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ABSTRACT

Urinary tract infection (UTI) pathogens growing resistance to widely used antibacterial drugs
presents serious concerns upon an international scale. Investigating the susceptibility to
antibiotics characteristics of pathogenic microbes collected from infections of the bladder was
the aim of this investigation. between the June and August of 2025, an additional 65 samples of
urine were taken from individuals at Al-Hindiya Teaching Hospital in the Karbala Province
region. The findings indicated that P. aeruginosa , S. agalactiae, E. coli, and Enterobacter spp.
were indicative of a potential link to nosocomial infections. Conversely, Klebsiella species were
found alone less frequently. Overall, the results show a wide range from , alongside E. coli
clearly predominating. The ability to respond of the collected organisms to the tested antibiotics
varied, alongside noteworthy In general , the results show a wide range of urinary tract
pathogens . In order for successfully handling infections of the urinary tract, it is crucial for
choosing the right medications and conduct continual monitoring. The identified organisms
showed varying susceptibility toward the investigated antibiotics, with substantial resistance

observed to frequently prescribed medications.
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1.Introduction

rinary tract infections (UTIs) are among the most common bacterial illnesses in

individuals, within hospitals as well as within the general population [1]. Klebsiella,

Staphylococci, Enterobacter, Proteus, Pseudomonas, and Enterococci strains are
increasingly commonly identified in individuals, as well as E. coli and its variants is
acknowledged just like the primary cause of infections of the urinary system, contributing to
more than ninety percent of incidents globally [2,3]. microorganisms are rarely harmful in the
urinary system [3, 4]. Nowadays, acute uncomplicated cystitis is treated empirically rather than
alongside a culture of the bladder or susceptibility examination. The small and stable assortment
of infectious factors which may lead to this kind of illness lends credence to this assertion [5].
Antimicrobial agents have revolutionized the treatment of infectious diseases, among them
urinary tract infections (UTIs). Having the capacity for organisms to generate and spread
resistant antibiotics, however, has been highlighted by the existence of resistant gene sequences
for hundreds of thousands of years. This is of clinical importance for the surveillance and
management of infections. The misuse and excessive use of antimicrobial agents within human
healthcare, medicine for animals, and agricultural production has accelerated this process [6] . A
prescription for an antibiotic medication for infections within the urinary tract stops bacteria
from growing in the bloodstream and within the tissues of the bladder along with may ultimately
eradicate them. This is to avert adverse effects like inflammation in the urinary tract, the spread
of infection throughout the bloodstream, along with the development of obstructions and tissue
scarring that make it impossible to feed the vast majority about the bladder and kidneys to work
properly. Prescribed antibiotics and resistance to disease are increasing worldwide, demanding
securely and judicious usage of antibiotics across every field of medicine. To stop the rise in
antibacterial resistance that comes from using broad-ranging antibiotics the wrong way, it would
be best to choose the right medication that works only on the bacteria you want that to.
Nonetheless, a regional or local vulnerability information ought to serve as the foundation for the
experimental antibacterial agent choice process [8]. Nevertheless the overuse of antimicrobial
agents has led to the development of antibiotic-resistant bacteria with different drug-resistance in
addition to the growth of multidrug-resistant infections caused by such microbes [9]. Because of

their elevated level of susceptibility to several antimicrobial drugs, many uropathogens are
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currently classified as organisms that are multidrug resistant (MDROSs). In addition to their

exponential growth in recent years, the most important problem in the era of antibiotic resistance
is the resistance of organisms to many medicine, and this renders controlling diseases brought on
by those microbes difficult. The rapid emergence of antibacterial agent resistant organisms as
well as the decrease in the emergence of novel medicines necessitate a reevaluation of the use of
previous antimicrobial agents [10]. In order for offering precise information for recommending
the best course for therapy and lessen antimicrobial resistance to medications, the present
investigation intends to examine the geographical distribution of urinary tract-associated
organisms and evaluate their vulnerability to antibiotics behaviors in an observational

investigation carried out in Al Hindia Teaching hospital in the Karbala region.

2.Materials and Methods:

Approximately 65 specimens from patients with infection of the urinary tract at Al-Hindiya
Teaching Hospital in the Karbala province were gathered between the June and August then put
in a container that was clean. The specimens were transported into the laboratory within a few
minutes after collection, where they were cultivated before they were identified. In addition to
modest numbers of Klebsiella and Proteus species, the samples that were obtained contained E.
Coli, Enterobacter, S. agalactiae, and P. aeruginosa. The specimens, which comprised mainly
hospitalized individuals as well as hospital visitors, were taken among female, children , among
geriatric patients who represented different stages of life. Conventional microbiology methods
have been employed to identify microorganisms and conduct tests for susceptibility to antibiotics
in compliance against the Medical and Laboratories Standardization Institution's (CLSI)

recommendations.

Bacterial identification

Bacterial isolates were identified using Bergey's Manual of Systematic Bacteriology [11]. To
understand the isolated bacteria, they were cultivated on nutritional and different substrates using
the methods outlined in [12] and [13]. Agar made from blood and MacConkey's agar had been
used to cultivate urine specimens including cells containing pus in order to examine colony
shape and cultural traits. physiological examinations like TSI, superoxide measurement, and

IMViC.
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Antibacterial susceptibility Test ( AST):

Employing this disk diffusion technique on the Mueller-Hinton agar, the antimicrobial sensitivity

of bacteria isolated from 65 urine samples was assessed. A (1.5 ) McFarland turbid guideline was
used to create and regulate bacteria cultures. Following homogenous vaccination, antibiotic discs
(6.3 mm in diameter) made by Bio analyze subsequently carefully deposited on the culture
medium substrate. During sixteen to eighteen hours, the inoculation dishes underwent incubation
at 37°C. After treatment, individual disk's area of inhibition width was measured and assessed
using the guidelines provided by the Clinical and Laboratory Standards Institute (CLSI)
recommendations. Isolated bacterial strains were classified as susceptible or resistant to the
tested drugs based on the widths of their zones of inhibition. Every kind of bacterium has been
evaluated versus a range of medications. Every result have been classified to be either
susceptible or resistant because there had been no evidence of moderate susceptibility amongst
the isolates that were examined.

The antibiotics used for this study of E.coli included Amoxicillin ( AMC) 30ug ,ciprofloxacin
(CIP) 30ug ,Amikacin (AK) 30pg , Ticarcillin (TIM) 30pg, Ceftriaxone (CFM) 30ug,Cefotaxime
(CTX) 30ug, Aztreonam (ATM)30ug , Tetracycline (TE) 30ug , Vancomycin (VA) 30ug and
Fosfomycin (F) 30pug.

The antibiotics used for antimicrobial susceptibility testing of Enterobacter ssp. were as
follows: Imipenem  (IPM) ) 30upg, Amikacin (AK) 30pg, Ceftriaxone(CFM) 30ug,
Ciprofloxacin (CIP) 30ug, Tazobactam(TAB) 30ug, Aztreonam (ATM)30ug, Vancomycin (VA)
30ug, Cefepime (FEP) 30pg, Amoxicillin ( AMC) 30pg, Cefotaxime (CTX) 30pg and Oxacillin
(Ox) 30pg.

The panel of antibiotics used for P. aeruginosa consisted of: Imipenem (IPM) ) 30ug, Amikacin
(AK) 30pg,Amoxicillin ( AMC) 30pg, Cefepime (FEP) 30pg, Ciprofloxacin (CIP) 30ug and
Ceftriaxone (CFM) 30ug .

While the antibiotics used in the S .agalactiae sensitivity test were Ticarcillin (TIM)
30pg,Amikacin (AK) 30pg ,Amoxicillin ( AMC) 30ug,Imipenem (IPM) ) 30pg, Cefotaxime
(CTX) 30pg , Prednisolone( PRL) 30ug and Ciprofloxacin (CIP) 30ug .
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3. Result and Discussion

The percentage that consists of E. coli, S. agalactiae, and P. aeruginosa was 32.3% (about 21
isolates), 26.2% (about 17 isolates), P. aeruginosa 15.4% (about 10 isolates) , Enterobacter
13.8% (about 9 isolates), Klebsiella 7.7% (about 5 isolates), and Proteus 4.6% (about 3 isolates)
, respectively, after the specimens collected were diagnosed. according to the graphic in Figure 1

below.

The percentages of bacterial isolation

B £ coli WS, agalactiae W P. aeruginosa W Enterobacter W Klebsiella W Proteus

Figurel. The percentages of bacterial isolation.

Bacterial isolates were grown on selective and differential media for identification purposes.
Gram staining along with various biochemical tests was then conducted, and the findings are

presented in the table 1 below.

Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/

75

Al-Zahraa Joumal for Health and Medical Sciences 2026, 4(1):71-87

www.zjhms.alzahraa.edu.ig

<

Vol. 4, No.1, 2026

AL ZAHRAN
UNIVERSITY JOURNAL

Health and Medical Science

Table 1. The characteristics and the diagnostic Tests of Urinary Tract Bacterial Isolates

Bacteria

Gram
Stain

Culture
Media

TSI

Gas

H,S

Indole

MR

VP

Citrate

CAMP

Characteri

stics

E. coli

-ve

MacConkey,
Blood Agar

A/
A

N/A

Lactose
fermenter ,
typical
IMVIC

pattern

Enterobacter

Blood Agar

MacConkey,

>

N/A

Ferments
glucose
and lactose
/sucrose

with gas

Klebsiella

MacConkey,
Blood Agar

>

N/A

Lactose
fermenter
with gas,
Mucoid
colonies,
Capsule

present

Proteus

Blood Agar

K/

|+

|+

N/A

Ferment
glucose
only with
H,S

producer ,

P.

aeruginosa

MaConckey
,Blood Agar

K/

N/A

Non —
fermenter ,

Oxidase +ve

wn

. agalactiae

+ve

Blood Agar

N/

N/A

N/A

N/A

N/A

B-

hemolysis
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Assessing the vulnerability characteristics of strains of bacteria obtained from infections of the

urinary tract is the goal of our investigation. An important medical concern in the management of
infection of the urinary tract (UTIs) is the investigation of resistance to antibiotics in microbial
strains derived from these diseases. Because of its capacity to stick to the cilia covering of the
urinary system as well as its presence of infectious components (adhesions and fimbriae), E. coli
is the most common cause of UTIs globally ,and responsible for the greatest number of
infections in urinary tract infection (UT]I) patients, according to several research. For example, a
large Saudi study of positive urine samples found that E. coli accounted for almost 29.8% of
infections. The proportion in this investigation was 32.3%, which is in line with the mean
percentage seen in studies on strains of bacteria found in the urine [14]. The substantial amount
of E. coli amongst samples involving infections of the urinary tract corresponds that previous
longitudinal investigations that show E. coli to be the most common uropathies in community-
acquired infections of the urinary tract. According to several studies, E. coli is most strongly
commonly recovered bacteria, accounting for a major fraction of infections and usually
exhibiting notable characteristics related to resistance to antibiotics even if prevalence numbers
differ by population and geography [15,16]. Gram-positive cocci, such S. agalactiae, and other
can also be detected in samples of urine, especially in older patients or women in specific
situations, even though the majority of research focuses on gram-negative bacteria in infections
of the urinary tract. The significant frequency seen in our investigation had additional backing by
a 2023 Egyptian investigation that reported a 26 percent frequency of these particular
microorganisms [17]. infections contracted in hospitals frequently involve P. aeruginosa,
especially in individuals who have catheters for the urinary tract. It can be found at levels which
render it a serious infectious agent, while being less common than E. coli. Flores-Mirelles et al.
conducted a study [18]. According to our research, the overall incidence of P. aeruginosa in
UTIs was 15.4%, which is greater compared to the two percent observed in 2016 [16] as well as
line with the seven to ten percent predicted in 2023 [19]. In comparison to E. coli, Klebsiella and
Proteus continue to be comparatively low-risk causes of UTIs in studies that have been
published globally. For instance, comparable to the seven percent and 4% percentages in our
analysis, Klebsiella accounted for almost 10% and Proteus for roughly 3.7 percent of urine
isolated in a Lebanese investigation [19]. In a similar vein, Proteus was found in 4.6% and
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Klebsiella in 7.7% of the instances of people with urinary tract infections in a Ugandan

investigation [20]. Every organism was investigated for antibiotics that had specific following
tests of sensitivity on the bacteria that were isolated, and the findings remained as follows.
The results of the antibiotic susceptibility testing of E.coli bacteria were as follows:

Table 2 . The Susceptible (S) and The Resistant (R) patterns of E. coli from UTI

Antibiotic Sensitive (S) % | Resistance (R)%

Ticarcillin (TIM) 67 33
Amoxicillin (AMC) 43 57
ciprofloxacin (CIP) 24 76
Amikacin (AK) 57 43
Ceftriaxone (CFM) 34 66
Cefotaxime (CTX) 10 90
Aztreonam (ATM) 48 52
Tetracycline (TE) 48 52
Vancomycin (VA) 43 57
Fosfomycin (F) 71 29

1- In Table 2 The level of sensitivity tests conducted (n=21) E. Coli samples from infections of
the urinary tract show an increasing trend of resistance to popular antimicrobial agents, which
falls in line with findings from a number of research investigations conducted globally. These
findings show that a strain of  E. coli has developed an immunity to frequently used antibiotics
such as fluoroquinolones, which is consistent with the rising frequency of susceptibility in urine
isolates. This is in line alongside multiple studies which have shown that E. coli samples that
cause infections in the urinary system have high oral cephalosporins , and fluoroquinolones in
particular. One research found that  E. coli resistance to various fluoroquinolones, including
ciprofloxacin, varied between (70 — 80) % in many extremely strains [21]. According to recent
studies, antibiotic resistance prevalence of E. coli isolated from UTIs to amoxicillin-containing
combinations of therapies (AMCs) range. Approximate to current results of susceptibility against
this antimicrobial in the larger context of the present investigation, including susceptibility

documented at around 36.9% in one study [22]. Although this varies based on where it is used ,
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certain research investigations have found relatively low resistance percentages to amikacin
(AK), indicating that it frequently maintains significant effectiveness towards urinary E. coli.
The moderate resistance produces this investigation is in keeping with a comprehensive
evaluation that found bladder E. coli samples to have relatively high susceptibility (up to 57%) to
amikacin (AK) in many publications [23]. Local investigations have additionally discovered
intermediate to substantial levels of Aztreonam (ATM) and Tetracycline (TE) susceptibility,
such as those carried out in Irag, which indicated about 58.7% resistance among E. coli [24].
Because of its Gram-negative cell wall construction, E. coli has an innate durability against
vancomycin [24]. A drug called Ticarcillin (TIM) and Fosfomycin (F) had the least susceptibility
percentages at 33 % and 29%, respectively. These results are significant because Ticarcillin and
Fosfomycin often demonstrate good activity against resistant isolates, particularly in
uncomplicated urinary tract infections. Several recent studies support the efficacy of Fosfomycin
as an effective antimicrobial against resistant E. coli, while the efficacy of other antimicrobials
remains declining[25]. Studies have shown that ESBL-producing isolates are associated with
high resistance to cephalosporins and fluoroquinolones, and that alternative treatments such as
fosfomycin are often still effective[26]. The results of the antibiotic susceptibility testing of
Enterobacter bacteria were as follows:

Table 3 .The susceptible (S) and The resistant (R) patterns of Enterobacter from UTI

Antibiotic Sensitive (S) % | Resistance (R)%
Imipenem (IPM) 100 0
Amikacin (AK) 70 30
Ceftriaxone ( CFM) 0 100
Ciprofloxacin (CIP) 70 30
Tazobactam (TAB) 56 44
Vancomycin (VA) 67 33
Aztreonam (ATM) 44 56
Cefepime (FEP) 44 56
Amoxicillin ( AMC) 70 30
Cefotaxime (CTX) 30 70
Oxacillin (Ox) 0 100
Copyright © 2026. ZIHMS
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2- Antibiotic susceptibility testing of Enterobacter isolates (n =9) from urine samples In table 3

showed varying patterns of resistance, reflecting the growing challenge in treating urinary tract
infections caused by this bacterium, which is a member of the Enterobacteriaceae family known
for its high ability to acquire multiple resistance mechanisms[27]. Effectiveness of Carbapenem:
Imipenem is (IPM) showed no resistance, indicating that it was highly effective in combating
enteric bacteria isolates in this investigation. This result is in line with several studies showing
that carbohydrates continue to be amongst the most successful antibiotics versus Enterobacter
bacteria , especially strains which produce AmpC B-lactamase enzymes, since they are very
stable versus the majority of beta-lactamases [28]. It should be noted that Enterobacter's oxacillin
susceptibility is a predicted indigenous susceptibility because an antibiotic has no therapeutic
value along with is inefficient versus Gram-negative bacteria because of its cellular composition
[29, 30]. The isolates shown moderate amounts of resistance to: thirty percent amikacin (AK)
Amoxicillin (AMC): 30%, Ciprofloxacin (CIP): 30% Tazobactam (TAB): 44% , Aztreonam
(ATM): 56% Cefepime (FEP) 56% and Vancomycin (VA): 33%, as shown in Table 3. The
results of this study demonstrate the samples' varying susceptibilities, with ciprofloxacin and
amikacin additionally maintaining an intermediate level of effectiveness. This result is in in
accordance with research suggesting that, notwithstanding rising resistance rates worldwide,
aminoglycosides and fluoroquinolones may still be somewhat effective against Enterobacter
[31]. AmpC activity of the enzyme or additional mechanisms like lower permeability or
displacement pumped activity are responsible for the resistance of aztreonam and cefepime [32].
Since vancomycin is an inefficient antibacterial versus gram-negative organisms given that it
cannot pass through the membrane that surrounds it, Enterobacter resistance to it is an
anticipated developing resistance [33]. The results of the antibiotic susceptibility testing of P.
aeruginosa bacteria were as follows:

Table 4. The susceptible (S) and the resistant (R) patterns of P. aeruginosa from UTI

Antibiotic Sensitive (S) % Resistance (R)%
Imipenem (IPM) 100 0
Ceftriaxone (CFM) 30 70
Ciprofloxacin(CIP) 40 60
Cefepime (FEP) 80 20
Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/

80 G ) ALZAIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).71-87 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

Amoxicillin (AMC) 40 60
Amikacin (AK) 70 30

3- P. aeruginosa isolates from urine samples as in table 4 show a high tendency toward
resistance to multiple drugs, consistent with the pathogen's worldwide increase in infections as
well as community-associated urinary tract infections. P. aeruginosa learned and inherent
systems of resistance make it an extremely challenging infection to treat. The most recent
investigation's P. aeruginosa samples (n = 10) showed maintained carbapenem action with
complete imipenem(IPM) sensitivity. This result implies that important mechanism of resistance,
such as carbapenems synthesis, permeability channel expression increase, and OprD porin loss,
are absent. Ipenem's sustained therapeutic importance for treating urinary tract infections that are
linked to P. aeruginosa could be supported by the observed susceptibility, which could be a
result of restricted choices and managed carbapenem usage in the medical case under study
[34,35]. The significant ciprofloxacin(CIP) resistance in our sample is consistent alongside prior
studies showing that P. aeruginosa is becoming more resistant to fluoroquinolones due to usage
and selection pressure, especially in urine isolates and in hospital settings [36]. Interestingly,
these samples' lower resistance to the antibiotic Cefepime (FEP) 20% suggests that the fourth-
generation cephalosporins might continue to be therapeutically effective versus a few P.
aeruginosa bacteria, most likely due to changes in -lactamase production and solubility [37, 38].
Table 4's 30% Amikacin (AK) resistant rate suggests that its aminoglycoside effectiveness
toward P. aeruginosa has been partially preserved. This is in line with a number of regional
studies that show how aminoglycosides may not always be effective but often maintain
outstanding activity as compared to other drug classes [39]. Even though Table 4 shows 60%
antibiotic susceptibility, this outcome is indicative of P. aeruginosa's inherent resistance because
of its gram-negative exterior membrane [40].

The results of the antibiotic susceptibility testing of S. agalactiae bacteria were as follows:
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Table 5. The susceptible (S) and the resistant (R) patterns of S. agalactiae from UTI

Antibiotic Sensitive (S) % | Resistance (R)%

Ticarcillin (T1M) 47 53
Amikacin (AK) 41 59
Amoxicillin (AMC) 71 29
Imipenem (IPM)) 94 6
Cefotaxime (CTX) 41 59
Prednisolone( PRL) 24 76
Ciprofloxacin (CIP) 35 65

4- The sensitivity testing outcomes indicated that the sensitivity of the S. agalactiae isolate (n =
17) was shown in Table 5. The elevated susceptibility to imipenem (IPM) may be due to changes
in the binding proteins to the presence of partially expressed lactamases. Cephalosporins and the
carbapenems are among the amino acid antibiotics whose affinity for binding and effectiveness
have been found to be decreased by such mechanisms. Similar resistance mechanisms have been
extensively investigated in earlier research, where hydrolysis via enzymes and architectural
alteration of PBPs were found to be key factors in decreased sensitivity to B-lactams. The
antibiotic amoxicillin ( AMC ) on the other hand, showed better effectiveness, suggesting that 3-
lactam antibiotics in combination with a B-lactamase inhibitor are still a good therapy choice
[41]. The results of our study showed that S .agalactiae exhibited moderate susceptibility to
Ticarcillin (TIM) (47%). Approximately were reported by previous studies which demonstrated
moderate activity of B-lactam antibiotics against some isolates of S. agalactiae[42]. In addition,
the isolates in the current study showed a sensitivity rate of 41% to both Amikacin (AK) and
Cefotaxime (CTX). Comparable results were reported in other studies that observed reduced
susceptibility of S. agalactiae to aminoglycosides and some cephalosporins , Determining the
differences in antimicrobial response across isolates from various areas [43].

Conclusions

P. aeruginosa shown significant antibiotic resistance, although E. coli was found to be the
bacteria that is most prevalent in urinary tract infections. A single institution research design and
an extremely tiny sample number restrict these results. However, the observed variations in
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susceptibility amongst bacterial communities emphasize how crucial it is to do susceptibility

testing to antibiotics before treatment in order to provide the best possible care and avoid

resistant in future infections. The findings highlight the necessity of ongoing monitoring of

antibiotic resistance and revising treatment regimens in light of regional information, reflecting

the biological variety of susceptibility amongst prevalent urine bacteria.

Acknowledgements

I would like to thank everyone who supported me in completing this research, and express my

sincere appreciation to everyone who provided me with support and guidance that helped me

complete this study.

References

1.

Hryniewicz, K., Szczypa, K., Sulikowska, A., Jankowski, K., Betlejewska, K., &
Hryniewicz, W. (2001). Antibiotic susceptibility of bacterial strains isolated from urinary
tract infections in Poland. Journal of Antimicrobial Chemotherapy, 47(6), 773-780.
https://doi.org/10.1093/jac/47.6.773

Mansour, A., Mahdinezhad, M., & Pourdangchi, Z. (2009). Study of bacteria isolated from
urinary tract infections and determination of their susceptibility to antibiotics. International
Journal of Microbiology and Medicine, 9(2), 117-123.
https://doi.org/10.61186/iem.9.2.117

Daza, R., Gutiérrez, J., & Piédrola, G. (2001). Antibiotic susceptibility of bacterial strains

isolated from patients with community-acquired urinary tract infections. International
Journal of Antimicrobial Agents, 18(3), 211-215. https://doi.org/10.1016/S0924-
8579(01)00389-2

Faruk, O., Hasan, S. E., Jubayer, A., Akter, K., Al Shiam, S. A., Rahman, K., & Ali, M. Y.

(2023). Microbial isolates from urinary tract infection and their antibiotic resistance pattern

in Dhaka city of Bangladesh. Journal of Knowledge Learning and Science Technology,
2(3), 76-87. https://doi.org/10.60087/jklst.vol2.n3.p87
Gobernado, M., Valdés, L., Alos, J. I., Garcia-Rey, C., Dal-Ré, R., Garcia-de-Lomas, J., &

Spanish Surveillance Group for E. coli Urinary Pathogens. (2007). Quinolone resistance in

Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/
https://doi.org/10.1093/jac/47.6.773
https://doi.org/10.61186/iem.9.2.117
https://doi.org/10.1016/S0924-8579(01)00389-2
https://doi.org/10.1016/S0924-8579(01)00389-2
https://doi.org/10.60087/jklst.vol2.n3.p87

83

G ) ALZAIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).71-87 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

10.

11.

12.

13.

female outpatient urinary tract isolates of Escherichia coli: Age-related differences. Revista
Espafiola de Quimioterapia, 20(2), 206-210. PMID: 17893757.
https://www.seq.es/seq/0214-3429/20/2/206.

Von Vietinghoff, S., Shevchuk, O., Dobrindt, U., Engel, D. R., Jorch, S. K., Kurts, C.,
Miethke, T., & Wagenlehner, F. (2024). The global burden of antimicrobial resistance —

urinary tract infections. Nephrology Dialysis Transplantation, 39(4), 581-588.
https://doi.org/10.1093/ndt/gfad233
Frimodt-Mgller, N. (2002). Correlation between pharmacokinetic/pharmacodynamic

parameters and efficacy for antibiotics in the treatment of urinary tract infection.
International Journal of Antimicrobial Agents, 19(6), 546-553.
https://doi.org/10.1016/S0924-8579(02)00105-X

Bader, M. S., Loeb, M., Leto, D., & Brooks, A. A. (2020). Treatment of urinary tract
infections in the era of antimicrobial resistance and new antimicrobial agents. Postgraduate
Medicine, 132(3), 234-250. https://doi.org/10.1080/00325481.2019.1680052

Sharif, Z. F., & Sadig, S. T. (2025). Study of inhibitory estimates of probiotics and extent
of their synergistic effect with some antibiotics against antibiotic-resistant bacteria that

cause urinary tract infections in children.

Ibrahim, Z., Behiry, A., Attia, O., & El-Sayed, H. (2022). Evaluation of in vitro effect of
fosfomycin on resistant gram-negative pathogens in urinary tract infection. Microbes and
Infectious Diseases, 3(2), 339-347. https://doi.org/10.21608/M1D.2022.127574.1259
Ayobola, E. D., Oscar, W. O., & Ejovwokoghene, E. F. (2021). Plasmid-mediated
quinolone resistance genes transfer among enteric bacteria isolated from human and animal
sources. AIMS Microbiology, 7(2), 200. https://doi.org/10.3934/microbiol.2021009
Mandal, J., Acharya, N. S., Buddhapriya, D., & Parija, S. C. (2012). Antibiotic resistance
pattern among common bacterial uropathogens with a special reference to ciprofloxacin-
resistant Escherichia coli. Indian Journal of Medical Research, 136(5), 842-849.
https://doi.org/10.4103/0971-5916.199450

Bergey, D. H., & Holt, G. (1994). Bergey’s Manual of Determinative Bacteriology (9th
ed.). Williams & Wilkins.

Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/
https://www.seq.es/seq/0214-3429/20/2/206
https://doi.org/10.1093/ndt/gfad233
https://doi.org/10.1016/S0924-8579(02)00105-X
https://doi.org/10.1080/00325481.2019.1680052
https://doi.org/10.21608/MID.2022.127574.1259
https://doi.org/10.3934/microbiol.2021009
https://doi.org/10.4103/0971-5916.199450

84

G ) ALZAIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).71-87 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

14. Abdullah, O. M., Elhadidy, G. S., Khamiss, R. E., Taha, O. T., & Hamady, A. B. (2023).

15.

16.

17.

18.

19.

20.

21.

Identification of inducible clindamycin resistance gene in Streptococcus agalactiae isolates
colonizing pregnant women in Suez Canal University Hospitals. Microbes and Infectious
Diseases, 4(4), 1246-1254. https://doi.org/10.21608/mid.2023.213246.1531

JF, M. (2000). Biochemical tests for identification of medical bacteria. Lippincott,
Williams & Wilkins.

Almutawif, Y. A., & Eid, H. M. (2023). Prevalence and antimicrobial susceptibility pattern
of bacterial uropathogens among adult patients in Madinah, Saudi Arabia. BMC Infectious
Diseases, 23(1), 582. https://doi.org/10.1186/s12879-023-08578-1

Smith, J., Lee, H., & Kumar, A. (2019). Prevalence and antimicrobial resistance of

Escherichia coli in urinary tract infections: A cross-sectional study. BMC Microbiology,
19(145). https://doi.org/10.1186/s12866-019-1612-6
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.

https://doi.org/10.1038/nrmicro3432
Doe, P., Zhang, Y., & Patel, R. (2024). Epidemiology of uropathogens in community-

acquired urinary tract infections: Focus on E. coli. DMLS Journal, 12(1), 134-142.
https://dmisjournal.com/index.php/January2024/article/view/134?utm source=chatgpt.com
de Sousa, T., Hébraud, M., Alves, O., Costa, E., Maltez, L., Pereira, J. E., & Poeta, P.

(2023). Study of antimicrobial resistance, biofilm formation, and motility of Pseudomonas

aeruginosa  derived from urine samples. Microorganisms, 11(5), 1345.
https://doi.org/10.3390/microorganisms11051345
Sokhn, E. S., Salami, A., El Roz, A., Salloum, L., Bahmad, H. F., & Ghssein, G. (2020).

Antimicrobial susceptibilities and laboratory profiles of Escherichia coli, Klebsiella

pneumoniae, and Proteus mirabilis isolates as agents of urinary tract infection in Lebanon:
Paving the way for Dbetter diagnostics. Medical Sciences, 8(3), 32.
https://doi.org/10.3390/medsci8030032

Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/
https://doi.org/10.21608/mid.2023.213246.1531
https://doi.org/10.1186/s12879-023-08578-1
https://doi.org/10.1186/s12866-019-1612-6
https://doi.org/10.1038/nrmicro3432
https://dmlsjournal.com/index.php/January2024/article/view/134?utm_source=chatgpt.com
https://doi.org/10.3390/microorganisms11051345
https://doi.org/10.3390/medsci8030032

85

G ) ALZAIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).71-87 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

22.

23.

24,

25.

26.

27.

28.

29.

Niranjan, V., & Malini, A. (2014). Antimicrobial resistance pattern in Escherichia coli
causing urinary tract infection among inpatients. Indian Journal of Medical Research,
139(6), 945-948. https://doi.org/10.4103/ijmr.IJMR_945 14

Yilmaz, N., Agus, N., Bayram, A., Samlioglu, P., Sirin, M. C., Derici, Y. K., & Hanci, S.

Y. (2016). Antimicrobial susceptibilities of Escherichia coli isolates as agents of
community-acquired urinary tract infection (2008-2014). Turkish Journal of Urology,
42(1), 32-36. https://doi.org/10.5152/tud.2016.90836

Mortazavi-Tabatabaei, S. A. R., Ghaderkhani, J., Nazari, A., Sayehmiri, K., Sayehmiri, F.,

& Pakzad, 1. (2019). Pattern of antibacterial resistance in urinary tract infections: A
systematic review and meta-analysis. International Journal of Preventive Medicine, 10,
169. https://doi.org/10.4103/ijpvm.lJPVM_419 17

Fischetti, V. A. (2010). Gram-negative bacteria and intrinsic resistance to vancomycin.
PLoS Pathogens, 6(7), e1000905. https://doi.org/10.1371/journal.ppat.1000905

Cai, T., Verze, P., Arcaniolo, D., Pandolfo, S. D., Smarrazzo, F., Manfredi, C., ... &

Palmieri, A. (2023). Antibiotic resistance patterns among uropathogens in female
outpatients affected by uncomplicated cystitis: Focus on fosfomycin trometamol.
International Journal of Antimicrobial Agents, 62(5), 106974.
https://doi.org/10.1016/j.ijantimicag.2023.106974

Hassan, S., Ghssein, G., Kassem, Z., Alarab, S., El Aris, J., & Ezzeddine, Z. (2025).

Antimicrobial resistance patterns of Escherichia coli isolates from female urinary tract

infection patients in Lebanon: An age-specific analysis. Microbiology Research, 16(11),
240.

Davin-Regli, A., & Pages, J. M. (2015). Enterobacter aerogenes and Enterobacter cloacae:
Versatile bacterial pathogens confronting antibiotic treatment. Frontiers in Microbiology,
6, 392. https://doi.org/10.3389/fmicb.2015.00392

Harris, P. N. A., & Ferguson, J. K. (2012). Antibiotic therapy for inducible AmpC
-lactamase-producing Gram-negative bacilli: What are the alternatives to carbapenems,

quinolones and aminoglycosides? International Journal of Antimicrobial Agents, 40(4),
297-305. https://doi.org/10.1016/j.ijantimicag.2012.07.002

Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/
https://doi.org/10.4103/ijmr.IJMR_945_14
https://doi.org/10.5152/tud.2016.90836
https://doi.org/10.4103/ijpvm.IJPVM_419_17
https://doi.org/10.1371/journal.ppat.1000905
https://doi.org/10.1016/j.ijantimicag.2023.106974
https://doi.org/10.3389/fmicb.2015.00392
https://doi.org/10.1016/j.ijantimicag.2012.07.002

86

G ) ALZAIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).71-87 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lerea, C. L., Somers, D. E., Hurley, J. B., Klock, I. B., & Bunt-Milam, A. H. (1986).
Identification of specific transducin o subunits in retinal rod and cone photoreceptors.
Science, 234(4772), 77-80. https://doi.org/10.1126/science.2334961

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.
https://doi.org/10.1128/jcm.00074-22

Tansarli, G. S., Athanasiou, S., & Falagas, M. E. (2013). Evaluation of antimicrobial
susceptibility of Enterobacteriaceae causing urinary tract infections in Africa.
Antimicrobial Agents and Chemotherapy, 57(8), 3628-36309.
https://doi.org/10.1128/aac.02515-12

Breijyeh, Z., Jubeh, B., & Karaman, R. (2020). Resistance of gram-negative bacteria to
current antibacterial agents and approaches to resolve it. Molecules, 25(6), 1340.
https://doi.org/10.3390/molecules25061340

Lee, C. R,, Lee, J. H, Park, K. S., Jeong, B. C., & Lee, S. H. (2015). Quantitative

proteomic view associated with resistance to clinically important antibiotics in

Gram-positive bacteria: A systematic review. Frontiers in Microbiology, 6, 828.
https://doi.org/10.3389/fmich.2015.00828

Kessler, R. E. (2001). Cefepime microbiologic profile and update. The Pediatric Infectious
Disease Journal, 20(3), 331-336. https://doi.org/10.1097/00006454-200103000-00015
Glaliadll and Aalide 4y liba) e A g el (2010) .ome 3 sl sl Pseudomonas
aeruginosa 4« si »» 4a g4, University of Thi-Qar Journal of Science, 2(3), 92-101.

. Momenah, A. M., Bakri, R. A, Jalal, N. A., Ashgar, S. S., Felemban, R. F., Bantun, F.,
Hariri, S. H., Barhameen, A. A., Faidah, H., & Al-Said, H. M. (2023). Antimicrobial
resistance pattern of Pseudomonas aeruginosa: An 11-year experience in a tertiary care
hospital in Makkah, Saudi Arabia. Infection and Drug Resistance, 16, 4113-4122.
https://doi.org/10.2147/IDR.S409726

Bonfiglio, G., & Marchetti, F. (2000). In vitro activity of ceftazidime, cefepime and

imipenem on 1,005 Pseudomonas aeruginosa clinical isolates either susceptible or resistant
to beta-lactams. Chemotherapy, 46(4), 229-234. https://doi.org/10.1159/000007294

Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/
https://doi.org/10.1126/science.2334961
https://doi.org/10.3390/molecules25061340
https://doi.org/10.3389/fmicb.2015.00828
https://doi.org/10.1097/00006454-200103000-00015
https://doi.org/10.2147/IDR.S409726
https://doi.org/10.1159/000007294

87

G ) ALZAIRAA
UNIVERSITY JOURNAL

Health and Medical Science

Al-Zahraa Journal for Health and Medlical Sciences 2026, 4(1).71-87 Vol. 4, No.1, 2026

www.zjhms.alzahraa.edu.ig

39.

40.

41.

42.

43.

Lorusso, A. B., Carrara, J. A., Barroso, C. D. N., Tuon, F. F., & Faoro, H. (2022). Role of
efflux pumps on antimicrobial resistance in Pseudomonas aeruginosa. International Journal
of Molecular Sciences, 23(24), 15779. https://doi.org/10.3390/ijms232415779

Kakoullis, L., Papachristodoulou, E., Chra, P., & Panos, G. (2021). Mechanisms of

antibiotic resistance in important gram-positive and gram-negative pathogens and novel
antibiotic solutions. Antibiotics, 10(4), 415. https://doi.org/10.3390/antibiotics10040415

Davies, J., & Davies, D. (2010). Origins and evolution of antibiotic resistance.

Microbiology and Molecular Biology Reviews, 74(3), 417-433.
https://doi.org/10.1128/MMBR.00016-10

Dahesh, S., Hensler, M.E., Van Sorge, N.M., Gertz Jr, R.E., Schrag, S., Nizet, V. and
Beall, B.W., 2008. Point mutation in the group B streptococcal pbp2x gene conferring

decreased  susceptibility to  PB-lactam  antibiotics. Antimicrobial agents and
chemotherapy, 52(8), pp.2915-2918

Delannoy, C.M., Crumlish, M., Fontaine, M.C., Pollock, J., Foster, G., Dagleish, M.P.,
Turnbull, J.F. and Zadoks, R.N. (2013). Human Streptococcus agalactiae strains in aquatic

animals. Emerging Infectious D

Copyright © 2026. ZIHMS

IRROI

Academic Scientific Journals


http://www.zjhms.alzahraa.edu.iq/
https://doi.org/10.3390/ijms232415779
https://doi.org/10.3390/antibiotics10040415
https://doi.org/10.1128/MMBR.00016-10

