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Abstract 
The aim of this study was to analyze the molecular 

characteristics and survey the frequency of antibiotic 

and virulence gene genotypes in Escherichia coli 

isolated from hospitalized patients with urinary tract 

infection and to determine their antibiotic resistance 

patterns. A total of 250 E. coli strains were isolated 

from urine specimens obtained from suspected cases 

with urinary tract infections at different hospitals 

located in Taif city, Saudi Arabia. Antibiotic 

susceptibility testing for these isolates was executed 

using the disk diffusion method. The frequency of 

different virulence genes expressed in E. coli was 

detected by polymerase chain reaction (PCR) assay. 

Repetitive sequence repeat PCR (Rep-PCR) was used 

for genotyping all isolates. In addition, phylogenetic 

grouping was also performed on E. coli isolates.  

 

Out of 250 isolates, 42 isolates (16.8%) belonged to 

the emerging pathogens such as necrotoxigenic 

Escherichia coli (NTEC). The prevalence of the genes 

Afa, pyelonephritis associated pili (pap genes) and S-

family adhesions (sfa gene) among the isolated strains 

was 100% in each of the 42 tested isolates. TheStx 

gene was present in 11 (26.2%) isolates, Stx1 in 4 

(9.5%) and Stx2 in 7 (16.7%) isolates. Interestingly, 

the cytotoxic narcotizing factor type 1 (cnf) gene was 

not found in any isolate. All isolates (100%) were 

sensitive to fosfomycin, imipenem and tigecycline and 

the majority of them were highly resistant to 

piperacillin (76%). Due to the increase of E. coli with 

multiple virulence genes, continuous investigation 

about the efficacy of antibiotics is necessary. 
 

Keywords: Antibiotics, E. coli, Molecular characterization, 

Urinary tract infection, Virulence genes. 

 

Introduction 
Urinary tract infections (UTIs) are described as a 

bacteriuria with urinary symptoms. It is one of the most 

frequent types of infections observed in clinical practice 

specifically in developing countries, with a elevated rate of 

morbidity and financial cost.30 UTIs affect approximately 

one-half of all people worldwide during their lifetimes.33 

The causative pathogens for UTIs vary based on the 

environment. In addition, the pathogens differ in their 

susceptibility and resistance patterns to antibiotics. 

Generally, UTIs are caused by different microbial 

pathogens.1 The most common pathogenic organisms of 

UTI are Escherichia coli, Staphylococcus saprophyticus, S. 

aureus, Proteus sp., Klebsiella pneumoniae, Pseudomonas 

aeruginosa and enterococci.14 

 

E. coli, a member of the Enterobacteriaceae family, has 

been shown to be one of the most prevalent organisms 

causing UTIs leading to frequent clinical consultation and 

antibiotic-based treatment in current practice.32 

Inappropriate use of antibiotic treatment for UTIs is a 

major cause for the rapid emergence and spread of multi-

drug resistant bacterial strains.9 Currently, E. coli strains 

are capable of triggering disease outside the gastrointestinal 

tract. These strains belong to a diverse group of isolates 

known as uropathogenic E. coli UPEC.35  

 

Several genes encode urovirulent factors such as Afa, 

pyelonephritis-associated pili (pap gene s), S-family 

adhesions (sfagene) and Stx gens.6 Therefore, resistance of 

UPECto many antibiotic classes is a very common 

observation which leads to increased medical costs, 

prolonged admission periods in the hospital and frequent 

therapeutic failure.23,29,37 

 

In the last three decades, uropathogeny among urinary E. 

coli has been reported worldwide and the occurrence has 

elevated in both inpatients and outpatients diagnosed with 

UTIs. Although UTIs are common disease worldwide, few 

studies have focused on UTIs conducted in Saudi Arabia. 

Most of these reports are interested in the emergence, 

bacterial uropathogens and prevalence of virulence genes 

present in E. coli/Klebsiella pneumoniae.  

 

Therefore, the aim of the present study is to describe the 

profile of E. coli from Saudis patients with UTIs by 

identifying virulence genes (Stx1, Stx2, cnf, papC, papA, 

SfaA and Afa) phylogenetic groups and their resistance 

toantibiotics. The results of the present study will probably 

improve the diagnosis and treatment of UTI and expand our 

understanding of the current situation in UTIs caused by E. 
coli.  
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Material and Methods 
Subjects: We studied patients with UTIs who were referred 

to Taif (Saudi Arabia) government hospitals and clinics 

during the period of September 2015 - March 2017. This 

study followed the regulation of the ethical committee at 

Taif University. Diagnosis of UTI was based on clinical 

symptoms and laboratory investigations (colony of count of 

more than 105 colony-forming unit/ml in mead stream 

sampling, 104cfu/mL in urine sampling by catheterization 

and any count in sub-republic sampling). None of the 

patients was immune compromised. Acute pyelonephritis 

was clinically defined as fever (temperature > 38.5°C), 

lumbar tenderness and sepsis in neonates. Cystitis was 

considered when dysuria and pyuria were present without 

fever.  

 

Data including age, sex, previous history of infection, 

recent antibiotic usage and history hospitalization during 

the previous 28 days were collected for all the patients with 

UTI in questionnaire forms. The exclusion standard was 

nosocomial infection which was defined as infection noted 

48 h after admission or within four weeks after a previous 

discharge. 

 

Isolation of Bacteria: E. coli strains were isolated from 

urine samples and identified using standard methods.11 

Urine culture was considered positive if at least 105 colony-

forming units of E. coli per ml of clean voided urine were 

grown in the culture media. The strains were then stored for 

further analysis.  

 

Antimicrobial susceptibility testing: The antimicrobial 

susceptibility testing for the E. coli isolates was performed 

according to the Clinical Laboratory Standards Institute 

CSLI (2010). We used 26 different antimicrobial reagents 

as presented in fig. 1. 

 

DNA extraction: E. coli isolates were grown in Luria 

Bertani broth at 37°C overnight. Bacteria were then 

pelleted from broth, re-suspended in sterile distilled water 

and genomic DNA for each isolate was extracted using a 

DNeasy Mini Kit (QIAGEN, USA) according to the 

manufacturer’s instructions. The DNA template was stored 

at -20°C until they were used in the PCR.  

 

Antibiotic genes and virulence factors: The PCR was 

performed with the Go Taq® Green Master Mix (Promega, 

USA) according to the manufacturer’s instructions. Seven 

virulence genes were included: Stx1, Stx2, cnf, papC, papA, 

SfaA, andAfa. The PCR primers and conditions for each 

gene are described in table 1.20 The expected sizes of the 

amplicons were ascertained by electrophoresis in 1.5% 

agarose gel with an appropriate molecular size marker 

(100-bp DNA ladder, MBI, Fermentas, Lithuania).  

 

Repetitive sequence repeat-PCR (Rep-PCR): For 

repetitive sequence analysis, PCR conditions for E. coli 

isolates in the present investigations were standardized. 

Five repetitive sequence primers were used to amplify 

genomic DNA of the 42 isolates according to our previous 

paper:12 BOX A1(5'-CTA CGG CAA GGC GAC GCT 

GAC G-3'), REP1R-I (5'-III ICG ICG ICA TCI GGC-3') 

(forward), REP2-I (5'-ICG ICT TAT CIG GCC TAC-3') 

(reverse), (GTG)5 (5'-GTG GTG GTGGTG GTG-3'), 

REP2-II (5'-GAGAGAGAGAGAGAGAA-3'), REP12-II 

(5'-AGAGAGAGAGAGAGAGC-3'), REP18-II (5'-

ACACACACACACACACG-3') and REP19-II (5'-

AGAGAGAGAGAGAGAGTT-3'). Following the 

experiments for optimization of component concentrations, 

PCR amplifications of repetitive sequence primers were 

carried out according to a previously described procedure.15  

 

Amplification of the 16S-rRNA gene of E. coli: For 16S-

rRNA gene analysis, two pairs of primers were used for 

molecular detection of mycoplasma isolates. PCR 

amplification of the 16S-rRNA primer was designed 

according to a previously described procedure.15 The PCR 

reaction was performed using Go Taq® Green Master Mix 

(Promega, USA) according to a previously described 

procedure,15 with an annealing temperature of 60°C for 45 

sec. The PCR products of each reaction were 

electrophoresed and photographed. 

 

Sequencing of the 16S-rRNA gene: A QIAquick PCR 

purification kit (QIAGEN, USA) was used to purify 1200-

bp 16S rDNA fragments according to the manufacturer's 

instructions and then the fragments were sequenced with 

the same primers using the sequencer Gene analyzer 3121 

(Macrogen Co., South Korea). The E. coli 16S-rDNA 

sequences obtained were then aligned with known 16S-

rDNA sequences in GenBank using the BLAST tool at the 

NCBI database and the percentage of homology scores was 

generated to identify the strains. The deduced sequence was 

aligned using MEGA program version 7.10 to generate a 

phylogeny tree.  

 

Results and Discussion 
Antibiotic Resistance: Antibiotic-resistant E. coli isolated 

from UTIs are increasingly found which make it a serious 

problem in many areas. The pattern of antimicrobial 

susceptibility among the 42 E. coli is shown in fig. 1. All E. 
coli isolates were susceptible to fosfomycin, imipenem and 

tigecycline. Sensitivity values above 50% were found for 

amikacin, nitrofurantoin and ertapenem (92%), cefoxitin 

(88%), gentamicin (84%), pip/tazo (76%), amox/clav and 

cefepime (68%), cefotaxime, ceftazidime and cefuroxime 

(64%), aztereonam (60%) and ciproflox and tobramycin 

(52%). A few isolates were resistant to nitrofurantoin and 

pip/tazo (4%) while others were resistant to tobramycin 

(40%), levofloxacin (44%), norfloxacin and ciproflox 

(48%). High frequencies of resistance were observed 

towards piperacillin (76%) and ampicillin (72%). 

 

The results of the antibiotic susceptibility testing of UTI E. 
coli isolates showed high resistance to the majorityof non-

−lactam antibiotics. The resistance rates for 
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ciprofloxtrimethoprim / sulfamethoxazole (Tmp / sxt), 

norfloxacin, tetracycline and ampicillin were 48%, 

64%,48%, 56% and 70%, respectively. 

 

Detection of the virulence genes: The spread of NTEC-

producing bacteria has been extremely quick worldwide 

denoting that effective infection control measures and 

continuous monitoring systems are absolutely required. In 

PCR analysis (fig. 2), the prevalence of virulence genes 

ranged from 9.5% for Stx1 to 100% for three 

virulencegenes. Higher prevalence, 100%, was observed 

for the sfa, pap and Afa genes. The Stx gene was present in 

11 (26.2%) isolates, Stx1 in 4 (9.5%), andStx2 in 7 (16.7%) 

isolates. Interestingly, the cytotoxic narcotizing factor type 

1 (cnf) gene was not found in any isolate. Table 2 shows 

the distribution of virulence genes in the phylogenetic 

group. All isolates revealed at least three genes. No 

association was observed between the number of plasmids 

and the antibiotic resistance of the isolates.  

 

Molecular detection and identification of NTEC would be 

crucial for a reliable epidemiological investigation of 

antimicrobial resistance. Resistance genes can be plasmid-

mediated or chromosomal. The gene may be carried on 

integrons. Integrons help in the dissemination of 

antimicrobial drug resistance in health care settings. Thus, 

NTEC-producing organisms should be identified rapidly so 

that infection control measures and proper antibiotic usage 

can be implemented.5 

 

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. Various studies have investigated the 

prevalence of virulence genes of E. coli isolates from cases 

of UTI. A study from Spain showed that almost 70% of the 

urinary strains carried at least one of the target virulence 

genes.29 Prevalence rates of 38.5%, 15.4% and 7.7% for the 

phenotypes of pap+- sfa+- afa+, sfa-related sequences 

genes positive and pap+- sfa+ were found respectively in 

uropathogenic E. coli strains, while only two cases were 

positive for the cnf-1 gene.23  

 

Arisoy studied 161 E. coli strains isolated from children 

with UTI andfound that 58.4% were positive for at least 

onevirulence gene; the prevalence of genes was found to be 

22.98%, 9.94%, 6.21% and 1.24% for pap, cnf-1, sfa and 

hly respectively.9 

 

Our results highlight a higher frequency of the pap gene 

compared with the Cnf and Stx genes, whichmay indicate a 

crucial role of the virulence genesin E. coli-associated UTI. 

In uropathogenic E. coli, the presence of P fimbriae has 

beenclearly established as a factor that promotesurinary 

tract colonization and invasion. Bacterialadhesion to the 

bladder mucosa is a criticalstep for the establishment of E. 

coli bacteriuria.37 Indeed, two genes in the pap class were 

found to play a more important role in the development of 

E. coli strains in patients with UTI than in those with acute 

cholangitis. Moreover, an important role of pap adhesion 

genes in the pathophysiology of pyelonephritis resulted 

from E. coli has been reported in previous studies.4,21,22 

 

Repetitive sequence repeat-PCR: Molecular markers are 

efficient tools for cultivar identification and estimation of 

relatedness through DNA fingerprinting. DNA was 

extracted from each of the 42 isolates that were identified 

as E. coli based on morphological characteristics. The rep-

PCR-based DNA fingerprints of all 42 DNA samples were 

obtained using rep primers (table 3). Eighty bands ranging 

from 100 to 3,100 bp were amplified in different profiles 

(fig. 3). Dendrogram analysis showed that the isolates were 

grouped by REP-PCR in 4 REP clusters (A–D) with 71% 

similarity (fig. 4). Out of 42 studied patients with UTI, 31 

were women and 11 were men; 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 

cluster A had the highest percentage of women and the 

lowest mean age among the clusters (fig. 4). We 

investigated polymorphisms of E. coli strains using REP1R 

primers, which are adequately powerful for differentiating 

highly similar DNA polymorphisms (table 3). As shown by 

the dendrogram, the isolates were categorized with high 

accuracy into 4 groups with a genomic profile similarity of 

71% (fig. 4).  

 

According to clustering performed, the highest and the 

lowest number of strains were observed in clusters A (17 

strains) and D (5 strains) respectively. Cluster A included 

strains no. 1, 2, 3, 6, 26, 22, 38, 40 and group 1 (5, 9, 10, 

11, 12, 13, 14, 18 and 21). They have a genomic profile 

similarity of more than 70%. In cluster C (13 strains), 

strains no. 8, 15, 19, 23, 28, 30, 31, 32, 33, 34, 35, 36, 41 

had genomic profile similarity of more than 70%.  

 

The REP-PCR method has already been used for the 

evaluation of E. coli resistance to antibiotics.15 Rashid and 

colleagues31 have used this method to study drug resistance 

of extended spectrum beta-lactamase and identify extended 

spectrum beta-lactamase producers at the genotype level. 

Recently, a couple of studies suggested that the REP-PCR 

molecular method is an efficient tool to genetically 

characterize E. coli isolated from common sources of fecal 

contamination.5,27 The study showed that REP-PCR was 

more accurate and efficient than the DNA fingerprint of 

fecal E. coli in animal or human hosts.  

 

Sequencing of the 16S-rRNA gene: We amplified and 

sequenced the 16S-rDNA gene of all E. coli isolates using 

the primer set as mentioned. The gene sequences of all 

isolates were aligned at the NCBI database. The similarity 

matrix of the E. coli isolates with other GenBank 
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accessions was found to be approximately 98%. The E. coli 

isolates sequences and the available 16S-rDNA sequences 

for other E. coli isolates from the NCBI database were 

compared. The BLAST results showed that the partial 16S-

rDNA sequences are more similar to the other sequences of 

E. coli strains (fig. 5). Nucleotide sequences of the 16S 

rDNA gene of E. coli isolates UT-16, 18, 27, 30, 32 and 42 

showed 97% similarity with E. coli strain MG-1655. E. coli 
isolates TU-2 and TU-38 showed 92% similarity with other 

isolates of E. coli. Additionally, the phylogeny tree 

depended on the 16S rDNA nucleotide sequence databases 

of NCBI using the neighbor joining tree and maximum 

parsimony of the MEGA 7 program.  

 

The partial sequence of the 16S rRNA gene of E. coli 

strains deposited in the GenBank database13,24 diverged 

from the sequence demonstrated in this study by some 

bases. Ribosomal operons are of great relevance for the 

study of bacterial evolution and phylogeny36 and 

sequencing of 16S rDNA has been broadly used to re-

construct phylogenetic relationships of microorganisms.14 

 

 

 
 

Figure 1: The pattern of antimicrobial susceptibility in E. coli isolates separated from patients 

 

Table 1 

Primer sequences and amplicon sizes of virulence genes. 
 

Primer Name Primer Sequence (5′→3′) Product Size (bp) 

Stx1-f AAA TCG CCA TTC GTT GAC TAC TTC T 370 

Stx1-r TGC CAT TCT GGC AAC TCG CGA TGC A  

Stx2-f CAG TCG TCA CTC ACT GGT TTC ATC A 283 

Stx2-r GGA TAT TCT CCC CAC TCT GAC ACC  

cnf-1f AAGATGGAGTTTCCTATGCAGGAG 881 

cnf-1r CATTCAGAGTCCTGCCCTCATTATT  

papC-f GACGGCTGTACTGCAGGGTGTGGCG 328 

papC-r  ATATCCTTTCTGCAGGCAGGGTGTGGC         

SfaA -f CTCCGGAGAACTGGGTGCATCTTAC 410 

SfaA-r CGGAGGAGTAATTACAAACCTGGCA  

Afa-f GGCAGAGGGCCGGCAACAGGC 559 

Afa-r CCCGTAACGCGCCAGCATCTC  
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Table 2 

Virulence genes patterns among pathogenic E. coli isolates. 
 

Isolates Present and absent of virulence genes 

Stx1 Stx2 cnf papC SfaA Afa 

TU-1   ــ ــ ــ + + + 

TU-2   ــ ــ ــ + + + 

TU-3   ــ ــ ــ + + + 

TU-4   ــ ــ ــ + + + 

TU-5   ــ ــ ــ + + + 

TU-6   ــ ــ ــ + + + 

TU-7   ــ ــ ــ + + + 

TU-8   ــ ــ ــ + + + 

TU-9   ــ ــ ــ + + + 

TU-10   ــ ــ ــ + + + 

TU-11   ــ ــ ــ + + + 

TU-12   ــ ــ ــ + + + 

TU-13   ــ ــ ــ + + + 

TU-14   ــ ــ ــ + + + 

TU-15   ــ ــ ــ + + + 

TU-16   ــ ــ ــ + + + 

TU-17   ــ ــ ــ + + + 

TU-18   ــ ــ ــ + + + 

TU-19   ــ ــ ــ + + + 

TU-20   ــ ــ ــ + + + 

TU-21   ــ ــ ــ + + + 

TU-22   ــ ــ ــ + + + 

TU-23   ــ ــ ــ + + + 

TU-24   ــ ــ ــ + + + 

TU-25  + ــ ــ + + + 

TU-26   ــ ــ ــ + + + 

TU-27   ــ ــ ــ + + + 

TU-28   ــ ــ ــ + + + 

TU-29   ــ ــ ــ + + + 

TU-30   ــ + ــ + + + 

TU-31   ــ + ــ + + + 

TU-32 + + ــ + + + 

TU-33   ــ + ــ + + + 

TU-34   ــ + ــ + + + 

TU-35   ــ ــ ــ + + + 

TU-36   ــ ــ ــ + + + 

TU-37   ــ ــ ــ + + + 

TU-38  + + ــ + + + 

TU-39   ــ ــ ــ + + + 

TU-40   ــ ــ ــ + + + 

TU-41  + + ــ + + + 

TU-42   ــ ــ ــ + + + 
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Figure 2: The amplification of virulence genes in E. coli isolates by single PCR. (a) Amplification of sfaA gene (410 

bp). (b) Amplification of pap-C gene (328 bp). M: 100-bp DNA ladder. 

 

 
Figure 3: The rep-PCR profiles of 42 antibiotic-resistant E. coli bacterial isolates obtained from Taif patient hospitals 

generated with GTG-5 primer. M: 100-bp DNA ladder. 
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Table 3 

Polymorphic band patterns and the percentages of polymorphism for each rep-PCR primer among pathogenic  

E. coli isolates. 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: UPGMA dendrogram based on cluster analysis of rep-PCR data among the forty-two E. coli isolates 

collected from hospital patients in Taif region, Saudi Arabia. Whereas, Group1= isolates no. 5, 9, 10, 11, 12, 13, 14, 18 

and 21, Group 2= isolates no. 23, 28, 30, 31, 32, 33, 34, 35 and 41. 

 

Phylogenetic analysis of the partial 16S rDNA sequences 

from E. coli strains is studied here. The genetic proximity 

between E. coli strains was also observed by various 

researchers5,13,14,25 using sequencing of approximately 1200 

bp of the 16S rDNA, thus underlining the low level of 

variability of these organisms. 

 

Conclusion 
There are serious challenges associated with the spread of 

multidrug-resistant E. coli isolated from patients with 

urinary tract infection (UTI). These challenges require 

efforts for effective control of E. coli strains detected in 

UTI patients. Therefore, investigations for the use of 

appropriate antibiotics for controlling infections are 

necessary. The present study screened several antibiotic 

and virulence genes in different E. coli strains isolated from 

UTI patients. Interestingly, all the examined isolates 

contained the three genes: Afa, pap and sfa.  

 

On the other hand, the Stx gene was present only in 11 

(26.2%) isolates. Surprisingly, the cnf gene was not 

detected in any isolate. Based on these observations, the 

forty-two isolates responded differently to various 

antibiotics. The similarity matrix of the 16S-rDNA gene 

isolated from all E. coli isolates with other GenBank 

accessions was found to be approximately 98%. Due to the 

increase in resistance incidence of E. coli isolates, further 

investigations focused on the use of appropriate antibiotics 

to control UTI infections are necessary. 

Primer Total 

Bands 

No. 

Monomorphic 

Bands 

No. 

Polymorphic 

Bands 

% 

Monomorphic 

Bands 

% 

Polymorphic 

Bands 

BOX-A 15 8 7 53.3 46.7 

ERIC-R 18 4 14 22.2 77.8 

GTG-5 19 5 14 26.3 73.7 

REP-12 14 1 13 07.2 92.8 

REP-28 14 4 10 28.5 71.5 

Total 80 22 58 27.5 72.5 
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Figure 5: Neighbor-joining phylogeny tree based on 16S rDNA gene sequences of E. coli isolates  

collected from hospital patients in Taif region, Saudi Arabia 
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