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The aim of the investigation was to determine the correlation between genetic patterns and strains of Escherichia coli-(E. coli)-and
to evaluate the genetic diversity of E. coli strains isolated from patients admitted to Bagiyatallah Hospital, using the method of repetitive
extragenic palindromic sequence polymerase chain reaction (REP-PCR).

Materials and Methods. A total of 100 E. coli strains collected from the samples of patients with urinary tract infections were studied.
E. coli strains were identified and isolated by the standard bacteriological methods and their DNAs were extracted. The REP-PCR method

with REP1R primer was used to type isolated strains.

Results. Ninety-eight out of 100 E. coli strains were typable and 2 strains were non-typable. Dendrogram showed that the isolated
strains were differentiated by REP-PCR into 7 REP clusters (R1-R7) with 70% similarity. The highest number of strains was found in cluster
R4 (22 strains) and this number was the lowest in cluster R3 (7 strains).

Conclusion. In Iran, the REP-PCR method has not been used for studying uropathogenic E. coli strains. This technique has shown
high differential accuracy in our investigation. E. coli strains have been found to comprise various distinct clones which show the genetic

diversity of bacteria in the patients studied.
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Urinary tract infections (UTI) are the most common
bacterial infections which are characterized by bacterial
colonization of the urinary system and often occur in
women of all age groups. The strains of uropathogenic
Escherichia coli (E. coli) are the most common
pathogens isolated from UTI patients and often originate
from the intestinal flora. The most common UTI symptom
is dysuria which may be moderate or severe [1, 2]. In
addition to common symptoms of the lower UTI, patients
with the upper UTI or pyelonephritis may experience
flank pain, fever, or nausea and vomiting [1]. E. coli is
responsible for 80-90% of UTls; the remaining UTIs are
caused by Staphylococcus saprophyticus, Citrobacter,
Klebsiella, and Enterobacter [3]. E. coli produces purple
colonies on MacConkey agar culture medium because it
is a lactose-positive bacterium which ferments sugar and
produces acid. The same process also occurs in EMB
culture medium (eosin and methylene blue agar) where
the colonies turn dark purple with greenish metallic
sheen. Commensal species of E. coli of normal intestinal
flora are usually harmless for the host and cause
disease only in immunocompromised hosts. However,
some species of E. coli are highly potential primary
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pathogens and cause disease after acquisition of certain
virulent characteristics [4].

In various human diseases induced by E. col,
pathogenic E. coli is generally divided into two main
categories: diarrheagenic E. coli and extraintestinal
pathogenic E. coli which have two major pathotypes,
uropathogenic E. coli and neonatal meningitis E. coll.
Extraintestinal bacteria can colonize different sites and
cause various infections outside the gastrointestinal tract,
with the urinary tract being most commonly affected [5, 6].
Uropathogenic E. coli encode different adhesive structures
(adhesin) called pili and fimbriae, such as F1C, S, P,
and Dr adhesion family [7]. Fimbriae play an important
role in bacteria binding to mucosal sites of the digestive
tract, the vagina, and the urethra. Other factors, such
as bacterial lipopolysaccharides, capsules, hemolysins,
and siderophores, help the virulence of uropathogenic
E. coli [8-10]. A strain of uropathogenic E. coli can
comprise several different pili and change one type of
pilus to another type depending on the changes in the
environment. On reaching the urinary tract, uropathogenic
E. cali first of all binds to the host epithelial cells using pili
and fimbriae not to be cleared up by urine flow [11].
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Molecular typing can be used to identify nosocomial
infections and infection reservoirs and also to isolate
specific genotypes in conjugation with a specific
bacterium. Besides, it gives us more knowledge about
the principles of epidemiology, evolution, and spread of
many bacterial diseases [12—-15]. Repetitive extragenic
palindromic (REP) sequence originally detected in
Salmonella typhimurium and E. coli is a 39 bp repetitive
sequence that may occur up to 282 times in E. coli
genome. These sequences seem to regulate expression
of genes through controlling mRNA stability [16]. The
REP-PCR (repetitive extragenic palindromic sequence
polymerase chain reaction) method is based on the fact
that the areas located between repeated segments have
different sizes and therefore create different patterns
during PCR and electrophoresis, so the strains can be
easily distinguished and recognized by comparing these
patterns [17].

A certain advantage of this method is that there is
no need to know the target sequence for synthesis of
primers in most bacteria. Given high reproducibility
and distinguishability of this technique, it has
recently been considered an appropriate method for
epidemiological studies of most bacteria along with
pulsed field gel electrophoresis. Therefore, the REP-
PCR molecular technique is a commercial PCR-based,
semi-automatic and fast typing system that can be
easily implemented by a molecular technologist with
some experience [18].

One of the most important benefits of REP-PCR is
that the method can be used in a large number of gram-
negative and some gram-positive bacteria, without any
information about the bacterial genome [19]. In addition,
it is a reliable technique compared to vague and time-
consuming phenotypic and biochemical methods.
This method has the advantages of the ease of use,
speed, high distinction power, and applicability in all
laboratories. REP-PCR can be used with biomarkers
such as (GTG)5, REP1R-I, and REP2R-I [20].

The aim of the investigation was to determine
molecular types of uropathogenic E. coli as one of the
main causes of urinary tract infections using the REP-
PCR technique with REP1R primer.

Materials and Methods. This cross-sectional study
was carried out in 2014 and involved the patients
with UTI admitted to Tehran Baghiatallah Hospital.
The study complies with the Declaration of Helsinki
(the Declaration was passed in Helsinki, Finland,
June 1964, and revised in October 2000, Edinburgh,
Scotland) and was performed following approval by the
Ethic Committee of Bagiyatallah University of Medical
Sciences. Written informed consent was obtained from
every patient.

The samples were cultured in chrome agar culture
medium and incubated for 24 h. If purple colonies grew,
the presence of E. coli was confirmed by transferring
and incubating the colonies in EMB agar medium at
37°C for 18 h. Metallic green colonies indicated the
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presence of E. coli and underwent further analysis. All
colonies cultured in EMB medium were transferred to the
medium enriched by Luria-Bertani broth and cultured in
a shaking incubator for 18 to 24 h. Afterwards, DNA was
purified using boiling extraction method. The obtained
genomic solution could be used directly in PCR or stored
at 4°C for subsequent tests. For long-term storage, the
extracted solution must be kept at 20°C because DNA
may be subjected to acid hydrolysis.

After testing the purity of DNA by NanoDrop analyzer
(Thermo Fisher Scientific, USA) and confirming its
suitability for performing PCR, the extracted DNA was
prepared for PCR. The reaction mixture contained 1 pl
template DNA, 2 yl REP1R primer, 1 yl MgCl,, 6 ml
deionized distilled water, and 10 yl master mix in a total
volume of 20 ml. PCR amplification was performed
in an Eppendorf gradient thermal cycler (Eppendorf,
Germany) with an initial denaturation at 95°C for 7 min,
followed by 32 cycles consisting of denaturation (1 min
at 95°C), annealing (1 min at 41°C), extension (3 min
at 65°C) and the phase of final extension at 65°C for
16 min. To visualize the products of PCR amplification,
5 pl of the final solution was mixed with 1 pl of loading
buffer and electrophoresed on 1.5% agarose gel at
a voltage of 90 V for 70 min. The 100 bp DNA ladder
was used as a molecular standard to verify the particular
REP segments. The gel was stained with ethidium
bromide for 12 min and the segments became visible
with UV light. Finally, REP-PCR bands were expressed
as 0 and 1 to denote the absence and presence of the
bands, respectively. A matrix of numbers zero and one
was prepared in Excel and the relevant dendrogram was
drawn using InSilico website.

Results. A total of 100 E. coli strains isolated from
patients with UTl were evaluated in this study, with
98 out of 100 strains being typable and 2 strains non-
typable. Seventeen bands ranging from 100 to 3,100 bp
were amplified in different profiles (See Figure).
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Table 1

The mean age and percentage of females
in each REP cluster

Parameters Cluster
Rl R2 R} R4 RS R6 RI7
Mean age (years) 45 58 39 49 38 96 45

Percentage of females (%) 75 75 85 72 90 81 70

Dendrogram analysis showed that the isolates were
grouped by REP-PCR in 7 REP clusters (R1-R7) with
70% similarity. Out of 100 studied patients with UTI,
79 were women and 21 were men and the prevalence
of the disease had almost the same slope in different
age groups indicating the lack of relationship between
the age and risk of the disease. It should be noted that
the analysis of the proportion of women and the mean
age in terms of strains showed that R5 had the highest
percentage of women and the lowest mean age among
the clusters (Table 1).

Discussion. Uropathogenic E. coli are predominant
bacteria causing UTI, especially in women. UTI is one
of the most common human infections influenced by
gender and age [2, 21]. REP-PCR reveals DNA patterns
and in fact allows differentiation between bacterial
species [22-23] making it a useful technique for typing
various bacteria [23]. Non-coding dispersed repetitive
sequences have been observed preferably in gram-
negative bacteria [24]. Previous studies have identified
the presence of repetitive DNA elements in E. coli using
REP-PCR. Four cases of UTI out of 100 samples under
study were observed in female newborns during this
investigation. In fact, UTI occurs in 0.1 of newborns. In
the first two months of life, UTI is more common in men,
but after the second month until adulthood, UTI is more
common in females. However, in 100 samples studied,
none of the babies with UTI were male. Five cases of
infection were seen in girls aged one to ten years due to
their short urethra, failure to maintain personal hygiene
and urine retaining in children. In boys, circumcision
reduces the risk of UTI. This risk also declines in
adolescence. In our study, only two cases of infection
were observed in adolescent girls. UTIl increases
severely in young women due to sexual relationships,
pregnancy or contraceptives. In this study, 22 cases of
UTI were observed in the age range of 20 to 25 years.
After menopause, UTI incidence may increase due to
estrogen deficiency.

Given the information on DNA polymorphism, we
investigated polymorphism of E. coli strains using REP1R
primer which is adequately powerful for differentiating
highly similar polymorphisms. As shown by the
dendrogram, the isolates were categorized with high
accuracy into 7 groups with genomic profile similarity of
70%. According to clustering performed, the highest and
the lowest number of strains were seen in clusters R4
(22 strains) and R3 (7 strains), respectively. Cluster R4
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included 22 strains and was the largest cluster of isolates,
with strains 65 and 95, 57 and 60, 58 and 59 having
genomic profile similarity of more than 70%. Strains
65 and 95 in cluster R4 had similar genomic profiles
and belonged to the same person, the samples being
harvested in two different time periods, which indicated
a recurrent infection caused by the strain. These results
demonstrate the accuracy of the method. In cluster
R5 (21 strains), strains 73 and 74 had genomic profile
similarity of more than 70%, strains 41, 43, 44, 45, and 46
in cluster R7 (17 strains) also had similarity of more than
70% (Table 2). Clusters R1 (12 strains), R2 (8 strains), R3
(7 strains) as the least populated clusters and cluster R6
(11 strains) had no similarity in their genomic profiles.

Band 100 was the most frequent band and was
observed in 90% of strains, while bands 700 and
800 were alternatively seen among the isolates. It is
noteworthy that the analysis of the proportion of females
and the mean age in terms of strains showed that
among the clusters, R5 had the highest percentage of
females and the lowest mean age. Comparison of the
antibiogram data with the dendrogram data provided
remarkable results. All samples in cluster R2 were
resistant to ampicillin and sensitive to nitrofurantoin, all
samples in cluster R3 were sensitive to nitrofurantoin,
the majority of samples in cluster R5 were sensitive or
semi-sensitive to amikacin and all samples in cluster R6
were sensitive to nitrofurantoin.

Due to high UTI incidence, identifying antibiotic
sensitivity of bacteria which reflects the relative
resistance of disease-producing bacteria to the
commonly used antibiotics seems necessary in the
present study. Using antibiotics correctly and identifying
the resistance of bacteria isolated from UTI patients may
play an important role in controlling the disease and its
dangerous consequences. The REP-PCR method has
already been used for evaluation of E. coli resistance to
antibiotics. For example, Rashid et al. [25] have used this
method to study drug resistance of extended spectrum
beta-lactamase and identify extended spectrum beta-
lactamase producers at the genotype level. This method
has also been widely used for diagnostic purposes. For
example, in May 2003, McLellan et al. studied E. coli
isolated from common sources of fecal contamination
and genetic relations of strains in each host group using
the REP-PCR molecular method [26]. The study showed
that the REP-PCR molecular method was more accurate
and efficient than DNA fingerprint of fecal E. coli in
animal or human hosts. Many other foreign studies

Table 2
The number of strains in each cluster

Cluster
R1 R2 R3 R4 R5 R6 R7
Absolute number 12 8 7 2 21 1" A7
816 74 224 214 1122 173

Number

Percentage 12.2
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devoted to different E. coli strains have been performed
using this method. A limited number of similar studies
have been done in Iran. UTl is a common problem
among the female population and further studies with
a larger sample size are required to solve it effectively,
with the role of other factors involved in the disease
development being taken into account.

Conclusion. The results of this study have shown
that REP-PCR is a reliable method for classification,
molecular genotyping, and identification of phylogenetic
relationships between very close bacterial species and
even distinct species. The use of this powerful method
has provided the possibility to determine with high
precision that E. coli bacteria studied in this investigation
comprise various distinct clones which indicate the
diversity of bacteria in the studied patients.
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