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Purpose: Characterization of different uropathogenic E. coli (UPEC) phylogroups is crucial 
to understand pathogenesis of urinary tract infection (UTI). The objective of our study was to 
evaluate the antibiotic resistance pattern, biofilm formation and pathogenicity islands (PAIs) 
of UPEC phylogroups isolated from catheter-associated UTI (CAUTI) compared to commu-
nity UTI (Com-UTI).
Patients and Methods: This study included 90 UPEC strains recovered from CAUTI and 
Com-UTI. Antimicrobial susceptibility was tested by the Kirby–Bauer method and extended 
spectrum beta-lactamase (ESBL) production was confirmed using the combined disk. The 
biofilm formation was tested using the microtiter plate assay. Main E. coli phylogroups (A, 
B1, B2 and D) were detected by multiplex PCR and 2 multiplex PCR detected the 8 PAIs.
Results: Antibiotic resistance of UPEC strains showed a similar high resistance in CAUTI 
and Com-UTI. Isolates from CAUTI significantly produced biofilm higher than Com-UTI 
strains (68.9% vs 44.4%). In CAUTI and Com-UTI isolates, phylogroup A was the com-
monest (53.3% vs 48.9%, respectively). PAI IV536 was the most common in the strains from 
CAUTI (71.1%) and Com-UTI (73.3%). No significant relationship was detected between 
the studied characters and different phylogroups except the significant resistance to cefotax-
ime, ceftazidime and aztreonam among phylogroups from CAUTI isolates.
Conclusion: Increased antibiotic resistance and ESBLs were detected in UPEC strains from 
CAUTI and Com-UTI. The strains from CAUTI significantly produced biofilm higher than 
Com-UTI strains. Phylogroup A was the predominate phylogroup and PAI IV536 was the 
most prevalent marker in all phylogroups from both types of UTI.
Keywords: Escherichia coli, pathogenicity island, CAUTI

Introduction
Urinary tract infection (UTI) is one of the major causes of infections worldwide1 and is 
a leading cause of health-care associated infections which is commonly associated with 
the use of urinary catheters leading to high morbidity and mortality.2 Uropathogenic 
Escherichia coli (UPEC) is responsible for about half of the health-care associated urinary 
tract infections. Numerous virulence factors are possessed by UPEC and involved in 
developing the UTI such as adhesins, toxins, siderophores, lipopolysaccharide and 
capsules which facilitate the colonization, invasion and infection of the urinary tract.3,4

The virulence factors of UPEC are encoded on pathogenicity islands (PAIs) which 
are large size chromosomal DNA segments with a unique guanine and cytosine 
content. These pathogenicity islands are mobile genetic elements and can horizontally 
transfer the virulence genes so they have an important role in the evolution of the 
bacteria.5–7
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Several virulence factors of UPEC strains are encoded on 
different PAIs including PAI I536, PAI II536, PAI III536, PAI 
IV536, PAI ICFT073, PAI IICFT073, PAI IJ96 and PAI IIJ96. 
These virulence determinants are needed to overcome the host 
immunity and include α-hemolysin which helps host’s inva-
sion, adhesins that attach UPEC to the epithelium of the 
urinary tract as P-fimbrial adhesins and S-fimbrial adhesins, 
the cytotoxic necrotizing factor which assists dissemination 
and persistence of infection in the urinary tract and the iron 
acquisition systems (aerobactin and yersiniabactin).8–10

Escherichia coli (E. coli) is classified into four main 
phylogroups A, B1, B2, and D where each group has 
characteristic features allow it to induce the infection. 
This phylogenetic typing has initially depended on the 
characterization of three genetic markers chuA, yjaA 
genes and a DNA fragment TspE4.C211 then has been 
refined to improve its specificity via targeting an extra 
gene target, arpA, resulting in detection of eight E. coli 
phylogroups; A, B1, B2, C, D, E, F and clade I.12

Few data are available about the relationship between 
phylogroups, PAIs, biofilm formation and antibiotic resis-
tance pattern of UPEC causing catheter-associated UTI 
(CAUTI). The objective of our study was to evaluate the 
antibiotic resistance pattern, biofilm formation and PAIs of 
UPEC phylogroups isolated from CAUTI and UTI without 
an indwelling catheter (community acquired urinary tract 
infection (Com-UTI)).

Patients and Methods
This study included 45 UPEC strains isolated from urine of 
adult patients with CAUTI and 45 UPEC strains isolated 
from urine of adult patients with Com-UTI (UTI without an 
indwelling catheter). The patients with CAUTI and Com- 
UTI were 25 male/20 female and 27 female/18 male, respec-
tively with mean age ±SD; 53.7 ±12.06 and 38.29 ±13.64 for 
CAUTI and Com-UTI patients, respectively.

The CAUTI is an infection in a patient with a urinary 
catheter meeting the National Healthcare Safety Network defi-
nition of UTI.13 The Com-UTI is the urinary tract infection that 
occurs in the community or within <48 hours of hospital 
admission and is not incubated at the time of hospital 
admission.14

Urine samples were collected from adult patients 
admitted to the Intensive Care Units (ICU), Mansoura 
University Hospital, Egypt from July 2020 till 
December 2020. Each patient was subjected to complete 
history taking and clinical examination to diagnose the UTI.

The study was approved by Mansoura Faculty of Medicine 
ethical committee (R21.4.1305) and a signed informed con-
sent was obtained from each patient. This study was conducted 
in accordance with the Declaration of Helsinki.

Isolation and Identification of the UPEC
The morning midstream urine and urine from the urinary 
catheter were collected from patients under complete aseptic 
conditions and cultured on blood and MacConkey agars 
(Oxoid Ltd., England) to detect different E. coli strains.15 

The isolated UPEC was confirmed by Gram staining and the 
standard biochemical tests and only one isolate from each 
patient was investigated.16 The UTI was confirmed by iso-
lation of >105 colony-forming units (CFU) UPEC/mL mid-
stream urine and ≥103 CFU UPEC/mL catheterized urine.17

Antimicrobial Susceptibility Pattern
Antimicrobial susceptibility testing of the isolated UPEC 
was performed by Kirby–Bauer disk diffusion method. 
The following antimicrobial agents were used: gentamicin, 
amikacin, piperacillin-tazobactam, meropenem, cefurox-
ime, cefotaxime, ceftazidime, cefepime, ciprofloxacin, tri-
methoprim-sulfamethoxazole, aztreonam, ampicillin, 
amoxicillin-clavulanate, nitrofurantoin, norfloxacin and 
tetracycline (Oxoid Ltd.). E. coli ATCC 25922 was used 
as a quality control strain.18 The isolates were considered 
as multidrug resistant (MDR) if they were non-susceptible 
to ≥1 agent in ≥3 different antibiotic groups.19

To screen the extended-spectrum beta-lactamase (ESBL) 
production, the isolated UPEC strains were tested against 
cefotaxime (30 µg) and ceftazidime (30 µg) by the disk diffu-
sion method. Strains showing zone of inhibition ≤22mm for 
ceftazidime and ≤27mm for cefotaxime were selected for 
conformational tests of ESBL. The ESBL-producing UPEC 
isolates were confirmed by the combined disk method using 
the cefotaxime-clavulanic acid (30/10µg) and ceftazidime- 
clavulanic acid (30/10μg) disks. An increase of ≥5 mm in the 
diameter of the inhibition zones around disks containing cla-
vulanic acid as compared to the inhibition zones around disks 
free of clavulanic acid indicated ESBL producing strains.18

Biofilm Formation
Biofilm formation by UPEC strains was tested using the 
microtiter plate assay as previously described. Briefly, 
each well of a 96-well flat-bottom polystyrene plate was 
inoculated with 200μL of a standardized E. coli suspension 
in tryptic soy broth, incubated at 37°C for 24 h, washed 
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and stained with crystal violet, and then the optical density 
was measured at 492 nm.20

DNA Extraction from UPEC Strains
DNA was extracted from the isolated UPEC using the Gene 
JET genomic DNA purification kit (Thermo Fisher 
Scientific, Waltham, MA, USA) according to manufacturer’s 
instructions; then, DNA was stored at −20°C until used.

Phylogenetic Analysis
The main E. coli phylogroups (A, B1, B2 and D) were 
detected by multiplex PCR using primers (Table 1) that 
amplified the genes chuA and yjaA and the DNA fragment 
TspE4.C2 and then the interpretation of the results was 
performed as detailed by Clermont et al.11,12

Detection of PAIs by Multiplex PCR
Two multiplex PCRs (A and B) were performed to detect 
eight PAIs in the isolated UPEC (Table 1). The multiplex 

PCR A was performed to detect three PAI markers, PAI 
III536, PAI IV536 and PAI IICFT073, resulting in 200, 300 
and 400 base pair fragments, respectively. The multiplex PCR 
B was performed to detect five PAI markers, PAI IJ96, PAI 
ICFT073, PAI II536, PAI I536 and PAI IIJ96 resulting in 400, 
930, 1000, 1800 and 2300 base pair fragments, respectively.21

Statistical Analysis
Data were statistically analyzed using the Statistical Package 
for Social Sciences (SPSS) version 1 6 (SPSS Inc, Chicago, IL, 
USA). Qualitative data were expressed as numbers and per-
centages. Quantitative data were presented as mean and stan-
dard deviation. The Chi-square test or Fisher’s exact test was 
used for comparison between groups, as appropriate. Results 
with p < 0.05 were considered significant.

Results
The present study was conducted on UPEC strains isolated 
from urine of 45 adult patients admitted to ICU at Mansoura 

Table 1 Sequences of the Primers and the Size of Amplicon in Base Pair (Bp) Used in Multiplex PCR for Detection of UPEC Strains 
Phylogroups and PAIs

Target Primer Sequence Amplicon (Bp) Reference

PAI I536 TAATGCCGGAGATTCATTGTC 

AGGATTTGTCTCAGGGCTTT

1800 [21]

PAI II536 CATGTCCAAAGCTCGAGCC 

CTACGTCAGGCTGGCTTTG

1000 [21]

PAI III536 CGGGCATGCATCAATTATCTTTG 

TGTGTAGATGCAGTCACTCCG

200 [21]

PAI IV536 AAGGATTCGCTGTTACCGGAC 

TCGTCGGGCAGCGTTTCTTCT

300 [21]

PAI ICFT073 GGACATCCTGTTACAGCGCGCA 

TCGCCACCAATCACAGCGAAC

930 [21]

PAI IICFT073 ATGGATGTTGTATCGC 

ACGAGCATGTGGATCTGC

400 [21]

PAI IJ96 TCGTGCTCAGGTCCGGAATTT 

TGGCATCCCACATTATCG

400 [21]

PAI IIJ96 GGATCCATGAAAACATGGTTAATGGG 

GATATTTTTGTTGCCATTGGTTACC

2300 [21]

ChuA GACGAACCA ACGGTCAGGAT 

TGCCGCCAGTACC AAAGACA

279 [11]

YjaA TGAAGTGTCAGGAGACGCT G 

ATGGAGAATGCGTTCCTCAAC

211 [11]

TspE4C2 GAGTAATGTCGGGGCATTCA 

CGCGCCAACAAAGTATTACG

154 [11]

Infection and Drug Resistance 2021:14                                                                                             https://doi.org/10.2147/IDR.S325770                                                                                                                                                                                                                       

DovePress                                                                                                                       
3185

Dovepress                                                                                                                                                        El-Mahdy et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


University Hospital with CAUTI and 45 adult patients with 
Com-UTI over 6 months from July to December 2020. The 
patients with CAUTI were 25 male (55.6%) and 20 female 
(44.4%), while in Com-UTI, the UPEC strains were isolated 
from urine of 27 female (60%) and 18 male (40%). No 
significant association was detected between the age of 
patients and either types of UTI.

Antimicrobial Susceptibility Pattern and 
Biofilm Formation of UPEC Strains
Antibiotic susceptibility testing using Kirby–Bauer disk dif-
fusion method revealed that UPEC strains isolated from 
CAUTI had a high resistance to ampicillin, amoxicillin- 
clavulanate, cefuroxime, tetracycline, ciprofloxacin, norflox-
acin, trimethoprim-sulfamethoxazole, ceftazidime and 
aztreonam; 100%, 86.7%, 86.7%, 75.6%, 71.1%, 71.1%, 
66.7%, 55.6% and 53.3%, respectively. Similarly, the strains 
isolated from urine of Com-UTI displayed increased resis-
tance to ampicillin, cefuroxime, tetracycline, amoxicillin- 
clavulanate, ciprofloxacin, trimethoprim-sulfamethoxazole, 
norfloxacin, ceftazidime and aztreonam; 100%, 84.4%, 
75.6%, 73.3%, 66.7%, 62.2%, 60%, 46.7% and 46.7%, 
respectively. Both isolates recovered from CAUTI and Com- 
UTI displayed a low resistance to amikacin, meropenem and 
gentamicin; 4.4%, 6.7% and 26.7% in CAUTI and 2.2%, 
4.4% and 20% in Com-UTI, respectively. There was no 
significant difference between resistance pattern of UPEC 
isolated from CAUTI and Com-UTI (P > 0.05, Table 2).

The combined disk method confirmed that 22 strains 
isolated from CAUTI produced ESBLs in comparison to 
15 isolates from Com-UTI (48.9% vs 33.3%, P = 0.13, 
Table 2). Thirty-six UPEC strains isolated from CAUTI 
were MDR compared to 32 UPEC strains isolated from 
Com-UTI (80% vs 71.1%, P = 0.32, Table 2).

The biofilm assay using the microtiter plate method 
revealed that UPEC strains isolated from CAUTI signifi-
cantly produced biofilm more than the strains isolated 
from Com-UTI (68.9% vs 44.4%, P = 0.01, Table 2).

Phylogenetic Analysis
Phylogenetic analysis of UPEC isolates using multiplex 
PCR (Figure 1) revealed that in CAUTI, the most preva-
lent phylogroup was A followed by B2, D and B1; 53.3%, 
24.4% then 11.1% and 11.1%, respectively. In Com-UTI, 
phylogroup A was the common UPEC type (48.9%) fol-
lowed by phylogroups B2, D and B1; 31.1%, 13.3% and 
6.7%, respectively. No statistical differences were 

observed in the distribution of different phylogroups 
between CAUTI and Com-UTI (P = 0.40, Table 2).

Detection of PAIs
Detection of PAIs was performed using 2 Multiplex PCR 
(A and B) (Figures 2 and 3) and revealed 5 out of 8 PAIs; 
PAI III536, PAI IV536, PAI ICFT073, PAI IICFT073 and 

Table 2 Comparison of the Phylogenetic Groups, PAIs, 
Antibiotic Resistance Pattern and Biofilm Formation of UPEC 
Isolated from CAUTI and Com-UTI

CAUTI  

(No = 45) No/ 

%

Com-UTI  

(No = 45) No/ 

%

P value

Phylogenetic Groups

A 24 (53.3%) 22 (48.9%) (0.40)

B1 5 (11.1%) 3 (6.7%)

B2 11 (24.4%) 14 (31.1%)

D 5 (11.1%) 6 (13.3%)

PAIs

PAI III536 2 (4.4%) 0 (0%) (0.49)

PAI IV536 32 (71.1%) 33 (73.3%) (0.81)

PAI IICFT073 21 (46.7%) 19 (42.2%) (0.60)

PAI IJ96 4 (8.9%) 2 (4.4%) (0.67)

PAI ICFT073 3 (6.7%) 2 (4.4%) (1)

No PAI 5 (11.1%) 6 (13.3%) (0.74)

1PAI 22 (48.9%) 23 (51.1%) (0.83)

2 PAIs 14 (31.1%) 15 (33.3%) (0.82)

3 PAIs 4 (8.9%) 1 (2.2%) (0.36)

Antimicrobial agents

Gentamicin 12 (26.7%) 9 (20%) (0.45)

Amikacin 2 (4.4%) 1 (2.2%) (1)

Piperacillin-tazobactam 8 (17.8%) 6 (13.3%) (0.56)

Meropenem 3 (6.7%) 2 (4.4%) (1)

Cefuroxime 39 (86.7%) 38 (84.4%) (0.76)

Cefotaxime 22 (48.9%) 21 (46.7%) (0.83)

Ceftazidime 25 (55.6%) 21 (46.7%) (0.39)

Cefepime 21 (46.7%) 17 (37.8%) (0.39)

Ciprofloxacin 32 (71.1%) 30 (66.7%) (0.64)

Trimethoprim- 

Sulfamethoxazole

30 (66.7%) 28 (62.2%) (0.66)

Aztreonam 24 (53.3%) 21 (46.7%) (0.52)

Ampicillin 45 (100%) 45 (100%) NA

Amoxicillin-Clavulanate 39 (86.7%) 33 (73.3%) (0.11)

Nitrofurantoin 12 (26.7%) 14 (31.1%) (0.64)

Norfloxacin 32 (71.1%) 27 (60%) (0.26)

Tetracycline 34 (75.6%) 34 (75.6%) (1)

MDR 36 (80%) 32 (71.1%) (0.32)

ESBL 22 (48.9%) 15 (33.3%) (0.13)

Biofilm 31 (68.9%) 20 (44.4%) (0.01)*

Note: *P value ≤ 0.05 was considered significant.
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PAI IJ96. No one of the tested PAI was detected in 5 
(11.1%) UPEC isolates from CAUTI and 6 (13.3%) 
UPEC strains from Com-UTI. One PAI was detected in 
22 (48.9%) UPEC isolates from CAUTI and 23 (51.1%) 
UPEC isolates from Com-UTI. Two PAIs were recovered 

in 14 (31.1%) and 15 (33.3%) UPEC isolates from CAUTI 
and Com-UTI, respectively. Three PAIs were revealed in 4 
(8.9%) UPEC isolates from CAUTI and one (2.2%) UPEC 
isolate from Com-UTI. No statistical differences were 
observed in the number of different PAIs in UPEC 
between CAUTI and Com-UTI (P > 0.05, Table 2).

In UPEC strains isolated from CAUTI, PAI IV536 was the 
most prevalent marker (71.1%) followed by PAI IICFT073, 
PAI IJ96, PAI ICFT073 and PAI III536 (46.7%, 8.9%, 6.7% 
and 4.4%, respectively). Likewise, UPEC stains recovered 
from Com-UTI showed a high prevalence of PAI IV536 
(73.3%) followed by PAI IICFT073, PAI IJ96 and PAI 
ICFT073 (42.2%, 4.4% and 4.4%, respectively). No statistical 
differences were detected between PAIs isolated from UPEC 
strains from CAUTI and Com-UTI (P > 0.05, Table 2).

Relationship Between the Phylogroups, 
Antibiotic Resistance Pattern and Biofilm 
Formation
In CAUTI, no statistical differences were detected in the anti-
biotic resistance among different UPEC phylogroups apart 
from the resistance to cefotaxime, ceftazidime and aztreonam 
where phylogenetic D had significantly high resistance in 
comparison to other phylogenetics (P = 0.0001, 0.0001 and 
0.033, respectively, Table 3). On the other hand, in Com-UTI, 
no significant relationship was observed between the antibiotic 
resistance and different UPEC phylogroups (P > 0.05, Table 3).

The ESBL production was higher in phylogroup A UPEC 
from CAUTI (79.2%) and Com-UTI (41%), yet not significant 
(P = 0.471 and 0.375, respectively, Table 3). No significant 
association was detected between different phylogenetic 
groups and MDR in both types of urinary tract infections (P 
> 0.05, Table 3). The phylogroup D had more biofilm produ-
cers in CAUTI (80%) and Com-UTI (50%); however, this was 
not significant (P > 0.05, Table 3).

Relationship Between the Phylogroups 
and PAIs
In CAUTI, all isolates of phylogroups B1 and B2 carried 
PAIs, while only 83.3% and 80% of phylogroups A and 
D had PAIs. In all phylogroups, PAI IV536 was the most 
prevalent marker in 100%, 91%, 62.5% and 40% of isolates 
in groups B1, B2, A and D, respectively (Table 4). A different 
pattern was observed in Com-UTI UPEC, where 100%, 
86.4%, 85.7% and 83.3% of phylogroups B1, A, B2 and 
D strains, respectively had PAIs predominantly PAI IV536; 
66.7%, 81.8%, 64.3% and 66.7%, respectively (Table 4).

Figure 1 Detection of UPEC phylogroups using multiplex PCR11 targeting the 
genes chuA (279bp) and yjaA (211bp) and the DNA fragment TspE4.C2 (154bp). 
Lane M: 100 bp DNA Ladder. Lane 1: Distilled water as negative control, Lane 2: 
phylogroup A, Lane 3: phylogroup B1, Lane 4,5: phylogroup A, Lane 6: phylogroup 
B1, Lane 7: phylogroup B2, Lane 8: phylogroup A, Lane 9: phylogroup A, Lane 10: 
phylogroup D, Lane 11: phylogroup A, Lane 12: phylogroup B2 and Lane 13: 
phylogroup A.

Figure 2 Detection of UPEC PAIs using multiplex PCR A to detect PAI III536 (200 
bp), PAI IV536 (300 bp) and PAI IICFT073 (400 bp). Lane M: 100 pb DNA ladder. 
Lane 1: UPEC strains with PAI IICFT073, Lane 2: UPEC strains with no PAI, Lane 3: 
UPEC strains with PAI IV536 and PAI IICFT073, Lane 4: UPEC strains with no PAI 
and Lane 5: UPEC strains with PAI IV536.
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Discussion
The UTI is one of the leading causes of bacterial infections 
either in community or hospital facilities where the 
CAUTI is considered one of the most common cause of 
health-care associated infections as the catheter is 
a predisposing factor to UTI mostly due to uropathogenic 
E. coli. Characterization of different phylogroups of uro-
pathogenic E. coli is crucial to understand the pathogen-
esis of the infection and plan for treatment, prevention and 
control of UTI especially in hospitals.7,22

The present study involved UPEC strains isolated from 
90 adult patients with CAUTI and Com-UTI. Antibiotic 
resistance pattern of UPEC strains showed a similar high 
resistance pattern in CAUTI and Com-UTI strains to ampi-
cillin, amoxicillin-clavulanate, cefuroxime, tetracycline, 
ciprofloxacin, norfloxacin, trimethoprim-sulfamethoxa-
zole, ceftazidime and aztreonam; 100%, 86.7%, 86.7%, 
75.6%, 71.1%, 71.1%, 66.7%, 55.6% and 53.3% vs 
100%, 73.3%, 84.4%, 75.6%, 66.7%, 60%, 62.2%, 
46.7% and 46.7%, respectively, and a similar low resis-
tance to amikacin, meropenem and gentamicin; 4.4%, 
6.7% and 26.7% vs 2.2%, 4.4% and 20%, respectively.

In agreement with our results, E. coli strains from UTI 
in Ethiopia had a high resistance rate to ampicillin 
(86.5%), ceftazidime (84%), tetracycline (80%), trimetho-
prim-sulfamethoxazole (68.5%) and cefotaxime (66%) and 
low resistance rate to gentamicin (20%), amikacin (2.5%) 
and meropenem (0%).22 Similarly, in Egypt UPEC isolates 
displayed a high resistance to ampicillin (91.4%), 

amoxicillin-clavulanate (84.6%), cefuroxime (90.3%), tet-
racycline (71.4%), ciprofloxacin (60%), norfloxacin 
(60%), trimethoprim-sulfamethoxazole (70.9%), ceftazi-
dime (69.1%) and aztreonam (64%).23 Comparable to our 
results, the low resistance of E. coli to amikacin, merope-
nem and gentamicin has been reported in Egypt,23 India,24 

Iran25 and Hungary.26

The ESBLs are commonly produced by E. coli either in 
community or health-care associated infections. In the 
current study, 48.9% of UPEC isolates from CAUTI pro-
duced ESBLs in comparison to 33.3% of strains from 
Com-UTI in agreement with other studies from Egypt 
where the prevalence of ESBLs in E. coli ranged from 
39% to 52%.27,28

Increased prevalence of MDR UPEC worldwide and in 
Egypt is considered a major health challenge due to diffi-
cult treatment. In the current work, 80% of UPEC strains 
from CAUTI were MDR in comparison to 71.1% of iso-
lates from Com-UTI. Consistently, the high prevalence of 
MDR UPEC has been recorded in Egypt (91%),23 Iran10,29 

and Mongolia30 especially in CAUTI.31 There were no 
extensively drug resistant (XDR) UPEC strains which 
were susceptible to only one or two antibiotic groups or 
pandrug-resistant (PDR)32 UPEC isolates that were non- 
susceptible to all agents in all antimicrobial groups among 
all isolates from CAUTI and Com-UTI.

The association between the biofilm production by 
UPEC and the antibiotic resistance is a matter of 
debate.33 However, it has been documented that E. coli 
causing UTI is associated with biofilm formation with 

Figure 3 (A and B) Detection of UPEC PAIs using multiplex PCR B to detect 5 PAIs; PAI IJ96 (400 bp), PAI ICFT073 (930 bp), PAI II536 (1000 bp), PAI I536 (1800 bp) and 
PAI IIJ96 (2300 bp). (A); Lane M: 100 pb DNA ladder. Lanes 1–5: UPEC strains with PAI ICFT073. (B); Lane M: 100 pb DNA ladder. Lanes 1–6,8: UPEC strains with no PAI 
and Lanes 7,9 UPEC strains with PAI IJ96.
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increasing the resistance to antibiotics due to the need for 
high concentration of drugs to reach the base of biofilm 
leading to its difficult eradication as has been reported in 
Egypt23 where 76.5% of UPEC isolates were associated 
with biofilm formation. In the present study, UPEC strains 
isolated from CAUTI significantly produced biofilm 
higher than Com-UTI strains (68.9% vs 44.4%). This is 
in agreement with another study that has documented that 
biofilm formation by UPEC is significantly higher in 
catheterized patients than non-catheterized patients.24 

Similarly, a study from Pakistan has reported that 68.8% 
of E. coli causing CAUTI has been associated with biofilm 
production.2

Regular surveillance and monitoring, implementation 
of infection control measures to reduce CAUTI and anti-
biotic stewardship are mandatory to control UTI especially 
CAUTI and prevent the spread of antibiotic resistance 
and MDR.

Each E. coli phylogroup has a characteristic virulence 
features which control its pathogenicity. It has been 
reported that UPEC belongs to phylogroups B2 and D, 
while phylogroups A and B1 are commensals.30,34 In our 
study, the common phylogroup in CAUTI and Com-UTI 
isolates was phylogroup A (53.3% vs 48.9%, respectively) 
followed by B2, D and B1. The phylotyping of UPEC 
isolates was performed according to the scheme proposed 
by Clement et al11 to detect the 4 main UPEC phylogenetic 
types more prevalent in our geographic region.3,22,23,25,35

Several studies showed different distributions of the 
phylogroups of UPEC in the studied population. In 
Ethiopia, UTI was mainly caused by group B2 (30%) fol-
lowed by group D (27.5%), group B1 (24%) and group 
A (18.5%).22 In agreement, literatures from Mongolia,30 

Poland36 and Iran37 have stated that group B2 is the most 
prevalent E. coli strains. On the other hand, phylogroup 
D was the most prevalent group causing UTI in China.38

Consistent with our study, a study from Egypt35 has 
documented that phylogroup A is predominant in UPEC 
strains followed by group B2 and lastly D. The predomi-
nance of phylogroup A E. coli has been also reported in 
China,39 Russia40 and Iran.41

It has been suggested that phylogroup A could be 
pathogenic as other E. coli phylogroups as it possess the 
virulence genes as other pathogenic phylogroups. In addi-
tion, the gastrointestinal tract might be the reservoir of the 
pathogenic UPEC causing UTI. The difference in the dis-
tribution of phylogenetic groups in different literatures Ta
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might be due to the geographical variation and the differ-
ent enrolled patients, samples and diagnostic methods.22,35

The present study detected 5 out of 8 PAIs in 88.9% 
and 86.7% of UPEC isolates from CAUTI and Com-UTI, 
respectively. PAI IV536 was the most common marker 
detected in UPEC strains from CAUTI (71.1%) and Com- 
UTI (73.3%) followed by PAI IICFT073, PAI IJ96, PAI 
ICFT073 and PAI III536. No statistical differences were 
detected in the number and types of PAIs between CAUTI 
and Com-UTI E. coli strains.

PAIs are present in pathogenic E. coli strains carrying 
the virulence genes that encode the virulence determinants 
and are rarely found in non-pathogenic strains. Similar to 
our findings, Firoozeh et al7 have detected 5 of 8 PAIs in 
87.1% of the UPEC isolates where the PAI IV536 was the 
most prevalent marker. They found 42% of the UPEC 
isolates from CAUTI carried 2–3 PAI markers at the 
same time primarily PAI IV536 with no difference in the 
detected PAIs among CAUTI and Com-UTI strains. 
Consistent with our study, Sabate et al21 have documented 
that 93% of UPEC isolates carried PAI markers predomi-
nantly PAI IV536 and 43% of UPEC carried 2–3 PAIs. In 
accordance with our findings, PAIs were detected in 98.7% 
of UPEC mostly PAI IV536 followed by PAI IICFT073 
and multiple PAIs were detected in 58.7% of the isolates.10

PAI IV536 is called High-Pathogenicity Island (HPI) 
and is highly frequent in commensal E. coli, UPEC and 
Enterobacteriaceae suggesting that it might be a fitness 
island not a pathogenicity one. Additionally, it is the first 
PAI acquired and most stable PAI on the 
chromosome.7,10,21

In the current study, PAI I536, PAI II536 and PAI IIJ96 
were not detected and PAI IJ96 and PAI III536 were 
detected at a low frequency in UPEC isolates which 
might be because of PAI II536 and PAI IJ96 is not impor-
tant in the pathogenesis of UTI. Additionally, PAI II536 
and PAI III536 are unstable and easy to lose.10,21

In the present work, CAUTI and Com-UTI isolates had 
no significant relationship between the antibiotic resistance 
pattern and different phylogroups except the significant 
resistance of cefotaxime, ceftazidime and aztreonam with 
phylogenetic D in CAUTI isolates. Similarly, there were 
no significant differences in resistance rate among differ-
ent UPEC phylogroups despite the high insignificant resis-
tance pattern in groups D and A with some 
antibiotics.20,25,30 Additionally, in Mexico, the high anti-
biotic resistance was distributed in all phylogenetic 
groups.42

Different data are available about the relationship of 
antibiotic resistance profile with specific phylogroups such 
as A,41,43 B23,42,44 and E.37 This variation in the distribu-
tion of the antibiotic resistance between UPEC phyloge-
netic groups might be due to different dominant 
phylogroups in the different geographic regions even 
within the same country.37,44 No significant association 
was detected between different phylogenetic groups and 
MDR in accordance with other literatures.20,25,30 No rele-
vance was detected in the phylogenetic groups with 
respect to the biofilm formation in contrary to other litera-
tures where phylogroups A20 and B245 have been asso-
ciated with more biofilm production.

In the current study, PAIs were prevalent in all strains 
of phylogroups B1 and B2 from CAUTI and phylogroup 
B1 from Com-UTI predominantly PAI IV536. It has been 
documented that there is a positive association between 
phylogroup B2 and the presence of PAIs in UPEC as it 
carries several even all of the tested PAIs reflecting the 
preference of specific phylogroups to encode the virulence 
determinants.21,44,46

Further studies are necessary to clarify the role of 
phylogroups A and B1 in UTI; whether those groups 
recovered from UTI are commensals or natural pathogens 
in healthy individuals with UTI because of their posses-
sion of high number of PAIs which suggests that the colon 
might act as a reservoir for UTI by commensal E. coli.47 

Future work is needed to improve our phylogenetic typing 
of UPEC by adopting the updated Clermont et al12 phylo-
typing scheme. Additionally, the small number of our 
studied patients is a limiting factor for a consolidated 
conclusion; therefore, more in-depth, large-scale studies 
are needed to validate the current findings.

Conclusions
The current study highlighted the increased antibiotic 
resistance rate, ESBL production and MDR in UPEC 
strains isolated from both types of UTIs. The UPEC strains 
from CAUTI significantly produced biofilm higher than 
Com-UTI strains. Phylogroup A UPEC was the predomi-
nate phylogroup in both urinary tract infections. No sig-
nificant relationship was detected between the antibiotic 
resistance profile, MDR, ESBL production and biofilm 
formation among different UPEC phylogroups from 
CAUTI and Com-UTI except the significant resistance of 
cefotaxime, ceftazidime and aztreonam in phylogenetic 
D from CAUTI isolates. PAI IV536 was the most 
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prevalent marker in all phylogroups from CAUTI and 
Com-UTI making it a promising option for a new treat-
ment strategy.
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