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Abstract

Background: Escherichia coli (E. coli) strains have been classified into eight distinct phylogenetic clusters as per anovel
quadruplex PCR method. However, the exact phylogenetic relationship among these bacterial lineages is still uncertain.

Objectives: The current study employed the Clermont phylotyping method to enhance the understanding of phylo-
genetic clusters of E. coli and evaluate antibiotic resistance in uropathogenic E. coli (UPEC) strains in Iraq.

Materials and Methods: A total of forty-two UPEC isolates were evaluated for antibiotic susceptibility using a disk
diffusion test, while the innovative Clermont phylotyping method was employed for the phylogenetic classification of
the isolates.

Results: The results showed that different phylogroups were found at the hospitals in Babylon Governorate, Iraq.
Phylogroup B2 was the most common, accounting for 47.61% of the samples. It was followed by Clade I (14.28%),
B1 (11.90%), A (9.52%), D (4.76%), C (2.38%), and an unidentified phylogroup (9.52%). Furthermore, 37 (88.09%) and 5
(11.90%) of the 42 uropathogenic E. coli isolates under study exhibited multidrug resistance (MDR) and extensive drug
resistance (XDR), respectively. There are many MDR and XDR UPEC isolates within phylogroup B2, as evidenced by
the fact that MDR and XDR strains within the group accounted for 17 out of 37 cases (45.24%) and 3 out of a total of 5
cases (60%), respectively. Additionally, two new phylogroups were discovered, called C and clade I, which are connected
to cryptic E. coli and E. coli sensu stricto, respectively.

Conclusion: Therefore, more research must be done to better understand the characteristics of antibiotic resistance as
well as the prevalence of various phylogroups in Iraq.
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1. Introduction

rinary tract infections (UTIs) are a group of bac-

terial infections caused by antibiotic-resistant
uropathogens, such as Escherichia coli (E. coli), Kleb-
siella pneumoniae (K. pneumoniae), Proteus mirabilis
(P. mirabilis), Enterococcus faecalis (E. faecalis), and
Staphylococcus saprophyticus (S. saprophyticus) [1].
Escherichia coli remains the predominant species re-

sponsible for these infections [2], comprising approx-
imately 80% of community-acquired urinary tract
infections [3].

Urinary tract infections (UTIs) are currently a sig-
nificant worldwide health issue, and many coun-
tries consider them an ongoing problem that poses
a threat to public health [4]. Although UTIs typi-
cally do not show any symptoms, multiple studies
have established a connection between UTIs and
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various pathological outcomes, including end-stage
kidney disease. The mainstay of the conventional
treatment approach for urinary tract infections is an-
tibiotic therapy, which can be given either as targeted
antimicrobial chemotherapy or as empirical antibi-
otic chemotherapy. In order to evaluate antibiotic
resistance and effectiveness against the infecting mi-
croorganism, potential antibiotics are examined after
the specific causative agent has been identified in
customized antimicrobial therapy [5, 6]. The com-
monly prescribed antibiotics for both UTIs acquired
in the community and in the hospital include g-
lactam antibiotics, fluoroquinolones, cotrimoxazole,
nitrofurantoin and fosfomycin [7, 8].

Escherichia coli strains classified as uropathogenic
(UPEC) are distinct from commensal strains of the
same genus because they affect extraintestinal tis-
sues pathologically [9]. It is known that UPEC strains
have a variety of virulent traits, such as extra ge-
netic material that increases pathogenecity [10]. As
the primary cause of UTIs, UPEC strains are re-
sponsible for complicated and non complicated cases
[11]. Presently, there is increasing evidence that UTI-
associated UPEC isolates are becoming more resistant
to commonly prescribed antibiotics [12-15].

The primary, overarching theme in the biologi-
cal sciences is evolution. Given that medicine is
founded on fundamental biological principles, it is
unquestionably an exception. It’s interesting to note,
however, that very few medical research studies offer
an evolutionary analysis of the subjects they examine
[16]. As such, there is currently a pressing need for
information to address biomedical issues [17].

The emergence of new infectious agents has al-
ways posed a potentially deadly crisis for humanity
[18]. This remains a significant public health con-
cern, placing strain on the global economy and
health institutions. Phylogenetics is a field that helps
us understand the evolutionary relationships within
microbial populations. It does this by developing
frameworks based on molecular evolution, deducing
patterns of diversification, and tracking evolutionary
changes. Phylogenetics is particularly useful for ana-
lyzing the emergence and evolution of both existing
and new microbial species and subspecies. Phylo-
dynamic analysis utilizes the interaction between
epidemiological models and phylogenetic inferences
to enhance and broaden our comprehension of dis-
ease spread, transmission patterns, and the influence
of human activities on the evolution of infectious
pathogens. Escherichia coli is a Gram-negative, rod-
shaped, anaerobic, flagellated, non-spore-forming,
genetically versatile bacterial species [19].

Although most E. coli strains are harmless and nat-
urally reside in the gastrointestinal tract as part of
the normal microflora, some have developed into
pathogenic strains that can cause diseases either
within or outside the intestines [20], leading to addi-
tional diseases outside the intestines, such as cystitis
[21], pyelonephritis [22], pneumonia [23, 24], menin-
gitis [25, 26], neurological infectious lesions [25], uri-
nary tract infections, peritonitis [27], and septicemia
[22]. It also causes intestinal diseases, including en-
terohemorrhagic and diarrheagenic illnesses (such as
traveler’s diarrhea) [28]. Microbiologists primarily re-
lied on conventional, phenotype-centered methods
for classifying bacteria. Since the genomic era began,
the method by which evolutionary microbiologists
classify microorganisms into taxonomic groups has
undergone significant changes [29].

Comparative genomics has shown that molecular
phylogenetics, can reveal the molecular differences
that identify an organism based on its physical char-
acteristics [30]. E. coli has been categorized both
genotypically and phenotypically in recent years [31,
32]. However, a research has shown that phenotypic
classification of E. coli is unreliable because it cannot
distinguish the cryptic lineages [30]. Nevertheless,
cryptic strains have been taxonomized into five dis-
tinct monophyletic taxa, known as Escherichia clades
I-V [30, 33]. Clermont and associates have been de-
veloping a multiplex rapid PCR assay for typing the
genus, Escherichia since 2000. To classify E. coli iso-
lates into one of the eight phylogroups A, B1, B2, C, D,
E,and F, or E. coli sensu stricto—and clade I, an E. coli
cryptic lineage—quadruplex PCR was introduced in
2013 and targets an additional gene called arpA in ad-
dition to three other genes, chuA, yjaA, and TspE4.C2
[34].

The phylogroup B2 is primarily responsible for the
majority of virulent uropathogenic E. coli (UPEC) iso-
lates that cause pathogenicity in extra-intestinal sites,
with group D showing a minor prevalence. On the
other hand, most commensal isolates belong to either
group A or group B1 [7, 8, 35, 36]. The present study
aimed to assess the effectiveness and feasibility of
Clermont’s novel scheme (2013) in phylogenetic typ-
ing of UPEC isolates native to Iraq. This is important
because any alteration in phylogenetic typing plays a
crucial role in increasing the accuracy of phylotyping,
identification of emerging taxa, and development of
new therapeutic agents. The current study sought to
determine the resistance of the examined isolates to
antimicrobial agents as well as to distinguish between
the UPEC phylogroups using the novel technique de-
veloped by Clermont and colleagues.
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Table 1. Phylogenetic markers with their primer sequences, amplicon sizes (bp) and PCR conditions.

The name of primer Primer sequence (5'-3) Product size Condition
94°C 4min 1Ix
94°C  5sec
chuA F:5-ATGGTACCGGACGAACCAAC-3 288 59°C 20sec 30x
R:5-TGCCGCCAGTACCAAAGACA-3 72°C 5 min

72°C 5min 1x
94°C 4 min 1x

94°C  5sec
yjaA F:5-CAAACGTGAAGTGTCAGGAG-3 211 59°C 20sec 30x
R:5-AATGCGTTCCTCAACCTGTG-3 72°C 5 min

TspE4C2

72°C 5min 1x

94°C 4 min 1x
94°C  5sec

F:5-CACTATTCGTAAGGTCATCC-3 152 59°C 20sec 30x

R:5-AGTTTATCGCTGCGGGTCGC-3 72°C  5min

72°C 5min 1x

94°C 4 min 1x
94°C  5sec

arpA F:5-AACGCTATTCGCCAGCTTGC-3 400 59°C 20sec 30x
R:5-TCTCCCCATACCGTACGCTA-3 72°C  5min

arpA (groupE)

72°C 5min 1x

94°C 4 min 1x
94°C  5sec

F:5-GATTCCATCTTGTCAAAATATGCC-3 301 59°C 20sec 30x

R:5GAAAAGAAAAAGAATTCCCAAGAG 72°C  5min

trpA (groupC)

72°C 5min 1x

94°C 4 min 1x
94°C  5sec

F:5-AGTTTTATGCCCAGTGCGAG-3 219 57°C 20sec 30x

R:5-TCTGCGCCGGTCACGCCC-3 72°C  5min

72°C 5min 1x

2. Materials and methods

2.1. Diagnosis of bacterial strains

Two hundred male and female UTI patients at
the Al-Hashimyah General and Al-Hillah General
Teaching Hospitals in the Iraqi province of Babylon
provided urine samples between February and June
2017. All of the patients ranged in age from five
to sixty-nine. The standard microbial and biochemi-
cal protocols as previously described elsewhere were
used to identify UPEC isolates [37].

2.2. Antibiotic susceptibility testing

The disk diffusion assay was employed to as-
sess the antibiotic susceptibility patterns in UPEC
isolates [8]. We purchased antibiotic discs of vari-
ous names and concentrations from Conda, a com-
pany based in Spain. The following antibiotics were
used in the study: TMP-SMX (5.250 pg), gentam-
icin (10 pg), ofloxacin (5 pg), nitrofurantoin (300 ng),
ciprofloxacin (5 pug), norfloxacin (10 ug), levofloxacin
(5 mg), amikacin (30 pg), ceftazidime (30 pg), cefo-
taxime (30 ug), cefpodoxime (30 ug), cefepime (30 ng),
doxycyclin (10 pg), imipenem (10 pg), meropenem

(10 pg), ceftriaxone (30 pg), piperacillin-tazobactum
(100/10 pg), amoxicillin-clavulanic acid (20/10 ng),
and nalidixic acid (30 ng). The isolates were cultivated
at a temperature of 45°C on Mueller-Hinton agar
(MHA). Subsequently, they were transferred onto
sterile plates and covered with antibiotic disks us-
ing aseptic techniques. Subsequently, the MHA plates
were subjected to a 24-hour incubation period at
a temperature of 37°C. The inhibition zones were
interpreted according to guidelines of Clinical & Lab-
oratory Standard Institute (CLSI) [38].

2.3. DNA extraction

Following the collection of 42 UPEC isolates, DNA
was extracted using a commercial kit in accordance
with the instructions supplied by the manufacturer,
Geneaid (Presto TM Mini gDNA Bacterial Kit Proto-
col, Bioneer, Korea). Afterwards, specific DNA seg-

ments of interest were amplified using Polymerase
Chain Reaction (PCR).

2.4. Molecular analysis
The Clermont et al. method [35] was utilized to eval-

uate the phylogroup distribution in UPEC isolates.
Table 1 shows the primer sequences (Bioneer, Korea),
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Fig. 1. The frequency of phylogroups in uropathogenic E. coli isolates.

the amplicon size in base pairs (bp), and the PCR
conditions.

2.5. Statistical analysis

SPSS version 21 (SPSS Inc., Chicago, IL, USA) was
used to statistically analyze the data. The Fisher’s
exact test and chi-squared test were employed to com-
pare the categorical variables. Any P value < 0.05 was
considered to be statistically significant.

3. Results and discussion

3.1. Molecular analysis

The distribution of phylogroups in 42 UPEC iso-
lates was assessed in the present study using the
PCR method described by Clermont and associates
[35]. Thirty eight isolates of UPEC were successfully
grouped into six phylogenetic clusters, comprising
group six, called Clade I, which is associated with E.
coli cryptic strain, and D, C, B2, B1, and A, which are
recognized as E. coli strain sensu stricto.As was previ-
ously mentioned, Clermont and colleagues created a
quadruplex PCR by adding an additional gene called
arpA to the three genes chuA, yjaA, and TspE4C2—
that were utilized in the previous triplex PCR.

Seven phylogroups were produced as a result of
this modification: trpA for phylogroup C and arpA
for phylogroup E. These were identified by means of
allele-specific PCRs [35].

The original Clermont’s phylotyping technique is
being applied for the first time in Iraq to categorize E.
Coli isolates obtained from patient with urinary tract
infections. The researchers utilized the tailored PCR
technique developed by Clermont and colleagues to
assess the distribution of phylogroups in forty-two

UPEC isolates [35]. A total of thirty-eight UPEC iso-
lates were effectively categorized into six distinct
phylogenetic clusters, namely D, C, B2, B1, and A,
which are recognized as E. coli strain sensu stricto.
Additionally, there is a group referred to as Clade I,
which falls under the E. coli cryptic strain.

Clermont and colleagues developed a quadruplex
PCR by adding an additional gene, called arpA, to
the three genes (chuA, yjaA, and TspE4C2) used in
the previous triplex PCR. As a result of this alter-
ation, two allele-specific PCRs were conducted, one
for phylogroup C targeting the trpA gene and another
for phylogroup E targeting the arpA gene. This led
to the identification of seven phylogroups: E, E, D, C,
B2, B1, and A [35]. According to Fig. 1 and Table 2,
the most prevalent phylogenetic group among the
forty-two UPEC isolates was B2, with a total of 20
isolates, representing 47.61% of the sample. Clade I
was the second most abundant group, with 6 isolates,
accounting for 14.28%. B1 had 5 isolates, making up
11.90% of the sample. Group A had 4 isolates, con-
stituting 9.52%. Group D had 2 isolates, representing
4.76%. Group C had 1 isolate, accounting for 2.38%.
Additionally, there were 4 isolates, representing 9.52%
of the sample, that could not be assigned to any spe-
cific phylogroup.

The results of our study were consistent with an-
other investigation conducted by [39], which reported
the distribution of phylogenetic groups among hu-
man UPEC isolates as follows: phylogroup B2 (468),
A (38), B1 (46), C (22), D (79), E (10), and two uniden-
tified isolates. In addition, a different laboratory [40]
found that phylogroup B2 was the most prevalent
(34.0%), followed by phylogroup A. The distribu-
tion is as follows: B1 accounts for 12.9%, D accounts
for 9.0%, C makes up 3.2%, and E makes up 2.5%,
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Table 2. The distribution of different phylogenetic groups of uropathogenic E. coli isolates with specific genes through the extended quadruplex PCR.

arpA chuA yjaA TspE4.C2
No 400 bp 288 bp 211 bp 152 bp Phylogroup Group E Group C Phylogroup
1 - + + + B*
2 - + + + B,*
3 + - - - A*
4 - + - + B,*
5 + - - - A*
6 + - + - AorC* c* C
7 + - - + B*
8 + - + + unknown
9 - + + - B,*
10 - + - + By*
11 + - - + By*
12 + + + - E or Clade I E~ Clade I E.coli cryptic
13 - + + + B,*
14 - + - + By*
15 + - - + B, *
16 + - + + unknown
17 - + + + B,*
18 - - + - Clade I E.coli cryptic
19 - + + + B,*
20 - + - + By*
21 - + + + B,*
22 - + + + By*
23 + + - + D or E* E~ D
24 + + + - E or Clade I E- Clade I E.coli cryptic
25 - + + + B,*
26 + - - + B*
27 — + — + By*
28 - + + + B,”
29 + + + - Eor Cladel E- Clade I E.coli cryptic
30 - + + + B,*
31 + - + - AorC* C- A
32 - - —+ + unknown
33 + + - + D or E* E- D
34 + + + - E or Clade I E- Clade I E.coli cryptic
35 - + + + B,*
36 + - + - AorC* C- A
37 - + + + B,*
38 - + + + B,*
39 + + + - Eor Cladel E™ Clade I E.coli cryptic
40 - + + - B,*
41 + - - + B,*
42 + + + + unknown

*E. coli sensu stricto.

while accounting for 28.7%. In contrast, the current
findings were consistent with those of [35], which
examined two sets of E. coli samples obtained from
fecal samples collected in Australia (373 strains) and
France (293 strains) using the quadruplex method.
The percentages of phylogroups among the strains in
Australia were as follows: Clade I (0.3%), F (6.7%), E
(2.9%), D (14.2%), C (0.8%), B2 (38.1%), B1 (18.8%),
and A (18.2%). In France, the phylogenetic groups
of strains were: A (28.7%), B1 (12.3%), B2 (34.5%), C
(3.0%), D (9.2%), E (2.4%), F (9.6%), and Clade I (0.3%).

Furthermore, the results of the current investiga-
tion were consistent with those of a separate study
[41] that identified the B2 phylogenetic group as the

most prevalent, comprising 39.3% of the samples.
The second most common group was categorized
as unknown, accounting for 27.1%. The subsequent
phylogroups were as follows: E, accounting for 9.3%;
clade I and C, both comprising 6.4%; B at 5%; F
and D, both reported to constitute 2.9%; with A,
being the least common, constituting only 0.7%.The
quadruplex PCR phylogrouping method provides
numerous advantages when compared to the triplex
PCR method. While quadruplex PCR phylogroup-
ing has more advantages than disadvantages, it is
unable to accurately assign a small fraction of iso-
lates to the correct phylogroup. The reasons are
as follows: Unassignable isolates may potentially
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Fig. 2. The dendrogram showing phylogenetic relationships among UPEC isolates.

represent extremely rare phylogroups or result from
extensive recombination events between two distinct
phylogroups. Furthermore, this occurrence may be
attributed to the limited conservativity of the E. coli
genome, which is facilitated by the repetitive and cu-
mulative mutations [35, 42].

Nevertheless, the recent findings diverged from the
earlier findings reported by [43]. The previous study
indicated that the distribution of phylogenetic groups
among human isolates was predominantly composed
of phylogroup A (54.3%), followed by phylogroup Bl
(23.5%) and phylogroup D (13.6%). In contrast, phy-
logroup B2 was found to be scarce, accounting for
only 3.7%. Furthermore, a study conducted by [44]
revealed that phylogroup A was the most prevalent
group (79.5%) among E. coli isolates. This was fol-
lowed by phylogroup B1, phylogroup B2, phylogroup
D, and phylogroup F, which accounted for 7.5%. 4.1%,
5.8%, and 0.7%, respectively. However, 2.4% of iso-
lates were not classified to any phylogenetic group.

The variations in the proportion of phylogroups
observed in this study and other scientific reports
can be attributed to a multitude of factors, such as
the physiological status and genomic makeup of the
host, the host’s nutritional style, environmental con-
ditions, socioeconomic factors, geographic variations,
and differences in sampling locations [45]. Further-
more, Mokracka and colleagues stated that varying
distribution of phylogroups was associated with ge-
ographic factors, resistance to antibiotics, and the site
of infection [46]. According to Manjarrez-Hernandez
and colleagues [47], in Mexico City, a specific group
of E. coli called clonal group A is responsible for
causing urinary tract infections (UTI) and infections
in areas outside the intestines. This group of E. coli

Table 3. The distribution of MDR and XDR isolates among different
phylogroups in forty-two uropathogenic E. coli isolates.

UPEC phylogroups No. of MDR (%) No. of XDR (%)
B2 17 (45.24) 3 (60)
CladeI 6 (16.21) 0(0.0)
Bl 4(10.81) 1 (20)
A 3(8.10) 1(20)
D 2 (5.40) 0(0.0)
C 1(2.70) 0(0.0)
Unknown 4(10.81) 0(0.0)
Total 37 (100) 5(100)

plays a significant role in the development of resis-
tance to trimethoprim/sulfamethoxazole. Moreover,
clonal group A appears to be a significant constituent
of multi-drug resistant (MDR) isolates obtained from
patients with urinary tract infections (UTI). The phy-
logenetic distance between forty-two UPEC isolates
was quantified, and the resulting phylogenetic recon-
struction is depicted in (Fig. 1). Furthermore, (Fig. 2),
(Fig.3), (Fig. 4), (Fig. 5), (Fig. 6), illustrate the existence
of distinct phylogenetic indicators in a total of forty-
two UPEC isolates.

3.2. Distribution of MDR and XDR among
uropathogenic E. coli phylogroups

Table 3 displayed the distribution of XDR and MDR
UPEC isolates across various phylogenetic groups.
The prevalence of MDR isolates was highest in the B2
phylogroup (45.24%), followed by Clade I (16.21%),
B1 (10.81%), unknown (10.81%), A (8.10%), D (5.40%),
and C (2.70%). The distribution of XDR isolates was as
follows: phylogroup B2 accounted for 60% of the iso-
lates, followed by B1 with 20%, and A with 20%. This
aligns with a study [63] that confirmed phylogroup
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Fig. 3. Agarose gel electrophoresis was conducted at 70 volts within 50 minutes targeting chuA and TspE4C2 sequences, 152 bp.

Fig. 4. Agarose gel electrophoresis was conducted at 70 volts for 50 minutes targeting yjaA sequence, 211 bp.

Fig. 6. Agarose gel electrophoresis was conducted at 70 volts for 50 minutes targeting arpA (group E, 301 bp.
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B2 as the predominant group of XDR UPEC isolates
in Mexico.

Nevertheless, the current findings contradicted a
previous study [48] that documented the prevalence
of multidrug-resistant uropathogenic Escherichia coli
(MDR UPEC) across three phylogenetic groups as
follows: phylogroup D accounted for 54.87%, B2 com-
prised 39.02%, and A constituted 6.09%. In addition,
the proportions of XDR UPEC isolates were as fol-
lows: B2 (47.61%), D (42.85%), and A (9.52%).UPEC
isolates within phylogenetic group B2 were found to
possess both virulence factors and multidrug resis-
tance [49, 50]. Furthermore, the MDR phenotype was
observed specifically in phylogenetic groups A and D
[51]. A significant rise in the XDR profile displayed
by UPEC isolates has been recently reported, which
greatly hampers the effectiveness of UTI treatment
[52, 53]. The XDR and MDR isolates have been asso-
ciated with phylogroups A, D, and B2 [51, 54].

4. Conclusion

In the present study, new phylogroups, namely C
and clade I, were identified, linked respectively to E.
coli sensu stricto and cryptic E. coli.

Acknowledgements

All authors strongly express their gratitude for all
the support and equipment provided by the Microbi-
ology Department, College of Medicine, University of
Babylon.

Ethical approval

This research was approved ethically by both the
Ethics Committee at the College of Medicine, Univer-
sity of Babylon, Iraq, and the Ethics Committee of the
health directorate in Babylon governorate.

Conflicts of interest

There is no conflict of interest in this work.

References

1. ZhouY, et al. Urinary tract infections caused by uropathogenic
Escherichia coli: mechanisms of infection and treatment op-
tions. Int ] Mol Sci. 2023;24(13):10537.

2. Scherberich JE, Fiinfstiick R, Naber KG. Urinary tract in-
fections in patients with renal insufficiency and dialysis-
epidemiology, pathogenesis, clinical symptoms, diagnosis and
treatment. GMS Infect Dis. 2021;9:Doc07.

3. Kang CI, et al. Clinical practice guidelines for the antibiotic
treatment of community-acquired urinary tract infections. In-
fect Chemother. 2018;50(1):67-100.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Usein CR, et al. Prevalence of virulence genes in Escherichia
coli strains isolated from Romanian adult urinary tract infec-
tion cases. ] Cell Mol Med. 2001,5(3):303-10.

Calhoun C, Hall G. Antibiotics. StatPearls. 2019, StatPearls
Publishing: Treasure Island, FL.

Vazquez JC, Abalos E. Treatments for symptomatic urinary
tract infections during pregnancy. Cochrane Database Syst
Rev. 2011;2011(1):Cd002256.

Basu S, et al. Molecular characterization of uropathogenic
Escherichia coli: Nalidixic acid and ciprofloxacin resistance,
virulent factors and phylogenetic background. J Clin Diagn
Res. 2013;7(12):2727-2731.

Ejrnees K. Bacterial characteristics of importance for recurrent
urinary tract infections caused by Escherichia coli. Dan Med
Bull. 2011;58(4):B4187.

Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia coli.
Nat Rev Microbiol. 2004;2(2):123-140.

Mobley HL, Donnenberg MS, Hagan EC. Uropathogenic Es-
cherichia coli. EcoSal Plus. 2009;3(2).

Medina M, Castillo-Pino E. An introduction to the epidemi-
ology and burden of urinary tract infections. Ther adv urol.
2019;11:1756287219832172.

Al-Musawi AM-S, Al-Charrakh AH, Al-Juwethry AH. ES-
KAPE pathogens among pediatric patients in Iraq. Ann Trop
Med Public Health. 2020;23(16):5P231632.

Khulaif M, Al-Charrakh AH. Detection of class 1 integron and
antibiotic resistance of g-lactamase-producing Escherichia coli
isolated from four hospitals in Babylon, Iraq. Med ] Babylon.
2023;20(2):375-382.

Jebur HQ, Al-Charrakh AH. The effect of carbonyl cyanide
m-chlorophenyl-hydrazine on antibiotic susceptibility in MDR
Enterobacteriaceae isolates in Babylon, Iraq. Med ] Babylon.
2024;21(1):179-185.

Alzaidi JR, Kareem AA. The Impact of Urogenital Tract Infec-
tious Bacteria on Male Fertility. Med ] Babylon 2024;21(2):476—
480.

Abu-Asab M, Chaouchi M, Amri H. Evolutionary medicine: A
meaningful connection between omics, disease, and treatment.
Proteomics Clin Appl. 2008;2(2):122-134.

Nesse RM, Stearns SC, Omenn GS. Medicine needs evolu-
tion. American Association for the Advancement of Science.
2006;311(5764):1071-1071.

Hui EK. Reasons for the increase in emerging and re-emerging
viral infectious diseases. Microbes Infect. 2006;8(3):905-916.
Blount ZD. The unexhausted potential of E. coli. Elife.
2015;4:€05826.

Lim JY, Yoon J, Hovde CJ. A brief overview of Escherichia
coli O157:H7 and its plasmid O157. ] Microbiol Biotechnol.
2010;20(1):5-14.

Stapleton A, Moseley S, Stamm W. Urovirulence determinants
in Escherichia coli isolates causing first-episode and recurrent
cystitis in women. J Infect Dis. 1991;163(4):773-779.

Russo TA, Johnson JR. Medical and economic impact of ex-
traintestinal infections due to Escherichia coli: focus on an
increasingly important endemic problem. Microbes and infec-
tion. 2003;5(5):449—-456.

Ron EZ. Distribution and evolution of virulence factors in sep-
ticemic Escherichia coli. Int ] Med Microbiol. 2010;300(6):367—
370.

Jain S, et al. Community-acquired pneumonia requiring hospi-
talization among U.S. adults. N Engl ] Med. 2015;373(5):415-
427.

Bonacorsi S, Bingen E. Molecular epidemiology of Es-
cherichia coli causing neonatal meningitis. Int ] Med Microbiol.
2005;295(6-7):373-381.

Furyk J, Swann O, Molyneux E. Systematic review: neonatal
meningitis in the developing world. Tropical Medicine & In-
ternational Health. 2011;16(6):672-679.

Feng X, et al. Escherichia coli peritonitis in peritoneal dialy-
sis: the prevalence, antibiotic resistance and clinical outcomes
in a South China dialysis center. Perit Dial Int. 2014;34(3):
308-316.



18

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

HILLA UNIV COLL ] MED SCI 2024;2:10-18

Jafari A, Aslani MM, Bouzari S. Escherichia coli: a brief review
of diarrheagenic pathotypes and their role in diarrheal diseases
in Iran. Iran ] Microbiol. 2012;4(3):102-17.

Yu D, Banting G, Neumann NF. A review of the taxonomy,
genetics, and biology of the genus Escherichia and the type
species Escherichia coli. Can ] Microbiol. 2021;67(8):553-571.
Walk ST, et al. Cryptic lineages of the genus Escherichia. Appl
Environ Microbiol. 2009;75(20):6534—-6544.

Vieira MAM, et al. Phenotypic and genotypic characteristics
of Escherichia coli strains of non-Enteropathogenic E. coli
(EPEC) Serogroups that Carry eae and Lack the EPEC adher-
ence factor and shiga toxin DNA probe sequences. ] Infect Dis.
2001;183(5):762-772.

Kindle P, et al. Phenotypic and genotypic characteristics of
Escherichia coli with non-susceptibility to quinolones isolated
from environmental samples on pig farms. Porc Health Manag.
2019;5(1):9.

Clermont O, et al. Characterization of the cryptic Escherichia
lineages: rapid identification and prevalence. Environ Micro-
biol. 2011;13(9):2468-2477.

Clermont O, et al. 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.
Moreno E, et al. Relationship between Escherichia coli strains
causing acute cystitis in women and the fecal E. coli population
of the host. ] Clin Microbiol. 2008;46(8):2529-2534.

Takahashi A, et al. Escherichia coli isolates associated with
uncomplicated and complicated cystitis and asymptomatic
bacteriuria possess similar phylogenies, virulence genes, and
O-serogroup profiles. ] Clin Microbiol. 2006;44(12):4589-4592.
Marhova M, Kostadinova S, Stoitsova S. Antimicrobial resis-
tance profiles of urinary Escherichia Coli isolates. Biotechnol-
ogy & Biotechnological Equipment. 2009;23(sup1):616-620.
FR C. Performance standards for antimicrobial susceptibility
testing. Approved Standard M100-520, 2010.

Logue CM, et al. Comparative analysis of phylogenetic as-
signment of human and avian ExPEC and Fecal commen-
sal Escherichia coli using the (Previous and Revised) cler-
mont phylogenetic typing methods and its impact on avian
pathogenic Escherichia coli (APEC) classification. Front Micro-
biol. 2017;8:283.

Massot M, et al. Phylogenetic, virulence and antibiotic re-
sistance characteristics of commensal strain populations of
Escherichia coli from community subjects in the Paris area
in 2010 and evolution over 30 years. Microbiology (Reading).
2016;162(4):642-650.

Iranpour D, et al. Phylogenetic groups of Escherichia coli
strains from patients with urinary tract infection in Iran based

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

on the new clermont phylotyping method. Biomed Res Int.
2015;2015:846219.

Touchon M, et al. Organised genome dynamics in the Es-
cherichia coli species results in highly diverse adaptive paths.
PLOS Genetics. 2009;5(1):e1000344.

Lescat M, et al. Commensal Escherichia coli strains in Guiana
reveal a high genetic diversity with host-dependant popula-
tion structure. Environ Microbiol Rep. 2013;5(1):49-57.
Rehman MU, ef al. Antibiotic resistance, serogroups, virulence
genes, and phylogenetic groups of Escherichia coli isolated
from yaks with diarrhea in Qinghai Plateau, China. Gut
Pathog. 2017;9:24.

Derakhshandeh A, et al. Phylogenetic analysis of Escherichia
coli strains isolated from human samples. MBRC.
2013;2(4):143-149.

Mokracka ], et al. Phylogenetic groups, virulence genes
and quinolone resistance of integron-bearing Escherichia coli
strains isolated from a wastewater treatment plant. Antonie
Van Leeuwenhoek. 2011;99(4):817-824.

Manjarrez-Hernandez A, et al. Escherichia coli clonal group A
among uropathogenic infections in Mexico city. ] Med Micro-
biol. 2016;65(12):1438-1444.

Ochoa SA, et al. Multidrug- and extensively drug-resistant
uropathogenic Escherichia coli clinical strains: phylogenetic
groups widely associated with integrons maintain high genetic
diversity. Front microbiol. 2016;7:2042.

Derakhshandeh A, et al. Virulence characteristics and antibi-
otic resistance patterns among various phylogenetic groups
of uropathogenic Escherichia coli isolates. Jpn J Infect Dis.
2015;68(5):428-431.

Ejrnees K, et al. Characteristics of Escherichia coli causing per-
sistence or relapse of urinary tract infections: phylogenetic
groups, virulence factors and biofilm formation. Virulence.
2011;2(6):528-537.

Ferjani S, et al. A comparative study of antimicrobial resistance
rates and phylogenetic groups of community-acquired versus
hospital-acquired invasive Escherichia coli. Médecine et Mal-
adies Infectieuses. 2015;45:133-138.

Dehbanipour R, ef al. High prevalence of multidrug-resistance
uropathogenic Escherichia coli strains, Isfahan, Iran. ] Nat Sci
Biol Med. 2016;7(1):22-26.

Hadifar 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.

Zhao R, et al. Phylogenetic distribution of virulence genes
among ESBL-producing uropathogenic Escherichia coli iso-
lated from long-term hospitalized patients. ] Clin Diagn Res.
2015;9:DC01-DC04.



	Detection of Newly Identified Phylogenetic Lineages in Uropathogenic Escherichia coli Isolates in Iraq
	How to Cite This Article

	Detection of Newly Identified Phylogenetic Lineages in Uropathogenic Escherichia coli Isolates in Iraq
	1 Introduction
	2 Materials and methods
	2.1 Diagnosis of bacterial strains
	2.2 Antibiotic susceptibility testing
	2.3 DNA extraction
	2.4 Molecular analysis
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Molecular analysis
	3.2 Distribution of MDR and XDR among uropathogenic E. coli phylogroups

	4 Conclusion

	Acknowledgements
	Ethical approval
	Conflicts of interest
	References

