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Abstract: Urinary tract infections (UTIs) are one of the main health problems caused by various 

microorganisms including uropathogenic Escherichia coli (UPEC).  UPEC strains are the most frequent 

pathogens responsible for 85% and 50% of community and hospital acquired UTIs, respectively. UPEC 

strains have specific virulence factors that can result in worsening of UTIs, including adhesion trait.  In 

this study, Fifty-four UPEC isolates were collected from patients with various clinical manifestations of 

UTIs attending different hospitals in Baghdad/Iraq from November 2020 to March 2021. These isolates 

were identified by culturing on differential media MacConkey agar and selective media Hardy chromo 

UTI agar in addition to the blood agar, then confirmed the identification using Vitek 2 automated system. 

The prevalence of fimbrial adhesion related gene (fimH) and non fimbrial adhesion related gene (tosA) 

gene were screened among 45 UPEC isolats using polymerase chain reaction assay with specific primers. 

The result reported the presence of studied genes was in high percentage (95.6%) for fimH coded gene 

while was in moderate percentage (47%) for tosA coded gene. thus, fimH and tosA could be used as a 

possible diagnostic marker in addition to indicate the level of UPEC pathogenicity. 
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Introduction 

 

Urinary tract infections (UTIs) are 

widely globally distributed health 

problems and both men and women can 

be affected with UTIs which usually 

present with different symptoms and 

prognosis (1). These infections 

commonly cause morbidity and, if left 

untreated, may lead to high mortalities. 

Nowadays, UTIs are serious public 

health issues and are responsible for 

nearly 150 million disease cases every 

year worldwide (1). 

UTIs are major causes of 

morbidity in boy infants, older men and 

females of all ages (2). After respiratory 

and gastro-intestinal infections, the UTI 

is considered as the third most common 

infection encountered by humans (3).  

Extraintestinal pathogenic E. coli 

(ExPEC) are facultative pathogens that 

are part of normal human intestinal 

flora. However, their existence may be 

correlated with some infectious diseases 

including neonatal meningitis E. coli 

(NMEC), sepsis E. coli (SEPEC) In 

addition to the most prevalent infection 

which is UTI. Many UTIs are caused by 

a highly heterogeneous ExPEC group 

called uropathogenic E. coli (UPEC) 

(4). 

UPEC strains encode a various 

number of virulence factors, which 

allow the microorganism colonize the 

urinary tract and persist in face of 
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highly effective host defence. UPEC 

isolates exhibit a high degree of genetic 

variety due to the possession of 

specialised virulence genes located on 

cellular genetic elements called 

pathogenicity islands (5).  

Virulence factors of E. coli that 

have been potentially implicated as 

important to establish UTI can be 

divided into two groups: The first group 

of virulence factors associated with the 

surface of bacterial cell while the 

second group of virulence factors are 

secreted and exported to the site of 

action.  The essential step for beginning 

and development of UTI is bacterial 

attachment to uroepithelial cells (6).  

E. coli attachment is mediated by 

ligands of bacteria (generally small 

proteins placed at the tips of bacterial 

fimbriae) which bind to host cell wall 

carbohydrate residues, working as 

receptors (7). Therefore, the adherence 

of E. coli to host receptors is a function, 

usually mediated by adhesions of 

bacteria to host cell receptors (8). 

The bacterial attachment permits 

bacteria to resist mechanical elimination 

by the flow of urine and bladder 

emptying and increasing persistence of 

E. coli. UPEC strains produce different 

types of adhesins, including type 1 

fimbriae, which are essential for 

recognition and attachment to urinary 

tract receptors (9). 

Among adhesions factors of 

UPEC, the adhesive subunit of type 1 

fimbriae (FimH) is a major determinant, 

which has high tropism for urinary tract 

receptors; thus, FimH adhesion is 

important in colonizing different niches 

of E. coli (10). 

Furthermore, Type 1 secretion A 

is described as a non-fimbrial adhesion 

that contributes to the etiology by 

binding to the host's surface receptors of 

epithelial cells derived from the upper 

urinary tract and is coded by tosA gene 

(11). 

It was a potential marker of 

pathogenicity in these isolates and was 

associated with high colonization of the 

urothelium (12). Thus, current study 

aimed to determine the prevalence of 

both fimH and tosA genes among 

Escherichia coli isolated from Urinary 

tract infections. 

 

Material and Methods 

UPEC Bacterial Isolation and 

Identification 
 

Three hundred midstream urine 

samples (MSU) were collected from 

patients of different ages of both 

genders, who have symptoms of UTI 

from three hospitals in Baghdad; AL-

Yarmouk Teaching Hospital, AL-

Karama Teaching Hospital and Al 

kidney Teaching Hospitals during the 

period from November 2020 to March 

2021. The urine samples were plated on 

differential media MacConkey agar, 

blood agar and incubated at 37°C for 24 

hrs. Bacterial isolates have been 

recognized and categorized consistent 

with microscopy (Gram stain smear), 

colony morphology, fermentation, 

pigmentation, and hemolysis on blood 

agar, and cultivation on selective media 

(Hardy chromo UTI agar). Afterward, 

Vitek-2 system used to affirm the 

identification. 

 

Genomic DNA Isolation 
The genomic DNA was extracted 

from the UPEC isolates upon overnight 

cultures at 37°C in Brain Heart Infusion 

broth using a commercial wizard 

genomic DNA purification kit (Wizard- 

GenomicDNA-Purification Kit, 
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Promega/ USA) according to the 

manufacturer’s instructions. 

After genomic DNA extraction, 

agarose gel electrophoresis has been 

adopted to confirm the presence and 

integrity of the extracted DNA (13). 

The concentrations and purity of 

extracted DNA were determined by 

NanoDrop device (Thermo Fisher 

Scientific/USA). 

 

Molecular detection of fimH and tosA 

genes  

Polymerase chain reaction (PCR) 

was used to confirm the presence or 

absence of the fimH and tosA genes in 

the 45 of UPEC isolates. The sequence 

of the primers that used for tested genes 

were showed in table (1) with expected 

product sizes (fimH 508bp and tosA 

589bp) according to Reference. The 

general properties of these primers were 

checked by using the Oligocalc 

Oligonucleotide Porperties Calculator 

program.  

The thermal cycler conditions 

were performed with an automated 

thermal cycler programmed as 

mentioned in table (2). The presence or 

absence of bands on agarose tested 

genes is distinguished by gel 

electrophoresis. 
 

Table (1): The oligonucleotides sequences, amplicon sizes, and the references for the primers used 

in this study. 

 

Name of 

primer 
Sequence (5ʹ→3ʹ direction) Amplicon size (bp) References 

tosA 
F-GCACAGCATAACGGGAAAAT 

589 (Xicohtencatl, 2019) 

(12) 

 

R-CCAGCATGTTACCACGAATG 

fimH 
F-TGCAGAACGGATAAGCCGTGG 

508 
R-GCAGTCACCTGCCCTCCGGTA 

 

 

Table (2): Thermal cycler amplification conditions For fimH and tosA genes. 

 

Step Temperature(
o
C) Time No. of  cycles 

Initial denaturation 95 3 min 1 

Denaturation 95 30 sec. 

35 Annealing 57
 
for fimH; 55 for tosA 30 sec. 

Extension 72 30 sec. 

Final extension 72 5 min 1 

 

Results and Discussion 

UPEC Isolation and Identification  

Phenotypic Characteristics 

Colonies of E. coli cultivated on 

the MacConky agar were characterized 

by being small rod colonies of pink 

color with non- viscous in appearance, 

and lactose fermented. While on the 

blood agar E. coli appeared as a creamy 

form and on the Hardy chrom UTI agar 

appeared as pure blue as shown in 

figure (1).  
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Figure (1): Escherichia coli colonies on Hardy chrom UTI agar. 

 

Microscopic Examination 

  

The results of the microscopic 

examination of E. coli after Gram 

staining of a smear taken from pure 

colonies showed that their cells are 

gram-negative, have a short stick shape 

arranged in single or pairs, and do not 

form spores. The identification of all 

isolates was confirmed using Vitec 2 

system. 

 

UPEC distribution According to 

Gender Factor 

  

In this study, the number of E. 

coli isolates from females was 32 

isolates (71.2%), while only 13 isolates 

(28.8%) were from males of a total of 

45 E. coli isolates.  

The ages of patients for both 

genders study were ranged between 10-

80 years. According to this finding, the 

prevalence of E. coli isolates among 

females infected with UTI is higher than 

the rate among male patients (figure 2).  

 

 
 

Figure (2): UPEC distribution according to gender factor. 

 

This results is agreed with a study 

conducted in Iran by Neamati et al. (14) 

who reported that 78% of E. coli 

isolates were from females and 22% 

were from males of a total 150 urine 

samples collected from patients 

suffering from UTI.  
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Similar result was reported by 

Jameel and Artoshi (15) who showed 

that the infection occurrence in females 

was higher than males with percentage 

of 68% and 32% respectively of a total 

316 samples collected from diabetic and 

non-diabetic patients in Zakho city in 

Iraq.  

Another local study conducted in 

Baghdad by Ali and Khudhair (16) 

mentioned the number that 329. 

The high incidence of UTIs in 

women increases with age due to 

several factors including women 

owning several receptors of the type 1 

fimbria (FimH) that considered one of 

the virulence factors of UPECm (17).  

Furthermore, urethra in the 

woman is short and near to the anus that 

facilities passing of UPEC to the 

bladder and cause infection, while the 

male urethra is longer which make it 

difficult for bacteria to infection the 

bladder (18,19).  

Moreover, change in hormones 

such as decrease of estrogen hormone 

during menopause and pregnancy; all 

these factors lead to an increase of UTIs 

(20).  

 

 

Molecular detection of fimH gene  

All 45 DNA samples of UPEC 

isolates were subjected to a molecular 

detection by PCR amplification to 

determine the prevalence of the fimbrial 

coded gene (fimH) using a specific 

primer. The result showed 43 isolates of 

them (95.6%) gave positive results of 

sharp amplified bands with 

approximately a molecular size of 

508bp as shown in figure (3). 

 

 
 

Figure (3): Gel electrophoresis of amplified fimH gene (508 bp) of uropathogenic Escherichia coli. 

Lane M: 1 kb DNA ladder; lanes (1-17): Amplicons of FimH gene on agarose 2% at 70 V for 80 min.  
 

According to current finding, the 

prevalence percentage of fimH has been 

considered as a significantly high. This 

finding agreed with a numerous number 

of local studies (21, 22, 23, 24); who 

recorded 100%, 100%, 99%, 95%, 

94.5% as prevalence rate respectively.  

In addition, similar finding was 

recorded in international studies (25, 26, 

27) who detected that 92.2%, and 91% 

of the isolates were positive for the 

fimH gene.  

Furthermore, this result is slightly 

higher than prevalence rate which 

recorded in previous studies (28, 29, 30) 

who demonstrated that 84% 80% and 

71% respectively, of the isolates were 

positive for fimH gene. 

In other hands, the high 

prevalence of fimH gene in current 

study was in disagreement with finding 
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of few studies who showed lower 

percentage of prevalence as recorded in 

(31, 32) with 51.7% and 68% 

respectively. This difference may be 

due to the different in type and number 

of samples.  

This results came in line with 

what mentioned by many researcher, 

who confirmed importance of the first 

type of fimbriae and its function in the 

induction of infection and promote the 

ferocity of E. coli bacteria in urinary 

tract infections.  

This fact was supported by 

various studies such the work that 

conducted in Iraq by Al-Khafaji, (33) 

which showed the importance of the 

(type I fimbriae) and his relationship as 

a ferocity factor can participate in 

promote virulence of E. coli bacteria. 

The importance of the fimH 

virulence gene in uropathogenic E. coli 

assimilate in its association with 

worsening of UTIs and it is a critical 

determinant of tropism for the urinary 

tract (34) and vaginal epithelium (35).  

It was shown previously that 

naturally occurring amino acid 

replacements in fimH can modify its 

tropism towards uroepithelium and 

various components of basement 

membranes.                                     

 

These replacements increase the 

monomannose (1M)-binding capability 

of fimH by affecting shear-dependent 

conformational properties of the protein 

(36).  

Minor sequence variation within 

the fimH genes renders the fimH alleles 

possible for use in high-resolution 

typing method of E. coli (37).  fimH 

gene is frequently associated with 

UPEC strains and it is more likely to be 

altered or modified due to selective 

pressure.  

The phenotypic variants of fimH 

gene is earnestly associated with genetic 

variations thus, SNPs may contribute to 

the ability of organisms to cause illness 

conferring epidemic distribution or long 

term evolution of virulence (38).  

SNP analysis in fimH gene has 

discriminating power for this locus and 

it may be accurate enough for 

investigating UTI caused by UPEC that 

occurs over limited time periods or in 

confined geographical settings (39).  

 

Molecular detection of tosA gene 

The same 45 isolates of UPEC 

which screened for fimH were subjected 

to all were a molecular detection by 

PCR amplification to determine the 

prevalence of the afimbrial coded gene 

(tosA) using a specific primer.  

The result showed 21 isolates of 

them (47%) gave positive results 

according to successful amplified 

product with approximately a molecular 

size of 508bp as shown in figure (4). 
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Figure (4): Gel electrophoresis of amplified tosA gene (589 bp) of uropathogenic Escherichia coli. 

Lane M: 1 kb DNA ladder; lanes (1-17): Amplicons of  tosA gene on agarose 2% at 70 V for 80 min. 

 

Current study has also shown the 

presence of tosA gene in moderate 

prevalence rate which about 47% while 

24 isolates (53%) showed negative 

result who indicate the absence of the 

gene.  

This finding is consistent with 

previous reports of gene prevalence 

among UPEC clinical isolatesws with 

UTIs which showed the presence of 

the tosA gene at a frequency of 36.9% 

in UPEC strains. 

 The TosA protein in UPEC strains 

has attracted interest due to 

its antigenicity, activity as    

afimbrial adhesion, and virulence 

marker properties (40, 41). 

According to Vigil et al., (41) tosA-

positive strains carry an unusually high 

number of the virulence or fitness 

genes.  

In addition, the presence of tosA 

was predictive of successful 

colonization of a murine model of 

infection, even among fecal isolates, 

and can be used as a marker of 

pathogenic strains of UPEC.  

Rapid identification of 

uropathogenic strains of E. coli may aid 

in the development of therapeutic and 

preventive therapies. 
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