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Abstract

Background. Urinary tract infections (UTIs) are a prevalent bacterial infectious illness. Escherichia coli is the main
cause of urinary tract infections (UTIs). Uropathogenic Escherichia coli (UPEC) strains possess various distinct
virulence characteristics that can exacerbate (UTIs). Aim. The aim of this study was to identify the sfa and afa genes
found in UPEC isolates and evaluation the effect of both genes in biofilm formation of uropathogenic Escherichia coli
and relation with antibiotic resistance. Methods. Between October and December of 2023, 140 sample were collected.
It was found that 21 isolates were UPEC detected by culturing, biochemical tests, and VITEK-2 system. Using the
disk diffusion method, the susceptibility to fourteen different antibiotic types were examined; and ability of formation
biofilm was tested. Results. The findings showed that the E. coli isolates were resistance to, imipenem (4.76%),
amikacin (9.52%), gentamicin (33.3%), ciprofloxacin (76.19%), azithromycin (28.57%), tetracycline (80.95%),
cefotaxime (90.48%), ceftriaxone (85.71%), co-trimoxazole (52.38%), amoxiclav (amoxicillin- clavulanic acid)
(9.52%), aztreonam (33.3%), ampicillin (90.48%), chloramphenicol (9.52%), while all the isolates were sensitive to
the nitrofurantoin. For biofilm formation of isolates the findings indicated that 1 (4.76%) isolate produced a weak
biofilm, 13 (61.90%) isolates formed a moderate biofilm, and 7 (33.33%) isolates formed a strong biofilm. While the
frequency of presence of biofilm formation genes was 17 (80.95%) for sfa and 3(14.28%) for afa. Conclusion. The
results of present study concluded that the sfa and afa genes were had important role in the adhesion and biofilm
formation of UPEC as well as in the antibiotic resistance of these isolates.
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Introduction adhesin I (afal) (5). These virulence factors
aid the pathogen in establishing itself on host
surfaces, evading or manipulating the host's
defense mechanisms, causing harm or
invading host cells and tissues, and
triggering a harmful inflammatory response,
ultimately resulting in a clinical disease (6).
Bacteria that form biofilms generate a matrix
consisting of proteins, extracellular DNA,
and polysaccharides. This matrix offers
various advantages to the bacterial
communities, such as defense against

Humans regularly have urinary tract
infections (UTIs). Pyelonephritis and cystitis
are two UTI etiologies that are substantially
linked to the UPEC (1). UPEC possesses
numerous virulence characteristics that
facilitate its ability to colonize, invade, and
persist within the urinary system of the host
(2,3,4). In UPEC strains linked to severe
UTI, the most significant virulence genes are
S fimbriae adhesion (sfa) and afimbrial
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immune cells, adhesion (aided by bacterial
adhesins), and structural integrity (7). The
ability of bacteria to have resistance genes
that imitate the potential antibiotics'
inhibitory effects and allow them to survive
is known as antibiotic resistance (8). The
generation of genetic material can
encompass two distinct mechanisms:
intrinsic  processes, which involve the
natural recombination and integration of
genetic material into the bacterial genome,
and the acquisition of genetic material from
external sources through horizontal gene
mutation events such as conjugation,
transformation, and transduction (9). The
main processes leading to the development
of bacterial resistance are the blocking of the
porin channel, altering the targets of
antibiotics, and using enzymatic action to
neutralize the effectiveness of antibiotics
(10). Multiple research investigations have
provided evidence of antimicrobial
resistance in (UPEC), with a noticeable rise
in resistance to routinely employed
antibiotics, including ciprofloxacin and
trimethoprim-sulfamethoxazole, among
others (11,12). The patterns of antimicrobial
resistance exhibit variations across different
geographical regions (13).

Materials and methods
Samples collection

Between October and December of 2023,
patients at Ghazi Al-Hariri Hospital for

Surgical Specialties and Al-Yarmouk
Teaching Hospital provided 140 distinct
specimens, including midstream urine and
urinary catheter swabs were collected.
Following the cultivation of all samples on
MacConkey agar and EMB agar, the isolates
were kept at 37°C for 24 hours. Different
biochemical techniques were used to
characterize the isolates of E. coli. Colonies
were identification by VITEK-2 system.

Biofilm Assay

O'Toole using the Crystal Violet Binding
Assay, which he had modified, to investigate
the biofilm production of various strains of
E. coli (14). The UPEC isolates were
subjected to subculture using this approach
for a duration of 24 hours at a temperature of
37°C in the Brain Heart Infusion Broth.
After the incubation period, the cultures
were transferred to 96-well polystyrene
plates in a 1:100 ratio and subjected to a 24-
hour incubation period at 37°C.
Subsequently, a 1% crystal violet solution
was employed to stain the wells.
Subsequently, 96% ethanol was introduced
into each well to dissolve the crystal violet
that was attached. Finally, the absorbance of
solubilized crystal violet was quantified at a
specific wavelength of 595 nm for each well.
The experiment was performed in triplicate.
The biofilm forms of E. coli strains were
used to categorize them into four groups that
shown in (Table 1).

Table (1): The biofilm groups (15).

Mean ODsgs Biofilm intensity
OD < 0Dc None Biofilm Former
ODc<0D<2x0Dc weak
2x0Dc<0D<4x0Dc moderate
ODc >4 x ODc strong
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Antibiotic susceptibility test
The antibiotic susceptibility test was done

for all UPEC isolates by using disk diffusion
method against 14 antibiotics chosen
according CLSI including imipenem,
amikacin, gentamicin, ciprofloxacin,
azithromycin, tetracycline, cefotaxime,
ceftriaxone, co-trimoxazole, amoxiclav
(amoxicillin- clavulanic acid), aztreonam,
ampicillin, chloramphenicol, and
nitrofurantoin. The plates were subjected to
incubation at a temperature of 37°C for a
period of 24 hours. after incubation the
dimeter of inhibition zones developed clear
area around the disk were measured by
millimeter (mm) using metric ruler according
to (CLSI, 2023) (16).
DNA extraction

UPEC DNA was extracted using Presto
mini gDNA bacteria kit (Geneaid, Taiwan).
Nanodrop device was utilized to quantify the
concentration and purity of the extracted
DNA, which was later assessed using gel
electrophoresis.
Molecular detection of sfa and afa genes by
single plex PCR

In this study, sfa and afa species- specific
primers for UPUC was used. The primers
were supplied by Macrogen as lyophilized
form then dissolved in nuclease free water to
prepare the stock solution then diluted to
obtained working.  Then single plex PCR
was used for the detection of these genes in
UPEC isolates, which were isolated from
patients with urinary tract infections. Primers
used to detect sfa gene were sfal ('5-
GAGTCAGCCCTCCGTTTTCA-3")  and
sfa2  ('5S-TCTGGGTGAATGTCAAGGCC-
3), afa gene were afal ('5-
TTACCECCACCTITCAGCAT-3") and afa2
('5-  AAGCAGTTTGAGGCAGAGCT-3")
were designed by the primer 3 program
through the following steps: 1. Downloaded
reference sequence from ncbi. 2. Input
sequence into generous prime software. 3.
Choose primer with best specs, Tm (melting

temperature), GC (guanine and cytosine)
content and has no self-dimer or hairpin loop.
sfa product size was 176bp and it’s amplified
a portion of this gene, while product size for
afa gene was 215bp and it’s amplified a
portion of afa gene.

The PCR amplification program for sfa
gene includes the following steps: 1. Initial
Denaturation 95°C for 3 min, one cycle. 2.
Denaturation 95°C for 30 sec. 3. Annealing
55°C for 30 sec. 4. Extension 68°C for 1 min.
(last 3 steps includes 35 cycles) 5. Final
Extension 68°C for 5 mins, one cycle. The
PCR amplification program for afa gene
includes the following steps: 1. Initial
Denaturation 95°C for 3 min, one cycle. 2.
Denaturation 95°C for 30 sec. 3. Annealing
52°C for 30 sec. 4. Extension 68°C for 1 min.
(last 3 steps includes 35 cycles) 5. Final
Extension 68°C for 5 mins, one cycle.

Results
Isolation and
Escherichia coli
After culturing of specimens on
MacConkey agar and EMB agar,
biochemical tests and identification by
VITEK-2 system it seemed that out of 140
specimens, 21(15%) were E. coli, 30
(21.42%) were gram negative bacteria, 30
(21.42%) were gram positive bacteria and
59 (42.14%) specimens showed no growth.

characterization of

Biofilm formation by E. coli

By using micro-titer plate method to
discover the ability of 21 E. coli isolates to
produce biofilm, the results showed that 1
(4.76%) isolate was weak biofilm producer,
while 13 (61.90%) isolates were moderate
biofilm producer, and 7 (33.33%) isolates
produce a strong biofilm.

Antibiotic susceptibility test

This study involved doing antibiotic
susceptibility testing on all isolates of UPEC.
The isolates capable of generating biofilms
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exhibited the highest level of resistance to
Ampicillin and Cefotaxime followed by
Ceftriaxone (85.71%). Also, most resistance
was recorded for Tetracycline (80.95%),
Ciprofloxacin (76.19%), Co-Trimoxazole
(52.38%), Gentamicin and Aztreonam
(33.33%). The current study demonstrated

that UPEC isolates possessed a low - level
resistance against Azithromycin (28.57%),
Amoxicillin- Clavulanic acid, Amikacin and
Chloramphenicol (9.52%), Imipenem
(4.76%), and Nitrofurantoin was no
resistance as (Figure 1) shows.
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Figure (1): Antibiotics susceptibility of UPEC isolates, Imipenem (IPM), Amikacin (AK), Gentamicin (CN),
Ciprofloxacin (CIP), Azithromycin (AZM), Tetracycline (TE), Cefotaxime (CTX), Ceftriaxone (CTR), Co-
Trimoxazole (COT), Amoxicillin- Clavulanic acid (AMC), Aztreonam (AT), Ampicillin (AMP),
Chloramphenicol (C) and Nitrofurantoin (NIT).

Detection of sfa gene by
PCR technique

The results of the study showed that detect sfa
gene in 17 (80.95%) isolates of UPEC by

9

analyzing the bands on gel electrophoresis
shown in (figure 2).
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Figure (2): PCR amplification of sfa gene in E. coli isolates using gel electrophoresis run on agarose gel at 1%,
voltage 150 for 30 minutes stained with Ethidium bromide M: DNA Marker (ladder) (100-1500 bp).

76



Iraqi Journal of Biotechnology

Detection of afa gene by PCR technique

The results raveled that 3 (14.28%) of
UPEC isolates carried afa gene by

analyzing the bands on gel electrophoresis
as shown in (figure 3).

Figure (3): PCR amplification of afa gene in E. coli isolates using gel electrophoresis run on agarose gel at
1%, voltage 150 for 30 minutes stained with Ethidium bromide M: DNA Marker (ladder) (100-1500 bp).

Discussion
Isolation and characterization of
Escherichia coli

Based on  the  morphological
characteristics observed on MacConkey
agar E. coli appears in pink/red colonies
which ferments lactose the result agree with
(17,18) and on Eosin methylene blue agar
(EMB) culture media the green metallic
sheen colonies indicates the presence of
UPEC and its agree with (19) result, as well
as biochemical tests, out of a total of 140
specimens, 21 (15%) were identified as E.
coli, 30 (21.42%) were determined to be
gram negative bacteria, 30 (21.42%) were
identified as positive bacteria, and 59
(42.14%) specimens showed no growth. The
results of biochemical tests revealed
positive for indole, negative for citrate,
negative for oxidase, and positive for
catalase were used to detect UPEC and (20)
was reported same tests.

Biofilm formation by E. coli
pathogens that produce biofilms are

frequently responsible for recurring and
complex urinary tract infections, typically
linked with multidrug-resistant pathogens
(21). Comprehending the process by which
biofilms form and the factors linked to them
is crucial for the advancement of novel
treatments (22). Among the 21 UPEC
isolates, all of them were biofilm-forming
with different intensities. There is one
(4.76%) isolate that produces a weak
biofilm, while 13 (61.90%) isolates indicate
a moderate biofilm, and 7 (33.33%) isolates
produce a strong biofilm. These percentages
are shown in (Table 2). Also, biofilm
formation ability shows a (P-value =
0.0055) which 1s (P<0.01) and Chi-square
test was done to test it.
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Table (2): The percentage of Biofilm formation in UPEC isolates.

Biofilm UPEC isolates Percentage (%)
Strong 7 33.33
Moderate 13 61.90
Weak 1 4.76
Total 21 100%
Chi-square test —? 10.391 **
P-value --- 0.0055
** (P<0.01)

These results were closed to the results of
(23) who reported that E. coli isolates were
categorized under four groups and
accordingly, 41 (31%) isolates were strong
biofilm  producers, 31(23.5%)  were
moderate, and 31(23.5%) were weak biofilm
producers whilst 29 (22%) were unable to
produce biofilm. Another study done by (24)
shown the percentage of biofilm formation
was 31%, 29%, 32%, and 8% of the isolates
were strong, moderate, weak, and non-
biofilm producers, respectively. According to
(25) among the biofilm-producing strains,
eleven and one strain formed strong and
moderate biofilms, respectively. While (26)
results showed that the combined rate of
biofilm formation in UPEC isolates was
87.9%. Also, 26.3%, 26%, and 47.1% of
UPEC isolates were able to create strong,
moderate and weak biofilms, respectively.

Antibiotic susceptibility test

UPEC isolates resistance to Cefotaxime
and Ampicillin was concordant with (27)
who referred that resistance of E. coli to these
antibiotics reached 100% and 97.8%,
respectively. Also, the increasing of UPEC
resistance to Ceftriaxone was agreed with
(28) and (29) who reported in their study
(91%) and (90.57%) resistance to
Ceftriaxone. While Tetracycline in this study

shows 80.95% resistance, which agrees with
(30) findings. On the other hand, the
percentage of resistance to Ciprofloxacin was
(76.19%) which is slightly higher than the
percentage mentioned in (31) research. For
Co-Trimoxazole, the result didn’t agree with
the study by (32) which reported that
resistance to this antibiotic was (100%) while
in this study it was (52.38%). Also, in current
study, the UPEC isolates show (33.33%)
resistance to Gentamicin and Aztreonam,
which agrees with (33) study on resistance to
Gentamicin and disagree with their study on
Aztreonam resistance. Who reported that
resistance to Gentamicin was (42%) while
resistance to Aztreonam was (87%).
Furthermore, the resistance to Azithromycin
in this study was (28.57%) and the result was
slightly matched with (34) who found that the
resistance of UPEC to this antibiotic was
(30.3%). As well, the resistance of UPEC
isolates to Amoxicillin- Clavulanic acid,
Amikacin and  Chloramphenicol  was
(9.52%), for Amoxicillin- Clavulanic acid the
result agree with (35) which found (6%)
resistance isolates to this antibiotic and
disagree with (36) who found resistance to
this antibiotic was (100%), for Amikacin its
clearly disagree with (37) and (38) findings
which found (90%) and (80%) resistance to
Amikacin while the result in this study agree
with (34) , and for Chloramphenicol the
resistance was (9.52%) which disagree with
(39) and (40) results who found (73%) and
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(28%) resistance to this antibiotic. however,
(37) reported 93% resistance to Imipenem
while in our study was (4.76%) which is
clearly disagree with their findings and it
agree with (41) result who reported (7.69%)
resistance to this antibiotic. The isolates
under study showed no resistance to
Nitrofurantoin compared to (33) and (42)
which  reported that resistance to
Nitrofurantoin was (9%) (5.37%)
respectively.
Detection of sfa gene by PCR technique
The results of the study showed that detect
sfa gene in 17 (80.95%) isolates of UPEC by
analyzing the bands on gel electrophoresis.
The result was agreed with (43) who found
that sfa presence was (81%) in 100 E. coli
isolates. Also, the finding of this study agreed
with (44) findings who reported that sfa found

in E. coli isolates in (21%). Another finding
by (45) who reported the presence of sfa was
sfa (39.1%) in 23 UPEC isolates.

Detection of afa gene by PCR
technique

The results raveled that 3 (14.28%) of UPEC
isolates carried afa gene by analyzing the
bands on gel electrophoresis. By comparing
the results with other studies, (43) who study
the prevalence of urovirulence genes in 100
UPEC isolates obtained from patients with
UTI, rates were (12%) for afa gene. In other
study by (45) who study 23 UPEC isolates, to
identify genes associated with UTIs in
patients, the results showed afa was found in

(39.1%) in UPEC isolates.

Table (3): Correlation between biofilm formation and antibiotics resistance in UPEC isolates.

Biofil | Biofil | Biofil Biofil | Biofil Biofil | Biofil Biofil
m m m |Biofilm|(Biofilm|Biofilm| Biofilm | m m |Biofilm| m m |Biofilm| m
Spearman r
VS. VS. VS. VS. VS. VS. VS. VS. VS. VS. VS. VS. VS. VS.
IPM AK CN CIP | AZM TE CTX CTR | COT | AMC AT AMP C NIT
- - 0.0585| 0.0469 - - - -
R 0.1882] 0.2995| 0.2403|-0.5161 8 7] -0.4398] 0.1054| 0.1846]0.05588| 0.2271| 0.1885|0.02446| 0.1882
95% 0.5824| 0.1651| 0.6174(-0.7805(-0.3944|-0.4042| -0.7387| 0.5237|-0.2811|-0.4866| 0.2397| 0.2774|-0.4622| 0.5824
confidence to to to to - to to to to to to to to to to
interval 0.2776| 0.6553| 0.2265]0.09504| 0.4886| 0.4797|0.003646| 0.3538| 0.5800| 0.3967| 0.6087| 0.5826| 0.4228| 0.2776
P (two-
tailed) 0.4138] 0.1872| 0.2940] 0.0166] 0.8009| 0.8398| 0.0460| 0.6493| 0.4230| 0.8099| 0.3221]| 0.4132| 0.9162| 0.4138
P value
summary ns ns ns * ns ns * ns ns ns ns ns ns, ns
Significant
? (alpha =
0.05) No No No Yes No No Yes No No No No No No No
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Table (4): Correlation between presence of sfa and afa genes according to biofilm formation.

Spearman r sfa vs. Biofilm formation afa vs. Biofilm formation
r -0.1879 0.5534
95% confidence interval -0.5822 to 0.2780 0.1466 to 0.8001
P (two-tailed) 0.4148 0.0093
P value summary ns ol
Exact or approximate P value? Approximate Approximate
Significant? (alpha = 0.05) No Yes
Correlation between biofilm (r=0.5534, p=0.0093). As (Table 4) illustrate
formation and antibiotics the results.

resistance in UPEC isolates.

The correlation between biofilm formation
and antibiotics resistance was detected by
using (two-tailed) test, for Cefotaxime and
Ciprofloxacin there is a significant difference
between these antibiotics and the ability to
produce biofilm with p value (p= 0.0460) for
Cefotaxime (CTX) and (p= 0.0166) for
Ciprofloxacin (CIP). For other antibiotics
there 1s no significant difference and the
results was shown in (Table 3). Our research
suggests that biofilm formation and antibiotic
resistance were associated for XDR-E. coli
isolates, and it would provide new
information on how to prevent and treat
infections caused by E. coli. On the other
hand, the correlation between biofilm
formation and presence of sfa and afa genes
was study. There is a non- significant for sfa
gene while afa gene show a significant
difference with biofilm formation and it was
Conclusion

The study reveals varying biofilm-
forming capacities in clinical E. coli isolates.
Increasing infection risk and antibiotic
resistance. Future research should focus on
anti-biofilm coatings and biofilm active
therapeutics. In addition, it was found that
the sfa gene was more strongly associated
with strong biofilm formation in UPEC.

The result of this study shows sfa gene
were more frequent than afa gene which
means means sfa gene are more important
than afa gene in biofilm formation and have
correlation with antibiotic resistance. The
importance of biofilm detected in these
UPEC isolates reflects antibiotic resistance
and also reflects the importance of biofilm
formation for antibiotic resistance. The
significance of biofilm formation genes lies
in their role as virulence factors, antibiotic
resistance, and capacity to enhance the
specificity of pathogenicity in a wide range
of pathogenic bacteria. Consistent with our
findings, prior research investigating the
prevalence of the sfa and afa gene
combination among UPEC isolates has
indicated that this gene combination is either
nonexistent or has received little
documentation (45,46).

References

1- Shakhatreh, M. A. K., Swedan, S. F.,, Ma'en, A., &
Khabour, O. F. (2019). Uropathogenic
Escherichia coli (UPEC) in Jordan: prevalence of
urovirulence genes and antibiotic resistance.
Journal of King Saud University-Science, 31(4),
648-652.

Bien, J., Sokolova, O., & Bozko, P. (2012). Role
of uropathogenic Escherichia coli virulence

80



10-

11-

12-

13-

Iraqi Journal of Biotechnology

factors in development of urinary tract infection
and kidney damage. International journal of
nephrology, 2012(1), 681473

.Mao, B. H., Chang, Y. F., Scaria, J., Chang, C. C.,
Chou, L. W,, Tien, N., ... & Teng, C. H. (2012).
Identification of Escherichia coli genes associated
with urinary tract infections. Journal of clinical
microbiology, 50(2), 449-456

Behzadi, P., Najafi, A., Behzadi, E., & Ranjbar, R.
(2016). Microarray long oligo probe designing for
Escherichia coli: an in-silico DNA marker
extraction. Central European journal of urology,
69(1), 105.

Johnson, J. R. (1991). Virulence factors in
Escherichia coli urinary tract infection. Clinical
microbiology reviews, 4(1), 80-128.

Tajbakhsh, E., Ahmadi, P., Abedpour-Dehkordi,
E., Arbab-Soleimani, N., & Khamesipour, F.
(2016). Biofilm formation, antimicrobial
susceptibility, serogroups and virulence genes of
uropathogenic E. coli isolated from clinical
samples in Iran. Antimicrobial Resistance &
Infection Control, 5, 1-8.

Limoli, D. H., Jones, C. J., & Wozniak, D. J.
(2015). Bacterial extracellular polysaccharides in
biofilm formation and function. Microbial
Biofilms, 223-247.

Blair, J. M., Webber, M. A., Baylay, A. J., Ogbolu,
D. O., & Piddock, L. J. (2015). Molecular
mechanisms of antibiotic resistance. Nature
reviews microbiology, 13(1), 42-51.

Martinez, J. L. (2008). Antibiotics and antibiotic
resistance genes in natural environments. Science,
321(5887), 365-367.

Khan, Z. A., Siddiqui, M. F., & Park, S. (2019).
Current and emerging methods of antibiotic
susceptibility testing. Diagnostics, 9(2), 49.

Ali, 1., Rafaque, Z., Ahmed, S., Malik, S., & Dasti,
J. 1. (2016). Prevalence of multi-drug resistant
uropathogenic Escherichia coli in Potohar region
of Pakistan. Asian Pacific Journal of Tropical
Biomedicine, 6(1), 60-66.

Neupane, S., Pant, N. D., Khatiwada, S.,
Chaudhary, R., & Banjara, M. R. (2016).
Correlation between biofilm formation and
resistance toward different commonly used
antibiotics along with extended spectrum beta
lactamase  production in uropathogenic
Escherichia coli isolated from the patients
suspected of urinary tract infections visiting Shree
Birendra Hospital, Chhauni, Kathmandu, Nepal.
Antimicrobial resistance and infection control, 5,
1-5.

Parveen, S., Lukasik, J., Scott, T. M., Tamplin, M.
L., Portier, K. M., Sheperd, S., ... & Farrah, S. R.
(2006). Geographical variation in antibiotic

15-

16-

17-

18-

19-

20-

21-

22-

23-

resistance profiles of Escherichia coli isolated
from swine, poultry, beef and dairy cattle farm
water retention ponds in Florida. Journal of applied
microbiology, 100(1), 50-57.

O'Toole, G. A. (2011). Microtiter dish biofilm
formation  assay. Journal of visualized
experiments: JoVE, (47).

Al-Fayyadh, Z.H., AM. Turki, and H.J.F. Al-
Mathkhury, Glyceryl Trinitrate, a Vasodilating
Drug Acts as an Antibiofilm Agent in Serratia
marcescens. J Contemp Med Sci| Vol, 2023. 9(3):

p. 175-178.
Pierce, V. M., Bhowmick, T., & Simner, P. J.
(2023). Guiding antimicrobial stewardship

through thoughtful antimicrobial susceptibility
testing and reporting strategies: an updated
approach in 2023. Journal of clinical microbiology,
61(11), e00074-22.

Siqueira, F., et al., Non-lactose-fermenting
uropathogenic  Escherichia coli from dogs:
virulence profile characterization. Letters in
Applied Microbiology, 2021. 72(5): p. 596-603.
Khalaf, Z.Z. and M.T. Flayyih, Detection of
Uropathogenic Specific Protein Gene (usp) and
Multidrug  Resistant Bacteria (MDR) of
Pathogenic Escherichia coli Isolated from
Baghdad City. Iraqi Journal of Science, 2024: p.
1239-1249.

Hassan, D. F., & Mahmood, M. B. (2019).
Biosynthesis of iron oxide nanoparticles using
Escherichia coli. Traqi Journal of Science, 453-
459.

Abbood, S. A. (2024). Isolation and Molecular
Identification of Multidrug Resistance Escherichia
coli Isolated from Patients with Urinary Tract
Infections. Iraqi Journal of Medical Sciences,
22(1).

Flores-Mireles, A. L., Walker, J. N., Caparon, M.,
& Hultgren, S. J. (2015). Urinary tract infections:
epidemiology, mechanisms of infection and
treatment options. Nature reviews microbiology,
13(5), 269-284.

Romling, U., & Balsalobre, C. (2012). Biofilm
infections, their resilience to therapy and
innovative treatment strategies. Journal of internal
medicine, 272(6), 541-561.

Gunathilaka, G.A.D.K.K., et al., Biofilm-forming
ability, antibiotic resistance and phylogeny of
Escherichia coli isolated from extra intestinal
infections of humans, dogs, and chickens.
Comparative Immunology, Microbiology and
Infectious Diseases, 2024. 105: p. 102123.

81



24-

25-

26-

27-

28

29-

30-

31-

32-

33-

Iraqi Journal of Biotechnology

Alshaikh, S.A., et al., Correlation between
antimicrobial resistance, biofilm formation, and
virulence  determinants in  uropathogenic
Escherichia coli from Egyptian hospital. Annals of
Clinical Microbiology and Antimicrobials, 2024.
23(1): p. 20.
Milton, A.A.P, et al, Biofilm-forming
antimicrobial-resistant pathogenic Escherichia
coli: A one health challenge in Northeast India.
Heliyon, 2023. 9(9).
Zhao, F., et al., A systematic review and meta-
analysis of antibiotic resistance patterns, and the
correlation between biofilm formation with
virulence factors in uropathogenic E. coli isolated
from wurinary tract infections. Microbial
pathogenesis, 2020. 144: p. 104196.
Tabassum, T., Hossain, M. S., Ercumen, A.,
Benjamin-Chung, J., Abedin, M. F., Rahman, M.,
. & Mahmud, Z. H. (2024). Isolation and
characterization  of  cefotaxime  resistant
Escherichia coli from household floors in rural
Bangladesh. Heliyon, 10(14).
Kettani Halabi, M., Lahlou, F. A., Diawara, 1., El
Adouzi, Y., Marnaoui, R., Benmessaoud, R., &
Smyej, 1. (2021). Antibiotic resistance pattern of
extended spectrum beta lactamase producing
Escherichia coli isolated from patients with
urinary tract infection in Morocco. Frontiers in
Cellular and Infection Microbiology, 11, 720701.
Al-Fayyadh, Z. H., Turkie, A. M., & Al-
Mathkhury, H. J. F. (2017). New mutations in
GyrA gene of Escherichia coli isolated form Iraqi
patients. Iraqi Journal of Science, 778-788.
Perewari, D. O., Otokunefor, K., & Agbagwa, O.
E. (2022). Tetracycline-Resistant Genes in
Escherichia coli from Clinical and Nonclinical
Sources in Rivers State, Nigeria. International
Journal of Microbiology, 2022(1), 9192424.
Sabir, S., Anjum, A. A., Ljaz, T., Ali, M. A., &
Nawaz, M. (2014). Isolation and antibiotic
susceptibility of E. coli from urinary tract
infections in a tertiary care hospital. Pakistan
journal of medical sciences, 30(2), 389.
Rosana, Y., Ocviyanti, D., & Akbar, W. (2020).
Bacterial susceptibility patterns to cotrimoxazole
in urinary tract infections of outpatients and
inpatients in Jakarta, Indonesia. Medical Journal of
Indonesia, 29(3), 316-21.
Zykov, 1. N., Sundsfjord, A., Smabrekke, L., &
Samuelsen, @. (2016). The antimicrobial activity
of mecillinam, nitrofurantoin, temocillin and
fosfomycin and comparative analysis of resistance
patterns in a nationwide collection of ESBL-
producing Escherichia coli in Norway 2010-2011.
Infectious Diseases, 48(2), 99-107.

34-

35-

36-

37-

38-

39

41-

42-

43-

44-

Tabrizi, A. M. A., Kakhki, S., Foroughi, M.,
Khiadani, M., & Mohammadi, M. Z. (2024).
Azithromycin resistance genes in clinically-
isolated Escherichia coli and their relationship
with those from wastewater. Journal of the Taiwan
Institute of Chemical Engineers, 105549.

Wu, D., Ding, Y., Yao, K., Gao, W., & Wang, Y.
(2021). Antimicrobial resistance analysis of
clinical Escherichia coli isolates in neonatal ward.
Frontiers in pediatrics, 9, 670470.

Mohamed, 1. E., & Al-Azawi, A. H. (2022).
Evaluation of Antibacterial Activity of Laurus
nobilis Leaves Extract against Escherichia coli
Isolates. Iraqi journal of biotechnology, 21(2).
Ansari, S., Nepal, H. P., Gautam, R., Shrestha, S.,
Neopane, P., Gurung, G., & Chapagain, M. L.
(2015). Community acquired multi-drug resistant
clinical isolates of Escherichia coli in a tertiary
care center of Nepal. Antimicrobial resistance and
infection control, 4, 1-8.

Ali, F. A. (2018). Distribution of CTX-M gene
among Escherichia coli strains isolated from
different clinical samples in Erbil City. Iraqi
journal of biotechnology, 17(1).

Titilawo, Y., Sibanda, T., Obi, L., & Okoh, A.
(2015). Multiple antibiotic resistance indexing of
Escherichia coli to identify high-risk sources of
faecal contamination of water. Environmental
Science and Pollution Research, 22, 10969-10980.
Katongole, P., Nalubega, F., Florence, N. C.,
Asiimwe, B., & Andia, 1. (2020). Biofilm
formation, antimicrobial susceptibility —and
virulence genes of Uropathogenic Escherichia coli
isolated from clinical isolates in Uganda. BMC
Infectious Diseases, 20, 1-6.

AL-Nasrawi, M. M., & AL-Hashimy, A. B. (2020).
Molecular study of some virulence genes of
Escherichia coli isolated from women with urinary
tract infection in AL-Najaf city. Iraqi journal of
biotechnology, 3(19).

Vranic, S. M., & Uzunovic, A. (2016).
Antimicrobial resistance of Escherichia coli
strains isolated from urine at outpatient population:
A single laboratory experience. Materia socio-
medica, 28(2), 121.

Rahdar, M., Rashki, A., Miri, H. R., & Ghalehnoo,
M. R. (2015). Detection of pap, sfa, afa, foc, and
fim adhesin-encoding operons in uropathogenic
Escherichia coli isolates collected from patients
with urinary tract infection. Jundishapur journal of
microbiology, 8(8).

Bogyiova, E., et al., Detection of pap-, sfa-and afa-
specific DNA sequences in Escherichia coli strains
isolated from extraintestinal material. Folia

microbiologica, 2002. 47: p. 723-726.

82



Iraqi Journal of Biotechnology

45- Shetty, A. V., Kumar, S. H., Shekar, M., Shetty, A.

K., & Karunasagar, I. (2014). Prevalence of
adhesive genes among uropathogenic Escherichia
coli strains isolated from patients with urinary tract
infection in Mangalore. Indian journal of medical
microbiology, 32(2), 175-178.

46- Blanco, M., et al., Detection of pap, sfa and afa

adhesin-encoding operons in uropathogenic
Escherichia coli strains: relationship with
expression of adhesins and production of toxins.
Res Microbiol, 1997. 148(9): p. 745-55.

83



