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UTI, Gram-negative, Gram Urinary tract infections have become a public health concern in recent
fgssi'stt';f\'cﬁu'\'ps' antibiotic years due to antibiotic resistance. The purpose of this study is to assess
' the antibacterial activity of green synthesize gold nanoparticles on
MDR bacteria. One hundred urine samples were collected from patients
with urinary tract infections, the identification and antibiotic
susceptibility tests of bacterial isolates were achieved by using the
Vitek 2 compact system. The green AuNPs was synthesized by using
extract of pomegranate peel, then detected visually by changing in
color, and characterized by using Ultra-Violet/ Visible spectroscopy
and SEM. The antibacterial activity of AuNPs is determined by agar
well diffusing. Out of 100 urine samples, seventy-three bacterial
isolates were 38 (52%) Gram-negative bacteria and 35 (47.9%) were
Gram-positive bacteria. Among Gram-negative bacteria, E. Coli 26
(68.42%) was the most common species. While the most common
Gram-positive bacteria Streptococcus epidermidis 15 (42.8%). Gold
Nanoparticles were detected visually by changing in color to violet and
characterized using Ultra-Violet/ Visible spectroscopy (UVVis) that
showed absorbance peak (550 nm). Scanning Electron Microscopy
(SEM) analyzer showed the size ranged from (64-76nm) with spherical
shape. The gold nanoparticles have the ability to inhibit the growth of
E. Coli (13mm) and Staphylococcus epidermidis (12mm) bacteria.
Green gold nanoparticles can be used eco-friendlily (more safety, less
toxicity) as an alternative to antibiotics against antibiotic resistance
bacteria.

Introduction

Urinary tract infection (UTI) is a prevalent infectious illness, especially in underdeveloped nations
that face significant healthcare and economic limitations [1]. This illness is affecting over 150 million

individuals each year on a global scale [2]. Therefore, the expenses related to healthcare for this
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ailment are substantial with an approximate annual expenditure of $3 billion only on UTlIs [3]. The
incidence of urinary tract infections (UTIs) differs according to gender and age, with women and
elderly individuals being more prone to UTIs compared to males and younger individuals [4].
Urinary tract infections (UTIs) are often caused by bacteria, particularly Gram-negative bacteria,
including E. coli, Proteus species, P. aeruginosa, and Klebsiella species. Staphylococcus aureus,
Enterococcus species, Staphylococcus species, and coagulase-negative staphylococci are often
identified Gram-positive bacteria that are expected to cause urinary tract infections (UTIs) [5]. The
discovery of antibiotics was a significant breakthrough in modern medicine. However, the
widespread availability and excessive use of antibiotics have resulted in the progressive development
of bacteria-resistance against them [6]. Urinary tract infections are often managed with broad-
spectrum antibiotics. Treatment is typically beginning empirically, without the need for culture and
sensitivity testing. The imprudent and indiscriminate use of antibiotics has led to the formation of
antibiotic resistance in bacteria on a global scale, resulting in the creation of multidrug-resistant
(MDR) strains of bacterial pathogens [7]. Antimicrobial resistance is a significant medical issue
characterized by microbes using many resistance mechanisms, including horizontal gene transfer
(such as plasmids and bacteriophages), genetic recombination, and mutations [8]. Prior research has
shown a possible connection between antibiotic resistance and the production of biofilms [9].
Biofilms act as a barrier that prevents antibiotics from penetrating, thereby reducing the amount of
antibiotic that can reach the intended target and promoting the development of resistance [10].
Prolonged antibiotic resistance may impose financial pressures on government agencies, since
prolonged hospital stays result in increased medical costs and mortality rates [11].

Nanoparticles provide a versatile foundation for therapeutic applications because of their distinctive
physical and chemical characteristics, and they may effectively cure drug-resistant bacteria [12]. The
antimicrobial properties shown by nanomaterials such silver, gold, copper, titanium, zinc oxide, and
magnesium oxide are anticipated to serve as a replacement for antibacterial agents [13]. AuNPs
possess distinctive characteristics, including their modifiable size, shape, surface properties, optical
properties, biocompatibility, little toxicity, remarkable stability and versatile capabilities, which make
them very attractive in several medical domains [14]. The objective of this study is to assess the
potential antibacterial activity green synthesis AuNPs against MDR bacteria.
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Materials and Methods

1. Sample collection:

From October 2022 to January 2023, sterile test tubes were used to collect about 5 ml of non-
repetitive, clean catch-mid-stream urine from (100) individuals suspected of having a urinary tract
infection (UTI) and exhibiting clinical signs of UTI. All patients were hospitalized in Babylon

Hospitals in Iraq and had received an antibiotic treatment for a minimum of 3 days.

2.1dentification of bacteria and antibiotic susceptibility

The urine samples were cultured in routine medium to promote bacterial growth by using nutrient
and MacConkey agar (Oxoid, UK). They were then incubated at 37°C for 24 hours. The bacterial
isolates were identified using the automated VITEK 2 system, following the manufacturer's
directions, and using the Vitek 2 GN ID card and Vitek 2 GP ID card kits (Biomerx/France) to get
the final diagnosis and identification. Antibiotic susceptibility testing was also performed using the
Vitek 2 system following the instructions of the Vitek 2 Compact System, using multi-antibiotic
AST-Cards for both gram-negative and gram-positive bacteria (Biomerx/France). (16) antibiotics
were tested against gram-positive bacteria, while (18) antibiotics were tested against gram-negative

bacteria.

3. Preparation of Green synthesize gold nanoparticles using extract of pomegranate peel:

Two kg of fresh pomegranates were collected from the garden of the house and then washed well
with distilled water. After drying the peels, they were ground into powder. The extract was prepared
by dissolving (10 g) of pomegranate peel powder in (100 ml) of deionized water and placing it on a
heater for 2 hours at 60 °C and stirring continuously with a magnetic stirrer. After that, impurities
were removed by using filter papers, and the filtrate is stored in the refrigerator. Gold nanoparticles
were prepared by adding 33 ml of aqueous extract of pomegranate peels to 100 ml with a
concentration of (0,0039 g) of gold chloride acid solution and placed on a heater for a week at 37 °C
with continuous stirring using a magnetic stirrer. Then, the color changes to purple, and the chemical
reaction process is complete. After that the filtrate is disposed of and the precipitate is washed several
times with deionized water using a centrifugal cooling device. Then the precipitate containing the

gold nanoparticles is dried and preserved until used [15].

4.Characterization of Gold Nanoparticles:
The optical characteristics of blended pomegranate-strip-extract-mediated gold nanoparticles were

measured by using the UV-VIS spectrophotometer. The size and form of the AuNPs synthesised by
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green methods were assessed through Scanning Electron microscopy (SEM). Fourier transform
infrared spectroscopy (FTIR) was used to identify the potential presence of biomolecules that may be
linked to the creation of gold nanoparticles (AuNPs). X-ray diffractometers were used to examine the
composition and structure of green AuNPs.

5.Measurement of Antimicrobial Activity of AUNPs

The antibacterial activity of AuNPs at various doses was evaluated by using the agar-well-diffusion
technique. Muller Hinton plates were infected with tested bacteria at an inoculum density of 1,5 x
108 CFU/mL. A cork borer was used to create wells in the centre of a plate. These wells were then
filled with 100 pL of filtered AuNPs at various concentrations (32.25, 62.25, 125, 250 and
500ug/mL?) and incubated at 37°C for 24 hours under dark circumstances. Subsequently, the
diameter of the inhibitory zone was assessed.

6.Statistical analysis

Statistical analysis was conducted with the SPSS-Statistics 24.0-Programme.

Results and Discussion

1. Identification of uropathogenic bacterial isolates from UTI patients

Among the 100 urine samples collected from individuals suspected of having UTI, 73 (73%)
included bacteria. These bacteria isolates were further categorized as 38 (52%) gram negative and 35
(48%) gram positive. Additionally, 27 (27%) of the samples showed no growth, indicating the
presence of a causal factor other than bacteria. Among the Gram-negative bacteria, the most common
was E. coli, with a prevalence of 26 (68.42%). Among gram positive bacteria, Staphylococcus
epidermidis accounted for the highest abundance at 15 (42.8%). (Table 1)

Table 1: occurrence bacteria isolates from urine samples of UTI patients.

Gram negative bacteria

Genus & E.COLI Klebsiella Enterobacter Pantoea Enterobactwe | Acinetobacter | Citrobacter
sp. ' pneumoniae cloacae agglomeras aerogens baumannii freundii
No.&, 26 4 3 2 1 1 1
0.
percentile
(68.42)% (10.5)% (7.9% (5.26)% (2.6)% (2.6)% (2.6)%
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Gram positive bacteria

Genus & | Staphylococcs | Staphylococcs | Staphylococes | Enterococcus | Staphylococes | Staphylococcs | Streptococcus
sp. epidermidis hominis haemolyticus faecalis aureus saprophyticus agalactiae
5 4 3 2 1
NO.& |15 uogyon | 5 (14.28)%
percentile
(14.28)% (11.42)% (8.57)% (5.7% (2.85)%

2.The antibacterial susceptibility testing against different species of gram negative and gram-

positive bacteria

Staphylococcus epidermidis was the most common isolate comprising about (45.45%) of Gram-

positive isolates. It was highly resistant to benzylpenicillin, piperacillin /tazobactam, oxacillin and
clindamycin 15 (100%) and Fusidic Acid 14 (93.3%). As shown in figure (1)

W Staphylococcs epidermidis (15)

W Staphylococcs aureus (3)

B Staphylococcs hominis (5)
W Staphylococcs saprophyticus (2)

W Staphylococcs haemolyticus (5)

W Streptococcus agalactiae (1)

Enterococcus faecalis (4)

Figure 1: Ratio of uropathogenic Gram-positive resistance among prevalent antibiotics.

Escherichia coli was the most common isolate comprising about (74.28%) of Gram-negative isolates.

It was highly

resistant to Norfloxacin (100%),

Sulfamethoxazole (69%), as shown in (2).
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W £.coli (26) M Enterobacter cloacae (3) W Klebsiella pneumoniae (4) Pantoea agglomerans (2)

M Enterobactwe aerogens (1) W Acinetobacter baumannii (1) W Citrobacter freundii (1)

Figure 2: Ratio of uropathogenic Gram-negative resistance among prevalent antibiotics.

3.Multi drug resistance (MDR) rate among uropathogenic bacteria

The majority of the gram-negative bacterial isolates exhibited multi-drug resistance (MDR),
indicating resistance to at least one antibiotic from three or more classes, as per the antimicrobial
susceptibility testing guidelines set by the Clinical and Laboratory guidelines Institute (CLSI), as

shown in (3).

8

MR (%)
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A
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Gran-negative bacteria MDR

Gran-positive bacteria MDR

Figure 3: Percentage of MDR uropathogenic gram-negative and gram-positive bacteria.

The majority of the gram-positive bacteria isolates exhibited resistance to three or more antibiotics
within each class, as shown by figure (3), in accordance with the antimicrobial susceptibility testing

guidelines set by the Clinical and Laboratory guidelines Institute (CLSI).
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4. Characterization of green synthesized AuNPs

4.1 Visual observation

By mix pomegranate peel extract to the gold salt, the extract functions as a catalyst, transforming the
gold salt into gold nanoparticles. This transformation is visibly identifiable by a color change from
yellow color of gold salt to purple color. The color change indicates the formation of AuNPs , which

occurs as a result of the activation of surface plasmon vibrations inside the gold nanoparticles, as
seen in figure (4).

Figure 4: Represent the color changing before and after adding plant extract to gold salt (A) pale or yellow color of gold salt
(3H20.HAuUCI4), (B) brown color of pomegranate peel extract (C) purple color of AuNPs after adding aqueous pomegranate peel

4.2 UV-Vis spectroscopy
The characteristics of the produced nanoparticle solutions were analyzed by using UV-Vis

spectroscopy. The electronic spectra of gold nanoparticles exhibited a wide peak at a wavelength of
550 nm, which signifies the presence of gold nanoparticles (AuNps) as seen in figure (5).
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Figure 5: UV — Vis spectroscopy analysis of green synthesis AuNPs.

4.3 Scanning Electron Microscopy (SEM)
The scanning electron microscopy (SEM) technique reveals the characteristic surface of green gold

nanoparticles (AuNPs) produced from pomegranate peels utilizing the green methods. The scanning
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electron microscopy (SEM) revealed that the gold nanomaterials had a mostly spherical form, with a

diameter ranging from 64 to 76 nm. This falls within the desired range of 70 nm (figure (6)).

Figure 6: SEM image of green AuNPs synthesized from pomegranate peels with average size 70nm.

4.4 X- ray diffraction (XRD)

The X-ray diffraction analysis reveals that the gold nanoparticles display atomic arrangements
corresponding to the [111], [200], [220], and [311] crystal planes with diffraction angles of 38.2°,
44.6°, 64.6°, and 77.47°. The X-ray diffraction of the sample is shown in figure (7).
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Figure 7:XRD of green synthesized AuNPs mediated by pomegranate peel extract.

4.5 Fourier Transform Infrared Spectroscopy (FTIR)

The spectrum exhibited a prominent peak at around 3305 cm™?, indicating the presence of the
hydroxyl (OH) functional group. The bands seen at 2923.98 cm™ and 2855.13 cm ™ corresponded to
methyl (CH) groups, whereas the band detected at 1614.91 cm™* corresponded to an amine group
(NH). The bands seen at 1540.01 cm™ and 1435.19 cm™ correspond to the carboxylate group,
whereas the band at 1319.33 cm™ corresponds to the (CN) groups, as shown in figure (8).
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Figure 8: FTIR spectra of AuNPs and pomegranate peel extract.

5. Detection the antibacterial activity green AuUNPs:

The antimicrobial efficacy of green AuNPs against multidrug-resistant uropathogenic Staphylococcus
epidermidis and E. coli isolates was assessed by using agar well diffusion method. Using Various
concentrations of green AuNPs (62.5, 125, 250 and 500ug.mL™). The highest level of inhibition was
observed at a concentration of 500 pug.mL™? where exhibited the greatest zone of inhibition against
E.coli bacteria, by measuring 12 mm. Concentrations of 250 pg.mL™* and 125 pg.mL? exhibited

inhibition zones of approximately 11 mm and 8 mm, respectively. The lowest level of inhibition was
observed at a concentration of 62.5 pug. mL™?, resulting in a zone of inhibition measuring 7 mm.

Figure (9) demonstrates that a concentration of 31.25 pg. mL™* does not have any inhibitory effect on
bacterial growth.

S.epidermidis
- ¥ soopgaunps

31.250gAUNPS

125ugAuNPs.

<

62.5ugAuNI

Figure 9:Zone of Bacterial Growth Inhibition According to Green AuNPs Antibacterial Activity against MDR uropathogenic E. coli
and Staphylococcus epidermidis.

The study demonstrated that the concentration of 500 pg. mL™ exhibited the greatest zone of

inhibition against Staphylococcus epidermidis bacteria, measuring 11 mm. In contrast, concentrations
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of 250 pug. mL™, 125 pg. mL?, and 62.5 pg. mL™? resulted in bacterial growth, with respective zone
of inhibition measurements of 10 mm, 8 mm, and 8 mm (figure 9). Based on the aforementioned
findings of the agar well diffusion test, it is seen that the proliferation of E. Coli and Staphylococcus
epidermidis bacteria diminishes as the concentration of gold nanoparticles increases, as shown in
figure (10).

E. coli Enterococcus faecalis
15+ 15
E £
E £
10 5 10-
g g 10
R R
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50 100 150 200 250 300 350 400 450 500 . 50 100 150 200 250 300 350 400 450 500
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Figure 10: Represent growing that the diameter of the inhibition zone increases compared to increasing concentrations (31.25, 62.5,
125, 250 and 500ug/mL-1) of green synthesize AUNPs.

Medical overuse and abuse of antibiotics causes multidrug resistance in UTIs, a major hospital issue.
The percentage of Gram-negative bacteria resistant to antibiotics. The susceptibility testing of E. coli
revealed a significant resistance pattern to several antibiotics, as shown below: Norfloxcin (100) %,
Ampicillin (73) %. These results are consistent with relatively similar results all the following
(Trimethoprim/Sulfamethoxazole (76.5) %, Ampicillin (76.1) %, Cefotaxime (40) % and these
results do not match other results obtained by previous studies: Ampicillin (88.9) %, Norfloxcin
(61.9) %, [16]. Klebsiella pneumoniae bacteria have shown a high resistance pattern to ampicillin and
Cefotaxime (100 and100) % respectively, was similar to that of who found researchers [17,18]. But
not consistent with some results shown in previous studies [20]. Through the results, Enterobacter
aerogenes bacteria showed high resistance to Amoxicillin/Clavulanic acid, Norfloxacin and
Nitrofurantoin, each of which was (100) %, almost similar to those results confirmed by previous
studies, all of which included Amoxicillin/Clavulanic acid (100) % and Nitrofurantoin (100) %,
while Norfloxacin was in an approach proportion (100) % [20]. Pantoea agglomerans, the results
showed that the resistance of the bacteria to fosfomycin and Nitrofurant (100 and 100) % is similar to
that of the studies [21,22]. The results also showed that Citrobacter freundii bacteria was high in

resistance to many antibiotics, which is consistent with the results reached by the researchers [23].
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Antibiotic-resistant rate of Gram-positive Bacteria. Some Staphylococcus epidermidis isolates
showed high resistance to most antibiotics, with resistance rates reaching all of the following:
(Benzylpenicillin, Tazobactam/Piperacillin, Oxacillin, Clindamycin) (100) %, Fusidic Acid (93) %,
Which is relatively consistent with previous studies benzylpenicillin (100%), fusidic acid (100,85) %
and tetracycline (65,60) % and while it is not consistent with the results reached by some researchers
[24]. During the antibiotic sensitivity test, it was found that the Staphylococcus haemolyticus bacteria
showed high resistance to many antibiotics, including Benzylpenicllin, piperacillin/tazobactam,
oxacillin, erythromycin, clindamycin, teicoplanin, vancomycin, fusidic acid and rifampicin, each of
which was 100 %.

These results are consistent with the results reached by the researchers regarding those bacteria that
showed resistance to Piperacillin/Tazobactam, Oxacillin and erythromycin (99.1, 991.1 and 86) %
[25]. While they do not agree with the results reached by previous studies [25,26]. Isolates of the
Staphylococcus hominis bacteria showed high resistance to a wide range of antibiotics, especially
Benzylpenicllin (100) %, oxacillin (100) %, clindamycin (100) % and vancomycin (100) %. This is
consistent with scientific research on the resistance of bacteria to Benzylpenicin (88.8) % and
erythromycin (85.7) % and while it is not consistent with previous research [27,28]. There is
resistance of the bacteria Enterococcus faecalis to some antibiotics such as erythromycin and
tetracyclin at a rate of (100 and 75) %, and this is consistent with current studies of erythromycin and
tetracyclin at a rate of (97,8 and 72 %) [29,30], while not consistent with some results, previous
studies showed [29].

Staphylococcus aureus bacteria have been shown to have a high resistance to Benzylpenicllin,
oxacillin and clindamycin at (100, 100 and 100 %.) This is confirmed by studies conducted by
researchers on Benzylpenicllin (100%) and oxacillin (100%) [31,32]. However, the results confirmed
by studies for Clindamycin, fusidic acid, telcoplanin and vancomycin (35.3, 3.9, 0 and 0 %) are not
consistent with those results shown by bacteria towards those antibiotics [32]. Susceptibility testing
of Gram positive Staphylococcus saprophyticus isolates showed a high resistance pattern to many
antibiotics, with the rate of Benzylpenicllin, oxacillin and fusidic acid (100, 100 and 100) %. This is
consistent with studies in recent years [33]. Strephylococcus agalactiae. Studies have shown, through
results, the presence of severe resistance to several antibiotics. Resistance of bacteria to
Levofloxacin, Moxifloxacin, Erythromycin, Clindamycin and tetracycline, each of which was (100
%). This is relatively similar to what researchers have found regarding bacterial resistance to
antibiotics such the tetracycline (98.9%), Erythromycin (78.6%) and Clindamycin (64.3%) [34,35].

While the results of previous studies that showed antibiotic resistance at varying rates do not agree
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with study [35]. The majority of Gram-positive and Gram-negative bacteria can resist antibiotics.
Resistance can be innate or acquired through chromosome changes or genetic transmission processes
like conjugation, transformation, and conjugation [36]. Overproduction of B-lactamase enzymes
causes most bacterial isolates to resist B-lactam antibiotics.

A decrease in outer membrane permeability limits antibiotic entry into bacteria, boosting resistance
[37]. Some bacteria strains are resistant to Cephalosporin antibiotics because they can inhibit the
production of the bacterial cell wall. The resistance to these antibiotics may be due to the antibiotic's
limited ability to penetrate the bacterial cell's plasma membrane or the presence of beta-lactamase
enzymes along with efflux pumps [38]. Aminoglycosides may exhibit resistance due to the presence
of enzymes that hinder the interaction between the antibiotic and the 30s subunits of ribosomes [39].
Bacteria's resistance to vancomycin can be attributed to various factors. One possible reason is
alterations in the pathway of cell wall synthesis that are susceptible to antibiotics, resulting in an
increase in thickness. Resistance may also arise from the transfer of genes that carry the resistance
trait to Vancomycin [40]. These genes can be transmitted through plasmids or mobile genetic
elements, such as jumping genes, from different bacterial strains and types.

The bacterial isolates exhibited resistance to Sulfamethoxazole/Trimethoprim by means of the
permeability barrier, which is recognized as the primary factor for resistance to
sulfamethoxazole/trimethoprim, together with the presence of efflux pumps [41]. Scientists are
continually hunting for novel medications to fight MDR bacteria. AuNPs have antibacterial,
antifungal, and anti-cancer properties and are widely utilized in medicine delivery and diagnostics.
Plant extracts are good reducing agents for AuNP production because they contain active
phytochemicals and are safer and more ecologically friendly than chemically generated NPs.

Using UV-Vis spectroscopy, an SPR band was seen at around 550 nm, further confirming the
formation of Au-NPs, using (SEM) revealed that the gold nanomaterials had a mostly spherical form,
with a diameter ranging almost 70 nm. By examining XRD, it was revealed that the gold
nanoparticles created had a face-centered cubic structure and the FTIR spectra revealed the presence
of hydroxyl, flavonoid, carboxyl, and phenolic groups, which were previously shown to be functional
groups that contributed to the stabilisation and capping of AuNPs [42,43]. The efficacy of gold
nanoparticles in inhibiting bacterial growth has been shown. The greatest level of inhibition was
observed at a concentration of 500 pg. mL™, resulting in an inhibition zone with a diameter of
approximately 12 mm for E. coli and 11 mm for Staphylococcus epidermidis. Conversely, the
smallest inhibition zone was observed at a concentration of 62,5 pg. mL™, with a diameter of 7 mm

for E. coli and 8 mm for Staphylococcus epidermidis.
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Some studies validate the efficacy of gold nanoparticles in inhibiting bacterial growth. The
antibacterial activity significantly diminishes when the concentration of AuNPs decreases. As the
concentration of gold nanoparticles rises, the permeability of the bacterial membrane also increases.
This process is initiated by the contact between the bacterial cell wall and the gold nanoparticles,
resulting in the rupture of the bacterial membrane. Consequently, the proteins inside the bacterium
undergo denaturation, ultimately leading to cell death. Gold particles exhibit a stronger impact on
negative bacteria compared to positive bacteria due to the presence of a thin peptidoglycan layer in
their cell wall. This thin layer allows for easy penetration, whereas positive bacteria possess a cell
wall with a thick peptidoglycan layer and a linear-polysaccharide chain that is cross-linked by short
peptides. These results in a highly robust structure that hinders the entry of nanoparticles into the

bacterial cell and impedes their growth [44].

Conclusion

In this study, plant products from pomegranate peel were used to successfully make green gold
nanoparticles. UV-visible spectroscopy and SEM were used to study the nanoparticles that were
made. The antibacterial activity of the green AuNPs was studied, and it was found that gold
nanoparticles made from pomegranate peel had the strongest antibacterial activity in the bacterial
inhibition zone which stopped bacteria from growing. This might have happened because their main
crystallite was only 70nm in size, which is smaller than the others. As the quantity of green AuNPs
went up, the inhibiting effects got stronger. The results show that green AuNP may bend and hurt the

membrane of a bacterial cell, letting inside substances leak out and finally killing the cells.

130



Ziad S.,Shaimaa O.,LubnaA. Iraqgi Journal of Natural Sciences and Nanotechnology 6 (2025) 118-133

References

[1] D. Kasew et al., “Antimicrobial resistance trend of bacterial uropathogens at the university of Gondar
comprehensive specialized hospital, northwest Ethiopia: A 10 years retrospective study,” PLoS One, vol.
17, no. 4 April, pp. 1-13, 2022, doi: 10.1371/journal.pone.0266878.

[2] Qiao LD, Chen S, Yang Y, Zhang K, Zheng B, et al. (2013) Characteristics of urinary tract infection
pathogens and their in vitro susceptibility to antimicrobial agents in China: Data from a multicentre study.
BMJ Open 3: e004152.

[3] Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ (2015) Urinary tract infections: Epidemiology,
mechanisms of action and treatment options. Nat Rev Microbiol 13: 269-284.

[4] Pezeshki Najafabadi M, Dagoohian A, Rajaie S, Zarkesh-Esfahani SH, Edalati M. 2018. Common
microbial causes of significant bacteriuria and their antibiotic resistance pattern in the Isfahan province of
Iran. J. Chemother. 30: 348-353.

[5] McAninch JW, Lue TF editors (2013). Smith & Tanagho's general urology. New York: McGraw-Hill
Medical. LLC. 197-222

[6] M. A. Hammad, S. A. S. Sulaiman, N. A. Aziz, and D. A. M. Noor, “Prescribing statins among patients
with type 2 diabetes: The clinical gap between the guidelines and practice,” J. Res. Med. Sci., vol. 24, no.
1, pp. 1-5, 2019, doi: 10.4103/jrms.JRMS.

[7] Spellberg B, Bartlett JG, Gilbert DN (2013) The future of antibiotics and resistance. N Engl J Med 368:
299-302.

[8] Khameneh ZR, Afshar AT. Antimicrobial susceptibility pattern of urinary tract pathogens. Saudi
Journal of Kidney Diseases and Transplantation. 2009; 20(2):251. PMID: 19237813

[9] Ballen V, Cepas V, Ratia C, Gabasa Y, Soto SM (2022) Clinical Escherichia coli: From biofilm
formation to new antibiofilm strategies. Microorganisms 10: 1103.

[10] Ruiz J, Simon K, Horcajada JP, Velasco M, Barranco M, et al. (2002) Differences in virulence factors
among clinical isolates of Escherichia coli causing cystitis and pyelonephritis in women and prostatitis in
men. J Clin Microbiol 40: 4445-4449,

[11] M. A. Hammad, S. A. S. Sulaiman, N. A. Aziz, and D. A. M. Noor, “Prescribing statins among
patients with type 2 diabetes: The clinical gap between the guidelines and practice,” J. Res. Med. Sci., vol.
24, no. 1, pp. 1-5, 2019, doi: 10.4103/jrms.JRMS.

[12] Khameneh ZR, Afshar AT. Antimicrobial susceptibility pattern of urinary tract pathogens. Saudi
Journal of Kidney Diseases and Transplantation. 2009; 20(2):251. PMID: 19237813

[13] Ballen V, Cepas V, Ratia C, Gabasa Y, Soto SM (2022) Clinical Escherichia coli: From biofilm
formation to new antibiofilm strategies. Microorganisms 10: 1103.

[14] Ruiz J, Simon K, Horcajada JP, Velasco M, Barranco M, et al. (2002) Differences in virulence factors
among clinical isolates of Escherichia coli causing cystitis and pyelonephritis in women and prostatitis in
men. J Clin Microbiol 40: 4445-4449.

[15] Anbu, Periasamy, Subash C.B. Gopinath, and S. Jayanthi. 2020. “Synthesis of Gold Nanoparticles
Using Platycodon Grandiflorum Extract and Its Antipathogenic Activity under Optimal Conditions.”
Nanomaterials and Nanotechnology 10: 1-9. https://doi.org/10.1177/1847980420961697.

[16] X. Li, S. M. Robinson, A. Gupta et al.,“Functional gold nanoparticles as potent
antimicrobia agents against multidrug-resistant bacteria,” ACS Nano, vol. 8,  no. 10,pp. 10682— 10686,
2014.

[17] Osama Al Wutayd, , Abdullah Al Nafeesah, Ishag Adam, and Ibrahim H. Babikir. 2018. “The
Antibiotic Susceptibility Patterns of Uropathogens Isolated in Qassim, Saudi Arabia.” Journal of Infection
in Developing Countries 12 (11): 946-952. https://doi.org/10.3855/jidc.10553.

131



Ziad S.,Shaimaa O.,LubnaA. Iraqgi Journal of Natural Sciences and Nanotechnology 6 (2025) 118-133

[18] Ahmed, Asia Qahtan. 2021. “Molecular Detection of Some Virulence Genes in E. Coli Isolated from
Women with Urinary Tract InfectionsNo Title,” 1-157.

[19] Sabah, Layla, and Abdulhussein Aboshabaa. 2022. “Acomparision Study of Antibacterial Activity
Of,” no. 2003.https://doi.org/10.1093/cid/ciab114.

[20] Bashir, Mohammed, H. Isa, K. I. Chimbekujwo, N. A. Kachalla, A. B. Umar, and M. Bilyaminu.
2021. “Antibiotic Sensitivity Profile of Bacteria Isolated from Urinary Catheters in Urinary Tract
Infections’ Patients.” Microbes and Infectious Diseases 2 (4): 706-14.
https://doi.org/10.21608/MI1D.2020.44217.1067.

[21] Igra, Jamil, Zafar Aizza, Usman Qamar Muhammad, Ejaz Hasan, Akhtar Junaid, and Waheed Abdul.
2014. “Multi-Drug Resistant Klebsiella Pneumoniae Causing Urinary Tract Infections in Children in
Pakistan.” African Journal of Microbiology Research 8 (4): 316-19.
https://doi.org/10.5897/ajmr2013.64009.

[22] Eltahlawi, Rehab A., Asif Jiman-Fatani, Niveen M. Gad, Shereen H. Ahmed, Mohammed W. Al-
Rabia, Shadi Zakai, Ayman Kharaba, and Dalia El-Hossary. 2023. “Detection of Carbapenem-Resistance
in CRE by Comparative Assessment of RAPIDEC® CARBA NP and XpertTMCarba-R Assay.” Infection
and Drug Resistance 16 (February): 1123-31. https://doi.org/10.2147/IDR.S393739.

[23] Chevalier, Jacqueline, Céline Mulfinger, Eric Garnotel, Pierre Nicolas, Anne Davin-Régil, and Jean
Marie Pages. 2008. “Identification and Evolution of Drug Efflux Pump in Clinical Enterobacter Aerogenes
Strains Isolated in 1995 and 2003.” PLoS ONE 3 (9). https://doi.org/10.1371/journal.pone.0003203.

[24] Fallah, Fatemeh, Maryam Noori, Ali Hashemi, Hossein Goudarzi, Abdollah Karimi, Soroor
Erfanimanesh, and Shadi Alimehr. 2014. “ Prevalence of Bla NDM , Bla PER , Bla VEB , Bla IMP , and
Bla VIM Genes among Acinetobacter Baumannii Isolated from Two Hospitals of Tehran, Iran .”
Scientifica 2014 (April): 1-6. https://doi.org/10.1155/2014/245162.

[25] Eladli, Mohammed G., Naiyf S. Alharbi, Jamal M. Khaled, Shine Kadaikunnan, Ahmed S. Alobaidi,
and Sami A. Alyahya. 2019. “Antibiotic-Resistant Staphylococcus Epidermidis Isolated from Patients and
Healthy Students Comparing with Antibiotic-Resistant Bacteria Isolated from Pasteurized Milk.” Saudi
Journal of Biological Sciences 26 (6): 1285-90. https://doi.org/10.1016/j.sjbs.2018.05.008.

[26] Borooni, Samaneh, Vajiheh Nourbakhsh, Fahimeh Nourbakhsh, Elaheh Tajbakhsh, and Afsaneh
Yazdanpanah. 2019. “Biofilm Formation and Its Genes Expressions in Staphylococcus Epidermidis
Isolated from Urinary Tract Infections of Children in Isfahan.” International Archives of Health Sciences 6
(1): 41. https://doi.org/10.4103/iahs.iahs_17_18.

[27] Ellabib, Mohamed S., Adoracion Ordonez, Asma Ramali, Amala Walli, Touria Benayad, and Hafida
Shebrlo. 2004. “Changing Pattern of Neonatal Bacteremia. Microbiology and Antibiotic Resistance.” Saudi
Medical Journal 25 (12): 1951-56.

[28] Majeed, Zahid, Muhammad Qudir Javid, Shamyla Nawazish, Basharat Ahmad, Abu ul Hassan Faiz,
Ayesha Baig, Sofia Baig, et al. 2022. “Clinical Prevalence, Antibiogram Profiling and Gompertz Growth
Kinetics of Resistant Staphylococcus Epidermidis Treated with Nanoparticles of Rosin Extracted from
Pinus Roxburghii.” Antibiotics 11 (9). https://doi.org/10.3390/antibiotics11091270.

[29] Marin, Maria, Rebeca Arroyo, Irene Espinosa-Martos, Leonides Fernandez, and Juan M. Rodriguez.
2017. “Identification of Emerging Human Mastitis Pathogens by MALDI-TOF and Assessment of Their
Antibiotic Resistance Patterns.” Frontiers in Microbiology 8 (JUL): 1-13.
https://doi.org/10.3389/fmicb.2017.01258.

[30] Banawas, Saeed, Ahmed Abdel-Hadi, Mohammed Alaidarous, Bader Alshehri, Abdul Aziz Bin
Dukhyil, Mohammed Alsaweed, and Mohamed Aboamer. 2018. “Multidrug-Resistant Bacteria Associated
with Cell Phones of Healthcare Professionals in Selected Hospitals in Saudi Arabia.” Canadian Journal of
Infectious Diseases and Medical Microbiology 2018. https://doi.org/10.1155/2018/6598918.

132


https://doi.org/10.1371/journal.pone.0003203

Ziad S.,Shaimaa O.,LubnaA. Iraqgi Journal of Natural Sciences and Nanotechnology 6 (2025) 118-133

[31] Camacho-ortiz, Adrian, Paola Bocanegra-ibarias, Samantha Flores-trevi, Jorge Llaca-diaz, Erik Alan
Martinez-landeros, Rayo Morfin-otero, Licet Villarreal-trevi, Eduardo Rodriguez-noriega, Andrés Calzada-
gliereca, and Héctor Jesus Maldonado-garza. 2016. “Phenotypic and Genotypic Characterization of
Vancomycin-Resistant Enterococcus Faecium Clinical Isolates from Two Hospitals in Mexico : First
Detection of VVanB Phenotype- VanA Genotype” 34 (7): 415-21.

[32] Mahmoudi, Shima, Zahra Movahedi, and Setarch Mamishi. 2012. “High Frequency of Vancomycin-
Resistant Enterococcus Faecalis in an Iranian Referral Children Medical Hospital,” no. November 2014.

[33] Al-zaidi, Jawad R. 2020. “Methicillin Resistant Staphylococcus Aureus ( MRSA ) Nasal Carriage
among Health Care Workers in Intensive Care Units Methicillin Resistant Staphylococcus Aureus ( MRSA
) Nasal Carriage among Health Care Workers in Intensive Care Units.

[34] Words, Key. 2013. “Oxacillin Resistance and Antimicrobial Susceptibility Profile of Staphylococcus
Saprophyticus and Other Staphylococci Isolated from Patients with Urinary Tract Infection” 970: 482-91.
https://doi.org/10.1159/000346529.

[35] Jhora, Sanya Tahmina, and Shikha Paul. 2011. “Urinary Tract Infections Caused by Staphylococcus
Saprophyticus and Their Antimicrobial Sensitivity Pattern in Young Adult Women” 05 (01): 21-25.

[36] Jawed, Huda Mohammed, and Mohammed Sh Jebur. 2022. “The Impact of Gram Positive Bacteria on
Semen Quality in Infertile Men and Assessment Antibiotic Susceptibility Profile.

[37] Empfindlichkeit, Antibiotische. 2020. “Streptococcus Agalactiae Clinical Isolates in Northwest Iran :
Antibiotic Susceptibility , Molecular Typing , and Biofilm Formation Antibiotische Empfindlichkeit ,
Molekulare Typisierung Und Biofilmbildung” 15: 1-6..

[38] Wang, Ping, Jing-jing Tong, Xiu-hua Ma, Feng-li Song, Ling Fan, and Cui-mei Guo. 2015. “Serotypes
, Antibiotic Susceptibilities , and Multi-Locus Sequence Type Profiles of Streptococcus Agalactiae Isolates
Circulating in Beijing , China” 19: 1-13. https://doi.org/10.1371/journal.pone.0120035.

[39] Saderi, H., & Owlia, P. (2015). Detection of multidrug resistant (MDR) and extremely drug resistant
(XDR) P. aeruginosa isolated from patients in Tehran, Iran. Iranian journal of pathology, 10(4), 265.

[40] Hu, Y., Liu, A., Vaudrey, J., Vaiciunaite, B., Moigboi, C., McTavish, S. M.,... & Coates, A. (2015).
Combinations of B-lactam or aminoglycoside antibiotics with plectasin are synergistic against methicillin-
sensitive and methicillin-resistant Staphylococcus aureus. PL0S One, 10(2), e0117664.

[41] Al-Omar, Abdel Salam (2010). (Antibiotics and bacterial resistance. Journal of Laboratory Diagnosis
.36 -25 :(9)5.

[42] Lubna Abdulazeem, and Frial G. Abd. 2019. “Biosynthesis and Characterization of Gold
Nanoparticles by Using Local Serratia Spp. Isolate.” International Journal of Pharmaceutical Quality
Assurance 10 (3): 8-11. https://doi.org/10.25258/ijpga.10.3.13.

[43] Elia, Paz, Raya Zach, Sharon Hazan, Sofiya Kolusheva, Ze’ev Porat, and Yehuda Zeiri. 2014. “Green
Synthesis of Gold Nanoparticles Using Plant Extracts as Reducing Agents.” International Journal of
Nanomedicine 9 (1): 4007-21. https://doi.org/10.2147/1JN.S57343.

[44] Lubna Abdulazeem, Saade Abdalkareem, and Wurood J Rajab. 2021. “Materials Today : Proceedings
Anti-Bacterial Activity of Gold Nanoparticles against Two Type of Antibiotic Resistance Pathogenic
Bacteria in  Al-Hilla  City.”  Materials  Today: Proceedings,  no. XXXX: 5-8.
https://doi.org/10.1016/j.matpr.2021.05.234.

133


https://doi.org/10.25258/ijpqa.10.3.13

