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Background

Abstract

Background: Due to the increase of multidrug resistance (MDR) in organisms that cause urinary
tract infections (UTIs), we need to investigate anti-microbial resistance (AMR) in these pathogens
on a regular basis.

Objectives: The main purpose of this cross-sectional study was the use of updated phylotyping
method to evaluate the possible correlations between biofilm production, hemolysin production,
and antibiotic resistance among uropathogenic Escherichia coli (UPEC).

Materials and Methods: A total of 138 UPEC isolates were evaluated for biofilm formation,
hemolysin production, and antimicrobial susceptibility to five classes of antibiotics, including
quinolones, B-lactams, tetracyclines, and sulfonamides. The phylogenetic structure was
determined using the original and recently updated protocols.

Results: Our results demonstrated that of 138 UPEC isolates, the majority belonged to
phylogenetic group B2 (34.7%), followed by F (13.7%). Ninety-four (68%) isolates showed
hemolytic activity but hemolysis had no correlation with antibiotic resistance while a correlation
was observed between the hemolytic activity and biofilm formation. Moderate to strong biofilm
production was observed in 34.7% of the isolates. Additionally, 73% of them showed hemolytic
activity and most of them belonged to B2 phylogroup (37.5%). In this study, increasing rates of
phylogroup F were detected compared to the old method that indicates the possible importance
of this phylotype in UTI. Additionally, detecting the novel phylogroup G provides more precise
data which can only be obtained by the new method.

Conclusion: The findings of the present study showed that more precise phylotyping results can
be obtained when evaluating different aspects of UPEC in epidemiological studies using the new
complementary method.
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that some strains belonged to an intermediate group

Urinary tract infection (UTI) caused by uropathogenic
Escherichia coli (UPEC) strains is one of the most
commonly occurring bacterial infections worldwide.!
UPEC strains are a genetically heterogeneous group that
exhibits various virulence properties in the urinary tract.”
The identification of UTT is of great importance due to
its high prevalence and the dangerous consequences
including cystitis and pyelonephritis that may follow.
Escherichia coli exhibits extensive phylogenetic sub-
structures, which emphasizes the need to reliably
identify the E. coli phylogroups.® Clermont et al devised a
polymerase chain reaction (PCR) based method in 2013
that classified the 8 phylogenetic groups of E. coli as A, BI,
B2,C,D,E, and F, and Clade 1. In 2019, they analyzed the
accumulation of whole genome sequence data and found

between the F and B2 phylogroups, named as phylogroup
G, that interestingly showed higher rates of resistance.’
In the study of Jaureguy,* the B2 phylogenetic group
has been suggested to be a sister group to phylogenetic
group F, but in the study of Nielsen et al, by analyzing
the relationship between each phylogenetic group and
biofilm formation, a substantial difference in biofilm
formation was observed between strains of B2 and F
groups. In this way, biofilm formation in the B2 group
was relatively high in three media compared to the F
phylogroup.® Therefore, an investigation of the genetic
differences between phylogenetic groups of B2 and F was
warranted and a complementary phylotyping method
was developed in order to identify the intermediate group
as phylogroup G.°
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The ability of UPEC to form biofilms is considered the
main attribute of urinary tract pathogens, and similarly,
the biofilm formation capability of UPEC are the most
crucial factors for the establishment, persistence,
recurrence, and treatment in complicated cases of UTIs.®
In the urinary tract, biofilm protects the pathogens
against harmful conditions, antimicrobial agents, and the
host’s immune system, which is an important challenge
in UTT treatment.” To the best of our knowledge, no prior
study has been done to investigate the relationship of the
new phylogenetic classification with biofilm formation
and anti-microbial resistance (AMR).

Nowadays, resistance to antimicrobial agents is one of
the most important challenges worldwide and the rising
prevalence of AMR among different microorganisms
causes failure in antimicrobial treatment and an
increase in mortality and morbidity, which are the
alarming consequences of AMR.® It is certainly the
case for uropathogens, such as UPEC strains, where
multidrug-resistant strains are emerging and causing
treatment failure around the world.® In some of the
previous studies, phylotyping analysis demonstrated
that certain E. coli phylogenetic groups showed
resistance to special types of antibiotics.!® There is still
a need for further evidence to establish a connection
between phylogroup G strains and AMR, despite the
primary observation that antimicrobial resistance
determinants were common among phylogroup G
strains.’

UPEC releases toxins such as hemolysin, a pivotal
virulence factor of UPEC which targets several host
pathways to facilitate infection and optimize the host
environment for colonization in the host tissues.!!
UPEC strains that express genes related to hemolysin
production (e.g., HlyA) cause tissue damage in urinary
tract system.'? Therefore, evaluating the presence of
hemolysin production and determining its correlation
with phylogenetic groups, biofilm production, and AMR
in UPEC isolates could potentially lead researchers to a
better investigation, prevention, and treatment.

The aim of the study was to determine a new
classification of phylogenetic groups according to the
Clermont method and finally investigate the possible
correlation of this new phylogenetic classification with
biofilm formation ability, multidrug resistance (MDR),
and hemolysin production.

Materials and Methods

A total of 138 E. coli isolates were obtained from the urine
samples of patients with UTIs. At first, the identification
of isolates was done according to the colony morphology
on MacConkey agar. Then, gram-staining and standard
biochemical tests were performed and interpreted
according to the standard microbiological diagnostic
procedures."?

Molecular Phylotyping of UPEC

All isolates were cultured on Luria Bertani (LB) agar and
incubated overnight at 37°C. The boiled bacterial lysate
was used as template in PCR reactions.* The phylogenetic
origin of samples was determined using two protocols
described by Clermont et al in 2013 and 2019.**

The first step was a quadruplex PCR on the isolates
to detect four genes including arpA, chuA, yjaA, and
TspE4.C2. Then, based on the quadruplex genotype
obtained, an isolate either was immediately assigned
to a phylogroup or required supplementary PCRs to
be assigned to phylogroups E or D.* Another multiplex
PCR corresponding to the presence of the three genes,
including ybgD, cfaB, and trpA, was performed on all
isolates that were assigned to phylogroups B2 and F in
the first test.

The amount of each forward and reverse primer
used was 1 uM except for arpA and trpA, which was 0.5
puM. PCR amplification was done under the following
conditions: denaturation for 2 minutes at 95°C, 31cycles
of annealing for 10 seconds at 95°C and 30 seconds at 59°C
(quadruplex PCR and group G), and a final extension for
5 minutes at 72°C. All PCR tests were performed in a
volume of 20 uL containing 10 pL of ready-to-use PCR
Master Mix 2x (Ampliqon, Denmark), 3 pL of bacterial
lysate, and the appropriate primers as described before.
In Table 1, primer sequences and the size of amplicons
are shown in detail. The analysis of PCR products was
performed by electrophoresis using 1.5% (w/v) agarose
gel and DNA Green Viewer which is a safe nucleic acid
stain (0.01 v/v).

Antimicrobial Susceptibility Testing

The Kirby-Bauer disc diffusion method was utilized
according to the standard protocols to determine the
resistance of isolates to 9 antibiotics belonging to 5
antibiotic classes.”” The following antibiotics were used:
nitrofurantoin (300 pg/disc), nalidixic acid (30 pg/
disc), ciprofloxacin (5 pg/disc), norfloxacin (10 pg/
disc), cefalexin (30 pg/disc), ceftriaxone (30 pg/disc),
cefotaxime (30 pg/disc), doxycycline (30 pg/disc), and
sulfamethoxazole (25 pg/disc). All examinations and
also the interpretation of the findings were performed
according to the instructions and guidelines of the 2021
Clinical and Laboratory Standard Institute (CLSI).'
Escherichia coli ATCC 25922 was used as a control
organism. Finally, isolates resistant to at least three
antimicrobials belonging to three classes of antibiotics
were designated as MDR (Multidrug-resistant)."”

Biofilm Formation Ability

For detecting in vitro biofilm formation ability, the
Tissue Culture Plate method was used, which has been
described by Christensen et al as the gold standard
quantitative technique.”® E. coli strains were cultured
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Table 1. The Primers Used in Two Phylotyping Methods in this Study

Target Group Target Gene Primer Designation Primer Sequences Size of PCR Product (bp) Reference
AceK.f 5'-AACGCTATTCGCCAGCTTGC-3'
arpA 400
ArpAl.r 5'-TCTCCCCATACCGTACGCTA-3’
chuA.1b 5-ATGGTACCGGACGAACCAAC-3'
chuA 288
chuA.2 5'-TGCCGCCAGTACCAAAGACA-3’
PCR quadruple 4
yjaA.1b 5'-CAAACGTGAAGTGTCAGGAG-3
yjaA 211
yjaA.2b 5'-AATGCGTTCCTCAACCTGTG-3’
TspE4C2.1b 5-CACTATTCGTAAGGTCATCC-3'
TspE4.C2 152
TspE4C2.2b 5-AGTTTATCGCTGCGGGTCGC-3'
ArpAgpE.f 5-GATTCCATCTTGTCAAAATATGCC-3'
E group arpA 301 !
ArpAgpE.r 5-GAAAAGAAAAAGAATTCCCAAGAG-3'
ybgD.1 5-TATGCGGCTGATGAAGGATC-3'
G group ybgD 177 ?
ybgD.2 5'-GTTGACTAAGCGCAGGTCGA-3’
cfaB 5'-CTAACGTTGATGCTGCTCTG-3'
F group cfaB 384 ’
cfaB.2 5'-TGCTAACTACGCCACGGTAG-3'
trpBA.f 5'-CGGCGATAAAGACATCTTCAC-3’
Control trpA 489 4
trpBA.r 5'-GCAACGCGGCCTGGCGGAAG-3'

on LB plates in aerobic conditions overnight. Some
colonies were selected and cultured in 10 mL of LB
liquid medium for 18 hours. The turbidity of cultured
LB broth was compared with the 0.5 McFarland standard
to reach 10® CFU/mL. Then, 1 mL of cultured LB broth
was added to 9 mL of LB broth to reach a concentration
of approximately 107 CFU/ mL. Afterwards, 20 pL of
each culture sample was transferred to a well of a 96-
well plate and diluted to 200 uL with LB supplemented
with 2.5% glucose. Each sample had three repeats in
three wells. After incubation at 37°C for 24 hours, the
LB culture was removed and the plate was washed with
PBS. Afterwards, biofilms were stained with 200 pL of 1%
(v/v) crystal violet (CV) staining solution and incubated
for 10 minutes at room temperature. Then, CV was
discarded and the plate was washed with distilled water
until the excess CV was completely removed. Then,
biofilms formed in the plate wells were dissolved in 30%
acetic acid, and finally, OD600 was recorded using a
microplate reader (Bio-Rad, USA). The negative control
wells contained only broth and E. coli ATCC 25922 was
used as the positive control.'”? Biofilm forming capacity
was classified as follows: non-producer (OD<ODc),
weak biofilm producer (ODc<OD <2 ODc), moderate
biofilm producer (2 ODc<OD<4 ODc), and strong
biofilm producer (4 ODc<OD)."®

Detection of Hemolysin Production

The hemolysis test was performed on blood agar with 5%
sheep blood agar and the plates were incubated overnight
at 37°C. Plates were also kept at 4°C for 16-24 hours
to clearly observe hemolysis. Afterwards, hemolysin
production was detected by complete hemolysis of the
erythrocytes around the colony.!

Statistical Analysis

Data analysis was performed using SPSS version 16.0.
The chi-square test was used to compare the occurrence
of described factors and their association with UPEC
isolates. P values of less than 0.05 were considered
statistically significant.

Results

Antibiotic Resistance Pattern of UPEC Isolates

In this study, we analyzed the susceptibility of 138
isolates to 9 different types of antibiotics from 5 classes.
Out of 138 E. coli isolates, 80 (58%) were MDR. Figure 1
shows the antibiotic resistance of 138 UPEC isolates to 9
antibiotics used in this research. Forty-six (33%) isolates
were resistant to nitrofurantoin. Three antibiotics were
chosen from the quinolone class of antibiotics, including
nalidixic acid, ciprofloxacin, and norfloxacin, and it was
found that 101 (72%), 82 (59%), and 81 (58%) of isolates
were resistant to them, respectively. Three antibiotics
including cephalexin, ceftriaxone, and cefotaxime were
chosen from the beta-lactam class of antibiotics, and 134
(96%), 87 (62%), and 96 (69%) of isolates were resistant
to them, respectively. Additionally, from tetracycline
and sulfonamide classes of antibiotics, doxycycline and
sulfamethoxazole were selected, and 87(62.5%) and 78
(56%) isolates showed resistance to them, respectively.

Phylogenetic Distribution in UPEC Isolates

According to the Clermont methods (2013 and 2019),
phylotyping of 138 UPEC isolates revealed that most
strains belonged to the phylogroup B2 with 48 isolates
(34.7%), followed by F with 19 (13.7%), D with 16 (11.5%),
and B1 with 14 (10.1%) isolates. Some phylotypes were
not predominant including A with 5 (3.6%), Clade I with
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4 (2.8%), G with 3 (2.17%), and E with 1 isolates (0.7%),
respectively. Additionally, 28 (20.2%) isolates were not
phylotyped according to the applied methods (Table 2).
Of 70 isolates that were assigned to phylogenetic groups
B2 and F according to 2013 method, 14 isolates moved
from phylogroup B2 to phylogroups F (n=11) or G
(n=3) using the 2019 method.

Phylogenetic Grouping in MDR UPEC Strains

The phylotyping based on 2013 and 2019 methods
revealed that MDR strains belonged to 7 phylogroups as
follows: A, B1, B2, D, F, G, Clade I, and unknown (non-
typeable) (Table 2; Supplementary file 1). The majority of
MDR isolates belonged to phylogroup B2 with 34 isolates
(42.5%), followed by D with 12 isolates (15%), F with 10
isolates (12.5%), B1 with 5 isolates (6.2%), A, Clade I, and
G each one with 2 isolates (2.5%).

Biofilm-Related Phylogenetic Groups

Detection of biofilm formation in UPEC shows that out
of 138 UPEC isolates, 87 (63%) were found to be weak
biofilm producers, 39 (28%) isolates were moderate
biofilm producers, and 9 (6.5%) isolates were strong
biofilm producers whereas 3 (2%) isolates were found to
be non-biofilm producers.

All isolates in the phylogenetic group E produced
moderate biofilm. In the phylogenetic group BI, 1
isolate (6.6%) formed strong biofilm and 5 (33%) and 8
(53.3%) isolates produced moderate and weak biofilms,
respectively. Three (6.3%) isolates in the phylogenetic

group B2 were strong biofilm producer. Besides, in this
group, 15 (32%) isolates produced moderate biofilm and
29 isolates (61.7%) produced weak biofilm. The majority
of the isolates in the phylogenetic group D were weak
biofilm producers with 11 isolates (78.5%), and only 3
isolates (21.4%) were moderate biofilm producers.

Inphylogroup F, the rate of moderate and strong biofilm
formation was 42% (n=8), which was one of the highest
rates of biofilm formation among all phylogroups. Only 3
isolates were assigned to group G, all of which produced
weak biofilm (100%). Moreover, in the strong + moderate
biofilm producers, phylogenetic group B2 was the most
prevalent group.

Our data demonstrated that the ability to form a
strong and moderate biofilm was absent in phylogroup
A, and all isolates (100%) were weak biofilm producers.
Besides, out of 138 isolates, 28 isolates were not assigned
to any of the phylogenetic groups. In addition, 2 (6.6%),
8 (26.6%), and 18 (64%) isolates were strong, moderate,
and weak biofilm producers, respectively. Table 2 shows
the correlation between antimicrobial resistance, biofilm
production, and phylogenetic groups of 138 isolates.

Correlations Between Hemolysin Production and other
Parameters

Out of the 138 E. coli isolates, 94 isolates (68%)
produced hemolysin. The distribution of hemolysin in
each phylogroup is represented in Table 2. There is a
significant correlation between hemolysin and biofilm
formation and 100% hemolysin production was observed
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Figure 1. Frequency of Resistance of Uropathogenic E. coli Isolates (N=138) to Different Antibiotic Classes

Table 2. Relationship Between Antimicrobial Resistance, Biofilm Production, and Phylogenetic Groups of 138 UPEC Isolates

;l(;zl;)/tzygfgliased on Clermont MDR Non-MDR Strong Intermediate Weak No Biofilm Hls:;;?tlirlsein
A 2 (2.5%) 3 (5.1%) 0 1 4 0 2 (50%)
B1 5 (6.25%) 9 (15.5%) 1 4 8 1 8 (53%)
B2 34 (42.5%) 14 (24.1%) 3 16 29 0 36 (75%)
D 12 (15%) 4 (6.8%) 0 5 10 0 9 (64%)
E 0 (0%) 1(1.7%) 0 1 0 0 1 (100%)
F 10 (12.5%) 9 (15.5%) 3 5 9 2 15 (78%)
G 2 (2.5%) 1(1.7%) 0 0 3 0 1 (33%)
Clade | 2 (2.5%) 2 (3.4%) 0 2 2 0 4 (100%)
Unknown 13 (16.25%) 15 (25.8%) 2 6 20 0 18 (63%)
Total 80 58 9 41 85 3 94
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Figure 2. Relationship between the Biofilm Formation and Number of Isolates in Each Phylogenetic Group

in strains with the ability of strong and intermediate
biofilm formation (P<0.05).

Discussion
Escherichia  coli  exhibits extensive phylogenetic
substructure. Accordingly, it is possible to better
understand the characteristics of the genetic nature of
pathogenic or resistant strains using a more detailed
classification, which can facilitate the development of an
effective treatment strategy.’ In the current study on 138
uropathogenic E. coli, group B2 had the highest number
of MDR isolates among the phylogenetic groups, which is
similar to the findings of studies conducted in other areas
using the Clermont method (2013) including Ethiopia,?,
Mexico," and Iran.”* One explanation for this finding is
that UTT isolates are mostly derived from phylogroup B2
and phylogroup D,* which is consistent with our study.

Overall, implementing the novel complementary
phylotyping method showed advantages over the
original one as a high percentage of strains moved from
phylogroup B2 (14; 23%) to phylogroups F and G. This
finding was reported for the first time, indicating that
phylogroup F can be considered as a cause of UTI, which
was previously reported as B2.

The results obtained from the relationship between
antibiotic resistance and phylogenetic groups showed

that all isolates of group B2 were resistant to all antibiotic
agents used. In contrast, in groups A and E, there were
not any MDR isolates (Table 2). A similar finding was
reported by Ranjbar et al®; these data also suggest that
the majority of MDR isolates of UPEC belonged to
phylogenetic group B2, which is consistent with the
outcomes reported in South Korea.” In the current study,
the rate of MDR isolates that belonged to phylogenetic
groups B2, D, F, B1, G, and Clade I was 42.5%, 15%,
12.5%, 6.2%, 2.5%, and 2.5%, respectively (Table 2).

In this study, 97.8% of UPEC isolates exhibited biofilm
formation ability, and 34.7% of the isolates were moderate
to strong biofilm producers. Phylogroups E, Clade I,
and F had the highest percentage of strong to moderate
biofilm formation with rates of 100%, 50%, and 42%
respectively. As there was only one strain in phylogenetic
group E and 4 strains in Clade I, it was not possible to
draw a conclusion for these two phylogroups about the
correlation between phylogenetic groups and biofilm.
The phylogroup F with a rate of 42% ranked third in the
formation of biofilm, while in other studies by the use of
old phylogenetic structure conducted in Thailand*” and
Pakistan,?® the majority of biofilm producers belonged
to phylogenetic group B2. Additionally, in the study of
Pompilio et al,” no statistically significant difference was
found among phylogenetic groups in biofilm formation

102 |
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capacity. The ability to form a strong and moderate
biofilm was absent in phylogroup A, and all isolates
(100%) were weak biofilm producers. Three isolates were
assigned to group G, all of which produced weak biofilms
(100%). Therefore, it can be concluded that a low biofilm
production capacity was observed in this group using
the microplate method. Other methods for studying
biofilm production in this phylogenetic group may lead
to different or similar results, which are recommended
for more accurate conclusions. Moreover, for a more
accurate conclusion, comparison of a larger number of
phylogroup G is necessary.

Colonization with the hemolytic strains of E. coli is
more likely to cause UTI* and in this study, hemolysin
production was observed in 68% of all isolates.
Phylogenetic groups F and B2 with 78% and 75%
positive hemolysis had the highest rates of positivity. The
distribution of hemolysin production was almost similar
in non-MDR and MDR isolates. In other words, no
correlation was observed between hemolytic activity and
AMR. The present study supposed a possible correlation
between biofilm formation and hemolysin production
and showed that hemolytic isolates had a higher capacity
to produce biofilms (P<0.05). Such observation was also
reported before, which implies the importance of this
finding.*!

Conclusion

The majority of UPEC isolates from patients with
UTIs belonged to phylogenetic group B2, which was
highly resistant to most antibiotic agents. In this study,
phylogroup F had higher rates compared to previous
studies and showed the highest rate of moderate and
strong biofilm formation. Hemolytic activity had no
correlation with antibiotic resistance but showed a
positive correlation with biofilm formation. Importantly,
the present study showed the importance of phylogroup
F in UTI that was overlooked in the old method.

Acknowledgements

We sincerely thank Prof. Kiarash Ghazvini and Mrs. Shima Hoseini
for their kind support in sampling. We would also like to thank
Zahra Sabeti Noghabi for her help during the laboratory processes.
This research was supported by Ferdowsi University of Mashhad
under the project number FUM. 53230.

Authors’ Contribution

Conceptualization: Batoul Rahimifard , Gholamreza Hashemitabar,
Mahdi Askari Badouei.

Data curation: All Authors.

Formal analysis: Batoul Rahimifard, Gholamreza Hashemitabar,
Mahdi Askari Badouei, Vahid Soheili.

Funding acquisition: Batoul Rahimifard.

Investigation: All Authors.

Methodology: Batoul Rahimifard.

Supervision: Gholamreza Hashemitabar, Mahdi Askari Badouei.
Validation: All Authors.

Visualization: Batoul Rahimifard.
Writing — original draft: Batoul Rahimifard.
Writing — review & editing: All Authors.

Conflict of Interests

The authors declare that they have no competing interests.
Funding

The present project was supported by Ferdowsi University of
Mashhad (Grant No. 53230).

Supplementary File
Supplementary file S1.

References

1. Cristea VC, Gheorghe I, Czobor Barbu |, et al. Snapshot of
phylogenetic groups, virulence, and resistance markers in
Escherichia coli uropathogenic strains isolated from outpatients
with urinary tract infections in Bucharest, Romania. Biomed
Res Int. 2019;2019:5712371. doi:10.1155/2019/5712371

2. De Souza GM, Dos Santos Neto ER, da Silva AM, et
al. Comparative study of genetic diversity, virulence
genotype, biofilm formation and antimicrobial resistance
of uropathogenic Escherichia coli (UPEC) isolated from
nosocomial and community acquired urinary tract infections.
Infect Drug Resist. 2019;12:3595-3606. doi:10.2147/idr.
s228612

3. Clermont O, Dixit OVA, Vangchhia B, et al. Characterization
and rapid identification of phylogroup G in Escherichia
coli, a lineage with high virulence and antibiotic resistance
potential.  Environ  Microbiol.  2019;21(8):3107-3117.
doi:10.1111/1462-2920.14713

4. Clermont O, Christenson JK, Denamur E, Gordon DM. The
Clermont Escherichia coli phylo-typing method revisited:
improvement of specificity and detection of new phylo-groups.
Environ Microbiol Rep. 2013;5(1):58-65. doi:10.1111/1758-
2229.12019

5. Nielsen DW, Klimavicz JS, Cavender T, et al. The impact of
media, phylogenetic classification, and E. coli pathotypes on
biofilm formation in extraintestinal and commensal E. coli
from humans and animals. Front Microbiol. 2018;9:902.
doi:10.3389/fmich.2018.00902

6. Antypas H, Choong FX, Libberton B, Brauner A, Richter-
Dahlfors A. Rapid diagnostic assay for detection of cellulose in
urine as biomarker for biofilm-related urinary tract infections.
NPJ Biofilms Microbiomes. 2018;4:26. doi:10.1038/s41522-
018-0069-y

7. Hollyer 1, Ison MG. The challenge of urinary tract
infections in renal transplant recipients. Transpl Infect Dis.
2018;20(2):€12828. doi:10.1111/tid.12828

8. Hadifar S, Moghoofei M, Nematollahi S, et al. Epidemiology
of multidrug resistant uropathogenic Escherichia coli in Iran:
a systematic review and meta-analysis. Jpn ] Infect Dis.
2017;70(1):19-25. doi:10.7883/yoken J)ID.2015.652

9. Nolan LK, Li G, Logue CM. Origin and dissemination of
antimicrobial resistance among uropathogenic Escherichia
coli. In: Mulvey MA, Klumpp DJ, Stapleton AE, eds.
Urinary Tract Infections: Molecular Pathogenesis and
Clinical Management. John Wiley & Sons; 2017:179-205.
doi:10.1128/9781555817404.ch10

10. Paniagua-Contreras GL, Monroy-Pérez E, Bautista A, et
al. Multiple antibiotic resistances and virulence markers of
uropathogenic Escherichia coli from Mexico. Pathog Glob
Health. 2018;112(8):415-420. doi:10.1080/20477724.2018
1547542

11. Justice SS, Hunstad DA. UPEC hemolysin: more than just
for making holes. Cell Host Microbe. 2012;11(1):4-5.

International Journal of Enteric Pathogens Volume 10, Issue 3, August 2022 | 103



Rahimifard et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

doi:10.1016/j.chom.2012.01.001

Dhakal BK, Mulvey MA. The UPEC pore-forming toxin
a-hemolysin triggers proteolysis of host proteins to disrupt
cell adhesion, inflammatory, and survival pathways.
Cell  Host Microbe. 2012;11(1):58-69. doi:10.1016/j.
chom.2011.712.003

Nataro JP, Bopp CA, Fields PI, Kaper JB, Strockbine NA.
Escherichia, Shigella and Salmonella. In: Versalovic J, ed.
Manual of Clinical Microbiology. Washington, DC: American
Society for Microbiology Press; 2011:603-626.

Johnson JR, Brown JJ. A novel multiply primed polymerase
chain reaction assay for identification of variant papG genes
encoding the Gal(alpha 1-4)Gal-binding PapG adhesins
of Escherichia coli. ) Infect Dis. 1996;173(4):920-926.
doi:10.1093/infdis/173.4.920

Jenkins SG, Schuetz AN. Current concepts in laboratory
testing to guide antimicrobial therapy. Mayo Clin Proc.
2012;87(3):290-308. doi:10.1016/j.mayocp.2012.01.007
Humphries R, Bobenchik AM, Hindler JA, Schuetz AN.
Overview of changes to the Clinical and Laboratory
Standards Institute Performance Standards for Antimicrobial
Susceptibility Testing, M100, 31st Edition. J Clin Microbiol.
2021;59(12):e0021321. doi:10.1128/jcm.00213-21
Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-
resistant,  extensively  drug-resistant and  pandrug-
resistant bacteria: an international expert proposal for
interim standard definitions for acquired resistance. Clin
Microbiol Infect. 2012;18(3):268-281. doi:10.1111/j.1469-
0691.2011.03570.x

Hassan A, Usman ], Kaleem F, Omair M, Khalid A, Igbal M.
Evaluation of different detection methods of biofilm formation
in the clinical isolates. Braz ] Infect Dis. 2011;15(4):305-311.
Cepas V, Lopez Y, Munoz E, et al. Relationship between
biofilm formation and antimicrobial resistance in gram-
negative bacteria. Microb Drug Resist. 2019;25(1):72-79.
doi:10.1089/mdr.2018.0027

Shrestha R, Khanal S, Poudel P, et al. Extended spectrum
B-lactamase producing uropathogenic Escherichia coli and
the correlation of biofilm with antibiotics resistance in Nepal.
Ann Clin Microbiol Antimicrob. 2019;18(1):42. doi:10.1186/
$12941-019-0340-y

Shah C, Baral R, Bartaula B, Shrestha LB. Virulence factors of
uropathogenic Escherichia coli (UPEC) and correlation with
antimicrobial resistance. BMC Microbiol. 2019;19(1):204.
doi:10.1186/s12866-019-1587-3

Dadi BR, Abebe T, Zhang L, Mihret A, Abebe W, Amogne
W. Distribution of virulence genes and phylogenetics
of uropathogenic Escherichia coli among urinary tract

23.

24.

25.

26.

27.

28.

29.

30.

31.

infection patients in Addis Ababa, Ethiopia. BMC Infect Dis.
2020;20(1):108. doi:10.1186/s12879-020-4844-z

Moez NM, Mashouf RY, Sedighi I, Shokoohizadeh L, Taheri M.
Phylogroup classification and investigation the relationships
between phylogroups and antibiotic resistance patterns of
uropathogenic E. coli isolated from pediatric urinary tract
infection. Gene Rep. 2020;20:100758. doi:10.1016/j.
genrep.2020.100758

Farajzadah Sheikh A, Goodarzi H, Yadyad M], et al.
Virulence-associated genes and drug susceptibility patterns
of uropathogenic Escherichia coli isolated from patients with
urinary tract infection. Infect Drug Resist. 2019;12:2039-
2047. doi:10.2147/idr.s199764

Ranjbar R, Nazari S, Farahani O. Phylogenetic analysis and
antimicrobial resistance profiles of Escherichia coli strains
isolated from UTl-suspected patients. Iran J Public Health.
2020;49(9):1743-1749. doi:10.18502/ijph.v49i9.4094

Lee JH, Subhadra B, Son Y], et al. Phylogenetic group
distributions, virulence factors and antimicrobial resistance
properties of uropathogenic Escherichia coli strains isolated
from patients with urinary tract infections in South Korea. Lett
Appl Microbiol. 2016;62(1):84-90. doi:10.1111/lam.12517
Tewawong N, Kowaboot S, Pimainog Y, Watanagul N,
Thongmee T, Poovorawan Y. Distribution of phylogenetic
groups, adhesin genes, biofilm formation, and antimicrobial
resistance of uropathogenic Escherichia coli isolated from
hospitalized patients in Thailand. Peer]. 2020;8:e10453.
doi:10.7717/peerj.10453

Javed S, Mirani ZA, Pirzada ZA. Phylogenetic group
B2 expressed significant biofilm formation among drug
resistant uropathogenic Escherichia coli. Libyan ] Med.
2021;16(1):1845444. doi:10.1080/19932820.2020.1845444
Pompilio A, Crocetta V, Savini V, et al. Phylogenetic
relationships, biofilm formation, motility, antibiotic resistance
and extended virulence genotypes among Escherichia
coli strains from women with community-onset primitive
acute pyelonephritis. PLoS One. 2018;13(5):e0196260.
doi:10.1371/journal.pone.0196260

Shruthi N, Kumar R, Kumar R. Phenotypic study of virulence
factors in Escherichia coli isolated from antenatal cases,
catheterized patients, and faecal flora. J Clin Diagn Res.
2012;6(10):1699-1703. doi:10.7860/jcdr/2012/4669.2634
Tabasi M, Asadi Karam MR, Habibi M, Yekaninejad MS,
Bouzari S. Phenotypic assays to determine virulence factors
of uropathogenic Escherichia coli (UPEC) isolates and their
correlation with antibiotic resistance pattern. Osong Public
Health Res Perspect. 2015;6(4):261-288. doi:10.1016/j.
phrp.2015.08.002

104 |

International Journal of Enteric Pathogens Volume 10, Issue 3, August 2022



