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Abstract 

In this study, the biofilm formation, virulence factors and phylogenetic Groups of 42 
E. coli isolates isolated from patients with UTI were determined. It was revealed that (16.7%) 
of the isolates were α-hemolytic, (21.4%) were β-hemolytic while , (61.9%) were γ- 

hemolytic. 
Additionally, the percentage of biofilm formation was 50% for both weak and moderate 
biofilm formation. The results of molecular detection of virulence gene revealed that afagene 
was found in (21.21%), kpsgene was found in (84.84%), pap gene was found in (6.06%) and 
sfagene in (60.60%) of multi drug resistance isolates. The phylogenetic group genes (chuA, 
yjaA, and TspE4.C2) were found in multi-drug resistance isolates in percentages (72.72%, 
87.87% and 72.72%) respectively. Most isolates were included under the phylogeny group B2 
(69.7%) of all multi drug resistance E. coli isolates while the percentages of the rest of the 
groups were A (21.21%), B1 (6.06%) and D (3.03%) of multi drug resistance isolates. 

Keywords : biofilm , E.coli, UTI, phylogenetic . 

Introduction. 

E. coli is the most common cause of urinary tract infections (UTIs), including acute cystitis, 
pyelonephritis, and urosepsis, three common and clinically distinct UTI syndromes. It is 
widelyaccepted that uropathogenicE. coli (UPEC) originates from the distal gut microbiota 

[1]. Thebiological properties which may contribute to the pathogenicity of E. coli includes: 

adhesion toepithelial cells, production of enterotoxins, invasiveness and ability to multiply 
within the epithelialcells, insensitivity to complement lysis or inability to activate the 

http://dx.doi.org/10.31759/mej.2020.5.3.0014
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alternative pathway of complement,and resistance to phagocytic killing [2].  
Virulence factors (VFs) associated with UPEC includes adhesins (P fimbriae, type 1 fimbriae, 
Sfimbriae and a fimbrialadhesin) to detection of these genes by specific primers in a 

polymerase chainreaction [3]. Determination of E. coli phylogenetic type is being of great 

epidemiological importancebecause there is a relation between the genetic background and 

the type of the extended spectrum β-lactamase [4]. E. coli strains are grouped into four major 
phylogenetic groups, designated A, B1, B2,and D and there is a relationship between the 

phylogeny and virulence [5].The virulent extra intestinalstrains belong mainly to B2 and to a 

lesser extent to D group, whereas most commensal strains belongto groups A and B1 [6], 
whilst the intestinal pathogenic strains belong to groups A, B1 and D [7]. Theaim of the 

present study was to determine the relationship between phylogenetic groups and 

virulencefactors of E. coli isolated from patients with UTI. 

Material and Methods 

2.1. Bacterial isolates 

Forty-two E. coli isolates were recovered from urine samples of patients from two public 

hospitals inBabylon/ Iraq between November 2015 and February 2016. All E. coli isolates 

were identified bytypical morphology, routine biochemical tests and Vitek2 System as 
previously described [8]. Out ofthese 42 isolates, there were 33 (79%) that expressed mutli-

drug resistance (MDR). 

2.2. Hemolysin Production 

The ability of the UPEC isolates to induce hemolysis on blood agar (Merck) was evaluated to 

detectthe hemolytic isolates. The bacteria were inoculated onto 5% sheep blood agar and 
incubatedovernight at 37°C. The appearance of a clear zone around the colony indicates β-

hemolysis while thepresence of green-color indicates α-hemolysis [9]. 

2.3. Biofilm assay 

Quantitative biofilm assay by spectrophotometric method as described [10, 11] used for 
detection ofbacterial ability for biofilm formation. This method included inoculation each of 

the tested isolatesinto 5ml of Brain Heart Infusion broth (Himedia, India) and overnight 

incubation at 37ºC, after that,the inoculation of into 96-microtiter wells plate containing 
180µl of BHI broth with 2% glucose with20µl of E. coli of overnight cultures. Negative 

control wells contained the broth only. Plates wereIncubated for 24 hrs at 37ºC. Culture were 

removed and the wells were rinsed with PBS (pH 7.2), afterdrying at room temperature for 15 

min. 200µl per well of crystal violet stain (1%) were added to eachwell and kept for 20 min. 
The stained biofilms were rinsed three times with PBS (pH 7.2), and allowed 
to dry at room temperature for 15 min., then extracted with 200 µl per well of 95% ethanol, 

and O.D at630 of each well was read using automatic microtiter plate reader. All assays were 
performed intriplicate. The average O.D values were calculated for all tested isolates and 

negative controls. a) Thecut-off value (O.Dc) was established, it was defined as a three 

standard deviations (SD) above the O.Dmean of the negative control. The final O.D values of 

a tested isolate was expressed as average O.Dvalue of the isolate reduced by O.Dc value. O.D 
= average O.D ofisolate – O.Dc. b) The biofilm results of isolates were divided into 

thefollowing: Non-biofilmproducer (O.D ≤ O.Dc); weak-biofilm producer (O.Dc< O.D ≤ 

2xO.Dc); moderate-biofilm producer(2xO.Dc < O.D ≤ 4xO.Dc); strong biofilm producer 
(4xO.Dc < O.D). 

2.4 Detection of virulence genes2.4.1. DNA extraction 
Genomic DNA was extracted from the selected bacterial isolates by the Gentrapuregene Bact. 

/kit(Qiagen/ UAS) according to the instructions of the manufacturer. DNA purity and 

concentrations weremeasured by Nano Drop-spectrophotometer. 
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2.4.2. PCR amplification of virulence genes 
Virulence genes characteristic were detected by PCR assays. The following genes were 
targeted; pap(P fimbriae), sfa(S fimbriae), afa(A fimbriae) and kps(Capsular polysaccharide). 

Determination ofpap, afa, sfaand kpsgenes by uniplex-PCR technique. Primer sequences for 

amplification of theseindividual virulence genes are listed in Table (1). The reaction was 

carried out by using a 25µl reactionvolume, including, 12.5µl Taq Green master mix,1.5µl of 
each pap, afa, sfaand kpsprimers(10pmol),3µl of template DNA, and the volume was 

completed by nuclease free water. 
The PCR was performed with a PCR thermal cycler (Cleaver Scientific/UK) under the 
followingconditions: to pap and afagenes: Initial denaturation for 1 minutes at 94°C; 30 

cycles (1 minuteDenaturation at 94°C, and annealing for 30 sec at 63°C, 90 sec at 72°C), and 

a final extension cyclefor 5 minutes at 72°C. While sfagene performed with a PCR thermal 
cycler under the followingconditions: Initial denaturation for 5 minutes at 94°C; 30 cycles ( 

30 sec denaturation at 94°C, andannealing for 30 sec at 60°C, 30 sec at 72°C), and a final 

extension cycle for 7 minutes at 72°C. kpsgene performed with a PCR thermal cycler under 

the following conditions: Initial denaturation for 4minutes at 95°C; 40 cycles ( 1 minutes 
denaturation at 95°C, and annealing for 1 minutes at 56°C, 1minutes at 72°C), and a final 

extension cycle for 8 minutes at 72°C. All PCR products were visualizedin a gel document 

system (Biometra/Germany). 

Table 1. Sequence of primers for virulence genes and Phylogenetic Groups 

 
PrimerPrimer Sequence 5′-3′Product References 

Name Size/bp 

papF-GCA ACA GCA ACG CTG GTT GCA TCAT336[12]R-AGA GAG AGC CAC TCT 

TAT ACG GAC A 

sfaF-CTC CGG AGA ACT GGG TGC ATC TTA C 410[13]    

R-CGG AGG AGT AAT TAC AAC CTG GCA   

afaF-GCT GGG CAG CAA ACT GAT AAC TCT C750[12] 

R-CAT CAA GCT GTT TGT TCG TCC GCC CG 

kpsF-CCA TCG ATA CGA TCA TTG CAC 40[14]R-ATT GCA AGG TAG TTC AGA CTC 

chuAF-GAC GAA CCA ACG GTC AGG AT 279[15] 

R-TGC CGC CAG TAC CAA AGA CA 

yjaA F-TGA AGT GTC AGG AGA CGC TG211[15] 

R-ATG GAG AAT GCG TTC CTC AAC 

TspE4.C2 F-GAG TAA TGT CGG GGC ATT CA152[15] 

R-CGC GCC AAC AAA GTA TTA CG 

2.5. Phylogenetic Groups 
Three markers were used according as described [15] in a rapid technique for determining the 
phylogenetic groups (A, B1, B2 and D) of E. coli strains based on PCR detection of the 
chuAand yjaAgenes and DNA fragment TspE4.C2 table (1). The reaction was carried out 

using a 25µl mixtureincluding 12.5µl Taq Green master mix, 1.5µl of each chuA ,yjaAand 

TspE4.C2 primers (10 pmol),3µl template DNA and the volume was completed with nuclease 
free water. The PCR was performedwith a PCR thermal cycler under the following 

conditions, Initial denaturation for 5 minutes at 94°C;30 cycles ( 30 sce denaturation at 94°C, 

and annealing for 30 sec at 55°C, 30 sec at 72°C), and a finalextension cycle for 7 minutes at 
72°C. 
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The results of triplex PCR product made it possible to establish a dichotomous decision tree 

forphylogenetic grouping (figure 1) as follows: 

 

 

 

 

 

 

 

 

 

 

2.6. Statistical analysis 

SPSS version 23.0 statistical software package was used for statistical analysis by using Chi-

squaretest and t-test for all obtained results and test of proportions, p value ≤ 0.05 and 95% 

confidenceinterval (CI) were considered statistically significant [16]. 

Results and Discussion. 

3.1. Hemolysin Production 
Hemolysin is a cytolytic toxin, a protein secreted by some E. coli isolates which can produce 

severaltypes of hemolysin, including an extracellular protein (α-hemolysin), a cell-bound 
protein (β-hemolysin) and a hemolysin expressed by nalidixic acid-resistant mutants 
(γ-hemolysin) [17]. γ-hemolysin cannot hemolyse human or rabbit red blood cells, unlike α- 

and β-hemolysins [18]. Destruction of red blood cells due to hemolysin production also is an 
importantcharacteristic of E. coli colonies on the surface of blood agar [19]. 
The results revealed that out of 42 E. coli isolates, 26 (61.90%) were γ-hemolytic which was 

the mostcommon, followed by 9 β-hemolytic (21.40%), and 7 α-hemolytic (16.7%) isolates as 

show in figure(2). 

 

Figure 2.Types of hemolysin produced by E.coli isolates. 

Figure 1.Dichotomous 

decision tree to determine 
the phylogenetic group of 

an E. coli strain by using 

the results of PCR 

amplification of the chuA 
and yjaA genes and DNA 

fragment TspE4.C2, [15]. 
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The frequency of hemolytic E.coliisolation from patient samples increases with the severity 

ofdisease it was, reported that 41.36 % strains showing hemolytic activity among isolates 
isolated fromextraintestinal infections, which is way too high when compared to our study 

[20, 21]. E. coli exotoxinalpha-hemolysin is thought to be a significant virulence factor in 

several clinical infections, such aspyelonephritis and septicemia [22]. It was reported that E. 

coli isolates hemolysin production as 38.5%, 12.8 %, and 48.5 % for α, ß, and γ respectively 
in Iraq. [23]. 

3.2. Biofilm Formation Test 

A biofilm is a microbial derived sessile community characterized by cells that are irreversibly 

attachedto a substratum or interface or to each other, are embedded in a matrix of 

extracellular polymericsubstances that they have produced, and exhibit an altered phenotype 
with respect to growth rate andgene transcription. Bacterial biofilms are reported to be the 

most common cause of persistentinflammation [24].The results of this study revealed that 

quantification of biofilm formation by microtiter plate methodclassified 50% (n = 21) of the 
isolates as moderate biofilm producer, while 50% (n = 21) exhibitedweak biofilm formation.  
Al-Chalabi [25] found that 90% of E.coliisolated from UTI was producing biofilm. The 

biofilmformation is a two-step process in which the bacteria first adhere to a surface mediated 

by capsularantigen or flagellar antigen followed by multiplication to form a multi layered 
biofilm, which isassociated with production of exopolysaccharide matrix [26]. Bacteria that 

form biofilms have beenshown to be highly resistant to antimicrobial therapy [27]. 
Adherence and production of a biofilm by E.colion different biomaterials and medical devices 
hasbeen documented [28]. The development of a biofilm is initiated when bacterial cells 

attached tosurface and begin to excrete slimy, glue-like substances, which serve to anchor the 

cells [29]. Bacteriathat adhere to implanted medical devices or damaged tissue can become 
the cause of persistentinfections. It has been estimated that 65% of microbial infections are 

associated with biofilms [30]. 

3.3. Determination of Genetic Virulence Profiles 

The PCR assay results identified the adhesion systems 2 pap (6.06%), 7 afa(21.21%), 20 sfa 
(60.60%), and 28 kps(84.84%), table (2) and figures (3, 4, 5 and 6). 

 

 

Table (2): Frequency of virulence factors of MDR isolates. 

 

No. (%) of Genes Producer Isolates No. (%) of E.coli Isolate 

Kps sfa Afa pap  

28 (84.84%) 
 

20 (60.60%) 7 (21.21%) 2(6.06%)  

 

33 (100%) 

700 
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Figure 4.PCR amplification with specific primers for afagene product. Lane M, 100-bp DNA 

marker.Lanes (E1,2,3, 5, 7, and 11) positive isolates, lanes (E4, 6, 8, 9, 10, 12, 13 and 14) 

negative isolates,on 2 % agarose at 70 volt for 2 hrs. 
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Figure 3.PCR 

amplification with 

specific primers for 
pap gene product. Lane 

M, 100-bp DNA 

marker. Lanes 
(E4)positive 

isolates,lanes (E1,2, 3, 

5, 6 and 7) negative 

isolates, on 2 % 
agarose at 70 volt for2 
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Figure 5.PCR amplification with specific primers for sfa gene product.  Lane M, 100-bp 

DNA marker. Lanes (E2, 3, 4, 6, 7, 8, 9, 10, 11, 12, 13 and 14) positive isolates, lanes (E1, 5, 
15, 16 and 17) negative isolates, on 1.5% agarose at 70 volt for 2 hrs. 

 

Figure 6.PCR amplification with specific primers for kpsgene product. Lane M, 100-bp 
DNAmarker. Lanes (E5, 6, 7, 9, 10, 11, 12, 13, 14, 15 and 16) positive isolates, lanes (E1, 2, 

3, 4 and 8)negative isolates, on 1.5% agarose at 70 volts for 2 hrs. 

Virulence factors of UPEC are associated with colonization and survival in the normal urinary 

tract,and influence the pathogenicity of symptomatic or complicated UTIs [31]. These 

virulence factors areadhesion proteins (pap, sfa, and afa), toxins (e.g., hemolysin), and host 
defense-avoidancemechanisms (e.g., capsule (kps)) [32]. Bacterial adherence to urinary 

epithelia is a crucial step in thedevelopment of UTI, allowing the bacteria to persist in the 

urinary tract against flushing by urine flowand activation of host signaling pathways [33]. In 

the present study, the kpsgene was the mostcommon virulence gene in E. coli isolates 
(84.84%). In contrast to other studies, the sfawas observedin 80% in UTIs isolates [34],[35]. 

Whereas Shetty [36], reported that the prevalence of pap gene washighest 60.87% (14/23) 

followed by sfaand afa39.1% (9/23) genes each.The results revealed the afagene was detected 
in 21.21% of the isolates. Frequencies of afarangingfrom 2 to 11% have been reported by 

Santo [37], and Abe [38].While the adhesions genes pap and sfapresented frequencies of 7.1 

and 57%, respectively.  

Previous studies, concerning the frequencies of pap and sfavarying from 0 to 54%, and from 0 

to 64%respectively, have been isolated from different phylogenetic groups of UPEC 

[39],[40]. Also, it hasbeen found that the frequency of adhesion genes fimH(65.9%), pap 
(63.7%) and sfa(56%) genes inUPEC isolates in Egypt [41].Oliveira [32] reported that the 

frequency of virulence factor among UPEC strains were as follows:sfaA(26%), pap (25%) 

and afa(6%) genes in UPEC isolates in Brazil. While in a study on Iran, 
30.2% and 18.75% of E. coli isolates possessed pap and sfagenes respectively [42]. 

Bacterial adherence to uroepithelial cells is an essential stage for the initiation and 
development ofUTI. The binding to the host cells is a key factor for development of infection, 

the expression ofdifferent types of adhesions, with affinity to distinct specific receptors, 

confers advantages topathogens [43].The adhesions such as S and P fimbriae play the major 

roles in the pathogenicity of E. coli strains bycolonization stage and overcoming host 
immunity [44]. Adhesion to uroepithelial cells by P fimbriaeis an important step for the 

beginning and expansion of UTI [45]. S fimbriae showed attachmentefficiency to epithelial 

and endothelial cells of the lower human urinary tract [46]. 

3.4. Phylogenetic Groups 

Phylogenetic analysis was carried out to investigate the genetic backgrounds of the MBLs 

whether anyof the isolate belongs to pathogen group (B2+D) or commensal group (A+B1). In 

the present study,the phylogenetic analysis based on Clermont dichotomous tree has shown 
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that E. coli isolates dividedinto four main phylogentic groups: (A, B1, B2, and D) described 

by [15], (2000). The results indicatedthat the frequency of phylogeny genes chuAwere 
(72.72%), yjaA(87.87%), and anonymous DNAfragment designated TspE4.C2 (72.72%), 

figure (7). 

 

Figure 7.Distribution of phylogenetic genes chuA, yjaAandTspE4.C2 geneamong E. coli 

isolates. 

All MDR E. coli tested to determine phylogenetic grouping that were performed using triplex 

PCR forchuA, yjaAgenes and TspE4.C2 segment, in figure (8). 
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Figure 8.Triplex PCR based phylogenetic profile of E. coli isolates with specific primers for 
TspE4.C2, yjaA, and chuAgenes product. Lane M, 100-bp DNA marker. Lanes (E2, 4, 5, 6, 
and 8)positive isolates with TspE4.C2, yjaA, and chuAgenes, lanes (E1, 7, and 14) positive 

isolates withTspE4.C2 and yjaAgenes, lanes (E3 and 10) positive isolates with yjaAgene, lane 

(E13) positiveisolate with yjaAand chuAgenes. Lanes (E9, 11, 12, 15, 16, 17 and 18) negative 

isolates withTspE4.C2, yjaA, and chuAgenes, on 1.5% agarose at 70 volts for 2 hrs. 

Clermont[15] classified the phylogenetic grouping (A, B, B2 and D) of the E. coli isolates 

with a PCR methodbased on the combination of three DNA indicators that were chuA, yjaA, 
and anonymous DNAfragment designated TspE4.C2, as following: 

chuA-positive/yjaA-positive was E. coli isolate B2,chuA-positive/yjaAnegative was isolate 
D, 
chuA-negative/TspE4.C2-positive was isolate B1, and 
chuAnegative/TspE4.C2-negative was isolate A. 
 

The results of phylogenetic group show B2 23(69.70%) was the most common, followed 

byphylogenetic groups A 7(21, 21%), B1 2(6.06%), and D 1(3.03%) isolates, table (3). 
 

Table (3): Frequency of the different phylogenetic groups among E. coli isolates 

Percentage % No. Phylogenetic group 

21.21 7 A 

6.06 2 B1 

69.70 23 B2 

3.03 1 D 

100 33 Total isolates 

 

Similarly, Bashir [47 ], analyzed phylogenetic groups in 59 uropathogenicE. coli isolates and 

revealedthat group B2 was the most dominant followed by groups A, B1 and D. Moreover, 

the results of thisstudy agree with several studies by Ejrnaes [48], Lim [49], and López-Banda 

[50], who reported thatthe most of the virulent extra intestinal strains are derived from group 
B2, and to a lesser extent to theD group. Both groups have a higher prevalence of extra 

intestinal virulence determinants than thestrains in the A and B1 groups.However, the current 

results differed from a previous study by Duriez [51], that determined thephylogenetic group 
of 168 commensal E. coli isolates isolated from the stool and showed that strains from 

phylogenetic groups A and B1 were the most common, followed by phylogenetic group 

Dstrains. 

Rahdar [52], demonstrated that most of the genes needed for causing neonatal meningitis 

belonged tothe E. coli B2 phylogenetic group initially and horizontal transfer of these genes 

has occurred towardthe more genetically distant groups. Extra intestinal pathogenic strains 
usually fell into B2 and to alesser extent to group D that reported by Platell [53].  
These differences in distribution of the phylogenetic groups among the isolates of 

geographicallydistinct populations in different studies may be due to the health status of the 
host, geographic climaticconditions, dietary factors, the use of antibiotics, or host genetic 

factors, in addition to the differencesarising from different sampling areas. 
Additionally, the results showed that the most of the virulence factors genes distributions 

were differsignificantly within the phylogenetic group at p < 0.05. However, they clustered 
among isolates ofgroup B2, while group D isolates did not carry any VFs gene as show in 

table (4). 
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Table (4): Relation among virulence factors genes and phylogenetic group. 

Phylogenetic 

Groups 

Virulence factorsgenes No. (%)  

kps pap sfa afa 

A 5 (71.4) 0 (0) 4 (57.1) 1 (14.3) 

B1 1 (50) 0 (0) 1 (50) 0 (0) 

B2 22 (95.7) 1 (4.3) 15 (65.2) 6 (26.1) 

D 0 (0) 0 (0) 0 (0) 0 (0) 

p-value 0.000* 

*χ2was significant difference at (p < 0.05). 

The predominant phylogenetic group was B2, widely associated with pathogenic strains may 

identifythis group as the highest pathogenic. Previous findings by [54] suggested that the 
highly pathogenicnature of the group B2 might be one of the reasons to cause UTI. So, the 

intestinal tract acts as thereservoir for the uropathogens of group A and B2. The pathogenic 

potential of E. coli strains isthought to be dependent on the presence of virulence factors [42]. 
Previous studies have indicated that phylogroups B2 and D possess more virulence properties 
such asbiofilm formation and hemolysin secretion when compared with phylogroups A and 

B1 isolates[55], [56]. However, the results revealed a significant difference between all 

pathogenic andcommensal groups as explain in table (5). 

Table (5): Association among virulence factors genes and phylogenetic groups 

Variable 
Commensal groups 

(A+B1) No. (%) 

Pathogenic groups 

(B2+D) No. (%) 

Total 

 
P- value 

Virulence factor  

Genes 

afa 1(11.1) 6(25) 7 0.000* 

kps 6(66.7) 22(91.7) 28 0.000* 

pap 0(0) 2(8.3) 2 0.000* 

sfa 5(55.5) 15(62.5) 20 0.000* 

*χ2was significant difference at (p < 0.05). 

The current study indicated that among all phylogenetic groups, all virulence genes: pap, afa, 

sfa, andkpswhich was more frequent in A and B1 isolates were present in significantly higher 

percentage inphylogenetic group B2 isolates at (p < 0.05). 

Manoharan [57], reported that with increasing isolation of ESBL-producing isolates in the 

hospitalsettings necessitating the use of carbapenems which increases the problem of MBL 
production.The results of study showed high rates of MDR E. coli belong to the phylogenetic 

group B2 and in toa lesser extent to group D and displayed a great number of virulence genes 

and antibiotic resistancegenes among patients. These genes are present on mobile elements 
that could be transmitted todifferent pathogens, and multiple resistances to antimicrobial 

drugs among E. coli isolates complicatetherapeutic management of infections [8]. Moreover, 

the prevalence of isolates possessing severalresistance enzymes concomitantly has caused 

serious problems for treatment and diagnosis. 
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