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A B S T R A C T

Background: Uropathogenic Escherichia coli (UPEC) is a causative agent of most of urinary tract infections (UTIs), which expresses a 
multitude of virulence factors.
Objectives: The aim of this study was to investigate virulence associated characteristics characteristics in UPEC isolates derived from 
urine specimens, and to investigate the distribution of the pathogenicity islands virulence markers (PAIs) among the isolates in 
relation to their antibiotic susceptibility pattern.
Patients and Methods: A total of 50 E.coli isolates were collected from patients with UTI during September 2009 to August 2010.  
Biochemical and standard microbiological techniques were used to identify E.coli followed by screening for islands by polymerase 
chain reaction (PCR).
Results: We found a high number of PAI markers such as PAI ICFT073, PAI IICFT073, PAI I536, PAI IV536, PAI II J96, and PAI II536 
significantly associated with UPEC. High level of resistance to Aztreonam, Co-trimoxazole, Cefpodoxime, and Cefotaxime was found 
among the UPEC isolates.
Conclusions: This observation is of special value considering that the UPEC pathotype constitutes an emerging group of 
enteropathogens, particularly, in our county. Knowledge of the molecular details of Uropathogenic E.coli is useful to develop   
successful  strategies  for  the  treatment  of  urinary  tract  infection  and complications associated with UTIs in  human.
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Implication for health policy/practice/research/medical education:
Knowldge of the molecular details of Uropathogenic E.coli is useful in developing successful strategies for the treatment of urinary 
tract infection and complications associated with UTIs in human.
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1. Background
Urinary tract infections (UTIs) currently rank among the 

most prevalent infectious diseases worldwide, with chronic 
and recurrent infections being especially problematic (1, 
2). The primary etiologic agents associated with UTIs are 
strains of Uropathogenic Escherichia coli (UPEC) (3). UPEC 
strains express a wide spectrum of virulence factors to col-
onize urinary tract of mammalian. UPEC can invade some 
host cell types, such as the terminally differentiated super-
ficial facet cells and less mature intermediate and basal epi-
thelial cells and comprise the stratified layers of the bladder 
urothelium. To facilitate both the establishment and persis-
tence of UPEC within the urinary tract, host cell invasion is 
needed (4, 5) Moreover, pathogenic extraintestinal isolates 
harbour specialised virulence factors, i.e., traits that confer 
pathogenic potential, which are infrequent among com-
mensal isolates (2).

Moreover, extraintestinal E.coli isolates harbor some 
virulence Factors that are infrequent among commensal 
E.coli isolates. Some of these virulence factors are usually 
encoded on the pathogenicity islands (PAIs), providing a 
mechanism for coordinated horizontal factors, i.e., traits 
that confer pathogenic virulence genes transferation (6).

Hacker et al. (7) first described PAI concept in the late 
1980s. These mobile genetic elements comprise short di-
rect repeats of fragments of DNA (> 10 kb) adjacent to the 
tRNA genes and contain insertion sequences, integrases 
and transposases, and have a G + C content that differs 
from the host bacterial genome (8).

2. Objectives
The aim of this study was to investigate virulence associ-

ated characteristics in UPEC isolates derived from urine 
specimens, and to investigate the distribution of the patho-
genicity islands virulence markers (PAIs) among the isolates 
in relation to their antibiotic susceptibility pattern.

3. Patients and Methods

3.1. Specimens and Patients
A total of 50 E.coli isolates from urinary specimens were 

collected from patients with UTI, between 2-12 years old 
and admitted to Mofid children hospital, Tehran, Iran, 
during September 2009 to August 2010.

Samples were derived from fresh midstream urine, 
cultured (0.01 mL) on MacConkey agar as well as Sheep 
blood agar and incubated at 37 °C for 24 hours. Cultures 
with more than 105 CFU/mL were examined for further 
analysis. Susceptibility to Nitrofurantoin (300 µg), Cipro-
floxacin (5 µg), Nalidixic acid (30 µg), Amoxicillin (10 µg), 
Amoxiclave (30 µg), Gentamicin (120 µg), Ceftazidime (30 
µg), Cefpodoxime (10 µg), Aztreonam (30 µg), Imipenem 
(10 µg), Amikacin (30 µg), Norfloxacin (10 µg), Co-trimox-
azole (25 µg) and Cefotaxime (30 µg) were determined 

by disc diffusion based on CLSI criteria (nonfastidious 
groupings M2-disk diffusion M100) (2). The intermediate 
susceptibility was considered as susceptible (9).

3.2. DNA Extraction
The DNA was extracted according to the protocol de-

scribed by Radhuoni et al. in 2009. The isolates were 
cultured on MacConkey agar plates for 24h. One to two 
colonies from pure cultures were resuspended in 0.5 mL 
sterile distilled water. The cells were lysed by heating at 
95oC for 10 min and the supernatant was harvested by 
centrifugation at 12,000 rpm (8000g) for 5 min. The su-
pernatant was used as the source of the template DNA 
(10).

3.3. PCR Components and Amplification Profile
Briefly, PCR was performed in a reaction mixture con-

taining a 300 nM concentration of each oligonucleotide 
primer (Bioneer); 5.5 mM MgCl2; 200 mM (each) deoxy-
nucleoside triphosphates and 0.125 U of Taq DNA poly-
merase (from Genetbio).

Amplification profile was 94°C for 5 min, followed by 30 
cycles of 94°C for 1 min, 55°C for 1 min and 72°C for 1 min, 
with a final extension step at 72°C for 10 min.

3.4. Detection of PAI Markers by Multiplex PCR
All isolates were screened for the presence of PAI mark-

ers (PAI ICFT073, PAI IICFT073, PAI I536, PAI II536, PAI 
III536, PAI IV536, PAI I J96, and PAI II J96) by using the PCR 
method. Primers used in this study are shown in Table 1.

4. Results
A total of 50 E.coli isolates were analyzed from 50 pa-

tients with UTI who have admitted to the nephrology 
ward of Mofid children hospital, Tehran, Iran. Urine sam-
ples isolated from patients of both sexes (85% girl, 17.5% 
boy) aged between 2-12 years.

4.1. Pattern of Resistance Among Escherichia coli 
Isolates

High resistance to Aztreonam, Co-trimoxazole, Cefpo-
doxime, and Cefotaxime were found among UPEC iso-
lates. Resistance pattern of UPEC isolates were shown in 
Figure 1. Multidrug resistance which was defined as resis-
tance to more than 3 antibiotics was most commonly ob-
served in UPEC isolates (26%).

4.2. Pathogenicity Island Genes Distribution
Distribution of the pathogenicity island genes in UPEC 

is as follows: In total, 89% of UPEC isolates contained PAIs. 
The PAI IV536 (86%) were PAI ICFT073 (74%) isolates were 
the most among the UPEC E.coli, whereas PAI III536 (6%) 
and PAI I J96 (4%) were the least (Figure 2).
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Table 1. Primer Sequences Were Used in This study

Reference Primer BP Gene

DobrindtU, etal. (22) CGGGCATGCATCAATTATCTTTGTGTGTAGATGCAGTCACTCCG 200 PAI III536 

Karch H, (8) AAGGATTCGCTGTTACCGGACTCGTCGGGCAGCGTTTCTTCT 300 PAI IV536

M. Sabate, (2) ATGGATGTTGTATCGCGCPSACGAGCATGTGGATCTGC 400 PAI IICFT073

M. Sabate, (2) TAATGCCGGAGATTCATTGTCAGGATTTGTCTCAGGGCTTT 1800 PAI I536

M. Sabate, (2) CCATGTCCAAAGCTCGAGCCTACGTCAGGCTGGCTTTG 1000 PAI II 536

Johnson JR, (4) TCGTGCTCAGGTCCGGAATTTTGGCATCCCACATTATCG 400 PAI I J96

Landraud L, 2003 GGATCCATGAAAACATGGTTAATGGGGATATTTTTGTTGCCATTGGTTACC 2300 PAI II J96

Johnson JR, (4) GGACATCCTGTTACAGCACGCATCGCCACCAATCACAGCCGAAC 930 PAI ICFT073
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Figure 1. The Prevalence of Antibiotic Resistance Pattern in Uropatho-
genic Isolates Obtained from Children With UTI Antibiotics % Resistance

4.3. Statistical Analysis
Statistical analysis was performed by using the Fisher 

exact and chi-square tests. P value < 0.05 was considered 
as statistically significant.
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Figure 2. The Pathogenicity Island Marker Genes Distribution in UPEC Iso-
lates From Patients With UTI

5. Discussion
UTI is usually treated empirically without culturing 

the urine sample but this type of infection accounts for 
about 10% to 15% prolongation of hospitalization due to 
the emergence of resistance to antibiotics among the 

causative bacteria, particularly among UPEC strains. This 
may result in the spread of antibiotic resistant bacteria 
which led us to investigate this possibility by testing the 
effects of a range of functionally distinct antibiotics on 
UPEC to reduce morbidity and the duration of hospital-
ization in patients with UTI (11). Accordingly, we consid-
ered E.coli strains isolated from urine and examined pat-
tern of antibiotic resistance and pathogenicity islands.

Resistance to several antibiotics was observed in UPEC 
isolates. All isolates were highly resistant to trime-
thoprim-sulfamethoxazole (61% in UPEC) which is a wide-
ly used antibiotic for UTI treatment, indicating that it has 
become nearly ineffective for UTI treatment, however, a 
higher rate to Azteronam was also found among the iso-
lates.

Blango in 2010 (1) 267 demonstrated that resistance 
to Amoxicillin, Gentamicin and Co-trimoxazole E.coli 
isolates was seen in 45.1%, 72% and 78.4% of E.coli strains, 
whereas in this study, a different resistance pattern was 
obsereved (Figure 1). Cephalosporins, Cefpodoxime and 
Cefotaxime were less effective in UTI treatment than oth-
er antibiotics regardless of E.coli phylogenetic group (You 
haven’t speak about phylogenetic groups, previously). In 
our study, a high rate of resistance to Co-trimoxazole and 
sensitivity to Imipenem was observed, which is in agree-
ment with the finding of Farshad et al. (year, country) (12).

In a research by Moreno et al. (13) found 21% resistance to 
quinolone antimicrobials and 18% to fluoroquinolones, 
whereas Matthew et al. (14) demonstrated that only one 
E.coli isolate was resistant to Ciprofloxacin. Recently, Shi-
gemura et al. (15) has reported an emergence of fluoro-
quinolone resistant E.coli responsible for UTIs, however 
in this study a higher resistance to quinolones (8%) was 
observed.

In our study, a lower resistance to Ciprofloxacin, Nali-
dixic acid, Gentamicin, Trimethoprim Sulfamethoxazole 
was found compared to the Alhaj et al. research in Malay-
sia 2007 (16), meanwhile, resistance to Ceftazidime (11%) 
and Amoxicillin-clavulanic acid (17%) was consistent with 
results of Bruzuskiewicz et al. in 2006 (17). In this study, 
resistance to Amikacin (6%) was relatively lower than re-
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sults of Bingen-Bidois in 2002 (27%) (18) and Parham in 
2005 (22.4%) (19).

Murugan etal. in 2012, studied antibiotic resistance 
among uropathogens from rural teaching hospital. The 
predominant Gram negative uropathogenic E. coli (n=44) 
showed resistance to Nitrofurantoin (1.5%), Amikacin 
(10.5%), Gentamicin (30.4%), Ciprofloxacin (70.4%), Cefpo-
doxime (72.6%), Cefotaxime (74.8%), Nalidixic acid (98.5%). 
The E.coli shows higher susceptibility (about 90%) only to 
nitrofurantoin and amikacin was presented. All strains 
was more resistant than compared with our research. The 
isolated uropathogens antibiotic resistance on the whole 
observed in this study is higher than the 0ur results from 
urine which is an alarming one (20).

Herzer et al. (21) reported that pathogenicity islands 
(PAIs) were enriched among E.coli and caused extraintes-
tinal infections. Here, we also confirmed the prevalence 
of eight PAI markers in E.coli strains isolated from the 
urine of children with UTI. 

Dobrindt et al. (22) in 2002 studied genetic structure and 
distribution of four pathogenicity islands (PAI I536 to PAI 
IV536) of Uropathogenic Escherichia coli strain 536. In Uro-
pathogenic E.coli, multiple PAI sequences (PAI I536 to PAI 
IV536) were studied and their presence in several wildtype 
E.coli isolates was extensively investigated. Their results sug-
gested PAIs are detectable in pathogenic E.coli isolates. We 
determined that the acquisition of large DNA regions, such 
as PAIs, was an important factor in the evolution of bacterial 
pathogens. Sabate et al. (2) in 2006 studied the pathogenic-
ity island markers in commensal and Uropathogenic Esch-
erichia coli isolates. Their results showed the mean number 
of PAIs per isolate was high among UPEC.

Similar with Brzuszkiewicz et al. results (18) genomic dif-
ferences between UPEC strains were mainly restricted to 
large pathogenicity islands. 

It seems reasonable that UPEC might show similar ad-
aptations for an extraintestinal lifestyle, which, in turn, 
enables them to cause extraintestinal disease in humans. 
Presentation of the molecular details of UPEC is neces-
sary to develop successful strategies for prevention of 
human urinary tract infections and urological complica-
tions associated with UTIs.
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