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Urinary tract infections are the most widespread extra intestinal bacterial illnesses. Currently , it is the most
prevalent illness seen in medical practice, affecting patients of all ages, from newborns to the elderly. 57 E.coli
isolates of urine samples of both male and female patients suffering from urinary tract infection, were collected
from three central hospitals in Hilla city in Irag (Al Noor Children's Hospital, Maternity and Children's Hospital,
and Teaching Merjan Hospital) in the period from August to the end of November 2023. The major affected
groups were 21-30 years old (15; 26.3%); 37 (65%) females, and 40 (70.2%) from rural areas. 39 (68.4%) cases
were married, mature patients of both sexes. These isolates were found to have the ability to produce hemolysin
(25; 43.8%) and 36 (63.1%) produced siderophores;57 (100%) were mannose resistant hemagglutinin type IV and
35 (61.4%) produce bacteriocin. while 57 (100%) could produce protease and 52.6% were forming biofilm. The
antibiotic susceptibility test found that beta-Lactam (amoxicillinclavulanate) as the highest resistance represent
100% of the resistance, The resistance percentage to ceftazidime was 70% and cefotaxime 67%, whereas the
antibiotic aztreonam was 30%, and gentamicin 40%. In addition, the trimethoprim group is 50%. whereas
resistance to Nalidixic acid is 59%, Norfloxacin was 37%. Pefloxacin resistance was 30% ,Ciprofloxacin resistance
was 35%. The results of minimum inhibitory concentration MIC showed that 22% of isolates were sensitive to
both ciprofloxacin and nalidixic acid, but resistant to both Pefloxacin and Norfloxacin . 49% of isolates had
resistance to every type of antimicrobial drugs. 9% sensitive to all antimicrobial drugs. Only 5% were sensitive to
all antimicrobial drugs except ciprofloxacin solely displayed resistance. Only 3% were resistant to all antimicrobial
drugs except nalidixic acid displayed sensitive. Only 7% of isolates were sensitive to all antimicrobial drugs except
nalidixic acid demonstrate resistance. Only 5% of the isolates shown resistance to all antimicrobial drugs except
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ciprofloxacin displayed sensitive.
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INTRODUCTION

Urinary tract infections are the most widespread
extra intestinal bacterial illnesses. It is currently the
most prevalent illness seen in medical practice,
affecting patients of all ages, from newborns to
elderly (Bien et al., 2012). A urinary tract infection
(UTI) is defined as the invasion and multiplication of
microorganisms in any one of the urinary system's
structures. The degree of the infection might vary,
ranging from asymptomatic colonization (i.e., no
tissue degradation) to symptomatic invasion of any
tissue within the urinary system structure (Gharbi, et
al., 2019).

Numerous microorganisms can cause urinary tract
infections (UTTIs), although Escherichia coli and other
Enterobacteriaceae are the most common pathogens
impacting common UTIs in the public, accounting for
approximately 75% of isolates. It has been
demonstrated that one of the main causes of severe
UTIs may be the growing resistance to the commonly
used antimicrobial drugs because of their routine
usage in UTIl treatment without performing a
susceptibility test. (Abat et al.,, 2015). Urinary tract
infections (UTI), which comprise cystitis and
pyelonephritis, are one of the urologic pathogenic
Escherichia coli (UPEC) infections that affect people
most often (Bien et al., 2012).and(Wiles et al.,2008).).
Antibiotics can successfully cure UTls, but the issue of

bacterial resistance to antibiotics is growing, making
UTls more likely to recur, especially when biofilm
development and virulence factors are present. (Cook
and McArthur 2013) .

Additional research revealed that UPEC strains are
associated with several key virulent characteristics,
like bacterocin, hemolysin, siderophore ,mannose
resistance and protease production and biofilm
formation. (Smajs et al ., 2010). pro-forming proteins
called hemolysin broke down red blood cells and
released hemoglobin, which can be released by a
variety of substances, including bacterial hemolysin,
which seems to support the invasive ability of
bacteria. Bacteriocin production is a main specific of
E.coli and several associated species in the
Enterobacteriaceae family. In the Escherichia genus,
bacteriocin creation is completely associated with
strains of E. coli (Smarda et al.,2002). Bacteriocins are
proteinaceous toxins created by bacteria to inhibit the
growth of similar related bacterial strains (Farkas-
Himsley ,1980). UPEC strains typically produce
siderophores, which are likely crucial for bacteria to
acquire iron during or after colonization (Todar, 2006
) . Bacterial growth requires iron, and the capacity to
obtain iron from the host is a requirement for the
creation and perpetuation of infections. (Dal et
al.,2003).
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This pathogen's propensity to build biofilms is one of
its main virulent factors. This biological evolution
increases the pathogen's resistance to antibiotics and
shields it from host immunity. Based on estimates,
biofilm development is responsible for around 80% of
infectious illnesses. Numerous chronic and persistent
bacterial infections are caused by this pathogen's
capacity to build biofilms and its resistance to
antibiotics. (ElImanama et al.,2020). Biofilm formation
is an important virulence factor that increases the
pathogenicity infectious of E. coli(lssa et al.,2018).

Enzymes known as proteases accelerate hydrolytic
processes, or hydrolysis peptide bonds, which result
in the breakdown of protein molecules into peptides
and amino acids. (Sumantha et al.,2006). The
objectives of this study were to distinguish the
utmost communal reason for UTI ,virulence factors ,
antimicrobial susceptibility and minimum inhibitory
concentration of E. coli isolated from Hilla City
patients exhibiting clinical UTI symptoms.

MATERIALS AND METHODS
Collection of urine samples and identification of
bacteria

In this study, 57 E.coliisolates of urine samples of both
male and female hospital patients suffering from
urinary tract infection, from three central hospitals in
Hilla city in Irag (Al Noor Children's Hospital,
Maternity and Children's Hospital, and Teaching
Merjan Hospital) in the period from August to the end
of November 2023. The identification of E.coli isolates
was carried outby standard methods include
identification with morphological characters and
biochemical tests .The MacConkey agar and blood
agar(Himedia- india) were used to identify E. coli and
other Gram-negative bacteria initially; eosin
methylene blue medium was also used for
identification according to Bergey’s manual of
determinative bacteriology [ (Salehzadeh and Zamani
;2018). The biochemical tests Voges-Proskauer,
Simmons citrate, indole production, methyl red,
lactose fermentation, and sucrose fermentation, were
conducted to identify the bacterial isolates and the
diagnosis confirmed by using Vitek system.

Detection of virulent factors and enzyme production
Bacteriocin production: This test was achieved by
using the Cup Assay Method as described by Al-
Qassab and Al-Khafaji (1992) . Zones of growth
inhibition surrounding stabs indicate the presence of
bacteriocin. (Chung, 2003).

Hemolysin production: Hemolysin formation was

tested on human blood agar dishes according to De
Voy et al. (1980). A greenish zone surrounding the
colonies indicated a-hemolysis, or partial hemolysis,
whereas no color change indicated y-hemolysis, or
non-hemolysis. (Collee et al.,1996).

Siderophore production assay: The production of
siderophore was tested for on M9 media according to
Collee et al (Collee et al.,1996). The results were seen
if the growth of microorganism was present or not .

Mannose resistant hemagglutination (MRHA): It was
carried out to detect fimbriae other than type-1
fimbriae according to Karr et al., (1990).

Protease formation test: It was tested according to
the method of Benson, (1998).

Biofilm Formation (Tube Method): After inoculating
tryptone soy broth(Biolife) with 1% glucose that had
been previously prepared, two to four isolates
growing on nutrient agar were incubated for twenty-
four hours at 37 °C. Following incubation, the
bacterial growth was eliminated, the tubes were
cleaned with distilled water, and they were then
allowed to dry. To each tube, 5 milliliters of 0.5%
concentration crystal violet was added. They were
rinsed with distilled water after ten to fifteen minutes
and then turned upside down to dry. Positive results
were noted since rings could be seen around the inner
walls and bottom of the tubes. The test is deemed
ineffective if no rings were seen.( Christensen et
al.,1982)

Antibiotic susceptibility test

Susceptibility to antimicrobial agents was assessed by
the disc diffusion technique on Mueller—Hinton
agar(Oxoid-UK) .The sensitivity test against eight
antibiotics was done according to Kirby-Bauer
method and interpretation of results was as
recommended by CLSI-2023. Tested antimicrobials
are  Norfloxacin(10ug), ,Trimthoprim  (30ug),
Pifloxacin(10ug) , Cefotaxime (30ug), amoxicillin-
clavulanate 30ug, ceftazidime 30ug, aztreonam 30ug,
gentamicin  10pg, Nalidixic acid (30 pg) and
ciprofloxacin (5 pg), as defined by references
(Humphries et al., 2018) (Borty et al., 2016) by disk
diffusion method utilization as in Table 1. The
inhibition zones were interpreted as resistant and
susceptible based on criteria provided by the Clinical
and Laboratory Standards Institute (CLSI).
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MIC determination

The agar dilution method was used to measure the
minimum inhibitory concentration (MIC) in Mueller
Hinton agar (Oxoid). Media plates were serially
diluted two times, ranging from 0.25 to 512 mg/L, in
accordance with the Clinical and Laboratory
Standards Institute's recommendations (CLSI, 2007)
(Abass et al.,2014).

RESULTS

Escherichia coli was identified from the urine of UTI
patients in 57 clinical samples, with the patients' ages
ranging from one year to 50 years , the major affected
group was (21-30) 15(26.3%), 37(65%) females and
20(35%) males ,17(29.8%) from urban resident and
40(70.2%) from rural areas. The common of UTI
infections involving Escherichia coli, 39(68.4%) cases
were married mature patients for both sex, 18(31.6)
cases of E.coli in patients which not married as in
Table-2 . The medical personnel at the hospital
diagnosed each patient with a UTI based on a
combination of laboratory testing and clinical
symptoms. The hospital patients were all admitted to
the hospital and had one or more UTI symptoms.

Identification of isolates

The processes of identification and confirmation were
carried out using morphological, biochemical, and
phenotypic features. It was discovered that every
isolate was a Gram-negative rod. Biochemical testing
included oxidase-negative, lactose, glucose, and
sucrose fermentation; the IMVIC test revealed indole
positivity; the Voges-Proskauer and citrate utilization
tests yielded negative results .They have capability of
reaction on eosin methylene blue (EMB) medium and
gave green metallic sheen, on MacConkey gave pink
colonies and on blood agar giving alpha or gamma
haemolysis as in table-3 . The Vitek-2 test system
verified the identifications.

Virulence factors and Enzyme production

When E. coli was examined for its ability to produce
hemolysin, it was discovered that 25 (43.8%) of the 57
isolates could do on blood agar as a zone of hemolysis
surrounding bacterial colonies, and 36 (63.1%) of the
isolates could make siderophores on M9 media as in
Table 3. After the detection of mannose resistance
hemoglutinin type IV, it was discovered that all
isolates possessed this virulence factor (57, 100%).
The 57 E.coli isolates showed that 35(61.4%) isolates
had the ability to produce bacteriocin.

Additionally, after 24 hours of incubation, all 57
(100%) of the isolates of E. coli were reported to be
able to produce protease on M9 media
(supplemented with 20% glucose and 1% gelatin). The
colonies were surrounded by a transparent, clear
region after 3 milliliters of 5% trichloroacetic acid was
added. Using the tube method to examine the
isolates' capacity to form biofilms, it was discovered
that 30 isolates (52.6%) produce biofilm, and 27
isolates (47.4%) were not able to do so.

Antibiotic susceptibility test

Using the disc diffusion method, the susceptibility of
fifty seven Uropathogenic E. coli (UPEC) isolates to ten
distinct antibiotic types was assessed. The pathogenic
isolates that were examined for these medicines had
different patterns of sensitivity and degrees of
resistance. The antimicrobial test yielded the
following findings: the beta-Lactam (amoxicillin
clavulanate) as the highest resistance represent
100%. The resistance of the cephems group, where it
was ceftazidime 70% and cefotaxime 67%, whereas
the resistance to monobactams group (aztreonam)
was 30%, and aminoglycosides group (gentamicin)
40%. Furthermore, the resistance to trimethoprim
group was 50%. whereas resistance to nalidixic acid
was 59%. Resistance to norfloxacin was 37%.
Pefloxacin resistance was 30% . And 35% of isolates
were resistant to ciprofloxacin.(Table 4).

Minimum concentration MIC

determination

inhibitory

Agar dilution method was used to assess the
minimum inhibitory concentrations (MICs) of four
antimicrobial drugs (ciprofloxacin, norfloxacin,
pefloxacin, and nalidixic acid) for isolates separately.
The isolates' general resistances to various
antimicrobial drugs were as follows: 22% of isolates
were sensitive to both ciprofloxacin and nalidixic acid,
but resistant to both pefloxacin and. 49% of isolates
had resistance to every type of antimicrobial drugs.
Only 9% of isolate were sensitive to all antimicrobial
drugs . Only 5% were sensitive to all tested
antimicrobial drugs except ciprofloxacin solely
displayed resistance. Only 3% were resistant to all
tested antimicrobial drugs except nalidixic acid
displayed sensitive. Only 7% sensitive to all
antimicrobial drugs except nalidixic acid demonstrate
resistant. Only 5% of the isolates shown resistance to
all antimicrobial drugs except ciprofloxacin displayed
sensitive. (Table 5).
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Table 1-Antimicrobial agents and their concentrations (Oxoid, United Kingdom).

Antibiotics Concentration pg/ml
Gentamicin 10
Aztreonam 30
Norfloxacin 10
Ceftazidime 30
amoxicillin-clavulanate 30
Trimethoprim 20
Pefloxacin 10
Ciprofloxacin 5
Cefotaxime 30
Nalidixic acid 30

Table2. Gender, residency and marital status in relation to no. of cases

Gender Residence Marital Status

Cases Male = Female = Urban = Rural = Married @ Not Married
No. 20 37 17 40 39 18
Percentage 35 65 29.8 70.2 68.4 31

Table 3. Virulence factors of E.coli

Enzyme production + -
Hemolysin production 25 (43.8%) @ 32(56.2%)
Siderophore production 36 (63.1%) 21(36.9%)
Bacteriocin 35(61.4%) @ 22(38.6%)
Protease production 57(100%) 0(0%)
Mannose resistance hemagglutinin =~ 57(100%) 0(0%)
Biofilm formation 30(52.6%) @ 27(47.4%)

Table 4. Antibiotic susceptibility of tested E. coli isolates

Antimicrobial Resistance% = Sensitivity %
Amoxicillin clavulanate 100 0
Ceftazidime 70 30
Cefotaxime 67 33
Aztreonam 30 70
Gentamicin 40 60
Trimethoprim 50 50
Nalidixic acid 59 41
Norfloxacin 37 63
Pefloxacin 30 70
Ciprofloxacin 35 65

Table 5. Minimum inhibitory concentration

No. (out of 57) Resistant = Equivalent MIC = Equivalent MIC = Equivalent MIC | Equivalent MIC

isolates% Nalidixic acid Ciprofloxacin Norfloxacin Pefloxacin
12 22 Sensitive Sensitive Resistant Resistant
28 49 Resistant Resistant Resistant Resistant
5 9 Sensitive Sensitive Sensitive Sensitive
4 7 Sensitive Sensitive Sensitive Resistant
3 5 Sensitive Resistant Resistant Resistant
3 5 Sensitive Sensitive Resistant Sensitive
2 3 Resistant Resistant Resistant Sensitive
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DISCUSSION

One of the most frequent bacterial diseases in
humans, urinary tract infections, are primarily caused
by E. coli. Uropathogenic clones are chosen from the
fecal flora, and the existence of virulence factors is
assumed to be a prerequisite for the pathogenic
potential of E. coli strains. (Lane et al.,2007). This
study showed a greater percentage of UTI in females
37(65%) than in males 20(35%) . These results agreed
with Abass et al(2014), Muhaimeed and Ghareeb
(2023) and Ahmed et al ., (2023), who found that 60%
were females, whereas only 40% were men . This
study observed a higher infection in females with
urinary illness than in males. This is due to the
different dissection of the urinary system in males
and females and the nature of the physiological
composition; where the length urethra is short when
compared with males. Moreover, hormonal variation
can stimulate infections. Also, males are extra
protected because of the anatomy of the urine
system (Odoki, et al ., (2019).).The study agrees with
Jadhav et al (2011). The age group 21 to 30 years
showed the highest incidence of UTIs. Among these,
diabetes mellitus, urinary tract blockage, and
impaired bladder emptying are probably more
common in older people. These elements contribute
significantly to UTI and encourage bacterial
colonization. (Gales et al.,2002). Other studies by
Ulleryd (2003) and Abass et al(2014) have revealed
comparable results. Iraq has a high rate of infection,
with genitourinary infections being particularly
common. This could be because some economically
disadvantaged groups don't have access to
inexpensive personal or community cleanliness.
These results also agreed with Ahmed et al., (2023)
who found the highest proportion was from the age
group of 20-39 years (56.7%) .

The results of hemolysin and siderophore production
agreed with the results of Ali (2012), Al-Sayigh et al.
(2013), Al-Hamawandi (2014) and Shah et al (2019)
who found that numerous E. coli strains produce
hemolysin, which oversees creating the hemolysis
zone that surrounds bacterial colonies on blood agar.
Mannose resistance hemagglutinin type IV results
agreed with results obtained by Chin et al, (2011) and
AlL-Hamawandi (2014), while the results of
bacteriocin agreed with Smajs, (2010) and Ali (2012).
Also, the protease production results agreed with
results of Choong etal, (2001) and AL-Hamawandi
(2014) who found that all tested isolates were
producing protease.

The results of biofilm formation agreed with prior
studies done by Shah et al (2019) and Ahmed (2021)
while disagreeing with Sabah (2018) who discovered
that all tested E. coli isolates produced biofilm. This
study found that 100% of participants showed the
maximum level of resistance to beta lactams
(amoxicillin-clavulanate), which was consistent with
other results obtained by Al-Hilali (2010) and Abass et
al ,.(2014); most E. coli isolates had beta-lactamase,
which could be the cause of its enhanced resistance.
Khalaf and Flayyih (2024) found 92% resistance to
amoxicillin. The resistance to cephems group varied.,
where it was 70% to ceftazidime , while 67% to
cefotaxime, these results agreed with the Al-Hilali
(2010) results in Najaf they discovered that,
respectively, resistance to cefotaxime and ceftazidime
was 68.2 and 72.7%, Shakhatreh et al. (2019) and
Ghaffoori and Suleiman; (2022) which supported the
findings of the current study on ceftazidime, while
Muhaimeed and Ghareeb (2023) found highest
resistance to Cefotaxime was recorded (80%). Abbas
et al. (2024) found 70% resistance to ceftazidime
while Khalaf and Flayyih (2024) found 52% resistance
to ceftazidim .

Resistance to the monobactams group included
aztreonam, was 30%, this result agreed with the
results obtained by Abbood and Alwan (2023) in Al-
Hilla who found that the resistance to aztreonam was
26%, and Khalaf and Flayyih (2024) who found 40%
resistance to aztreonam . Additionally, 40% of the
Uropathogenic E.coli isolates had gentamicin
resistance, according to the data. This result aligned
with Shamki et al(2012) and Al-Taai.(2018) who found
57.14% of isolates were resistant to gentamycin. Al-
Azawi (2023) found 26% resistant to gentamicin,
Abbas et al., (2024) found 47% resistance to
gentamicin. While Khalaf and Flayyih (2024) found
22% isolates were resistant to gentamicin.

In addition, while the trimethoprim group
represented about 52% of the population, this result
of the trimethoprim group reported 50% resistance
,2this finding was compatible with another study by
Estrada-Garcia et al(2005) in Mexico City , who found
that the resistance to trimethoprim was 67%. Albert
et al (2009) in Kuwait , found that the resistance to
trimethoprim was 43.2%. also in Najaf , Al-Hilali
(2010) found resistance to trimethoprim was 72.7% ,
and Khalaf and Flayyih (2024) who found 36%
resistance to trimethoprim.

Antibiotic sensitivity was the most effective test
showed resistance 59% to nalidixic acid and 35% to
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ciprofloxacin, the nalidixic acid and ciprofloxacin
resistance agreeing with the results obtained by
Shamki et al(2012) in al Kut city , Abass et al (2014),
Al-Azawi (2023) found that 52% of the tested E.coli
isolates were resistant to ciprofloxacin and Khalaf
and Flayyih (2024) that found 20% isolates were
resistant to ciprofloxacin, while Abbas et al., (2024)
found 70% resistance to ciprofloxacin .In our study,
30% of our isolates were resistant to pifloxacin and
37% to norfloxacin. The results of this study agreed
with the results of Vila et al (2002) and the finding of
Abass et al (2014) who demonstrated It is commonly
known that resistance to ciprofloxacin, norfloxacin,
nalidixic acid, and pifloxacin is growing in various
regions of the world. Another research indicates that
25% of urine samples have quinolone-resistant E. coli,
which is consistent with our results of 36 (55.3%).
(Soto et al.,2006).

In previous years, it appeared that the rising rate of
drug impedance and multi-resistant phenotypes
observed in E. coli turned into a major issue around
the globe (Shah et al.,, 2020). The present study
showed that urinary infection spread via E. coli in the
people, it coincides with other Iragi surveys studied.
One study showed that the prevalence of E. coli in
patients with urinary illness in hospitals of Baghdad is
more than other species of bacteria (Almutawif and
Eid ;2023). The improper and excessive use of
antibiotics when treating diarrhea and UTI may be the
cause of the high level of antibiotic resistance.

CONCLUSION

In this study, we tried to screen the antibiotic
resistance pattern among patients with urinary
Escherichia coli in the city of Hilla, Irag, the most
susceptible gender for E. coli was females. also, the
most susceptible age group was 21-30 years, and
those living in the rural areas were more susceptible
than those living in the urban ones. while in most
cases (39-68.4%) were married adult patients for
both sexes. Antibiotic susceptibility test showed that
all E. coli isolates were completely resistant to beta-
Lactam (amoxicillinclavulanate),while resistant in
different rates to ceftazidime (70%), cefotaxime
(67%), aztreonam (30%), gentamicin (40%),
trimethoprim (50%), nalidixic acid (59%), norfloxacin
(37%), pefloxacin (30%) and ciprofloxacin (35%). In
the light of these results, it is recommended to focus
on the most affected groups in future prophylactic
plans.

REFERENCES

Abass, S. K., Ali, M. R., & Authman, S. H. (2014). Isolation of
Multi Antibiotics Resistance Escherichia coli from
urinary tract infection and the Detection of PapC and
fimH virulence genes by Polymerase chain reaction
Technique. Diyala J Pure Sci, 10, 112-27.

Abat, C., Desboves, G., Olaitan, A. O., Chaudet, H., Roattino,
N., Fournier, P. E., Rolain, J. M. (2015). Increasing
burden of urinary tract infections due to intrinsic
colistin-resistant bacteria in hospitals in Marseille,
France. International  journal of  antimicrobial
agents, 45(2), 144-150.

Abbas, H. M., Gdoura, R., Al-Marjani, M. F. (2024). Unveiling
the High Prevalence of Antibiotic Resistance and
Quorum Sensing Genes in Uropathogenic Escherichia
coli. Al-Mustansiriyah Journal of Science, 35(1), 38-43.

Abbood, D. H. A.,, & Alwan, Z. H. 0. (2023). Molecular
detection of genes encoding adhesion factors in
biofilm formation among uropathogenic Escherichia
coli isolates. Medical Journal of Babylon, 20(2), 258-
263.

Ahmed, A. (2021). Molecular detection of some virulence
genes in E. coli isolated from women with urinary tract
infections (Doctoral dissertation, Master Thesis,
College of Science/University of Diyala).

Ahmed, A. G., Al Atrakji, M. Q. Y. M., Alwattar, W. M. A.
(2023). Antibacterial effect of ethyl acetate fraction of
Medicago Sativa on Escherichia Coli in urinary tract
infections. Journal of the Faculty of Medicine
Baghdad, 65(1), 45-52.

Al-Azawi, I. H. (2023). Detection and Characterization of hly,
cdtl and stxl genes, in MDR uropathogenic and
intestinal E. coli isolates, Hilla city, Iraq. AL-QADISIYAH
MEDICAL JOURNAL, 19(1), 24-30.

Albert, M. J., Rotimi, V. O., Dhar, R., Silpikurian, S., Pacsa, A.
S., Molla, A. M., & Szucs, G. (2009). Diarrhoeagenic
Escherichia coli are not a significant cause of diarrhoea
in hospitalised children in Kuwait. BMC
microbiology, 9(1), 1-8.

AL-Hamawandi, J. A. (2014). Study of some virulence factors
of some urepathogenic bacteria. Journal of University
of Babylon, 22(4), 1355-62.

Al-Hilali, S. A., Almohana, A. M. (2010). Occurrence and
molecular characterization of enteropathogenic
Escherichia coli serotypes isolated from children with
diarrhoea in Najaf, Irag. Indian Journal of Medical
Microbiology, 29(4), 383-388.

Ali, J. A. (2012). Hemolysin and Bacteriocin production of E.
coli isolated from urinary tract infection. Journal of
Babylon University/Pure and Applied Science, 20(5),
1448-1451.

Almutairy, A. A. H., Alka’aby, T. A. A. A., Abdulla, A. A. (2016).
Detection of Metallo-B-Lactamases and their
association with integrons among Multidrug Resistant
Clinical Isolates of Escherichia coli. Int J PharmTech
Res, 9, 740-753.

Almutawif, Y. A., & Eid, H. M. (2023). Prevalence and
antimicrobial susceptibility pattern of bacterial

44

Egypt. J. Bot. Vol. 65, No.3 (2025)



Prevalence of bacterial antibiotic resistance pattern among patients with uropathogenic E.coli in Hilla City, Iraq

uropathogens among adult patients in Madinah, Saudi
Arabia. BMC Infectious Diseases, 23(1), 582.

AL-Qassab, A. O . and Al-khafaji Z. M .(1992):Effect of
different conditions on inhibition activity of enteric
lactobacilli against diarrhea-causing enteric bacteria .
J. Agric .Sci.3(1):8-26.

Al-Sayigh, H. A., Al-Hasson, H. F., & Ali, J. A. (2013). Effect of
some Antibiotics on Uropathogenic Escherichia coli
and Detection of some virulent factors. Medical J. of
Babylon, 10(3).

Al-Taai, H. R. (2018). Antibiotic resistance patterns and
adhesion ability of uropathogenic Escherichia coli in
children. Iraqi journal of biotechnology, 17(1).

Benson, R. H. (1998). Microbiological application:
laboratory Manual in general Microbiology .17th Ed.
WB. M.C. Graw. HILL.

John, G., Krieg, N. R., Sneath, P. H., James, T. S.
(1994). BERGEY'S MANUAL OF DETERMINATIVE
BACTERIOLOGY. REV. WILLIAMS & WILKINS.

Bhakdi, S., Mackman, N., Menestrina, G., Fray, L., Hugo, F,,
Segar, W. and Hollabd, I.B. (1988). The hemolysin of E.
coli. European J. Epid. 4(2): 135-143.

Bien, J., Sokolova, 0., Bozko, P. (2012). Role of
uropathogenic Escherichia coli virulence factors in
development of urinary tract infection and kidney
damage. International journal of nephrology, 2012(1),
681473.

Borty, S. C., Rahman, F, Reza, A. A., Khatun, M. S., Kabir, M.
L., Rahman, M. H., & Monir, M. S. (2016). Isolation,
molecular identification and antibiotic susceptibility
profile of Aeromonas hydrophila from cultured
indigenous Koi (Anabus testudineus) of
Bangladesh. Asian Journal of Medical and Biological
Research, 2(2), 332-340.

Chin, B.S.; Kim, M.S. and Han, S.H. (2011). Risk factors of all-
cause in-hospital mortality among Korean elderly
bacteremic urinary tract infection (UTI) patients.
Archives of Gerontology and Geriatrics. 52:e50-e55.

Choong, S. K. S.; Wood, S.; Fry, C. H. and Whitfield, H. N.
(2001). Catheter associated urinary tract infection and
encrustation. Int. J. Antimicrobial Agents. 17: 305-310.

Christensen, G. D., Simpson, W. A,, Bisno, A. L., & Beachey,
E. H. (1982). Adherence of slime-producing strains of
Staphylococcus epidermidis to smooth
surfaces. Infection and immunity, 37(1), 318-326.

Chung, H.J. (2003). Control of food borne pathogens by
bacteriocin like substances from lactobacillus sp. In
combination with high pressure processing. Ph.D. The
Ohio State University.

Collee, J. G.; Fraser A. G.; Marmino, B. P., Simons, A. (1996).
Mackie and McCartney Practical Medical Microbiology.
14th Ed. The Churchill Livingstone, Inc. USA.

Cook, S. M., McArthur, J. D. (2013). Developing Galleria
mellonella  as a model host for human
pathogens. Virulence, 4(5), 350-353.

Dal, S., Culici, M., Bovio, C. Braga, P. (2003). Effect of sub
inhibitory concentration on various factors affecting

bacterial virulence. J. Antimicrobial. Chemother. 21(4):
325- 333.

De Boy, J., Wachsumth, K., Davis, B. (1980). Hemolysin
activity in enterotoxogenic and nonenterotoxogenic
strains of E. coli. J. Clin. Microbiol.12: 193-198.

Elmanama, A. A., Al-Sheboul, S., Abu-Dan, R. I. (2020).
Antimicrobial resistance and biofilm formation of
Pseudomonas aeruginosa: a short review article. The
International  Arabic Journal of Antimicrobial
Agents, 10(2).

Estrada-Garcia, T., Cerna, J. F., Paheco-Gil, L., Velazquez, R.
F., Ochoa, T. J., Torres, J., DuPont, H. L. (2005). Drug-
resistant diarrheogenic Escherichia coli,
Mexico. Emerging infectious diseases, 11(8), 1306.

Farkas-Himsley H. (1980). Bacteriocins are broad-spectrum
antibiotics. J. Antimicrob. Chemother. 6 (4): 424-426.

Foxman, B. (2010). The epidemiology of urinary tract
infection. Nature Reviews Urology, 7(12), 653-660.

Gales, A. C., Sader, H. S., Jones, R. N., Sentry Participants
Group (2002). Urinary tract infection trends in Latin
American hospitals: report from the Sentry
antimicrobial surveillance program (1997-
2000). Diagnostic  microbiology and infectious
disease, 44(3), 289-299.

Ghaffoori, H. A., & Suleiman, A. A. (2022). Effect of B-
defensin 2 on biofilm formation in pathogenic E. coli
bacteria isolated from clinical samples. Texas Journal of
Agriculture and Biological Sciences, 4, 76-80.

Gharbi, M., Drysdale, J. H., Lishman, H., Goudie, R.,
Molokhia, M., Johnson, A. P., Aylin, P. (2019). Antibiotic
management of urinary tract infection in elderly
patients in primary care and its association with
bloodstream infections and all-cause mortality:
population based cohort study. bmj, 364.

Humphries, R. M., Ambler, J., Mitchell, S. L., Castanheira, M.,
Dingle, T., Hindler, J. A., Sei, K. (2018). CLSI methods
development and standardization working group best
practices for evaluation of antimicrobial susceptibility
tests. Journal of clinical microbiology, 56(4), 10-1128.

Issa, M. A., Ghaima, K. K., Saleh, M. B., Nader, M. 1. (2018).
Antibiogram study and prevalence of psla gene among
biofilm Pseudomonas aeruginosa producers isolated
from some clinical specimens in thi_qar
province. Pakistan Journal of Biotechnology, 15(3),
681-688.

Jadhav, S., Hussain, A., Devi, S., Kumar, A., Parveen, S.,
Gandham, N., Ahmed, N. (2011). Virulence
characteristics and genetic affinities of multiple drug
resistant uropathogenic Escherichia coli from a semi
urban locality in India. PloS one, 6(3), e18063.

Karr, J.; Nowicki, B.; Truong, L.; Hull, R.; Moulds, J. and Hull,
S.(1990). Pap-2-encoded fimbriae adhere to the p
blood group-related glycosphingolipid stage-specific
embryonic antigen 4 in the human kidney.
Infect.Immun., 58: 4055-62.

Khalaf, Z. Z., & Flayyih, M. T. (2024). Detection of
Uropathogenic Specific Protein Gene (usp) and
Multidrug Resistant Bacteria (MDR) of Pathogenic

Egypt. J. Bot. Vol. 65, No.3 (2025)

45



Otaiwi et al., 2025

Escherichia coli Isolated from Baghdad City. Iraqi
Journal of Science, 1239-1249.

Lane, M.C.; Simms, A.N. &Mobely, H.L. (2007) - Complex
interplay between type 1 fimbrial expression and
flagellum-mediated motility of  uropathogenic
Escherichia coli. ). Bact., 189: 5523-5533.

Muhaimeed, A.A. and Ghareeb, A.M (2023). "Prevalence of
Multi-Antibiotic Resistance marA and Quorum Sensing
luxS Genes and Evaluation of Biofilm Formation in
Uropathogenic Escherichia coli." Iraqi Journal of
Biotechnology-252 :(1)22 4dbed! wllal) 48]yl dxal!
.261

Odoki, M., Almustapha Aliero, A., Tibyangye, J., Nyabayo
Maniga, J., Wampande, E., Drago Kato, C., Bazira, J.
(2019). Prevalence of bacterial urinary tract infections
and associated factors among patients attending
hospitals in Bushenyi district, Uganda. International
journal of microbiology, 2019(1), 4246780.

Salehzadeh, A., Zamani, H. (2018). Characterization of
(Uropathogenic) E. coli isolated from urinary tract
infections: phylogenetic typing and distribution of
virulence-associated  traits. British  journal  of
biomedical science, 75(1), 40-42.

Shah, C., Baral, R., Bartaula, B., Shrestha, L. B. (2019).
Virulence factors of uropathogenic Escherichia coli
(UPEC) and correlation  with  antimicrobial
resistance. BMC microbiology, 19, 1-6.

Shah, T. A., Preethishree, P., & Ashwini, P. V. (2020). Bacterial
Profile of Urinary Tract Infections: Evaluation of Biofilm
Formation and Antibiotic Resistance Pattern of
Uropathogenic Escherichia coli. } Pure Appl Microbiol.
2020; 14 (4): 2577-2584. doi: 10.22207/JPAM. 14.4. 33
The Author (s) 2020. Open Access. This article is
distributed under the terms of the Creative Commons
Attribution, 4.

Shakhatreh, M. A. K., Swedan, S. F., Ma'en, A., & Khabour,
0. 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.

Shamki, J. A., Al-Charrakh, A. H., & Al-Khafaji, J. K. (2012).
Detection of ESBLs in Enteropathogenic E. coli (EPEC)
isolates associated with infantile diarrhea in Kut
City. Medical Journal of Babylon, 9(2), 403-412.

Smajs, D., Micenkova, L., Smarda, J., Vrba, M., Sevéikova, A.,
ValiSova, Z., & Woznicovd, V. (2010). Bacteriocin
synthesis in uropathogenic and commensal Escherichia
coli: colicin E1 is a potential virulence factor. BMC
microbiology, 10, 1-10.

Smarda, J., Smajs, D. and Lhotova, H. (2002). Three recently
acknowledged Escherichia species strikingly differ in
the incidence of bacteriocinogenic and lysogenic
strains. J. Basic Microbiol. 42: 429-433.

Soto, S. M., Jimenez de Anta, M. T., & Vila, J. (2006).
Quinolones induce partial or total loss of pathogenicity
islands in uropathogenic Escherichia coli by SOS-
dependent or-independent pathways, respectively.
Antimicrobial agents and chemotherapy, 50(2), 649-
653.

Sumantha, A, Larroche, C., Pandey, A. (2006) Microbiology
and industrial biotechnology of food-grade proteases:
A perspective. FoodTechnol. Biotechnol. 44: 211-220.

Todar, K. (2006). Todar's online textbook of bacteriology.

Ulleryd P (2003). Febrile urinary tract infection in men. IntJ
Antimicrob Agents 22 Suppl 2: 89-93.

Vila, J., Simon, K., Ruiz, J., Horcajada, J. P., Velasco, M.,
Barranco, M., Mensa, J. (2002). Are quinolone-
resistant  uropathogenic  Escherichia coli less
virulent?. The Journal of infectious diseases, 186(7),
1039-1042.

Wiles, T. J., Kulesus, R. R., Mulvey, M. A. (2008). Origins and
virulence mechanisms of uropathogenic Escherichia
coli. Experimental and molecular pathology, 85(1), 11-
19.

Zagaglia, C., Ammendolia, M. G., Maurizi, L., Nicoletti, M.,
Longhi, C. (2022). Urinary tract infections caused by
uropathogenic Escherichia coli strains—new strategies
for an old pathogen. Microorganisms, 10(7), 1425.

46

Egypt. J. Bot. Vol. 65, No.3 (2025)



