ANTIBIOTIC RESISTANCE, PLASMID PROFILE AND
RAPD-PCR ANALY SIS OF ENTEROPATHOGENIC
ESCHERICHIA COLI (EPEC) CLINICAL ISOLATES

Wan Keng Feil, Son Radu?, Cheah Yoke Kqueent, Patrick Guda Benjamin?, Clemente Michael Wong
Vui Lingt, Hon Shui Fong?, Abidah Harun?, Lo Sze Khiong? and Liew Phen Kiew?

!Department of Biotechnology, Faculty of Food Science and Biotechnology, University Putra
Malaysia, UPM Serdang, Selangor, Malaysia; 2Hospital Miri, Miri, Sarawak, Malaysia

Abstract. Enteropathogenic Escherichia coli (EPEC) is aleading cause of diarrheaamong infantsin
developing countries. A total of 38 EPEC isolates, obtained from diarrhea patients of Hospital Miri,
Sarawak, were investigated through plasmid profile, antibiotic resistance and randomly amplified
polymorphic DNA (RAPD) analysis. From the 8 types of antibiotics used, all isolates were 100%
resistant to furoxime, cephal othin and sul phamethoxazol e and showed high multiple antibiotic resis-
tant (MAR) indexes, ranging from 0.5 to 1.0. In plasmid profiling, 22 isolates (58%) showed the
presence of one or more plasmidsin the range 1.0 to 30.9 mDa. The dendrogram obtained from the
results of the RAPD-PCR discriminated the isolates into 30 single isolates and 3 clusters at the level
of 40% similarity. The EPEC isolates were highly diverse, as shown by their differing plasmid pro-
files, antibiotic resistance patterns and RAPD profiles.

INTRODUCTION

Diarrheagenic E. coli can be categorized into
6 groups:. enteropathogenic E. coli (EPEC),
enteroinvasive E. coli (EIEC), enterotoxigenic E.
coli (ETEC), enterohemorrhagic E. coli (EHEC),
enteroaggregative E. coli (EAEC) and diffuse
adhering E. coli (DAEC) (José and Finlay, 2001).
Though EPEC is aleading cause of infantile di-
arrheaamong children aged between | essthan six
months to 23 months, especially in the develop-
ing countries (Antai and Anozie, 1987; Renu et
al, 1990; Albert et al, 1995; Donnenberg, 1995),
it does happen when adults are exposed under the
sameenvironments (Ulshen and Rollo, 1980). The
patients will vomit, experience stomach cramps
and low fever, which is often accompanied by
fluid loss (Levine and Edelman, 1984; Nataro and
Kaper, 1998). EPEC istransmitted primarily by
person-to-person spread, but outbreaks of EPEC
disease have occasionally been linked to contami-
nated food and water (Bower et al, 1989; Viljanen
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et al, 1990; Wu and Peng, 1992).

A variety of antibiotics have been used to
treat EPEC and have proved useful in many cases,
but multiple antibiotic resistance is common
among EPEC (Donnenberg, 1995). Many strains
of E. coli carry resistance factors (R factors) that
determine resistance to antibiotics and can be
transferred among themselves or to other bacte-
rial species (Linton et al, 1981) to establish mul-
tiple antibiotic resistance. The widespread use of
antibiotics has been identified as a major factor
accounting for the increased incidence of antibi-
otic resistance (Towner, 1982). Detection and
monitoring of multi-antibiotic resistant EPEC is
important to substantiate the choice of antibiot-
ics for the treatment of infections cause by this
organism.

EPEC pathogenicity isregulated by the prod-
uct of agene encoded on the 50 to 70 mDaEPEC
adherence factor (EAF) plasmid (Nataro et al,
1985). EAF plasmid is mainly encoded bundle-
forming pilus (BFP) in the process of localized
adherence (Donnenberg, 1999). However,
Knutton et al (1987) noted that the gene encoded
for the A/E lesion was also found on the bacterial
chromosomal within the locus of the enterocyte
effacement (LEE) which encoded the type Il1
secretory apparatus, such asintimin (Nataro and
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Kaper, 1998). It is also believed that the R-factor
istransferred in the plasmid when EPEC infects
the host and builds up resistance towards antibi-
otics. Random amplified polymorphism DNA
(RAPD) has been used as a sensitive and effi-
cient method for providing information on dis-
tinction and relatedness among the organisms
(Welsh and McClelland, 1990; Williams et al,
1990). The polymorphisms produced can enable
thedetection of slight genetic differences between
DNA samplestested.

The objective of thisstudy wasto determine
the antibiotic resistance, plasmid profiles and
genotypic characterization of the EPEC strains
isolated from apparently unrelated hospital pa-
tients by RAPD-PCR.

MATERIALSAND METHODS

Bacterial strains

Thirty-eight isolatesidentified asenteropatho-
genic Escherichia coli (EPEC) wereisolated from
patients by the forwarding laboratory a Hospital
Miri, Sarawak, Maaysia. Table 1 shows details of
the EPEC strains used in this study. Cultures of
EPEC used in antibiotic resistance tests, plasmid
and genomic DNA isolation weregrown overnight
in Luria Bertani broth at 37°C at 300 x g.

Antibiotic resistance tests

The strains were tested for antibiotic resis-
tance by the disk diffusion method, performed on
Mueller Hinton agar plates. The antibiotic disks
used in this study were purchased from Sigma
Chemical Co, USA. Thefollowing antibiotic-con-
taining discs were used: cephalothin (Kf, 30 ug),
cefuroxime (Cxm, 30 ug), kanamycin (K, 30 ug),
neomycin (N, 10 ug), nitrofurantoin (F, 300 ug),
streptomycin (S, 10 ug), sulfamethoxazole (RL,
25 ug) and tetracycline (Te, 30 ug). The plates
were incubated for 17-24 hours at 37°C. Inhibi-
tory zones were interpreted as recommended by
the supplier. The multiple antibiotic resistance
index of isolatesis defined as a/lb where ‘a rep-
resents the number of antibiotics to which the
particular isolate was resistant and ‘b’ the num-
ber of antibioticsto which theisolate was exposed
(Krumperman, 1983).

DNA isolation

Plasmid DNA was extracted by the alkaline
lysismethod, followed by el ectrophoresis, essen-
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tially asdescribed by Sambrook et al (1989). The
approximate molecular mass of each plasmid was
determined by comparison with plasmids of
known molecular mass of Escherichia coli V517
(Macrina et al, 1978). Prior to amplification by
RAPD-PCR method, the chromosomal DNA of
the EPEC strainswas extracted by the mini-prepa-
ration method devised by Wilson (1989).

RAPD-PCR amplification

Ten randomly designed 10-mer primerswith
50% G+C content (Genosys Biotechnologies|nc,
USA), designated as Gen1-50-01 to Gen1-50-10
were screened and two primers, the GEN15002
(5'-CAATGCGTCT-3') and GEN15009 (5'-
AGAAGCGATG-3') were selected for finger-
printing the EPEC strains, as they provided re-
producible and discriminatory patterns. The
RAPD-PCR reaction mixtures (25 ul) consisted
of 2.5 ul of 10x PCR buffer, 0.5 ul of 10 mM
dNTPs, 1.5 ul of 25 mM MgCl,, 1 unit of Taq
polymerase (Promega Co, USA), 5 pmol of
primer and 1.0 ul (20-30 ng) of DNA template.
The PCR amplifications were carried out with a
Techne Thermal Cycler (Model HL-1). The cy-
cling parameters were 3 minutes at 94°C for pre-
denaturation, 45 cycles each of 1 minute at 94°C
for denaturation, 1 minute at 36°C for annealing,
2 minutesat 72°C for extension and afinal exten-
sion at 72°C for 5 minutes. The PCR amplifica-
tion products were visualized by running 15 ul
of theamplification productson 1.2% agarose gel,
which was stained with ethidium bromide and
photographed under UV illumination.

Fingerprint pattern analysis

RAPD €lectrophoresis photoswere scanned
and the RAPD resultswere further analyzed with
the computer software, RAPDistance Software
Version 4.0. The genetic distances of theisolates
were calculated with the Nei and Li (1979) for-
mula. The dendrogram was drawn by using the
unweighted pair group procedure (UPGMA) clus-
tering and tree-building NJTREE program in the
same computer software.

RESULTS

Enteropathogenic Escherichia coli wereiso-
lated from varioustypes of samplesabtained from
patients at the Miri Hospital in Sarawak, Malay-
sia (Table 1). The HV'S samples, followed by
wound swab and swab revealed a positivity rate
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that was higher than other types of samples. The
age distribution patterns are reported in Table 1.
Antibiotic resistance tests showed that the EPEC
isolates were resistant to most of the antibiotics
tested (Table 1). The multiple antibiotics resis-
tant (MAR) index ranged from 0.5 to 1.0, with

Enteropathogenic Escherichia coli strains used in this study.

EPEC isolates resistant to at least 4 of the antibi-
oticsused for thetest. All EPEC isolates showed
100% resistance to cefuroxime, cephal othin and
sulfamethozaxole. This was followed by resis-
tance to streptomycin (92.1%), neomycin
(84.2%), tetracycline (76.3%), kanamycin

Table 1

Strainno. Sampletype Gender/age of Antibiotic Plasmid profiles
patient (year) resistant patterns (megadalton)

ECO1 Wound swab F/37 CxmKfKNRITe (0.75) 2.0

ECO02 Swab F/27 CxmKfFKNRISTe (1.0) ND

EC03 Higher vagina swab F/31 CxmKfNRISTe (0.75) 20

ECO4 Swab M/50 CxmKfKNRIS (0.75) ND

ECO05 Higher vagina swab F/27 CxmKfNRISTe (0.75) 227

ECO06 Hand swab M/30 CxmFKfKNRISTe (1.0) ND

ECO7 PD fluid M/-2 CxmKfNRIS (0.63) 26

EC08 Higher vagina swab F/29 CxmKfKNRISTe (0.88) 227

EC09 Higher vagina swab F/29 CxmKfKNRISTe (0.88) 7.0, 38

EC10 Eye swab M/1 week CxmKfNRIS (0.63) 6.2,1.4

EC11 Wound swab M/45 CxmKfKNRISTe (0.88) ND

EC12 Pus swab M/1 month CxmKfKNRISTe (0.88) 227

EC13 Higher vagina swab F/20 CxmKfRISTe (0.63) 30.9,6.2,3.8

EC14 Swab F/11 CxmKfNRIS (0.63) ND

EC15 Urine F/20 CxmKfNRISTe (0.75) 27.9,16.9,9.3,20

EC16 Higher vagina swab F/37 CxmKfNRISTe (0.75) ND

EC17 Wound swab M/30 CxmFKfKNRISTe (1.0) ND

EC18 Higher vagina swab F/30 CxmKfNRISTe (0.75) ND

EC19 Higher vagina swab F/18 CxmKfNRISTe (0.75) 27.9,9.3,38,20

EC20 Higher vagina swab F/37 CxmKfNRI (0.50) ND

EC21 Higher vagina swab F/21 CxmKfKNRISTe (0.88) 20

EC22 Tip M/64 CxmKfNRITe (0.63) 6.2

EC23 Higher vagina swab F/- CxmKfNRISTe (0.75) ND

EC24 Wound swab M/49 CxmKfRISTe (0.75) 6.2

EC25 Higher vagina swab F/34 CxmKfNRISTe (0.75) ND

EC26 Wound swab M/75 CxmKfNRISTe (0.75) ND

EC27 Wound swab M/41 CxmKfNRIS (0.63) 17.0,7.6,2.6

EC28 Higher vagina swab F/- CxmKfRIS (0.50) 114,38

EC29 Wound swab M/23 CxmKfRIS (0.50) 56,23

EC30 Swab M/34 CxmFKfKNRISTe (1.0) 26

EC31 Higher vagina swab F/25 CxmFKfNRISTe (0.88) 9.3,4.6

EC32 Leg swab F/13 CxmKfRISTe (0.63) 9.0,2.6

EC33 Higher vagina swab F/54 CxmKfRISTe (0.63) 76,26

EC34 Swab M/30 CxmKfKNRISTe (0.88) ND

EC35 Higher vagina swab F/40 CxmFKfKNRISTe (1.0) ND

EC36 Wound swab M/30 CxmKfNRISTe (0.75) ND

EC37 Higher vagina swab F/24 CxmKfKNRISTe (0.88) 9.3

EC38 Higher vagina swab F/29 CxmKfNRIS (0.63) ND

aAge not available; ND=none detected.
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(36.8%) and nitrofurantoin (15.8%). Overall,
7.9% were resistant to four types of antibiotics,
26.3% to five types of antibiotics, 31.6% to six
typesof antibiotics, 21.1% to seven types of anti-
biotics and 13.2% to eight types of antibiotics
(Table 1). From the total 38 isolates, 22 showed
the presence of one or more plasmids (Table 1).
Theisolates harbored plasmids ranging from 1.0
to 30.9 mDa. To better characterize the EPEC
strainsin the current investigation, all the EPEC
isolates were subjected to DNA fingerprinting by
RAPD-PCR, using primers GEN1-50-02 and
GEN1-50-09. The RAPD-PCR accurately differ-
entiates the strains by means of the number and
position of the amplified DNA fragments, which
arevisible in the gel's (data not shown). Accord-
ingly, the greater the differencesin theindividual
patterns, the more unrelated the strains are from
oneto another. When the results of the two prim-
ers were combined in a single dendrogram, all
the 38 isolates were seen to represent individual
isolates at 0% similarity, but forming two major
clusters (Fig 1).
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Fig 1-UPGMA -based dendrogram from RAPD profiles
of the enteropathogenic Escherichiacoli strains.
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DISCUSSION

In this study, the most represented age pat-
terns for positivity for the isolation of the EPEC
strainswere adults between 21-30 yearsold. This
showed that adults also carried EPEC in their
bodies but seldom expressed the symptoms of ill-
ness. It is believed that adults acquire immunity
to EPEC. However, certain groups of adults, such
as pregnant women, the elderly and persons hav-
ing low antibody defenses have higher risk of
being infected by EPEC. The higher rate of EPEC
isolation waslinked to the positivitiesof theHV S
samples collected from the female patients, and
suggests that this microorganism may represent
one of the exacerbating factors for urinary tract
infections in humans. Many previous studies
showed that EPEC easily infects infants, but in
this study, almost all isolates were isolated from
adults or older patients. The majority age group
ranged from 21 to 30 years old. This situation is
not unexpected, as the previous study by Ulshen
and Rollo (1980) showed that adults have the
same risk of being infected by EPEC if exposed
to the same environment.

An analysis of the antibiotic resistance pat-
terns showed that none of the antibiotics tested
was effective against all the strains used in this
study. For example, in this study severa of the
EPEC strains were resistant to nitrofurantoin, a
commonly prescribed drug for urinary tract in-
fections. The presence of antibiotic-resistant
EPEC in humans in the community is probably
influenced by many factors, and they might act
as a reservoir for infections by multi-resistant
strains in hospitals. Our earlier studies indicate
that resistant isolates of E. coli and/or genes en-
coding resistance can be transferred among ani-
mal sand environmental isolates (Son et al, 1996;
1997). The resistance of EPEC isolates towards
eight types of antibiotics tested was high and the
multiple antibiotic resistance (MAR) index val-
uesranged from 0.5t0 1.0. Theserelatively high
MAR index values suggested that EPEC are more
likely to have a predisposition to develop resis-
tance under conditions of antibiotic selective pres-
sure. These results confirmed data reported by
other authors, indicating that EPEC arefrequently
and increasingly demonstrating multiple resis-
tance to antibiotics tested (Antai and Anozie,
1987). The high incidence of antibiotic-resistant
isolates of EPEC may be due to the widespread
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use of antibiotics. The continuous use of even a
single antibiotic over aperiod of weeksor months
will select bacteria with resistance to different
kinds of antibiotics in addition to the onein use.
Conjugation that may occurr among species or
between species, will build resistance diversity
towards traditional antibiotics and resistance to
antibiotics can be increased from the native ver-
sion (Grabow et al, 1974; Tamanai-Shacoori et
al, 1995). At the present time, we cannot exclude
that the multiple antibiotic resistant strains colo-
nizing different sites of the patients examined may
represent a post-treatment effect that is strain se-
lection dueto the eradication of the more suscep-
tible strains. In the absence of selective pressure,
it would be expected that isolates with special re-
sistance features would only be present in low
number. This is an interesting point to be ana-
lyzed in follow-up studies.

Multipleantibiotic resistance can occur even
inthe absence of plasmid or transposon. The study
published by Levy (1992) showed that research
done with plasmid- and transposon-free E. coli
was resistant up to seven types of antibiotics, in-
cluding tetracycline. This higher level of resis-
tance may be caused by initial mutation located
inasinglesiteonthe E. coli chromosome. Since
none of the EPEC isolates used in this study had
been examined for their ability to transfer their
antibiotic resistance phenotypes, it isnot possible
with certainty to correlate the presence of plas-
mid with antibiotic resistance. In addition, thean-
tibiotic resistant and plasmid profile patterns do
not show any direct correlations. The association
of pathogenicity and the absence/presence of plas-
mid, especialy the EAF plasmid in EPEC iso-
lates, hasbeen described by Kaper (1996). A study
by Levineet al (1985) showed that the EAF plas-
mid was lost in a high proportion of colonies re-
covered from the stools of volunteers. Donnenberg
et al (1998) estimated the plasmid is lost in vitro
under direct selective pressure but still showed
pathogenicity in patients with lower positive stool
cultures. Recently, Teophilo et al (2002) aso re-
ported ontheabsence of plasmidintheisolateswith
multiple antibiotic resistance. Brown et al (1991)
suggested, that under laboratory conditions, the
absence of antibiotics in the culture media prob-
ably enhances plasmid instability.

For the purpose of epidemiological analy-
sis, it isof great importance to use methods with
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high discriminatory power, excellent reproduc-
ibility and ease of interpretation and use. With
the data analysis done with UPGMA clustering
and tree building NJTREE program in the
RAPDistance Software Version 4.0, adendrogram
was generated with genetic distance (Fig 1). Ba-
sically, al 38 EPEC isolates were divided into 2
main clustersand 8 sub-clustersinthemain clus-
ter. The main cluster consisted of about 87% of
the total isolates. This showed that most of the
isolates may have originated from a similar lin-
eage. For example, 5 pairsof isolatesthat showed
closerelatednesswere EC04-08, EC06-07, EC25-
28, and EC27-28. According to their sources of
isolation, isolate EC27 was isolated from the
wound swab of amale patient, while EC 28 was
isolated from the higher vaginaswab of afemale
patient. This may suggest that RAPD-PCR can
relate different strains of EPEC that may havein-
fected different patients, and may be useful inthe
determination of possible nosocomial infection.
The discriminatory power of RAPD-PCR can be
shown by the ability to differentiate isolates at
certain genetic distance/levels. At thelevel of 40%
similarity, combination of the 2 primerswas able
to differentiate 38 isolates into 30 singleisolates
and 3 clusters (Fig 1). Besides EPEC in this study,
RAPD-PCR has been used widely with other
microbial isolatesand plant cultivarsto study the
relatedness among the isolates, such as Vibrio
vulnificus (Warner and Oliver, 1999), Aeromonas
genomospecies (Oakey et al, 1996) and Glycine
max (Chowdhury et al, 2000).

The results of this study indicate that the
EPEC strains are highly diverse, despite the fact
that many of the isolates share the same antibi-
otic resistance patterns. Indirectly, this may sug-
gest that the resistance patterns are not associ-
ated with major genetic alterations, and that the
diversity observed can be attributed to other fac-
tors. Hence, RAPD fingerprinting technique has
great potential for the characterization of clinical
isolates that may experience genomic changes
before or after resistance developed. In conclu-
sion, this study shows a frequent occurrence of
multi-resistant strains and the presence of awide
diversity of EPEC strains isolated from humans
in ahospital.
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