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ABSTRACT

The aims of this study were to investigate the prevalence, antibiotic resistance, presence of class 1 and 2 in-
tegrons, Extended Spectrum f-Lactamases (ESBL) genes, phylogenetic group and epidemiological relationships
of EPEC, ETEC and EHEC pathotypes isolated from patients with diarrhea and farm animals in south east region
of Iran. A total of 671 diarrheagenic E. coli (DEC) were collected from stool samples of 395 patients with diarrhea
and 276 farm cattles and goats. Presence of EPEC, ETEC and EHEC were identified using multiplex-PCR em-
ploying primers targeted the shiga toxin (stx), intimin (eae), bundle forming pili (bfp), and enterotoxins (It and
st) genes. The highest proportion of the patients (64%) were children under age 1-15 year (p < 0.05). Among
the isolates, atypical EPEC was detected in 26 patients and 14 animal stool samples, while typical EPEC was
found in 2 cattles. ETEC isolates were detected in stools of 13 patients and 4 EHEC was identified in 3 goats and
one cattle. The isolates were checked for susceptibility to 14 antibiotics. 50% (n = 13) of EPEC and 61.5%
(n =8) of ETEC showed multi-drug resistance (MDR) profiles and one EPEC was found to be extensive drug
resistant (XDR). In contrast, EHEC isolates were susceptible to the majority of antimicrobial agents. The MDR
isolates were positive for blargy and blacrx. ESBL genes and carried class 1 integrons. Further study on the
biofilm formation indicated that, 3 out of 4 EHEC isolates showed strong biofilm, while other pathotypes had
either moderate, weak or no biofilm activity. Majority of EPEC isolates were belonged to phylogenetic group B1,
all except one ETEC were classified as phylogenetic group A and two EHEC were belonged to phylogroup D,
respectively. A multilocus variable tandem repeat analysis (MLVA) exhibited 22 distinct patterns. In conclusion,
MLVA data showed high clonal diversity. Presence of EHEC in animal origins pose public health concern in this
region.

1. Introduction

One of the most important bacterial agents which causes diarrhea in

humans [7].
ETEC is the leading cause of traveler's diarrhea of adults in in-
dustrialized countries and children in developing countries. These

developing countries is diarrheagenic E. coli (DEC) [1]. There are six
DEC pathotypes including enterotoxigenic E. coli (ETEC), en-
teropathogenic E. coli (EPEC), enteroaggregative E. coli (EAEC), en-
terohemoragic E. coli (EHEC), enteroinvasive E. coli (EIEC), and diffu-
sely adherence E. coli (DAEC) [2].

EPEC is a major etiological agent of infant diarrhea predominantly
in developing countries [3]. This pathotype subdivided into typical and
atypical strains based on plasmid-mediated bundle forming pilus
(bfpA), and the eae gene [4,5]. The prevalence of atypical EPEC is
higher than typical EPEC in several countries [6] and are present in
both healthy and diseased animals (cattle, goat, cat and dog) and
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strains carried two enterotoxins encoded by It and st genes and a co-
lonization factor [8]. The genes encoding the enterotoxins and the co-
lonization factor are located on plasmids found across diverse ETEC
serogroups. Whole genome sequencing of a representative collection of
ETEC isolated between 1980 and 2011 identified globally distributed
lineages characterized by distinct colonization factor and enterotoxin
profiles [9].

EHEC is the most virulent pathotype of E. coli associated with severe
infections such as hemorrhagic colitis and hemolytic uremic syndrome
(HUS) in industrialized countries [10]. The strains produce shiga like
toxin encoded by stx gene [11]. Cattle, sheep, goat and other farm
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animals are a major reservoir of EHEC, but unlike in humans, EHEC
colonization in adult ruminants is asymptomatic [11].

Microbial biofilms are structurally and dynamically complex bio-
logical systems comprising populations of microorganisms that are
concentrated at an interface (usually solid-liquid) and typically sur-
rounded by an extracellular polymeric substance (EPS) matrix [12].
Biofilms also constitute a distinct growth phase that is clearly different
from its planktonic counterpart [13]. The bacteria in biofilms are me-
tabolically less active, resistant to environmental stress and engage in
more genetic exchange [14,15]. Hospital isolates of E. coli often attach
to hospital instruments via biofilm formation and are resistance to
different classes of antibiotics. In contrast, there is no link between
ability to form a strong biofilm and antibiotic resistances in community
acquired infections of E. coli pathotypes EPEC, ETEC and EHEC [14].

Molecular typing methods such as MLVA and PFGE are frequently
applied for accessing genetic relatedness among bacterial pathogens for
the purpose of epidemiological surveillance. MLVA is a PCR-based
method used for distinguishing bacterial lineage same or different
species by targeting specific variable number tandom repeat (VNTR)
loci [16]. MLVA exploits the variations in the copy number at 7 or more
tandem repeat loci allowing the grading of isolates relatedness. This
method has already been demonstrated more discriminatory than other
typing methods [16].

In previous works, we studied virulence genes, phylogenetic groups
and biofilm formation among STEC and EAEC pathotypes in south east
Iran [17,18]. The aims of this study were to investigate and compare
the antibiotic resistance, presence of class 1 and 2 integrons, existence
of ESBL genes, phylogroup analysis, biofilm formation and MLVA pro-
files of EPEC, ETEC and EHEC isolates recovered from patients with
diarrhea and farm animals (cattles and goats) in south east Iran.

2. Materials and methods
2.1. Bacterial sampling and identification

A total of 671 E. coli were collected from rectal samples of 395
patients with diarrhea and 276 healthy cattles and goats from 5 dairy
and beef farms located near Kerman city, south east of Iran. Animal
samples were collected by a veterinarian from October 2014 through
November 2015. The minimum animal sample size required for de-
tecting a difference with a 95% confidence level at 5% was estimated as
n = 276. The sample size was determined on the basis of average goat
and cow population size of five organized and unorganized dairy and
beef farms in Kerman city, south-east of Iran (Fig. 1). The samples were
collected using simple random sampling method. The organized farms
in this study included farms maintained by private section and farmers
by stall feeding, while, unorganized farms included goats reared as free
grazing, where mixed farming was commonly practiced. The average
ages of the goats and cattles were classified into groups of one year
and > one-year-old. Please see the Supplement 1.

The specimens inoculated into 5 mL sterile transport Stuart medium
(Merck, Darmstadt, Germany) and transferred to microbiology labora-
tory, KMU University for further investigations. In case of Human, the
diarrheic patients referred to 2 main hospitals (Afzalipuor and
Payambar-Azam) were enrolled in this study if they had diarrhea
characterized by frequent watery stools (> 3 times/day) with or
without blood or mucus. Those patients that were under treatment with
antibiotics were omitted from this study. All were outpatients and re-
ferred to the above hospitals from local area (Supplement 1). Duplicate
specimens were collected by means of sterile cotton swabs applied to
the rectums of case patients by expert technician, checked micro-
scopically for presence of any parasite or cysts and broth to our la-
boratory for further investigations. All stool samples were cultured on
the surfaces of MacConkey and Eosin Methylene Blue (EMB) agar
plates, incubated at 37 °C for 24 h. Lactose-positive colonies were then
re-cultured with the standard biochemical and conventional diagnostic
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tests for detection of E. coli as described previously [19].
2.2. Ethical approval

This study was approved by the Ethics Committee of the Kerman
University of Medical Sciences, Kerman provenience, Gov. of Iran.

2.3. Detection of E. coli pathotypes by PCR

The EHEC, EPEC and ETEC pathotypes were detected by Multiplex-
polymerase chain reaction (Multiplex-PCR) method using specific pri-
mers targeted the shiga toxin (stx), intimin (eae), bundle forming pili
(bfp), and enterotoxins It and st genes, respectively. Briefly, we removed
five

E. coli colonies plated on MacConkey agar, mixed with 200 pL of
double-distilled water in 1.5mL DNase free sterile microcentrifuge
tubes (Eppendorf, Germany) and boiled for 10 min in a water bath
followed by snap chilling in ice for 5min. The heat-treated bacterial
suspensions were centrifuged at 10.000 rpm for 7 min to pellet down
the cell debris, and the supernatants were used as DNA templates in the
PCR assays [20]. The primers (Macrogen, Seoul, Korea) and annealing
temperatures are illustrated in Table 1. The amplification procedure
and electrophoresis of PCR products were carried out according to the
method described previously [21-23]. Here, we used three reference
strains EPEC E3204/2 (eae + bfp), EHEC E9812/22 (stx + eae), STEC
EDL955/6 (It + st) as positive control for PCR assays. The strains were
kindly obtained from Pasture Institute of Iran. All the isolates were
stored at —70 °C in Trypticase Soy Broth (Difco Laboratories, Detroit,
Mich.) containing 30% glycerol for further study.

2.4. Antibiotic susceptibility and ESBL detection

Susceptibility of isolates to 14 antibiotics was determined by disc
diffusion break point assay in accordance with the guidelines re-
commended by Clinical and Laboratory Standards Institute (CLSI 2016)
[24]. The antibiotic discs were purchased from Mast Group Ltd UK, and
used with following concentrations; Aztreonam (ATM: 30 pg), Amikacin
(AK: 30 pg). Piperacillin (PRL:

100 pg), Augmentin (AUG: 30pg), Kanamycin (K: 30ug),
Ciprofloxacin (Cip: 5 pg), Ceftriaxone (CRO: 30 ug), Ceftazidime (CAZ:
30ug), Cefotaxime (CTX: 30pg), Tobramycin (TN: 10 pg), Nalidixic
acid (NA: 30pg), Trimethoprim-sulfamethoxazole (TS: 25pg),
Ampicillin (Ap: 10 ug), Imipenem (IMP: 10 pg). The zone diameter was
used for the interpretative results “susceptible” (S), “intermediate” (I),
or “resistant” (R) against the tested antibiotic as described by manu-
facturer. E. coli ATCC25922 was used as control strain.

Detection of ESBL enzymes was carried out by double disc synergy
test (DDST) [25]. Briefly, overnight grown culture suspension of the 57
strains EHEC, EPEC and ETEC pathotypes adjusted to 1 x 10® CFU/mL
(0.5 McFarland standard) by sterile D/W and inoculated on the lawn
surface of Mueller- Hinton agar plates (Merck, Germany). The cefo-
taxime (30 pg) / cefotaxime + clavulanic acid (30 ug/10 pug), and the
cefpodoxime (30pg) / cefpodoxime + clavulanic acid (30pug/10ug)
discs were then placed 20 mm apart on the agar. After incubating
overnight at 37°C for 24h, a = 5mm or more increase in the zone
diameter around cefotaxime/clavulanic acid or cefpodoxime / clavu-
lanic acid was considered positive for ESBL production. In this experi-
ment, Klebsiella pneumoniae ATCC 700603 was used as quality control
strain.

For detection of ESBL genes, we inoculated single colony of each E.
coli isolate into 5 mL of Luria Bertani broth (LB) and incubated for 24 h
at 37 °C. Cells were centrifuged at 10.000 rpm for 5min and pre-
cipitates were dissolved into 400 uL Tris-EDTA buffer (pH-8.0), sub-
jected to boiling for 10 min and centrifuged. Supernatant was then used
as template DNA for PCR reaction. Here, we selected primers for am-
plifications of three most prevalent ESBL genes (blacrx.m, blargm and
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Fig. 1. The geographical map of samplings.

blasyy) as shown in Table 1. PCR was performed in a total volume of
25 L, each containing of 12.5 uL ready to use master mix (Ampliqon
Denmark), 1 pL of 10 pM each primer (Macrogen, Seoul, Korea), 9 uL
sterilized D/W and 2.5 pL template DNA. DNA amplification was con-
ducted under the following conditions: initial denaturation at 94 °C for
5 min followed by 35 cycles of 30 s denaturation at 94 °C for 30's, an-
nealing temperature as shown in Table 1 for 60 s, extension at 72 °C for
60s, and a final extension at 72 °C for 7 min. Agarose gel electro-
phoresis was carried out for 1h at 100 V/Cm with 0.5x Tris-borate-
EDTA (TBE) buffer pH-8.0 and the gel was stained with green viewer
dye. The amplified PCR products was then visualized in a Gel Doc
system (Oxford, UK) and photographed.

2.5. Biofilm formation

Biofilm formation was quantified under static condition by micro-
titer assay as described previously [28]. Briefly, 1:100 diluted patho-
genic E. coli samples were inoculated into a 96 well microtiter plate
containing 100 uL fresh sterile Tryptic Soy Broth (TSB) medium sup-
plemented with 0.2% glucose. Growth was monitored after 24 h in-
cubation at 37 °C. Unbound cells were removed from wells by inversion
of the microtiter plate. The cells were removed by thorough washing
with phosphate-buffered saline (pH-7.2) and the wells allowed drying.
The attached cells were stained with 0.1% (wt/vol) crystal violet so-
lution (Sigma grade) for 30 min. For detachment of the cells, we added
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20% (vol/vol) dimethyl sulfoxide in ethanol to each well. Optical
density (OD) was then measured at 490 nm. Simultaneously, Pseudo-
monas aeruginosa PAO1 was used as biofilm positive strain.

2.6. Determination of phylogenetic groups

The E. coli pathotypes assigned to one of the four main phylogenetic
group of A, B1, B2 and D based on the presence or absence of the genes
chuA and yjaA and the DNA fragment tspE4C2 as described by Clermont
et al., [29]. The primers targeted these three markers are shown in
Table 1.

2.7. Detection of class 1 and 2 integrons

A duplex-PCR targeting class 1 and 2 integrons integrase (int; and
int,) genes were performed to investigate the prevalence of integrons in
the EPEC, ETEC and EHEC collections [30]. Primers and annealing
temperatures are listed in Table 1. The specificity of each primer se-
quence was confirmed by BLAST program available in the NCBI (http://
www.ncbi.nlm.nih.gov/BLAST/). The reaction mixture was consisted of
3uL 10X PCR- buffer, 5puL of extracted DNA (20-50 ng), 0.6 pL. DNA
Taq polymerase, 0.5 uL. dNTPs Mix (10 mM), 1.5 pL (10 pM/puL) of each
primer (forward and reverse sequences), 0.8 uL 50 mM MgCl,, and
13.6 pL sterile D/W. DNA amplification was conducted in temperature
gradient thermal cycler (Biometra-T300 gradient, Gottingen, Germany)
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Table 1
Genes, primers and sequences used in this study.
Pathotype Target gene Primer sequence (5-3") Size (bp) Annealing temperature Reference
EHEC stx F-GAGCGAAATAATTTATATGTG 519 55°C [21]
R-TGATGATGGCAATTCAGTAT
eae F-CTGAACGGCGATTACGCGAA 917 55°C [22]
R-CCAGACGATACGATCCAG
EPEC Bfp + eae F-AATGGTGCTTGCGCTTGCTGC 326 55°C [22]
R-GCCGCTTTATCCAACCTGGTA
ETEC It F-GGCGACAGATTATACCGTGC 450 56°C [22]
R-CGGTCTCTATATTCCCTGTT
st F-TCTGTATTGTCTTTTTCACC 190 55°C [21]
R-TTAATAGCACCCGGTACAAGC
ESBL genes blacrxm F- CGCTTTGCGATGTGCAG 550 59 °C [27]
R- ACCGCGATATCGTTGGT
blargm F-GAGTATTCAACATTTCCGTGTC 561 59°C [26]
R-AATCAGTGAGGCACCTATCTC
blasyy F-TCAGCGAAAAACACCTTG 471 56°C [26]
R-CCCGCAGATAAATCACCA
Integrons intl F-CAGTGGACATAAGCCTGTTC 160 55°C [30]
R-CCCGAGGCATAGACTGTA
int2 F-TTGCGAGTATCCTAACCTG 789 60°C [30]
R-TTACCTGCACTGGATTAAGC
Genes for phylogenetic analysis ChuA F- GACGAACCAACGGTCAGGAT 279 59°C [29]
R-TGCCGCCAGTACCAAAGACA
YjaA F- TGAAGTGTCAGGAGACGCTG 211 59°C [29]
R-ATGGAGAATGCGTTCCTCAAC
TspE4.C2 F-CTGGCG AAGACTGTATCAT 152 59°C [29]
R-CGCGCCAACAAAGTATTA CG
MLVA markers ms06 F-AAACGGGAGAGCCGGTTATT 39 55°C [31]
R-TGTTGGTACAACGGCTCCTG
ms07 F-GTCAGTTCGCCCAGACACAG 39 55°C [31]
R-CGGTGTCAGCAAATCCAGAG
ms09 F-GTGCCATCGGGCAAAATTAG 179 55 [31]
R-CCGATAAGGGAGCAGGCTAGT
ms11 F-GAAACAGGCCCAGGCTACAC 96 55°C [31]
R-CTGGCGCTGGTTATGGGTAT
ms21 F-GCTGATGGCGAAGGAGAAGA 141 55°C [31]
R-GGGAGTATGCGGTCAAAAGC
ms23 F-GCTCCGCTGATTGACTCCTT 375 55°C [31]
R-CGGTTGCTCGACCACTAACA
ms32 F-TGAGATTGCCGAAGTGTTGC 101 55°C [31]

R-AACTGGCGGCGTTTATCAAG

with conditions as follows; initial DNA denaturation at 94 °C for 10 min,
followed by annealing temperatures (Table 1) for 40s, with an exten-
sion at 72 °C for 1min and a final extension at 62°C for 10 min.
Klebsiella pneumoniae ATCC1029 containing class 1 and 2 integrons
(kindly received from Institute Pasteur of Iran) was used as standard
control strain.

2.8. Multiple locus variable number tandem repeat analysis

For MLVA analysis, genomics DNA of 57 E. coli pathotypes isolated
in this study were extracted as described previously [31]. Briefly, a few
colonies of E. coli isolates in Tryptic Soy agar (TSA) medium were added
to sterile 200 pL. D/W in DNase free Eppendorf vials, vortexes well and
subjected to boiling temperature for 10 min. The cell debris were se-
parated by centrifugation at 10.000 rpm for 7 min and the supernatants
were transferred to new sterile vials for MLVA analysis. Here, the pri-
mers were constructed in order to target seven tandem repeat loci
namely ms06, ms07, ms09, ms11, ms21, ms23, ms32 in all isolates as
shown Table 1. The sequences were situated in five genes and two in-
tergenic regions and had repeated motifs ranging from 6 to 30 base
pairs. The PCR reactions for putative tandem repeat sequences from
each genomic DNA [approx. 100 ng] were performed in 25 pL volume
containing of 12.5 pL master mix (Ampliqon Denmark), 1 uL of 10 pM
each primer (Macrogen, Seoul, Korea), 9 L sterilized D/W and 2.5 pL
template DNA. The temperature was raised to 94 °C for 5 min, followed
by thermal cycling consisted of 30 cycles, of 94 °C for 45s, annealing
temperature was set according to Table 1, extension at 72 °C for 60s,
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with a final extension at 72°C for 5min. Each amplification reaction
included a negative control (no-DNA template control). 3 uL. amplified
products were resolved by conventional electrophoresis through hor-
izontal 1.5% (W/V) agarose gels using 25 bp size marker (Invitrogen) at
100 V/Cm for approximately 90 min.

Electrophoresis was conducted in 1 x TBE buffer (pH- 8.0) con-
taining 0.5 pg/mL ethidium bromide (Sigma grade) and the results vi-
sualized and photographed in a Gel Doc system

(Oxford, England). Determination of the number of repeats in each
locus was done using the Gene Marker software (Softgenetics, State
College, Pennsylvania, USA). The dendrogram was generated and
analyzed using the unweighted pair-group method with arithmetic
averages (UPGMA) clustering employing BionNumerics version 7.6
(Applied Maths, Sint-MartensLatem, Belgium) software. The allele
numbers were entered into BIONUMERICS as character values and a
dendogram was constructed using categorical coefficients and the Ward
algorithm. Isolates with 96% or greater similarity were considered as
identical, and a cut-off value of 60% was selected for clustering. The
repeat copy number calculated for each isolate using the following
formula: number of repeat (base pair) = [size of each locus (bp) -
flanking regions (bp)] /repeat size (bp) [32].

2.9. Statistical analyses

Statistical analysis was performed using SPSS 17.0. The statistical
significance of the differences between the groups was tested by the X*
test or Fisher's exact test. All p-values reported were two sided, and
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Table 2
Antibiotic susceptibility EPEC, ETEC and EHEC pathotypes isolated from human and animal sources.
D Pathotype Source Antibiotics
AUG ATM PRL CIP CRO K IMP N AP NA AK TS CAZ CXM

7 EPEC Human S S I S S I S S I S S S S S
10 EPEC Human I R R S R I S I R R I R I R
19 EPEC Human S R R S R R S R R R I R R R
32 EPEC Human S S S S S I S S S S I S S S
40 EPEC Human R S R S I I S R R R I R R R
66 EPEC Human S S S I S I S S I S S S S S
75 EPEC Human R S R S S I S S R R S S S S
T75 EPEC Human R S R S R I S R R S S R R R
77 EPEC Human S R R S R I S I R S S R I R
79 EPEC Human R S R S S I S R R S I R S S
92 EPEC Human S R R S R R S R R R R R I R
93 EPEC Human R S R S S I S S R R I S S I
107 EPEC Human R R R R R I S S R R I S R R
144 EPEC Human S S S S S I S R S S S S S S
172 EPEC Human R R R R R R S R R R R R R R
176 EPEC Human R R R I R I S S R R S R R R
181 EPEC Human R R R S R I S S R R S R R R
183 EPEC Human I R R S R I S S R R S R R R
187 EPEC Human S S S S S I S S I I S S S S
296 EPEC Human R S R S S I S I R S S R S S
309 EPEC Human R R R S R R S R R S S R R R
333 EPEC Human R R R R R R S R R R I R R R
336 EPEC Human R R R S R I S S R I S R I R
357 EPEC Human S I R S R I S R R R S R I R
370 EPEC Human R R S S S I S S R S S S S S
385 EPEC Human R R S S S I S S R S S S S S
R27 EPEC Calve S S S S I R S R I R R R I I
DN115 EPEC Calve S R S I I S S S S R S R S I
1150 EPEC Goat S S S S S S S R I S I S S I
2003A EPEC Goat S R S I I S S S S I S S R I
1084 EPEC Goat S S S S S S S R S S S S S I
R13 EPEC Calve S R R S I R S I R R R R R I
1068 EPEC Goat S S S S S S S I S S I S S I
2107A EPEC Goat S I R S R R S I R I I R R I
2041A EPEC Goat I R S S S S S I R I I R R I
2011 EPEC Goat I R S S S S S I R I I R R I
2161B EPEC Goat I S R S S S S R R S S R S I
2110A EPEC Goat S S R S S S S S R S S S S S
235 EPEC Calve S S R S S S S S R S R S S S
2089 EPEC Goat S S S S S S S I S S S S S I
1028 EHEC Goat S S S S S S S R S S S S S S
1059 EHEC Goat S S S S S R S R S S I S S S
1095 EHEC Goat S S S S S R S S S R S S S S
213 EHEC Calve S S S S S S S S S S S S S S
T32 ETEC Human S R R S R I S I R R S R I R
168 ETEC Human I S R S S S S S R S S R S I
192 ETEC Human R I R S R S S S R I S R R R
199 ETEC Human S S S S S S S R S R S S I I
201 ETEC Human R I I I I R I R R R I R I I
249 ETEC Human R R R R R R S R R R I R R R
294 ETEC Human R I R S R S S R R R S R R R
295 ETEC Human R I R I R S I R R R I R R R
349 ETEC Human I I R I R S S S R R S R I R
360 ETEC Human R S R S S S S S R R S R I R
391 ETEC Human S S S S I S S S S R S S S S
429 ETEC Human S S S R S S S I S R I R S I
444 ETEC Human S R R I R S S R R R S R I R

Abbreviations: ATM Aztreonam, AUG
IMP =Imipenem, TN= Tobramycin, AP= Ampicillin, NA=
CXM = Cefuroxime.

p < 0.05 was considered to be statistically significant.
3. Results

Out of 395 patients with diarrhea, 27% (n = 107) were aged < 5
years old, 37% (n = 146) had 5-15 years old, 19% (n = 75) were be-
tween 40 years old and 17% (n = 67) had age =40 years old. Among
the isolates, atypical EPEC was detected in 26 patients and 14 animal
fecal samples, typical EPEC detected in 2 cattles, ETEC was found in

amoxicillin/ clavulanic acid, PRL= Piperacillin, CIP= Ciprofloxacin, CRO= Ceftriaxone, K= Kanamycin,
Nalidixic acid, AK=

Amikacin, TS= Trimethoprim-sulfamethoxazole, CAZ= Ceftazidime,

stools of 13 patients with diarrhea and EHEC was recovered in 3 goats
and one cattle, respectively.

We further studied antibiotic susceptibility of above isolates to
different classes of antibiotics. The results are presented in Table 2.
Fortunately, all the pathotypes were sensitive to imipenem, 75.4% were
sensitive to ciprofloxacin but, 80.8% (n = 21) and 73.1% (n = 19) of
the EPEC human isolates were resistant to ampicillin, trimethoprim-
sulfamethoxazole (cotrimoxazole) and piperacillin, respectively. Simi-
larly, we found 84.6% (n = 11) of the ETEC isolates were resistant to
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Table 3
Antibiotic resistance patterns of E. coli pathotypes investigated in present study.

Number of isolates Number of Antibiotic resistance pattern
antibiotics
EPEC human
isolates
1 13 ATM, PRL, AUG, CIP, CRO, K, TN,AP,
TS,CAZ, CXM, NA, AK
1 11 ATM, PRL, AUG, CIP, CRO, K, TN,
AP, TS, CAZ, CXM
1 10 ATM, PRL, CRO,K,TN, AP, NA, TS,
CXM, CAZ
1 10 ATM, PRL, CRO, K, TN, AP, NA, TS,
CXM, AK
1 10 ATM, PRL, CRO, K,TN,AP,TS, CXM,
CAZ, AUG
1 9 ATM, PRL, AUG, CRO, AP, NA, CAZ,
CXM,CIP
2 9 ATM, PRL, AUG, CRO, AP, NA, CAZ,
CXM, TS
1 8 ATM, PRL, CRO, AP, NA, TS, CXM,
CAZ
1 7 ATM, PRL, CRO, AP,NA,TS, CXM
1 7 PRL, TN, AP, NA, TS, CAZ, AUG
1 7 PRL, TN, AP,NA,TS, CXM, CRO
1 7 PRL,TN, AP, CAZ, AUG,CRO, TS
1 6 ATM, PRL, CRO, AP, CXM, AUG
1 6 ATM, PRL, CRO, AP, CXM, TS
1 5 PRL, AUG, AP, TS, TN
1 4 PRL, AUG, AP, TS
2 4 PRL, AUG, AP,NA(4)
2 4 ATM, AUG, AP, CXM
1 1 TN(1)
4 0 0
EPEC animal
isolates
1 8 PRL, K, AP, NA, TS, CAZ, AK, ATM
1 6 PRL, K, AP, CRO, TS, CAZ
1 5 K, TN, NA, AK, TS
2 4 ATM, AP, TS, CAZ
1 4 PRL, TN, AP, TS
1 3 ATM, NA, TS
1 3 PRL, AP, AK
2 1 TN
1 2 PRL, AP
1 2 ATM, CAZ
2 0 0
ETEC human
isolates
1 12 PRL, AUG, CRO, TN, AP,NA,TS, CAZ,
CXM, ATM, CIP, K
2 9 PRL, AUG, CRO,TN, AP, NA,TS, CAZ,
CXM
1 8 ATM, PRL, CRO, TN, AP, NA, TS,
CXM
1 7 ATM,PRL, CRO, AP, NA, TS, CXM
1 7 PRL, AUG, CRO, AP, TS, CAZ, CXM
1 6 PRL, CRO, AP, NA, TS, CXM
1 6 PRL, AUG, AP, NA, TS, CXM
1 6 AUG, K, TN, AP, NA, TS
1 3 CIP, NA, TS
1 3 PRL, AP, TS
1 2 TN, NA
1 1 TN
EHEC animal
isolates
1 1 K, TN
1 1 K, NA
1 1 TN
1 0 0

0 = Not resistance to antibiotics.
* Multi-drug resistance.
** Extensive drug resistance.
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nalidixic acid and co-trimoxazole but sensitive to amikacin (Table 2). In
contrast, EHEC isolates were susceptible to the most of antibiotics
tested (P < 0.05). The distribution of antimicrobial resistance profiles
within the EPEC, ETEC and EHEC pathotypes are presented in Table 3.
As the results indicate, of 26 EPEC human isolates, 50% (n = 13) were
multi-drug resistance (MDR) exhibiting resistance to at least three
classes of antibiotics.

Interestingly, one EPEC isolate showed extensive drug resistance
(XDR). Comparing to human EPEC isolates, only 36% (n = 5) EPEC
animal isolates were resistant to three classes of antibiotics (Table 3). In
case of ETEC, among 13 isolates, 61.5% (n = 8) showed different MDR
profiles. There was a significant difference between the antibiotic re-
sistance patterns of the EPEC, ETEC and EHEC pathotypes (p < 0.05).
We further investigated the prevalence of ESBL genes in the above E.
coli isolates. The most commonly observed genes were blargy and
blacrx.\, detected in tes, while isolates harboured both blacrx.v and
blargy, genes simultaneously. The blasyy gene was absent in this study.
Interestingly, those isolates carried these genes showed MDR property
(Fig. 2). Furthermore, 57.5% (n = 23) of EPEC and 46.15% (n = 6) of
ETEC isolates carried class 1 integrons, while class 2 integrons was
detected in one EPEC (strain 176) and one ETEC (strain 444), respec-
tively (Fig. 2). None of the isolates had both integrons together. There
was a significant relationship between antibiotic resistance, blacrx.m
gene and presence of class 1 integrons among the EPEC pathotype
(p < 0.05). Further study on the biofilm formation revealed that, 3 out
of 4 EHEC isolates showed strong biofilm, while majority our EPEC
isolates were capable of producing moderate or no biofilm and ETEC
isolates were mainly produced moderate and weak biofilm (Fig. 3).

The phylogenetic groups of the above pathotypes were further
studied. We found 34.6% (n = 9) of EPEC human isolates were be-
longed to phylogroup A (A0, Al), 50% (n = 13) were belonged to
phylogroup B (B1) and 15.3% (n = 4) were belonged to phylogroup D
(D1, D2) as shown in Fig. 2. Similarly, we found that, 28.5% (n = 4)
animal EPEC were identified as group A, 71.5% (n = 10) as group B
(B1). In case of ETEC human isolates, 77% (n = 10) were attributed to
phylogenetic group A, 15.3% (n = 2) were phylogroup B (B1,B2) and
7.7% (n = 1) were classified as phylogroup D. For EHEC isolates, 25%
(n = 2) were belonged to phylogroups A and B, while 50% (n = 2) were
identified as phylogroup D by PCR method (Fig. 2).

The MLVA results exhibited high polymorphism in seven VNTR loci.
Dendogram analysis revealed three main clusters which classified into 2
clonal complexes and three singletons (Fig. 2). The cluster 1 were
consist of three ETEC isolates differed by one VNTR, all carried class 1
integrons, harbored either CTX-M or TEM-1 p-lactamases and belonged
to phylogroup A. Cluster 2 consist of 5 EPEC human isolates differed by
one or two VNTER marker, and belongs to phylogroup B and A. Cluster
3 was consist of two EPEC animal isolates both harbored class 1 in-
tegrons and blargy gene and belonged to phylogroup A (Fig. 2). Inter-
estingly, isolates with known epidemiological sources (two ETEC iso-
lates; ID 249 and ID 294) showed identical MLVA pattern. The
remaining isolates exhibited scattered fingerprints differed in either
two or more VNTR allelic variants. Furthermore, the EHEC isolates
from goats showed identical VNTR behavior, while the isolate obtained
from cattles exhibited completely different MLVA pattern (Fig. 2).
There was no any epidemiological relationship in MLVA patterns.

4. Discussion

According to the World Health Organization (WHO) report, ap-
proximately 11 million children under the age of 5 years die due to E.
coli mediated gastroenteritis. Among DECs, enteropathogenic atypical
EPEC was a primary etiological agent of diarrhea in children and adults
accounts for 5% to 10% of pediatric diarrhea in resource poor countries
[33]. Pathogenic E. coli are endemic in south and southeast of Iran and
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Key ms06 ms07 ms09

4] 3 8 25 4
2089 2 8 15 4
DN115 4 7 1.5 4
360 4 7 15 4
92 3 7 2 4
296 3 7 25 4
2041A 3 7 1.5 4
249 [3 7 15 5
204 3 7 15 5
349 2 7 1.5 5
19 3 7 25 5
32 3 8 25 5
187 3 6 25 5
T75 3 9 25 5
172 3 9 25 5
2003A 3 4 25 5
385 3 8 25 5
144 4 6 15 5
295 4 6 1.5 5
201 4 5 15 5
66 4 7 5 5
107 4 7 25 5
429 4 7 1 5
R13 4 6 1 5
1095 4 7 i 5
1084 2 4 1 5
213 2 7 1 5
79 2 3 4 5
370 3 5 25 5
168 2 5 6 5
2107TA 2 5 4 5
75 3 5 5 5
77 3 3 4 5
R27 2 6 4 5
1150 ’ 2 6 4 5
21618 1 6 4 5
235 3 6 1.5 5
391 3 6 45 5
444 2 6 6 5
1068 4 6 4 5
192 4 6 3 5
183 2 7 5 5
T32 2 7 5 5
176 2 6 5 5
181 2 6 5 5
357 2 5 5 5
7 2 6 3 5
10 2 6 5 5
40 2 7 15 5
2011 3 8 1.5 4
2110A 3 8 4 4
333 4 5 25 4
336 4 7 25 4
199 4 5 4 3
1028 2 7 1 55
1059 4 7 1 55
309 3 6 25 4

ms011
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ms021 ms023 ms032 Pathotype Source ESBL int  phygenic group
7 2 1 EPEC Human TEM 0 Bi
7 2 1 EPEC Goat 0 0 B1
7 2 5 EPEC Cave TEM intt  B1
7 2 1 ETEC Human 0 intt A0
8 2 1 EPEC Human CTXM 0 B1
8 2 1 EPEC Human TEM 0 B1
6 2 1 EPEC Goat CTXM 0 B1
R 1 ETEC  Human CTXM&TEM intl AO
8 2 1 ETEC Human CTXM intt Al
8 2 1 ETEC Human CTXMm intt A0
6 2 1 EPEC Human CTXMSETEM int! B1
5 2 1 EPEC Human 0 0 B1
8 2 1 EPEC Human 0 0 D2
7 2 6 EPEC Human CTXMS&TEM 0 B1
7 2 1 EPEC Human TEM 0 B1
7 2 1 EPEC Goat CTXM 0 B1
7 2 45 EPEC Human CTXMATEM int! D1
5 2 1 EPEC Human 0 intt  B1
7 2 1 ETEC Human CTXM intt A0
7 2 45 ETEC Human 0 intt A0
5 2 1 EPEC Human 0 0 B1
7 2 1 EPEC Human TEM 0 B1
6 2 1 ETEC Human 0 0 AQ
45 2 45 EPEC Calve CTXM intt  B1
45 2 45 EHEC Goat 0 intt A0
7 1 1 EPEC Goat CcTXm intt  B1
7 2 1 EHEC Cave 0 0 B1
7 2 6 EPEC Human 0 intt A1 Singleton
6 2 5 EPEC Human TEM intt A0
6 2 5 ETEC Human TEM 0 Al
6 2 3 EPEC Goat CTXm intt Al
6 2 6 EPEC Human 0 intt A0
6 2 6 EPEC Human TEM intf  Bi
6 2 4.5 EPEC Calve 0 intt A1
7 2 45 EPEC Goat TEM intt At
6 2 4.5 EPEC Goat TEM 0 B1
6 2 45 EPEC Calve TEM int! B
6 2 45 ETEC Human O 0 Al
6 2 1 ETEC Human CTXM in2 A0 Singleton
6 2 3 EPEC Goat CTXm intt At
6 2 5 ETEC Human 0 0 B1
6 1 35 EPEC Human CTXM&TEM 0 Al
6 2 5 ETEC Human CTXM int. B2-3
6 2 55 EPEC Human TEM in2 A0
6 1 55 EPEC Human 0 intt A0
6 2 55 EPEC Human 0 intt  B2-2
5 2 4.5 EPEC Human 0 0 Al
5 2 25 EPEC Human CTXMATEM int! A1
5 2 6 EPEC Human TEM intt A0
5 2 45 EPEC Goat CTXMSTEM 0 B1
5 2 45 EPEC Goat 0 0 B1
4 2 55 EPEC Human CTXM&TEM int1 D1
5 2 55 EPEC Human 0 intt D2
4 2 5 ETEC Human 0 0 D2
4 2 2 EHEC Goat 0 0 D1
4 2 2 EHEC Goat 0 0 D1
8 1 25 EPEC Human CTXMS&TEM intt B1 Singleton

Fig. 2. MLVA profiles of EPEC, ETEC and EHEC isolates recovered in patients with diarrhea and animal sources. The MLVA was repeated twice.

majority of children suffered from chronic type of diarrhea such as
abdominal pain, constipation and loss of weight. There are a few in-
vestigations on prevalence and epidemiology of the DEC pathotypes in
this region [17,18] therefore, prevalence of different pathotypes of DEC
will provide the critical information for determining appropriate
therapies for patients with suspected E. coli infections and controlling of
the outbreak. Considering cattles and goats as main source of EPEC and
EHEC transmission to human in this region, attempt was made to ad-
dress the prevalence, antibiotic resistant profile and phylogroups
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studies and possible genetic linkage by MLVA typing. In this in-
vestigation, we found that, the frequency of EPEC, ETEC and EHEC
among human and animal populations were low (57/671 isolates). Our
results were in accordance with study from India which suggest that,
EPEC pathotype seen in 39 (9.9%) of cases diarrhea in children under 5
years old followed by ETEC in 16 (4.1%) cases [34].

Furthermore, in our study, atypical EPEC was more commonly seen
cases while typical EPEC was detected in animal stool samples. Majority
of EPEC and ETEC human isolates showed MDR profiles. Ampicillin,
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Fig. 3. Biofilm formation among EPEC, ETEC and EHEC isolates. The above results are average of three replicates with standard deviation 0.02. The biofilm was
stained with crystal violet dye and intensity of the biofilm was measured at optical density 480 nm.

trimethoprim-sulphamethoxazole and fluoroquinolones are widely used
as the first choice drug for treatment of intestinal tract infections be-
cause of their ready availability and low cost. In the current study,
resistance to commonly used antibiotics such as ampicillin and co-tri-
moxazole, was in accordance with previous findings from other coun-
tries, such as; Vietnam, Mexico, Argentina, Tanzania, and Peru [31].
Since these antibiotics are widely used to treat diarrhea, it is therefore
not surprising that we found higher resistance rates against these an-
timicrobial agents among our isolates. Although imipenem is not in-
dicated to treat diarrhea, we tested the susceptibilities of the isolates to
this antibiotic, since it could be empirically used for treatment of
diarrheal disease. Fortunately, none of the isolates were resistant to this
antimicrobial agent, indicating that imipenem is the most effective
agents against our isolates. MDR strains of diarrheagenic E. coli pose a
serious clinical challenge. The MDR phenotype can emerge due to the
presence of ESBLs enzymes. In our study, the majority of

In addition, EPEC and ETEC isolates encoded either blacrx. Or
blatgy., genes but not blagyy. It is very important to determine the
prevalence of ESBLs within a geographic area as emergence of ESBL-
producing E coli leads to higher reliance for treatment with carbape-
nems. Bok et al., reported in the bovine isolates, the percentage of re-
sistant E. coli derived from dairy cows was higher than from beef cows
[35].

We also studied relationship between biofilm formation and anti-
biotic resistances profile of above isolates. The highest prevalence of
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antibiotic resistance was observed in moderate and weak biofilm pro-
ducers. The results showed that, there was no statistically significant
relationship between antibiotic resistance profiles and ability to form
strong biofilm in EPEC and ETEC isolates. Similar observations were
made previously by Pavlickova et al., [36].

We observed a similar phylogenetic conformation in the E. coli po-
pulations from healthy cows and goats which were mainly classified as
A; but also Bl and D were detected; human isolates were assigned to
group B2 and D2. The results of MLVA were interesting because no any
clonal relation between human and animal isolates were observed (the
isolates demonstrated scattered fingerprints). Therefore, we suggest
that diarrheagenic E. coli investigated in this region were not epide-
miologically linked together. This finding is in agreement with previous
reports that documented a particularly high polymorphism rate for
EPEC and ETEC pathotypes [37]. Staples et al. [38], studied 61 EPEC
strains isolated from stool specimens of symptomatic persons from 2008
to 2011 for the prevalence of diarrhea-associated putative genes. Phy-
logenetic typing, serotyping and MLVA showed the isolates were highly
heterogeneous, representing all 4 phylogenetic groups and comprising
59 MLVA types.

5. Conclusion

In conclusion, MLVA data showed high polymorphisms among
EPEC, ETEC and EHEC strains isolated from a variety of sources.
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However, presence of EHEC in animal fecal samples poses public health
concern as transmission through food chain must be considered.
Antimicrobial agents, often used in livestock, belong to the same classes
than those administered in human treatments. Thus, the application of
antibiotics in farms animals produces a selective pressure allowing the
dissemination of resistant bacteria, which represents a risk to human
health. Further epidemiological studies are required to explore these
sources in context with occurrence of human cases.
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