. coli.
Some farmers use manure as an excellent fertilizer and soil conditioner for their crops.
Additional sources that have been identified as sources of contamination include
unpasteurized apple juice and cider (Sapers et ai., 2009), orange juice, alfalfa and radish
sprouts (Neeto et a!., 2009), lettuce, spinach, and water (Doering et a!., 2009). Raw or
improperly composted manure, irrigation water containing untreated sewage or manure, and
contaminated wash water are the cause of E. coli presence in vegetables. Contact with
mammals, reptiles, fowl, insects and unpasteurized animal products are other sources of
contamination (Davis and Kandell, 2005).
Variations in microorganisms have undeniably contributed to foodborne disease, as
have changes in growing, harvesting, distribution, processing and consumption practices
(Delaquis et a!., 2007). Unclean surfaces, including human hands that come in contact with
whole or cut produce, represent possible points of cross-contamination through the food
system such as growing, harvesting, packing, processing, shipping and preparing produce for
consumption (Galvez et a!., 2009; Ching et ai., 2008). According to Chai et a!. (2007), raw
vegetables from supennarkets were twice the prevalence of Campiyiobacter spp. in
vegetables from wet markets in Malaysia. It can be hypothetically assume that the existence
of E. coli may be higher in vegetables in the supennarket compare to the wet market in
Malaysia.
7
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2.4 Antibiotic susceptibility of E. coli
The change of E. coli resistance to certain antimicrobial agents is always linked to exposure
of bacteria to antibiotics obtainable in the environment (Gaze et al., 2008). The spread of
antibiotic resistance genes are because of mutations, transposition of the bacterial genome and
genetic exchange between bacteria (Chai et aI., 2008). E. coli has also been known to have the
ability to exchange genetic infonnation with other organisms gaining some of that organism's
characteristics. The E. coli 0157:H7 is an example of this action. E. coli 0157:H7 was
infected with a bacterial virus and that particular virus had the ability to insert its own DNA
into the bacteria's chromosome without harming the bacterium (Jooeja and Sofos, 2010).

E. coli usually was not affected by either penicillin or ampicillin in antibiotic
resistance condition. This is because E. coli is a gram-negative bacterium and produces
lactamase, an enzyme that breaks down the
avoid the

~-lactams

~-lactam

~

rings of the penicillin. So, it is able to

from the penicillin from destroying its cell membrane due to the presence

of ~-lactamase (Don, 2008).
Conversely, chloramphenicol, tetracycline and streptomycin were all able to kill the E.
coli bacteria because these three antibiotics inhibit the activity of enzymes that are involved in

DNA and RNA synthesis (Don, 2008). E. coli has
~-lactam

~-lactamases

and hence cannot be killed by

antibiotics. Also, there was folate in the nutrient broth so the sulphonamides had no

effect on the E. coli, and the best way to kill E. coli is to treat it with antibiotics that attack the
DNA and RNA synthesizing enzymes (Skold, 2010). To improve the research, several of
antibiotics with different mechanism can be used such as chloramphenicol, erythromycin,
ciprofioxacin, tetracycline, and others (Don, 2008).

8
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2.5 Multiple antibiotic resistance (MAR)
Multiple antibiotics resistance (MAR) is a condition of organisms causing disease to resist
distinct antibiotics of a wide variety (Bushman, 2002). Numerous microorganisms have
survived for thousands of years by being able to adapt to antimicrobial agents. They do so
through spontaneous mutation or by DNA transfer. This process allows some bacteria to

against the assault of particular antibiotics and subsequently rendering the antibiotics
ineffectively (Guminski et al., 2002). These microorganisms apply several mechanisms in
attaining multiple antibiotics resistance such as no longer depending on a glycoprotein cell
wall enzymatic deactivation of antibiotics, and decreased cell wall permeability to antibiotics.
From this process, MAR organisms can be formed and their existence in the environment
threatened the human health (Stix, 2006).

2.6 Detection of E .coli using multiplex PCR method
2.6.1. Multiplex Polymerase Chain Reaction (PCR)
Multiplex-PeR is a modification of peR that amplifies genomic DNA samples using
multiple primers. Multiplex-PeR consists of multiple primer sets within a single peR mixture
to produce amplicons of varying sizes that are specific to different DNA sequences. By

targeting multiple genes at once, additional information can be obtained from a single test run.
Otherwise, it would require several times the reagents and more time to perform. Annealing
temperatures for each of the primer sets must be optimized in order to work correctly within a
single reaction and amplicons sizes should be different enough to create distinct bands when
. ualized by gel electrophoresis (Pestana et aI., 201 0). Multiplex peR is a popular method
9
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and has been used widely for the detection of E. coli 0157:H7 in previous studies through the
detection of Shiga like toxin genes (Radu et aI., 2001; Yazdi et aI., 2011).

2.6.2 Shiga Like Toxin (SLn gene
Shiga-like toxin, also known as verotoxin, is a toxin generated by E. coli and named for its
likeness to the AB5-type Shiga toxin produced by the bacteria Shigella dysenteriae. There are
two types known as sit 1 and slt2. Ontario rediscovered the Shiga toxin produced by Shigella
dysenteriae in E. coli in 1977 (Werber et al., 2008).

The E. coli shiga toxin version was named "verotoxin" due to the ability of the toxic
protein to kill Vero cells in culture. Shortly after, this verotoxin was denoted to as Shiga-like
toxin because of its similarities to Shiga toxin. It requires highly specific receptors on the
cells' surface in order to attach and enter the cell. Species such as cattle, swine, and deer
which do not carry these receptors might harbor toxigenic bacteria without slightly ill effect,
shedding them in their feces, from where they possibly will be spread to humans (Gabius,
2009).

2.6.3 Report of multiplex peR detection of E. coli
In a previous study, Kumar et al. (2008) studied that Shigella-toxigenic E. coli (STEC) is
prevalent in various seafoods such as fresh fish, clams and water in India and non-O 157
serotype is more common. Koitabashi et al. (2006) proved that E. coli 0157 strains from
marketed beef in Malaysia carried Thai-12 q-stx2 sequence which formed little or no stX2 were
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detected by using the peR assay. Therefore, 30% of stx2-positive E. coli 0157 strains from
those beef samples produced slightly or no stx2 toxin. In Lleo et al. (2005) research,
quantification by peR using sIt l primers helped in detection non-culturable cells present in
water samples in the different zones of Italy and only four samples were positive for E. coli in
this research. Khandaghi et al. (2010) obtained a total of 282 samples of soil and vegetables
(lettuce, cabbage, carrot and radish sprout), from manure fertilized agriculture farms in Tabriz
city, Iran and tested by using multiplex peR to confirmed E. coli 0157:H7 isolates. As a
result, five samples of soils (1.77 %) and one sample of vegetable (0.35 %) of total samples
from this location contaminated with E. coli 0157:H7.
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CHAPTER 3
MATERIALS AND METHODS

3.1 Samples collection
Raw vegetables were purchased from three wet markets and three supermarkets in Kuching,
Sarawak as shown in Table 3.1.
Table 3.1 : Location of sampling in Kuching and Kota Samarahan, Sarawak.
Target place

Location

Supermarket I

Kota Sentosa

Supermarket II

Kota Samarahan

Supermarket III

Satok

Wet market I

Kota Sentosa

Wet market II

Kota Samarahan

Wet market III

Satok

Sampling was done on a weekly basis from October 4, 2010 to January 24, 2011. At each
market and supermarket, one stall and one shop were picked randomly. The descriptions of
both supermarket and wet market are shown in Table 3.2. Table 3.3 showed the differences
between the conditions in the supermarkets and wet markets from the retail outlets in general.
Purchased vegetables were packed separately to avoid cross contamination and kept in the
polystyrene box containing ice packs and transported to the laboratory to be processed
immediately. In this research, five types of raw vegetables were used in this experiment as
own in Table 3.3.
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Table 3.2: The description of the retail outlets and vegetables that being studied.
Characteristics
Type
Appearance
Vegetables freshness
Packaging

Display duration
Display condition

Wet market
Open
Clean
Fresh
No packaging

Supermarket
Enclosed
Clean
Fresh
Vegetables on styrofoam
over-wrapped with
polyethylene film
2-3 days
> 6 hours
At ambient temperature on Chilled
stall table.

Table 3.3: Type of vegetables tested for the identification of E. coli.
English name

Local name

Scientific Name

Winged Bean

Kacang Botol

Psophocarpus tetragonolobus

Tomato

Tomato

Solanum Iycopersicum

Cucumber

Tim un

Cucumis sativus

Carrot

Karot

Daucus carota

Cabbage

Kubis

Brassica oleracea

3.2 Enrichment of bacteria samples
Each of the vegetables was cut into small pieces, and then a 25 g of portion was weighed
aseptically and added into stomacher bags. The cut sample was crushed into very small pieces
of sample and added 225 ml of Luria-Bertanni (LB) broth (Sigma, USA) individually for each
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