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ABSTRACT

Background: Toxigenic strains of Escherichia coli are common enteric
pathogens of human. The aim of this study was to detect virulence genes and
antibiotic resistance pattern of the enterotoxigenic and enteroaggrigative E.
coliisolated from diarhoeal stool samples.

Methods: Totally, 234 diarrhoeal stool samples were collected.
Microbiological examinations were done to detect the E. coli. PCR was used
to identify Lt, Sta, Stb and Eastl genes. Antibiotic resistance test was
performed using the Disk diffusion method.

Results: Out of 114 isolated E. coli, 15(13.5%) harbored Stb, 52(45.61%)
East1, 30 (26.31%) Lt gene. The Sta gene was not detected in tested samples.
The lowest resistance was for gentamicin (0%) while the highest resistance
was for trimethoprim (79.8%). Resistance of E. coli isolates to
chloramphenicol, cephotaxime, sulphametoxazole, ciprofloxacin, ampicillin
and tetracycline were 3.5%, 7.01%, 71.05%, 10.5%, 52.63% and 3.5%,
respectively.

Conclusions: Toxigenic E. coli strains perticipated in diarrhoea in Shahrekord-
Iran. The high presences of antibiotic resistance have been shown to
trimethoprim, sulphametoxazole and ampicillin.

Keywords: Virulence Genes, Toxigenic Escherishia coli, Antibiotic resistance
pattern, stool, Iran.
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1. INTRODUCTION

Escherichia coli (E. coli) is generally considered as a
commensally member of the normal intestinal micro flora
in humans and animals. E. coli strains are categorized into
specific groups based on virulence properties, mechanisms
of pathogenicity, clinical syndromes and distinct O:H
serotypes (1). The main six categories include
enteropathogenic E. coli (EPEC), enterotoxigenic E. coli
(ETEC), enteroinvasive E. coli (EIEC), enteroaggregative E.
coli (EAEC), enterohemorrhagic E. coli (EHEC or STEC),
diffuse adhering E. coli (DAEC) (2). Enterotoxinogenic E.
coli is a common cause of diarrheal diseases in developing
countries. Since, the ETEC is a major cause of traveler’s
diarrhea. Toxins appear to be transmitted primarily
through the ingestion of fecal contaminated foods (3).

However, a large number of outbreaks of enterotoxins
have been associated with consumption of contaminated
drinking water or contact with recreational water (4).
Recently large outbreak of dysentery complicated by
haemolyticuraemic syndrome (HUS) has been observed in
north Germany (5). The World Health Organization (WHO)
confirmed that this previous outbreak in Germany was
related to infection by new and unusual enteroaggregative
Shiga toxin/verotoxin-producing E. coli 014:H4 strain (5,6).
E. coli uses as an index for determining fecal
contamination in water and foods. There is worldwide
concern about the appearance and rise of bacterial
resistance to commonly used antibiotics. In this regard
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program for monitoring resistance have been
implemented in many countries (7,8, 9).

Foods contaminated with antibiotic resistant bacteria
could be a major threat to public health. There is a distinct
possibility that genes encoding antibiotic resistance
determinants carried on mobile genetic elements may be
transferred to other bacteria of human clinical
significance.

E. coli is a candidate vehicle for such transfers because of
its diversity and survives as common flora in the
gastrointestinal tracts of both humans and animals (10). In
addition, the lack of stringent controls on antimicrobial
usage in human health and particularly in animal
production systems increases the risk of foodborne
pathogens harboring an array of resistance genes.

This study was conducted to identify the enterotoxigenic
and enteroaggrigative E. coli and determine the profile of
antimicrobial resistance of the isolated strains from
patients with diarrhoea in south west of Iran (Shahrekord
province, Iran).

2. MATERIAL AND METHODS

2.1. Sample collection and isolation of E. coli

A total of 234 fecal samples from the patients affected
with diarrhoea were collected in Hajar hospital of
Shahrekord, Iran, during December 2011 to January 2012.
Macconky agar (McA) and salmonella shigella agar (SSA),
(Merck, Germany), were used to detect E. coli. A swab of
fecal sample was cultured on McA and SS agar and
incubated for 24 h at 37 °C. Complete biochemical
identification (Gram negative, oxidase negative, indole
positive, Simon’s citrate negative and urease negative)
was used to confirm the E. coli. Bacteriological
examinations were done on non lactose fermenting
colonies to confirm major causes of diarrhea e.g
Salmonellae and Shigella. The colonies were confirmed
using Polymerase Chain Reaction (PCR) based on the
detection of 16S rRNA gene region of E. coli described by
Sabat et al. (Sabat et al., 2000).

Sabat, G., P. Rose, W. J. Hickey, and J. M. Harkin. 2000.
Selective and sensitive method for PCR amplification of
Escherichia coli 16S rRNA genes in soil. Appl. Environ.
Microbiol. 66:844-849.

2.2. Detection of sta, stb, Lt and East1 genes

Total DNA of the isolates were extracted using Genomic
DNA purification kit (Fermentas, Germany). The isolated
DNA was resuspended in 50 ul of Tris-EDTA (TE) buffer at
pH 8. Two micro liter of elute was used as DNA template
in PCR assay.PCR reactions were performed in a total
volume of 25 pl, including 1.5 mM Mgcl,, 50 mM Kcl,
10mM Tris-Hcl(PH 9.0), 0.1% Triton X-100, 200um of each
dNTP (Fermentas), 1um primers 1 lu of Tag DNA
polymerase (Fermentas), and 5ul (40-260 ng/ul) of DNA.
Amplification reaction were carried out using a DNA
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thermo-cycler (Eppendrof mastercycler, Eppendrof-
Nethel-Hinz Gmblt, tlamburg, Germany) as follows:three
min at 95°C, 35 cycles each consisting of 1 min at 94-C, 90s
at ~55¢C (show in Tablel) and 1 min at 72-C followed by a
final extension step of 10 min at 72°C. Amplified samples
were analyzed by electrophoresis in agarose gel and
stained by ethidium bromide. A molecular weight marker
with 100bp increments(100bp DNA ladder, Fermentas)
was used as a size standard. In PCR were used 4 primer
sets (Cinagen, Iran) to identify virulence genes including
sta, stb, Lt and Eastl. PCR was performed as described
previously (11) and amplified DNA fragments were
resolved by gel electrophoresis using 2 percent agarose
and stained with ethidium bromide.

E. coli strain 0149:K91 (Reference Laboratory for E. coli,
Faculte de medicine veterinaire, Universite de Montreal )
using Genomic DNA purification kit (Fermentase,
Germany) and used as template for standard control in
PCR.

2.3. Antimicrobial susceptibility testing

Antimicrobial susceptibility test was carried out using the
disk diffusion method according to the recommendations
reported by the National Committee for Clinical
Laboratory Standards (CLSl). As recommended by the
NCCLS, Mueller-Hinton agar batches were used as the
culture medium. The antimicrobial agent discs were
obtained from Cinagen Laboratoy (Tehran, Iran) in Iran.
Isolates were tested against commonly used antibiotics
such as: ciprofloxacin (CP), sulfamethoxazole (SXT),
tetracycline (T), gentamycine (GM), cephotaxime (CN),
chloramphenicol (C), ampicillin (AM) and trimethoprim
(TMP). The zone diameters around all disks were
interpreted by using the recommendations of the CLSI. E.
coli ATCC 25922 was used as quality control organisms in
antimicrobial susceptibility determination.

3. RESULTS:

Out of 234 samples, 114 samples (48.1 %) were confirmed
as E. coli by biochemical and microbial tests. All of these
positive E. coli isolates were confirmed using the PCR
technique. Of the 114 E. coli isolates, 15 (13.5%) were

detected as STb carrying E. coli (Figure 1).
Fig 1: PCR detection of Stb gene of E. coli M (DNA marker), PC (positive

control) and NC (negative control).
In total 52 (45.61%) samples carried Eastl gene (Figure 2)
and 30 (26.31%) samples carried LT (Figure 3). None of the
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isolates had STa gene (Figure 4). Also the results showed
that 1 (0.87%) isolates contain both LT and EAST1, 2
(1.75%) isolates contain STb and LT and 3 (2.63%) isolates
contain STh and EAST1 genes (Table 2).

+ 9 10 12 15 18 23 29 33 35 39 44 47 50 58 64 97 98 75

Fig 2: PCR detection of East1. M (DNA marker), NC (negative control),
PC (positive control).

4: PCR detection of Sta gene. M (DNA marker), NC (negative control),
PC (positive control

The results of antibiotic resistant tests revealed that the
lowest resistance was for gentamicin (0%) and the highest
resistance was for trimethoprim (79.8%). The antibiotics
resistance for chloramphenicol, cephotaxime,
sulfametoxazole, ciprofloxacin, ampicillin and tetracycline
were 3.5%, 7.01%,71.05%, 10.5%, 52.63% and 3.5%,
respectively. The incidence of multidrug resistance of

Fig 3: PCR detection of LT gene. M (DNA marker), NC (negative control), isolated E. coli presented in table 3.

PC (positive control).

Target Size (bp)

East1 125
Eastl-F
East1l-R
Sta 163
Sta-F
Sta-R
Stb 368
Stb-F

Stb-R

Annealing Temperature

Primer Sequence

55 TCGGATGCCATCAACACAGT

GTCGCGAGTGACGGCTTTGTAG

60 TCCCCTCTTTTAGTCAGTCAACTG

GCACAGGCAGGATTACAACAAAGT

60 GCAATAAGGTTGAGGTGAT

GCCTGCAGTGAGAAATGGAC

Tablel: Primers sequences used in PCR and expected sizes of products

Isolates STb LT

EAST1

LT, EAST1 STh, LT STh, EAST1

114 15(13.15) 30(26.31)

52(45.61)

1(0.87) 2(1.75) 3(2.63)

Table 2: Incidence of virulence genes of E. coli isolated from diarrhoeal cases.
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4. DISCUSSION

Toxigenic E. coli is the most common bacterial etiologic
agent of diarrhoea in human and animals in developing
Countries (12). Although treatment of enteric E. coli
infection include the use of antimicrobial agents but
increasing resistance to first-line of antibiotics represents
a potential threat to human and animal health (13,14,15).
The antimicrobial resistance may be as a result of
inappropriate and wide use of different antibiotics to treat
infection. Resistance to currently used antimicrobial
agents among enteric pathogens has increased
dramatically worldwide during the past decade (11, 16,
17). In developing countries, trimethoprim-
sulfamethoxazole, ampicillin and tetracycline are widely
used antibiotics in human to treat diarrhoea because of
their low cost and availability (18). The widespread use of
these antibiotics has resulted in an increased prevalence
of resistance to these antibiotics by diarrheagenic
bacteria; there is raising concern among veterinarian and
general practitioners and pediatricians especially in
developing countries (19). This study revealed 85.1% of
the E. coli strains isolated from diarrhoeal cases contained
EAST1, STb and LT genes.

Resistance NO of isolates Percentage
Single 20 17.5
Double 45 39.5

Triple 44 384
Quadruple 5 4.4

Table 3: Incidence of multidrug resistance of E. coli isolated from
diarrhoeal cases.

It shows that the toxigenic E. coli plays an important role
in enteritis in this area. Also the resistance to antibiotic
tested showed the high resistance to trimetoprim
(79.08%), sulfamethoxazole (71.05%) and ampicillin
(52.63%). These results are in similar with previous report
from Iran cited by the World Health Organization (WHO),
sulfamethoxazole-trimethoprim, tetracycline and
chloramphenicol were 112 (80.0%), 90 (64.3%) and 78
(55.7%) of the diarrheagenic E. coli isolates were resistant
to these antibiotics, respectively (12).

Reports from the other countries showed the same
results. Studies in Vietnam revealed that 86.4%, 77.2% and
19.1% of E. coli isolates were resistant to ampicillin,
chloramphenicol and trimethoprim-sulfamethoxazole,
respectively (18). Another investigation in Egypt showed
that the occurrence of antibiotic resistance among E. coli
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isolates from patients with acute diarrhea was 68.2%,
57.2% and 24.2% for ampicillin, trimethoprim-
sulfamethoxazole and ampicillin-sulbactam, respectively
(20).

This current study showed the high multidrug resistance
among toxigenic E. coli isolated from enteritis cases to
trimetoprim, sulfametoxazol and ampicillin. Several
studies have determined that the multi-drug resistance is
common among E. coli isolates, especially to ampicillin,
trimethoprim-sulfamethoxazole and tetracycline (21,22).
In contrast, Chattopadhyay et al, (2001) reported the
antibiotic resistance pattern of STEC strains isolated from
animal, human and food products to tetracycline,
cephalexin, cloxacillin, erythromycin and lincomycin. The
changing patterns of resistance to common antimicrobial
agents in Iran indicates that designing a surveillance
system for antimicrobial resistance and the introduction of
integrated guidelines for the appropriate use of antibiotics
are urgently needed.

The results of this study suggest that antimicrobial
resistance is widespread among potentially diarrhoeagenic
E. coli strains. Our results showed the close relation
between the presence of virulence genes and antibiotic
resistance in resistant strains. The results of our study are
supported by previous studies indicating that E. coli
virulence factors could be the reason for resistance to
different antibiotics (23,24). It can be concluded that
emergence and dissemination of antimicrobial resistance
in E. coli strains containing virulence factors may
complicate treatment of certain enteric or urinary tract
infections in humans and animals.
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