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Abstract 
Background: Urinary tract infection (UTI) is one of the common bacterial infections. Escherichia coli is 
the most common cause of UTI. In this research, the prevalence of several virulence factors and beta-lactam 
resistance genes was investigated. 
Methods: One hundred E. coli isolates were collected from patients’ specimens with UTI referred to 
Allame-Bohlol Gonabadi hospital. Polymerase chain reaction (PCR) was performed to identify five 
pathogenic genes (fimH, aer, pap, hly, traT) and three antibiotic resistance genes (blaTEM, blaCTX, blaSHV).  
Results: The frequencies of blaSHV, blaTEM and blaCTX beta-lactamase genes among extended-spectrum-beta-
lactamases (ESBLs) positive isolates were 11.1%, 48.1%, and 93.3%, respectively. A significant number of 
isolates were resistant to the most commonly used antibiotics.  
Conclusion: Pathogenic genes may also increase the severity, progression, and expansion of urinary tract 
infections. Therefore, identifying these genes as critical controllers of illness can use for better manage the 
treatment. 
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Introduction 
Escherichia coli is both a commensal agent and 
a pathogen, causing extraintestinal and 
intestinal infections (1). It triggers a wide-range 
of clinical diseases in the urinary tract, 
including kidney infection (pyelonephritis), 
bladder infection (cystitis) and asymptomatic 
bacteriuria (ABU). Also, half of the 
bloodstream infections originating in the 
urinary tract occur due to urinary tract 
infections (UTIs) with E. coli (2-4). One of the 
most common hospital- and community-
acquired infections caused by E. coli is UTIs  

 
 
due to high mortality (5). Uropathogenic E. coli 
(UPEC) is a strain with a significant ability to 
cause UTIs. UPEC has further been classified 
with E.coli strains that cause prostatitis, 
meningitis, and bacteremia as ExPEC 
(extraintestinal pathogenic E.coli) (6). This, 
which is considered to be an opportunistic 
pathogen, with the human and animal gut as its 
reservoir (7). Pathogenic factors such as 
adhesion, toxin, and iron absorption systems are 
often located on pathogenic islands, so they are 
easily transmitted (8). E. coli  
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commonly acquires antimicrobial-resistance 
(AMR) genes from mobile-genetic-
elements(MGE), such as transposons, insertion 
sequences, plasmids and gene 
cassettes/integrons (9). MGE can also encode 
pathogenic factors, and there may be an 
interaction between virulence factors(VF) and 
AMR genes (9). Although the virulence factors 
and pathogenesis of E. coli in UTI have been 
defined, the genotypic traits that recognize non-
virulent E. coli from UPEC have not been fully 
defined. The identification of the determining 
UPEC form is hindered by factors including 
numerous potentially excessive bacterial 
virulence-associated genes (VAGs), the 
distinction of UPEC from commensal E. coli in 
the intestinal microbiome, and differences in 
host sensitivity to UTI (10). The surface 
virulence factors(adhesins) such as P fimbriae 
are encoded by pap genes and are the main 
adhesion factors (11). S fimbrial adhesion 
factor, encoded by sfa genes, represent another 
type of virulence factor (12). A fimbrial 
adhesion factor in E. coli is encoded by afa 
genes (13). Additionally, the main fimbrial 
subunit of type 1 fimbriae is encoded by fimA in 
E. coli (14). Toxins are another essential type of 
virulence factor in E. coli. The α-hemolysin 
(HlyA) pathogenic factor, cytotoxic necrotizing 
factor, and aerobactin are encoded by the hly, 
cnf1(7), and aer genes, respectively (15). The 
various pathotypes of intestinal pathogenic E. 
coli such as enteroinvasive E. coli (EIEC), 
enterohemorrhagic E. coli (EHEC), 
enteropathogenic E. coli (EPEC), 
enteroaggregative E. coli (EAEC) and 
enterotoxigenic E. coli (ETEC) are 
differentiated genotypically by their 
characteristic pathogenic genes (16). These 
pathotypes are usually the causes of watery 
diarrhea and dysentery. In contrast, E. 
coli strains are often grouped presumptively as 
UPEC or ExPEC based on to their site of 
isolation and infection, irrespective of their 
intrinsic pathogenesis, which is usually 
unbeknown (16). E. coli is divided into several 
phylogenic classes such as A, B1, B2, C, D, F, 
and G, of which the ExPEC and UPEC strains 
are mainly B2 and D. These two groups usually 

have more virulence factors than the other 
groups (7, 17, 18). Phylogroups D and B2 
encompass the widespread UPEC clonal 
complex CC95, CC73, CC131 and, CC69 
which are most cases of E. coli pyelonephritis, 
bloodstream system and cystitis contamination 
around the world. The prevalence of 
extraintestinal E. coli contamination, suggests that 
particular hereditary determinants strengthen the 
development (worldwide spread) and 
exacerbation of infections of these bacteria (19).  

Broad AMR may have contributed to the later 
dispersal of CC131 and CC69 (19-24). E. coli 
ST131 is known for its high-quality exchange 
capacity and can set up resistance to numerous 
vital antimicrobial bunches, such as 
fluoroquinolones and third-generation 
cephalosporin (14). The supremacy of ESBLs-
producing bacilli has expanded drastically 
around the world (23), and the CTX-M-type of 
ESBLs is the most important visit type (20). 
ESBLs-producing bacilli regularly show 
multidrug resistance, and related qualities are 
encoded by plasmids exchanged from species to 
species. ESBLs-producing microscopic 
organisms have already caused nosocomial 
contaminations, But now they are among the 
causes community-acquired contaminations; 
moreover, reports of urinary tract (UT) diseases 
caused by ESBLs-producing microbes in 
children have increased (25). Due to different 
patterns of virulence factors among E coli strains 
causing UTI in other geographical locations and 
increased prevalence of MDR strains in different 
regions, the present study aimed to investigate 
the extent of antimicrobial resistance and 
identify pathogenic genes in the E. coli strains 
isolated from UTI patients in the Gonabad city. 

Materials and Methods 
Sample collection and isolation of bacteria  
This project was approved by the Ethics 
Committee of Shahid Sadoughi university of 
medical sciences with code 
IR.ssu.medicine.rec.1396.215. It is 
implemented in Allame-Bohlol Gonabadi 
hospital in Gonabad in northeastern Iran. Urine 
specimens were collected from individuals with 
complaints and symptoms of urinary tract 
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infection at two hospitals in Gonabad between 
August 2017 and February 2018.  After 
microscopic observation, the specimens were 
cultured on 5% blood-agar and EMB-agar 
medium (Company BioMaxima, Poland). The 
samples were incubated for 24 hours at 37 °C in 
an aerobic incubator. UTI is defined as a single 
organism in urine at 103 to 105 colony-forming-
units (CFU) per milliliter (CFU/mL). In some 
culture media, different colonies were 
considered as contaminants and were excluded 
from the research. To final identify the gram-
negative bacteria grown on the culture medium, 
Gram staining was performed and to identify 
the gallery culture medium, SIM medium, MR-
VP test, TSI-agar and Simmons’ citrate-agar 
and urea-agar (Merk Co, Germany) was used. 
One hundred E. coli isolates from urine samples 
were included in the research. 

Antimicrobial susceptibility testing 
Antibiotic susceptibility testing (AST) was 
done for all isolates on Müller-Hinton-agar 
(Merk Co., Germany) plates by disk diffusion 
method for the following antibiotics: cefixime, 
cefazolin, ceftriaxone, ceftazidime, 

cefuroxime, ciprofloxacin, ofloxacin, 
trimethoprim, cefotaxime, sulfamethoxazole, 
ampicillin, Cefoxitin, nitrofurantoin, 
tetracycline, amoxicillin, 
piperacillin/tazobactam, ertapenem, 
imipenem, doripenem, meropenem, Colistin 
(Mast Co., UK). The procedure was performed 
according to the CLSI standard guidelines. E. 
coli ATCC 25922 standard strain was applied 
to control the quality of AST. Isolates 
insensitive to more than one antibiotic are 
defined as MDR. 

ESBL phenotypic diagnosis 
Isolates were surveyed for ESBLs production 
using the combined disc method using 
cefotaxime (30 μg) and ceftazidime (30 μg) disks 
in combination with clavulanic acid (10 μg) 
disks as described by the CLSI method (Figure 
1). Based on the CLSI guidelines, an increase of 
5 mm in diameter in the inhibitory areas around 
the hybrid disk compared to the inhibitory areas 
around individual antibiotics. E. coli strain 
ATCC 25922 and Klebsiella pneumonia ATCC 
700603 were used as negative and positive 
control strains of the procedure, respectively. 

 

 
Fig. 1. The Combined Disc Method and ESBL genes amplification product (A) An ESBL Enzyme Producer Isolate; (B) 
BlaSHV- gene; (C) blaTEM- gene (D) blaCTX- gene. 
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DNA extraction and PCR 
Bacterial DNA was extracted by boiling 
method (26), then PCR was performed 

according to Table 1 with primers designed for 
target genes (primers for virulence genes and 
primers for resistance genes). 

Table 1. Primers for virulence genes and primers for resistance genes. 

Target Sequences (5′ to 3′) Annealing temperature 
(°C) 

Product size 
(bp) Reference 

Resistance genes primers 

SHV 
F CACTCAAGGATGTATTGTG 

52 885 (27) 
R TTAGCGTTGCCAGTGCTCG 

TEM 
F ATAAAATTCTTGAAGACGAA 

50 1150 (27) 
R GACAGTTACCAATGCTTAAT 

CTX 
F TTTGCGATGTGCAGTACCAG 

55 544 (28) 
R CGATATCGTTGGTGGTGCCA 

Primers of virulence factors 

traT 
F GGTGTGGTGCGATGAGCACAG 

60 290 (27) 
R CACGGTTCAGCCATCCCTGAG 

Hly 
F AACAAGGATAAGCACTGTTCTGGCT 

63 1177 (29) 
R ACCATATAAGCGGTCATTCCCGTCA 

PAP 
F GCAACAGCAACGCTGGTTGCATCAT 

60 336 (30) 
R AGAGAGAGCCACTCTTATACGGACA 

fimH 
F CATTCGCCTGTAAAACCGCC 

60 207 (27) 
R ATAACACGCCGCCATAAGCC 

aer 
F TACCGGATTGTCATATGCAGACCGT 

62 602 (29) 
R AATATCTTCCTCCAGTCCGGAGAAG 

*All PCR reactions done by following cycles: 5 ′ multiplied at 94 ° C in 1 cycle, 35 ″ at 94 °C; denaturation, 35″ at 52 °C; 
primer binding, 35 ″ at 72 °C, 40 cycles and 5′ at 72 °C for final Extensions, F: Forward, R: Reverse. 
 
Data analysis 
The results were analyzed with SPSS™ 
software version 21.0 (IBM Corp., Armonk, 
NY, USA). The results are presented as 
descriptive statistical data relative 
frequency. Chi-square (χ2) or 
Fisher's accurate tests were used in the analysis. 
One P<0.05 was found to be significant. 

Results 
One hundred strains of E. coli were isolated 
from patients at Allame-Bohlol Gonabadi 
Hospital in Gonabad, Iran, and analyzed. Urine 
samples were from both sex (76% female, 24% 
male). In Gram staining and morphological 
examination, gram-negative short rod bacteria 
were seen singly or in pairs. The bacteria had 

grown in both blood Agar and EMB Agar. 
Metallic polishing was evident on the EMB 
medium. In biochemical studies, all isolates 
included in our study were positive for indole, 
motility, and methyl red (MR) positive, and for 
Voges Proskauer (VP) and Simon Citrates 
were reported negatively. In this study, in 
isolated strains, the highest resistance was seen 
to ampicillin 72%, 
trimethoprim/sulfamethoxazole (56%), and 
tetracycline (56%). Resistance to other 
antibiotics is as follows: tobramycin (13%), 
cefoxitin (11%), cefotaxime (31%), 
ciprofloxacin (26%), chloramphenicol (18%), 
cefuroxime (29%), gentamicin (12%), 
cefazolin (39%), colistin (2%), cefixime 
(35%), ceftriaxone (31%), nitrofurantoin (5%), 
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doripenem, and meropenem (0%) (Table 2). 
Out of one hundred strains of E. coli, 30 
samples (30%) were identified as ESBL. By 
gender, 63% were seen in women and 27% in 
men. Amongst the isolates tested, the seven 
strains certainly had all three of the disaster 
resistance genes. In ESBL-positive E. coli 
isolates, the highest resistance to beta-lactam 
antibiotics was seen (Table 3). 84% isolates 
had blaCTX, 52% had blaTEM, and 7% had 
blaSHV. The lowest beta-lactamase gene 
detected was blaSHV, and the highest was 
blaCTX. The frequencies of blaSHV, blaTEM and 
blactxbeta-lactamase genes among ESBL 

positive isolates were 11.1%, 48.1%, and 
93.3%, respectively. Finally, the prevalence of 
four virulence factors in 100 UPEC isolates 
studied was investigated. Also, PCR products 
of pap, traT, aer, hly and fim genes and ESBL 
genes after electrophoresis on agarose gel are 
shown in Figure 1 and 2. According to the 
virulence determinants, the traT gene (94%) is 
the most common virulence gene. Afterwards, 
fim gene was found in 90 (90%) cases. Then, 
respectively, hly (21%), are (82%), and pap 
(91%) genes were positive, so amongst the 
studied isolates, tatT and fim gene was the 
most common. 

Table 2. Response of E. coli-isolates recovered from UT system specimens to tested antibiotics (N=100). 

No. Antibiotics Concentration 
(μg) 

Resistance 
(%) 

Intermediate 
(%) 

Sensitive 
(%) 

1 Ceftazidime 30 27 5 68 
2 Colistin 25 2 1 97 
3 Cefixime 5 35 3 62 
4 Doripenem 10 0 0 100 
5 Ceftriaxone 10 31 2 67 
6 Tetracycline 30 56 1 43 
7 Cefazolin 30 39 26 35 
8 Ofloxacin 5 23 0 77 
9 Cefotaxime 30 31 2 67 
10 Imipenem 10 0 0 100 
11 Ampicillin/sulbactam 10 12 5 83 
12 Gentamicin 10 12 1 87 
13 Chloramphenicol 30 18 2 80 
14 Cefoxitin 30 11 1 88 
15 Ertapenem 10 0 3 97 
16 Piperacillin/tazobactam 100 5 5 90 
17 Ciprofloxacin 5 26 1 73 
18 Trimethoprim-sulfamethoxazole 1.25 56 3 41 
19 Ampicplin 10 72 2 26 
20 Meropenem 10 0 0 100 
21 Tobramycin 10 13 8 79 
22 Cefuroxime 30 29 5 69 
23 Nitrofurantoin 300 5 0 95 
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Table 3. ESBL+ E. coli strains response to tested antibiotics (N=30). 

No. Antibiotics Concentration 
(μg) 

Resistance 
(%) 

Intermediate 
(%) 

Sensitive 
(%) 

1 Nitrofurantoin 300 6.7 3.3 90 

2 Tetracycline 30 76.7 3.3 20 

3 Ceftazidime 30 73.4 3.3 23.3 

4 Gentamicin 10 36.6 0 63.4 

5 Ciprofloxacin 5 50.1 6.6 43.3 

6 Meropenem 10 0 0 100 

7 Chloramphenicol 30 26.6 3.4 70 

8 Ceftriaxone 10 96.7 3.3 3.3 

9 Ertapenem 10 0 7.4 92.6 

10 Colistin 25 0 0 100 

11 Ampicillin 10 100 0 0 

12 Trimethoprim-
sulfamethoxazole 1.25 73.2 3.4 23.3 

13 Cefuroxime 30 96.4 3.3 0 

14 Tobramycin 10 44 9.4 46.6 

15 Cefazolin 30 100 0 0 

16 Doripenem 10 0 0 100 

17 Piperacillin/tazobactam 100 10.2 13.2 76.6 

18 Ampicillin/sulbactam 10 36.6 3.4 60 

19 Cefixime 5 96.7 3.3 0 

20 Cefotaxime 30 96.7 3.3 0 

21 Cefoxitin 30 16.7 10 73.3 

22 Imipenem 10 0 0 100 

23 Ofloxacin 5 50.1 6.6 43.3 
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Fig. 2. Pathogenic genes amplification product. (A) aer-gene; (B) pap-gene; (C) traT-gene; (D) hly-gene; (E) fimH-gene. 
 
Discussion 
Determining drug resistance allows physicians 
to use appropriate and effective antibiotics. In 
this way, the risk of developing resistant 
strains is reduced, and there will be no 
unpleasant side effects of using ineffective 
antibiotics, and treatment will be successful. 
UTIs are a worldwide health problem, with E. 
coli being the most common etiology. E. coli 
strains of UTI virulence factor express several 
factors (31, 32). This study examined the drug 
resistance frequency in E. coli causing UT 
system infections in hospital patients and 
exploring its virulence factors. 

In 2017, Keikha et al. reported the highest 
rates of resistance to ceftazidime (44.8%), 
nitrofurantoin (26.1%) and imipenem (4.5%) 
(33). The different results of the study may be 
as a result of regional distance, level of 
community health and arbitrary use of 
antibiotics. As well as, in most urinary tract 
infections, experimental therapy is began 
before acquiring results culture of urine  

 
specimen in the microbiology laboratory. As a 
result, antibiotic resistance may increase due to 
repeated and erroneous consumption of 
antimicrobial drugs in uropathogenic 
organisms. It has been shown that there is no 
significant difference between individuals’ sex 
and age and resistance incidence. blaCTX gene 
was isolated from 82 cases (92.5%), blaTEM 
gene from 52 cases (48.1%) and blaSHV gene 
from 7 cases (11.1%). In a study in 2010 by 
Masrour and co-workers conducted in 
Pakistan, the blaCTX gene had the highest 
prevalence of 57.7% out of 121 E. coli 
samples, followed by a blaTEM gene 
prevalence of 20.3% blaSHV gene prevalence of 
15.4% has been reported (34). The selective 
pressure can be the reason emerging of high 
ratio of ESBLs producing strains. This 
particular strain may be due to the wide 
consumption of antibiotics, genomic 
diversities in virulent clones, high transmission 
potential, and extended hospital stays. In the 
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current investigation, the production of broad-
spectrum beta-lactamases was identified in a 
high percentage of urinary E. coli strains. This 
indicates that resistance to different 
antibacterial varies according to treatment 
regimens in other area.  In many regions in 
worldwide, the emergence of ESBL-producing 
isolates is spreading (35, 36). The traT protein 
has importance in the resistance of bacteria to 
the lethal effect of serum. The outcomes of the 
current research indicated that 94% of UPEC 
isolates contain traT gene. Oliveira et al. also 
reported that 76% of urine samples infected 
with multidrug-resistant bacteria carry the traT 
gene (37). These data are consistent with the 
results of our study, and suggest traT can be 
considered a target for therapeutic 
interventions. The attachment of E. coli to the 
urinary tract cells is mediated by bacterial 
ligands attached to the carbohydrates of the 
host cell wall making it resistant to urine flow 
and bladder emptying (38). In our study, the 
existence of fimH gene was defined by PCR in 
90% of the isolates. Tarchuna et al. reported 
that among the virulence genes of the UPEC 
strain, the fimH gene is the most common and 
is found in 68% of UTI isolates (31). Garofalo 
et al. and Watts et al. also confirmed this 
finding in their studies (39, 40). Another 
common virulence factor in our study was the 
aer gene (82%). This gene was present in more 
than 50% of E. coli isolates in Tunisia, 
Romania, and Iran (41, 42). Santo nad 
coworkers et al. also reported a rate of 76% for 
aer among the 100 E. coli strains in Brazil (43). 
In current research, the fimH and aer genes 
were present in more than 50% of the isolates, 
indicating the importance of these two genes in 
the invasive power of UPEC. Due to the 
differences in studies on the prevalence of 
virulence factors and resistance factors, it 
shows that the prevalence of the genes are

different in different regions and there is need 
for further studies to localize the appropriate 
treatment for urinary tract infection for each 
geographical region.  

Extensive efforts are also needed to provide 
appropriate treatment guidelines for each area. 
Based on the outcomes of current study and 
literature reviews, it can be concluded that in 
current decades, over-use of antimicrobial has 
raised bacterial resistance to them, and 
resistance genes are transmitted faster between 
virulence bacteria. It is avoidable by study on 
the frequency of resistance genes and virulence 
genes in microorganisms and finding a 
relationship between them. Pathogenic genes 
may also rise the survival and proliferation of 
bacteria in the UT system. Detection these 
virulence genes as the primary controllers of 
infection can help better illnesses 
management.  

Due to economic, social, health, 
geographical and environmental conditions 
between developing and industries countries, 
more studies should be conducted in 
developing countries to identify the pathogens 
of urinary tract infections to determine the 
pattern of pathogenesis. Limitations include 
the small number of samples and geographical 
boundaries, which can also affect drug 
resistance patterns. 

 

Acknowledgment 
We acknowledge the Shahid Sadoughi University 
of Medical Sciences. 
 

Funding 
This study was supported by the Department of 
Microbiology, Faculty of Medicine, Shahid 
Sadoughi University of Medical Sciences, Yazd, 
Iran. 
 

Conflict of interest  
Authors state no conflict of interest. 
 

References  
1. Matinfar S, Ahmadi M, Sisakht AM, Sadeghi J, 
Javedansirat S. Phylogenetic and antibiotics 
resistance in extended-spectrum B-lactamase 
(ESBL) Uropathogenic Escherichia coli: An 
updated review. Gene Rep. 2021:101168. 

 
2. Vihta KD, Stoesser N, Llewelyn MJ, Quan 
TP, Davies T, Fawcett NJ, et al. Trends over time 
in Escherichia coli bloodstream infections, 
urinary tract infections, and antibiotic 
susceptibilities in Oxfordshire, UK, 1998–2016:  

 [
 D

O
I:

 1
0.

61
18

6/
rb

m
b.

12
.3

.4
65

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-1

2-
17

 ]
 

                             8 / 11

http://dx.doi.org/10.61186/rbmb.12.3.465
https://rbmb.net/article-1-1230-en.html


Identification of Pathogenic Genes in E. coli 

       Rep. Biochem. Mol. Biol, Vol.12, No. 3, Oct 2023  473 

a study of electronic health records. Lancet Infect 
Dis. 2018;18(10):1138-49. 
3. Abernethy J, Guy R, Sheridan E, Hopkins S, 
Kiernan M, Wilcox M, et al. Epidemiology of 
Escherichia coli bacteraemia in England: results 
of an enhanced sentinel surveillance programme. 
J Hosp Infect. 2017;95(4):365-75. 
4. van Hout D, Verschuuren TD, Bruijning-
Verhagen PC, Bosch T, Schürch AC, Willems 
RJ, et al. Extended-spectrum beta-lactamase 
(ESBL)-producing and non-ESBL-producing 
Escherichia coli isolates causing bacteremia in 
the Netherlands (2014–2016) differ in clonal 
distribution, antimicrobial resistance gene and 
virulence gene content. PloS one. 
2020;15(1):e0227604. 
5. Malekzadegan Y, Rastegar E, Moradi M, 
Heidari H, Ebrahim-Saraie HS. Prevalence of 
quinolone-resistant uropathogenic Escherichia 
coli in a tertiary care hospital in south Iran. Infect 
Drug Resist. 2019;12:1683. 
6. Johnson JR, Russo TA. Extraintestinal 
pathogenic Escherichia coli:“the other bad E 
coli”. J Lab Clin Med. 2002;139(3):155-62. 
7. Klein RD, Hultgren SJ. Urinary tract infections: 
microbial pathogenesis, host–pathogen 
interactions and new treatment strategies. Nat Rev 
Microbiol. 2020;18(4):211-26. 
8. Bliven KA, Maurelli AT. Evolution of 
Bacterial Pathogens Within the Human Host. 
Microbiol Spectr. 2016;4(1):10. 
9. Calhau V, Domingues S, Ribeiro G, 
Mendonça N, Da Silva GJ. Interplay between 
pathogenicity island carriage, resistance profile 
and plasmid acquisition in uropathogenic 
Escherichia coli. J Med Microbiol. 
2015;64(8):828-35. 
10. Schreiber IV HL, Spaulding CN, Dodson 
KW, Livny J, Hultgren SJ. One size doesn’t fit 
all: unraveling the diversity of factors and 
interactions that drive E. coli urovirulence. Ann 
Transl Med. 2017;5(2):28. 
11. Jadhav S, Hussain A, Devi S, Kumar A, 
Parveen S, Gandham N, et al. Virulence 
characteristics and genetic affinities of multiple 

drug resistant uropathogenic Escherichia coli 
from a semi urban locality in India. PloS one. 
2011;6(3):e18063. 
12. Pobiega M, Wojkowska-Mach J, 
Chmielarczyk A, Romaniszyn D, Adamski P, 
Heczko PB, et al. Molecular characterization and 
drug resistance of Escherichia coli strains 
isolated from urine from long-term care facility 
residents in Cracow, Poland. Med Sci Monit. 
2013;19:317-26. . 
13. Servin AL. Pathogenesis of Afa/Dr 
diffusely adhering Escherichia coli. Clin 
Microbiol Rev. 2005;18(2):264-92.  
14. Gally DL, Leathart J, Blomfield IC. 
Interaction of FimB and FimE with the fim 
switch that controls the phase variation of type 1 
fimbriae in Escherichia coli K-12. Mol 
Microbiol. 1996;21(4):725-38.  
15. Firoozeh F, Saffari M, Neamati F, Zibaei M. 
Detection of virulence genes in Escherichia coli 
isolated from patients with cystitis and 
pyelonephritis. Int J Infect Dis. 2014;29:219-22. 
16. Köhler CD, Dobrindt U. What defines 
extraintestinal pathogenic Escherichia coli? Int J 
Med Microbiol. 2011;301(8):642-7. 
17. Ingle DJ, Tauschek M, Edwards DJ, 
Hocking DM, Pickard DJ, Azzopardi KI, et al. 
Evolution of atypical enteropathogenic E. coli by 
repeated acquisition of LEE pathogenicity island 
variants. Nat Microbiol. 2016;1:15010. 
18. von Mentzer A, Connor TR, Wieler LH, 
Semmler T, Iguchi A, Thomson NR, et al. I 
Identification of enterotoxigenic Escherichia coli 
(ETEC) clades with long-term global 
distribution. Nat Genet. 2014;46(12):1321-6.  
19. Riley LW. Pandemic lineages of 
extraintestinal pathogenic Escherichia coli. Clin 
Microbiol Infect. 2014;20(5):380-90. 
20. Kallonen T, Brodrick HJ, Harris SR, 
Corander J, Brown NM, Martin V, et al. 
Systematic longitudinal survey of 
invasive Escherichia coli in England 
demonstrates a stable population structure only 
transiently disturbed by the emergence of 
ST131. Genome Res. 2017;27(8):1437–49. 

 [
 D

O
I:

 1
0.

61
18

6/
rb

m
b.

12
.3

.4
65

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-1

2-
17

 ]
 

                             9 / 11

http://dx.doi.org/10.61186/rbmb.12.3.465
https://rbmb.net/article-1-1230-en.html


Mohammadzadeh A et al. 

    Rep. Biochem. Mol. Biol, Vol.12, No.3, Oct 2023 474 

21. Fibke CD, Croxen MA, Geum HM, Glass 
M, Wong E, Avery BP, et al. Genomic 
Epidemiology of Major Extraintestinal 
Pathogenic Escherichia coli Lineages Causing 
Urinary Tract Infections in Young Women 
Across Canada. Open Forum Infect Dis. 
2019;6(11):ofz431. 
22. Ben Zakour NL, Alsheikh-Hussain AS, 
Ashcroft MM, Khanh Nhu NT, Roberts LW, 
Stanton-Cook M, et al. Sequential Acquisition of 
Virulence and Fluoroquinolone Resistance Has 
Shaped the Evolution of Escherichia coli ST131. 
mBio. 2016;7(2):e00347-16. 
23. Woerther PL, Burdet C, Chachaty E, 
Andremont A. Trends in human fecal carriage of 
extended-spectrum β-lactamases in the 
community: toward the globalization of CTX-M. 
Clin Microbiol Rev. 2013;26(4):744-58. 
24. Suzuki S, Shibata N, Yamane K, Wachino 
J, Ito K, Arakawa Y. Change in the prevalence 
of extended-spectrum-beta-lactamase-producing 
Escherichia coli in Japan by clonal spread. J 
Antimicrob Chemother. 2009;63(1):72-9. 
25. Dayan N, Dabbah H, Weissman I, Aga I, 
Even L, Glikman D. Urinary tract infections 
caused by community-acquired extended-
spectrum β-lactamase-producing and 
nonproducing bacteria: a comparative study. J 
Pediatr. 2013;163(5):1417-21.  
26. Pouresmaeil O, Zandi H, Kalantar-
Neyestanaki D, Safaei S, Fatahi-Bafghi M, 
Vakili M. Molecular Identification of MefE and 
AmpC Resistance Genes in ATCC Bacteria. 
Avicenna J Clin Microbiol Infect. 2019;6(4): 
142-143. 
27. Afsharnia M, Naraghi B, Mardaneh J, 
Kianmehr M, Biglari H. The data of Escherichia 
coli strains genes in different types of 
wastewater. Data Brief. 2018;21:763-766. 
28. Martins LR, Pina SM, Simões RL, de Matos 
AJ, Rodrigues P, da Costa PM. Common 
phenotypic and genotypic antimicrobial 
resistance patterns found in a case study of 
multiresistant E. coli from cohabitant pets, 

humans, and household surfaces. J Environ 
Health. 2013;75(6):74-81.  
29. Ranjbar R, Farahani O. The Prevalence of 
Virulence Genes and Virulotypes of Escherichia 
coli Strains Isolated from Hospital Wastewaters 
in Tehran, Iran. Iran J Public Health. 
2018;47(5):713-719. 
30. Kot B, Wicha J, Gruzewska A, Piechota M, 
Wolska K, Obrebska M. Virulence factors, 
biofilm-forming ability, and antimicrobial 
resistance of urinary Escherichia coli strains 
isolated from hospitalized patients. Turk J Med 
Sci. 2016;46(6):1908-14. 
31. Tarchouna M, Ferjani A, Ben-Selma W, 
Boukadida J. Distribution of uropathogenic 
virulence genes in Escherichia coli isolated from 
patients with urinary tract infection. Int J Infect 
Dis. 2013;17(6):e450-3.  
32. Djuikoue IC, Woerther PL, Toukam M, 
Burdet C, Ruppé E, Gonsu KH, et al. Intestinal 
carriage of Extended Spectrum Beta-Lactamase 
producing E. coli in women with urinary tract 
infections, Cameroon. J Infect Dev Ctries. 
2016;10(10):1135-1139. 
33. Keikha M, Rava M. Trend of antibiotic 
resistance of Escherichia coli strains isolated 
from urinary tract infections in outpatient 
patients from Zahedan. J Paramed Sci Rehab. 
2017;6(4):73-8. 
34. Hussain M, Hasan F, Shah AA, Hameed A, 
Jung M, Rayamajhi N, et al. Prevalence of class 
A and AmpC β-lactamases in clinical 
Escherichia coli isolates from Pakistan Institute 
of Medical Science, Islamabad, Pakistan. Jpn J 
Infect Dis. 2011;64(3):249-52. 
35. Haghighatpanah M, Mojtahedi A. 
Characterization of antibiotic resistance and 
virulence factors of Escherichia coli strains 
isolated from Iranian inpatients with urinary tract 
infections. Infect Drug Resist. 2019;12:2747-2754. 
36. Bagheri Joshagahani S, Moniri R, Baghbani 
Taheri F, Sadat S, Heidarzadeh Z. Prevalence of 
serum antibodies to TORCH infection in the first 
trimester of the pregnancy in Kashan, Iran. Iran 
J Neonatol. 2015;6(1):8-12. 

 [
 D

O
I:

 1
0.

61
18

6/
rb

m
b.

12
.3

.4
65

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-1

2-
17

 ]
 

                            10 / 11

http://dx.doi.org/10.61186/rbmb.12.3.465
https://rbmb.net/article-1-1230-en.html


Identification of Pathogenic Genes in E. coli 

       Rep. Biochem. Mol. Biol, Vol.12, No. 3, Oct 2023  475 

37. Oliveira FA, Paludo KS, Arend LN, Farah 
SM, Pedrosa FO, Souza EM, et al. Virulence 
characteristics and antimicrobial susceptibility of 
uropathogenic Escherichia coli strains. Genet 
Mol Res. 2011;10(4):4114-25. 
38. Garofalo CK, Hooton TM, Martin SM, 
Stamm WE, Palermo JJ, Gordon JI, Hultgren SJ. 
Escherichia coli from urine of female patients 
with urinary tract infections is competent for 
intracellular bacterial community formation. 
Infect Immun. 2007;75(1):52-60. 
39. Watts RE, Hancock V, Ong CL, Vejborg 
RM, Mabbett AN, Totsika M, et al. Escherichia 
coli isolates causing asymptomatic bacteriuria in 
catheterized and noncatheterized individuals 
possess similar virulence properties. J Clin 
Microbiol. 2010;48(7):2449-58. 
40. Usein CR, Damian M, Tatu-Chitoiu D, 
Capusa C, Fagaras R, Tudorache D, et al. 
Prevalence of virulence genes in Escherichia coli 
strains isolated from Romanian adult urinary

tract infection cases. J Cell Mol Med. 
2001;5(3):303-10.  
41. Mladin C, Usein CR, Chifiriuc MC, Palade 
A, Slavu CL, Negut M, et al. Genetic analysis of 
virulence and pathogenicity features of 
uropathogenic Escherichia coli isolated from 
patients with neurogenic bladder. Rom 
Biotechnol Lett. 2009;14(6):4906-11. 
42. Lago A, Fuentefria SR, Fuentefria DB. 
Enterobactérias produtoras de ESBL em Passo 
Fundo, estado do Rio Grande do Sul, Brasil 
[ESBL-producing enterobacteria in Passo 
Fundo, state of Rio Grande do Sul, Brazil]. Rev 
Soc Bras Med Trop. 2010;43(4):430-4.  
43. Ghavidel M, Gholamhosseini-Moghadam 
T, Nourian K, Ghazvini K. Virulence factors 
analysis and antibiotic resistance of 
uropathogenic Escherichia coli isolated from 
patients in northeast of Iran. Iran J Microbiol. 
2020;12(3):223-230. 

 [
 D

O
I:

 1
0.

61
18

6/
rb

m
b.

12
.3

.4
65

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-1

2-
17

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

http://dx.doi.org/10.61186/rbmb.12.3.465
https://rbmb.net/article-1-1230-en.html
http://www.tcpdf.org

