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1. Introduction

Klebsiella pneumoniae belongs to the family
Enterobacteriaceae, and it is the most clinically pertinent
species, also it causes both nosocomial and communities-
acquired infections, such as liver abscesses, urinary
infections, pneumonia, and bacteremia. The current study
aimed to detect the virulence iroN gene in Klebsielle
pneumoniae for patients with urinary tract infections. One
hundred fifty collected 75 samples of urine and 7t
samples of blood samples from patients with urinary tract
infections from lbn Al-Baladi Hospital/ Baghdad -Irac
from November 2023 to February 2024. The results
showed the diagnosis of 60 isolates of bacteria with ar
80% prevalence of Klebsiella pneumoniae observec
percentage for the age (more than 60 years) was 80%
higher than for age (less than 60 years) was 20%
Moreover, females recorded 55% and males 45%. Also,
blood group O has a percentage (33.3% ) more than othel
groups A (23.3%), AB(30%), and B (13.3%). The results
of antibiotic resistance of Klebsiella pneumoniae showec
100% resistance toward Cefoxitin Screen, Amoxicillin
Clavulanic acid, Ticarcillin/ Clavulanic  Acid,
Piperacillin,  Piperacillin/Tazobactam, = Cefmetazole
Ceftazidim,  Cefepime,  Aztreonam,  Amikacin
Ciprofloxacin). In contrast, it was 63.3 % fo
(Meropenem,  Gentamicin,  Tobramycin),66.7%fol
Trimethoprim / Sulfamethoxazole, and 61.6% for
Imipenem. Moreover, these isolates were sensitive tc
Ticarcillin (100%), Minocycline (83%). Besides, the
results of the virulence gene showed iroN gene was founc
in 38(63.3%) isolates out of 60 isolates. In conclusion, this
study appeared to the prevalence resistance of K
pneumoniae in urinary infections with the presence of
iroN gene.

Klebsiella pneumoniae belongs to Enterobacteriaceae, and is the most species clinically pertinent,
also it causes both nosocomial and communities-acquired infections, involving liver abscess, urinary
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infections, pneumonia, and bacteremia [1]. In past decades, a distinguished hypervirulent difference
of K. pneumoniae, was described via the phenotype of hypermucoviscous. it was first isolated from
abscesses liver in Asia and appeared as an important clinical pathogen accountable for extremely
invasive infection [2]. Urinary tract infections are considered multi-microbial infections, which occur
via various strains of bacteria and fungi. The members of Enterobacteriaceae especially Klebsiella
pneumoniae and Escherichia coli are considered the most bacteria prevalent in urinary infections [3].

The main K. pneumoniae pathogenicity is established from different virulence agents that permit
it to attack innate immunity and preserve infections in a human host. The major virulence agents that
have a significant role in pathogenesis include capsular polysaccharides, lipopolysaccharides, pili,
and siderophores [4].

The factors of virulence in hypervirulent K. pneumoniae (hvKp) are represented by
lipopolysaccharides, capsules, siderophores, and fimbriae [5]. Interestingly, siderophores and small
metabolites of iron-binding have specific importance. Iron is considered a necessary mineral ion of
growth bacteria and its availability is usually below the demanded concentration [6]. Iron (Fe3+) free
is rare in physiological situations because it binds to heme and transferrin through infection. The
absorption of iron in vivo via bacteria demands a system of siderophore -dependant iron acquisition
[7]. These molecules are produced via bacteria, chelate iron in the environmental surrounding, and
enter into cells. Therefore, siderophores are considered frequently as one of the main virulent factors
for survival and pathogenesis of bacteria.

Salmochelin (iroN) is one of the siderophores in K. pneumoniae [8]. Klebsiella pneumoniae
strains differ in virulence as a result of the existence of mobile genes. Particularly, gene encoding
siderophores biosynthesis such as salmochelin is related to invasive infection and is common amongst
K. pneumoniae hypervirulent that cause acute community-associated infection [9]. Consequently, the
properties of K. pneumoniae virulence understanding and taking suitable measures are considered
important matters for clinical evaluation, controlling, and reducing the risk of death rate in K.
pneumoniae infection patients [8]. Consequently, the current study aimed to detect the virulence iroN
gene in Klebsiella pneumoniae for patients with urinary tract infections.

2.Materials and Methods
2.1. Ethical consent

It was obtained consent from the patients and sample collection was approved by Ethics
Committee in the Iragi Ministry of Health.

2.2. Sample collection

It was collected 150 samples of urine and blood from patients (40-80 years) with urinary tract
infections from Ibn Al-Baladi Hospital/ Baghdad -Irag from November 2023 - February 2024. Urine
(75 samples) was collected in sterile containers and the blood sample (75 samples) was collected in
EDTA tubes to conduct ABO blood groups.

2.3. Klebsiella pneumoniae isolates

The samples were cultured by streaking a sterile loop of sample urine on Blood agar and
McConkey agar, incubated for 24 hours at 37 °C. The bacterial colonies on MacConkey agar were
isolated and cultured in the nutrient broth for genetic detection.

2.4. ldentification bacteria and antibiotics sensitivity detection by Vitek 2 compact

Vitek 2 Compact was used for the identification and antibiotics sensitivity detection
(Identification card: GN ID card 21341) and AST-gram negative (AST card: AST-GN76 ID 413433
) to detect the sensitivity of Klebsiella pneumoniae.

2.5. Genetic detection

Bacterial genomic DNA was extracted using Mini prep DNA Extraction Zymo research Kit /USA
(Catalog: D6005) and primers used from (Alpha DNA/USA) as in table (1). Gene amplification was
conducted by PCR at a final volume of 25ul including DNA template (1.5 ul without diluted),
forward10 picomols/pl and reverse 10 picomols/pl primer (1 pl for each them), 5ul of Tag PCR
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premix (ID Catalog:25025 Intron, Korea) and added (16.5 pul ) free nuclease water. PCR condition's
reaction were shown in Table (2). PCR product was detected by agarose gel electrophoresis with Red
safe stain.

Tablel.Primer sequences of iroN gene

Primer Sequence Tm GC Product size
O

Forward 5'- CTGTCGGCATCGGTTTTATT -3’ 4973  45% 556 bp [10]

Reverse 5'- TGGCGTGTCGATTATTACCA -3’ 4973 45%

Table 2. PCR programs for iroN gene

Stage Temp (°C) Time Cycles

Initial Denaturation 94 5 min. 1 cycle
Denaturation 2 94 40sec

Annealing 52 40sec 35 cycle
Extensionl 72 1min

Extension 2 72 5 min. 1 cycle

2.6. Statistical analysis

MedCalc Software 2023 was applied to conduct statistical analysis using chi-square. P-value <
0.01 means significant differences and P value > 0.05 means nonsignificant differences.

3.Results
3.1. Klebsiella pneumoniae identification

The results showed that 60 samples out of 75 samples were diagnosed as Klebsiella pneumoniae
by Viteck 2 system with a probability of 99%. While the rest of samples (15 samples) were diagnosed
with other species of bacteria.

3.2. Distribution of Klebsiella pneumoniae isolates

The results distribution of Klebsiella pneumoniae observed percentage for the ages more than 60
years was 80% higher than for age less than 60 years was 20%, Moreover, females recorded 55% and
males 45% with significant differences (P<0.05). Also, patients with blood group O were a
percentage (33.3%) more than other groups A (23.3%), AB (30%), and B (13.3%) with nonsignificant
P>0.05 (Table 3).

Table 3. Distribution of according to age, sex, and ABO groups

Parameters Number 60 samples P value

Age < 60 years 12(20%) <0.0001
>60 years 48(80%)

Sex

Male 27(45%)

Female 33(55%) 0.03

ABO groups

A 14(23.3%)

AB 18(30%)

B 8(13.3%) 0.6

o] 20(33.3%)

281



Enas A. H.

3.3. Antibiotics resistance of Klebsiella pneumoniae isolates
The results of antibiotic resistance of Klebsiella pneumoniae showed 100% resistance toward
Cefoxitin Screen, Amoxicillin/Clavulanic acid, Ticarcillin/Clavulanic Acid, Piperacillin, Piperacillin
| Tazobactam, Cefmetazole, Ceftazidime, Cefepime, Aztreonam, Amikacin, Ciprofloxacin). In
contrast, it was 63.3 % toward (Meropenem, Gentamicin, and Tobramycin), 66.7%for Trimethoprim/
Sulfamethoxazole, and 61.6% for Imipenem. Moreover, these isolates were sensitive to Ticarcillin
(100%), and Minocycline (83%) as shown in table (4).

Table 4. Antibiotic resistance of Klebsiella pneumoniae isolates

Antibiotic Resistant Sensitive P value
Cefoxitin Screen 60(100%) 0(0%) P <0.001
Amoxicillin/Clavulanic acid 60(100%) 0(0%) P <0.001
Ticarcillin 60(100%) 0(0%) P <0.001
Ticarcillin / Clavulanic Acid 0(100%) 60(100) P <0.001
Piperacillin 60(100%) 0(0%) P <0.001
Piperacillin / Tazobactam 60(100%) 0(0%) P <0.001
Cefmetazole 60(100%) 0(0%) P <0.001
Ceftazidime 60(100%) 0(0%) P <0.001
Cefepime 60(100%) 0(0%) P <0.001
Aztreonam 60(100%) 0(0%) P <0.001
Imipenem 37(61.6%) 23(38.3%) P<0.01
Meropenem 38(63.3%) 22(36.6%) P<0.01
Amikacin 60(100%) 0(0%) P <0.001
Gentamicin 38(63.3%) 22(36.6%) P<0.01
Tobramycin 38(63.3%) 22(36.6%) P<0.01
Ciprofloxacin 60(100%) 0(100%) P <0.001
Minocycline 10(16.7%) 50(83.3%) P <0.002
Trimethoprim/ Sulfamethoxazole 40(66.7%) 20(33.3%) P <0.003
Cefoxitin Screen 60(100%) 0(0%) P <0.001

3.4. Detection iroN gene

The results showed iroN gene was found in 38(63.3%) isolates out of 60 isolates (Figurel).

Ladder 31 32 a3 34 35 36 37 38 39 0 1 42 43 M 45

ladder 46 47 48 49 50 5

Figl. Electrophoresis of PCR amplicons for iroN gene (556bp) for 38 Klebsiella pneumoniae isolates
on 2% Agarose gel. 1x TBE buffer at 1 hour. Ladder DNA (1500 bp). Whereas other isolates (22
isolates including number 2,13,16,17,20,29,30,35,37,40,42,44,45,50,52-58,60) did not contain iroN
gene
4. Discussion
At present time, antibiotic resistance increases for uropathogenic bacteria causing complicated
important issues in controlling urinary tract infections over time [11]. Different studies have been
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conducted in previous years to determine the antibiotics resistance for uropathogenic bacteria in
patients, all results indicated an increase in resistance through the years [12,3].

In one Iragi study conducted by Al-Gasha’a et al. [13], they observed that there is a relationship
between sex, age, and urinary tract infection. The prevalence of bacteria that cause infection was
higher at age (30-39) at 25.40%. Jameel and Artoshi [14] observed in their study the more frequent
bacteria were E. coli (43.20%) and, K. pneumoniae (19.90% ), and urinary infections in females were
(68.04%) whereas in males (31.96%). Also, another Iragi study indicated that the rate of urinary
infections in women (53.2%) is higher than in men (30.2%) [15].

Kakde et al. [16] observed that urinary tract infections in women are related to the anatomy and
physiological structure nature of their urinary tract system; while the length of urethra is lower than
in men. On the other hand, hormonal changes prompt infections. While males are protected as a result
of the anatomical structure of the urinary tract system.

The current study accordance with another study which showed due to age, urinary tract infection
is commonly prevalent in elderly patients and increased during the frequency of risk and infection
complications. Thus, urinary tract infection in patients with age (60 years) was 50-60 % and 38.55%
for patients (40-59) years. This increasing prevalence in the elderly may be explained by several
factors the urinary system secretion senility and a reduction of contraction muscular for bladder which
plays a role in bacteria growth by a decrease in the rate of excretion of urine [17].

The current study agrees with other research that studied ABO blood groups in urinary infections.
Najari et al. [18] noticed in their study no relationship between urinary infections and blood group
A. Mahmoudian et al. [19] indicated group O for pregnant suffering from urinary infections was more
frequent, followed by group B. This study conflicts with research that noticed a relationship between
urinary tract infection and blood group. Safarkar et al. [20] detected in their study group O was
prevalent in urinary tract infection. Benli et al. [21] showed a correlated urinary tract infection with
A group. One of the reasons for the differences in the studies' findings is due to the paradigms and
the patients characteristics [22].

In the current study was estimated resistance against antibiotics. One study displayed that the
beta-lactam group of antibiotics includes Penicillin, Carbapenem, Cephalosporin, and Monobactam,
while a group of Beta-lactamase inhibitors includes Clavulanic acid, Sulbactam, and Tazobactam
[22]. Roshan et al. [23] showed in their study that resistance is often related to extended spectrum of
beta-lactamases. Some studies showed that the resistance in amoxicillin/clavulanic acid was 97.67%
higher than in other antibiotics [24]. Pfeifle et al. [25] showed in their study Klebsiella spp. was
resistant to B-lactam antibiotics due to the synthesis of B-lactamase enzyme which destroyed p-lactam
rings before connecting to the target.

The current study was convenient with one study performed by Kot et al. [26] they noticed
resistance of K. pneumonia toward amoxi/clav (75%); piperacillin/ tazobactam (76.2%); cefotaxime
(81%); and cefuroxime (81%). Alsanie [27] showed resistance K. pneumoniae against Ampicillin at
(96%); Cephalothin at (90%); Ceftriaxone at (90%); Amox/Clav at (90%); Cefuroxime at (85%);
Aztreonam at (87%); Cefepime at (80%); Ceftazidime at (80%); Trimthoprim-Sulfamethoxazole at
(82%).

Concerning the presence of iroN gene in K. pneumonia there are no previous lIraqi studies about
this virulence gene. The current study agreed with global other studies. Daoud et al. [28] showed the
presence iroN gene and iron uptake gene that are associated with the resistance of bacteria to
antibiotics. The system of iron acquisition has an important effect on Cefiderocol activity, and their
change expression represents a factor that reduces the susceptibility. One study found that 55% of K.
pneumoniae hypervirulent have iroN gene were multidrug resistance and produce ESBL,
consequently, hospital K. pneumoniae isolates cause a menace to the healthcare systems [29].

Recent research has focused on the significance of iron, its processes of absorption, and its
relationship to K. pneumoniae's pathogenicity. Chen et al.[8] examined the growth of K. pneumoniae
strains that produce liver abscesses versus ones that do not, about varying iron concentrations. They
showed that the highest tested concentration of iron (50 pM) was associated with the maximum
bacterial growth in iron-rich media. The siderophore expression rates were one of their study's other
key discoveries. They found that the expression of all four siderophores:aerobactin, salmochelin,

283



Enas A. H.

yersiniabactin, and enterobactin were higher in iron-depleted conditions than in iron-rich
environments.

6.Conclusion

The current study showed the distribution of K. pneumoniae in elderly patients with urinary tract
infection and there is no correlation with ABO groups but an increase in the sample size may lead to
show significant correlation among ABO groups. Moreover, in female was more prevalent than
males. K. pneumoniae isolates showed resistance to most antobiotics studied. Also, the prevalence
resistance of K. pneumoniae in urinary infections with the presence of iroN gene.

7.References

[1] M. K. Paczosa and J. Mecsas, “Klebsiella pneumoniae: Going on the Offense with a Strong
Defense,” Microbiology and Molecular Biology Reviews, vol. 80, no. 3, pp. 629-661. 2016, doi:
https://doi.org/10.1128/mmbr.00078-15

[2] A.Prokesch H.Pelzmann, , A.R.Pessentheiner, K.Huber, C.T.Madreiter-Sokolowski, , Drougard,
et al.,, N-acetylaspartate catabolism determines cytosolic acetyl-CoA levels and histone
acetylation in brown adipocytes, Scientific Reports, vol. 6, no. 1. 2016, doi:
https://doi.org/10.1038/srep23723 .

[3] Y. Zhou ,Z. Zhou., L.Zheng, Z.Gong ,Y. Li et al. Urinary Tract Infections Caused by
Uropathogenic Escherichia coli: Mechanisms of Infection and Treatment Options, International
Journal of Molecular Sciences, vol. 24, no. 13, pp. 10537-10537. 2023, doi:
https://doi.org/10.3390/ijms241310537 .

[4] R. Abbas ,M. Chakkour,H. Zein,O. Eseiwi Folorunsho,S. Obeid et al., General Overview of
Klebsiella pneumonia: Epidemiology and the Role of Siderophores in Its
Pathogenicity,” Biology, vol. 13, no. 2, pp. 78-78, Jan. 2024, doi:
https://doi.org/10.3390/biology13020078.

[5] G. Ghssein and Z. Ezzeddine, The Key Element Role of Metallophores in the Pathogenicity and
Virulence of Staphylococcus aureus: A Review, Biology, vol. 11, no. 10, p. 1525, 2022, doi:
https://doi.org/10.3390/biology11101525.

[6] A. L. Lamb, “Breaking a pathogen’s iron will: Inhibiting siderophore production as an
antimicrobial  strategy,” vol. 1854, no. 8, pp. 1054-1070,. 2015, doi:
https://doi.org/10.1016/j.bbapap.2015.05.001

[7] M. E. Wand, K.S.Baker, G.Benthall,H. McGregor,J. McCowen,A. Deheer-Graham, A.et al.,
Characterization of Pre-Antibiotic Era Klebsiella pneumoniae Isolates with Respect to
Antibiotic/Disinfectant Susceptibility and Virulence in Galleria mellonella, Antimicrobial Agents
and Chemotherapy, vol. 59, no. 7, pp. 3966-3972. 2015, doi: https://doi.org/10.1128/aac.05009-
14 .

[8] T.Chen ,G.Dong,S. Zhang,X. Zhang,Y. Zhao,J. Cao et al., Effects of iron on the growth, biofilm
formation and virulence of Klebsiella pneumoniae causing liver abscess,BMC Microbiology, vol.
20, no. 1, Feb. 2020, doi: https://doi.org/10.1186/s12866-020-01727-5

[9] M.M. C.Lam, K.L.Wyres, L.M. Judd, R.R.Wick., AJenney, S.Brisse,et al. Tracking key
virulence loci encoding aerobactin and salmochelin siderophore synthesis in Klebsiella
pneumoniae. Genome medicine, 10(1), 77. 2018. https://doi.org/10.1186/s13073-018-0587-5

[10]K. S. Khaertynov,V. Anokhin,A. Rizvanov,Y. Davidyuk, D.Semyenova, S.Lubin et al.,
Virulence Factors and Antibiotic Resistance of Klebsiella pneumoniae Strains Isolated From
Neonates With Sepsis Frontiers in Medicine, vol. 5, 2018, doi:
https://doi.org/10.3389/fmed.2018.00225 .

[11]Md. M. I. Majumder, A. R. Mahadi, T. Ahmed, M. Ahmed, M. N. Uddin, and Md. Z. Alam,
“Antibiotic resistance pattern of microorganisms causing urinary tract infection: a 10-year
comparative analysis in a tertiary care hospital of Bangladesh,” Antimicrobial Resistance &
Infection Control, vol. 11, no. 1, 2022, doi: https://doi.org/10.1186/s13756-022-01197-6.

[12]G. Mancuso, A. Midiri, E. Gerace, M. Marra, S. Zummo, and C. Biondo, “Urinary Tract
Infections: The Current Scenario and Future Prospects,” Pathogens, vol. 12, no. 4, p. 623, Apr.
2023, doi: https://doi.org/10.3390/pathogens12040623.

284


https://doi.org/10.1128/mmbr.00078-15
https://doi.org/10.1038/srep23723
https://doi.org/10.3390/ijms241310537
https://doi.org/10.3390/biology13020078
https://doi.org/10.3390/biology11101525
https://doi.org/10.1016/j.bbapap.2015.05.001
https://doi.org/10.1128/aac.05009-14
https://doi.org/10.1128/aac.05009-14
https://doi.org/10.1186/s12866-020-01727-5
https://doi.org/10.1186/s13073-018-0587-5
https://doi.org/10.3389/fmed.2018.00225

Detection of virulence iroN... J. Basrah Res. (Sci.) 50(1), 279 (2024).

[13]F. A. S. Al-Gashaa, S. M. Al-Baker, J. M. Obiad, and F. A. Alrobiai, Prevalence of Urinary Tract
Infections and Associated Risk Factors Among Patients Attending Medical City Hospital in
Baghdad City, Irag, American Journal of Infectious Diseases, vol. 16, no. 2, pp. 77-84, Feb. 2020,
doi: https://doi.org/10.3844/ajidsp.2020.77.84

[14]A. Y. Jameel and D. M. E. Artoshi, “Prevalence of Urinary Tract Infections and Their
Antimicrobial Sensitivity Among Diabetic and Non Diabetic Patients in Zakho,” Science Journal
of University of Zakho, wvol. 7, no. 4, pp. 125-131, Dec. 2019, doi:
https://doi.org/10.25271/sju0z.2019.7.4.629 .

[15]C. Saeed, K. AL-Otraqchi, and I. Mansoor, Prevalence of urinary tract infections and antibiotics
susceptibility pattern among infants and young children in Erbil city, Zanco Journal of Medical
Sciences, vol. 19, no. 1, pp. 915-922, 2015: https://doi.org/10.15218/zjms.2015.0012 .

[16]P. Kakde, N. N. Redkar, and A. Yelale, Urinary Tract Infection in Elderly: Clinical Profile and
Outcome, The Journal of the Association of Physicians of India, vol. 66, no. 6, pp. 14-17. 2018,:
https://pubmed.ncbi.nim.nih.gov/31331128/

[17]A. T. Signing, W. J. T. Marbou, V. Penlap Beng, and V. Kuete, “Antibiotic Resistance Profile of
Uropathogenic Bacteria in Diabetic Patients at the Bafoussam Regional Hospital, West Cameroon
Region Cureus,. 2020, doi: https://doi.org/10.7759/cureus.9345.

[18]H. R. Najari, A. Ghadimi, and A. Allami, “The relationship ABO-Rh blood group with urinary
tract infections in hospitalized patients,” Scientific Journal of Kurdistan University of Medical
Sciences, vol. 25, no. 4, pp. 20-30. 2020, doi: https://doi.org/10.52547/sjku.25.4.20 .

[19]A. S. Mahmoudian, M. V, A. Jarhi, A. Khajavi, and S. F. Mircheraghi, The Prevalence of
Bacteruria and Its Relationship With ABO Blood Group in Pregnant Women, Quarterly of the
Horizon of Medical Sciences, vol. 27, no. 3, pp. 302-317. 2021, doi:
https://doi.org/10.32598/hms.27.3.3213.1

[20]R. Safarkar et al., “Relationship between Urinary Tract Bacterial Infections and Blood Groups in
Patients Referring to Alavi Hospital in Ardabil, Iran in 1395,” Scientific Journal of Nursing,
Midwifery and Paramedical Faculty, wvol. 4, no. 1, pp. 41-51,. 2018.
http://sjinmp.muk.ac.ir/article-1-148-en.html

[21]E. Benli, A. Cirakoglu, E. Ogreden, Y. Kaya, A. Ayyildiz, and A. Yuce,Do ABO blood groups
affect lower urinary tract symptoms?,Tiirk Uroloji Dergisi/Turkish Journal of Urology, vol. 45,
no. -1, pp. 84-91, Dec. 2019, doi: https://doi.org/10.5152 /tud.2018.25295.

[22]N. Pandey and M. Cascella, “Beta Lactam Antibiotics,” National Library of Medicine. 04, 2023.
https://www.ncbi.nlm.nih.gov/books/NBK545311/

[23]M. Roshan, A. Ikram, I. A. Mirza, N. Malik, S. A. Abbasi, and S. A. Alizai, Susceptibility pattern
of extended spectrum B-lactamase producing isolates in various clinical specimens,Journal of the
College of Physicians and Surgeons--Pakistan: JCPSP, vol. 21, no. 6, pp. 342-346. 2011,
https://pubmed.ncbi.nlm.nih.gov/21711989/

[24]A. A. J. Aljanaby and H. M. R. Alhashawi, Phenotypic and Molecular Characterization of
Multidrug Resistant Klebsiella pneumoniae Isolated from Different Clinical Sources in Al-Najaf
Province-Iraq,” Pakistan Journal of Biological Sciences, vol. 20, no. 5, pp. 217-232, Apr. 2017,
doi: https://doi.org/10.3923/pjbs.2017.217.232 .

[25]D. Pfeifle, E. Janas, and B. Wiedemann, “Role of Penicillin-Binding Proteins in the Initiation of
the AmpC pB-Lactamase Expression in Enterobacter cloacae,” Antimicrobial Agents and
Chemotherapy, vol. 44, no. 1, pp. 169-172. 2000, doi: https://doi.org/10.1128/aac.44.1.169-
172.2000.

[26]B. Kot, A. Gruzewska, P. Szweda, J. Wicha, and U. Parulska, “Antibiotic Resistance of
Uropathogens Isolated from Patients Hospitalized in District Hospital in Central Poland in 2020,”
Antibiotics, vol. 10, no. 4, p. 447,. 2021: https://doi.org/10.3390/antibiotics10040447.

[27]W. F. Alsanie, Molecular diversity and profile analysis of virulence-associated genes in some
Klebsiella pneumoniae isolates, Practical Laboratory Medicine, vol. 19, p. e00152, Mar. 2020,
doi: https://doi.org/10.1016/j.plabm.2020.e00152.

[28]L. Daoud, F. Al-Marzooq, C. A. Moubareck, A. Ghazawi, and T. Collyns, Elucidating the effect
of iron acquisition systems in Klebsiella pneumoniae on susceptibility to the novel siderophore-

285


https://doi.org/10.3844/ajidsp.2020.77.84
https://doi.org/10.25271/sjuoz.2019.7.4.629
https://doi.org/10.15218/zjms.2015.0012
https://pubmed.ncbi.nlm.nih.gov/31331128/
https://doi.org/10.7759/cureus.9345
https://doi.org/10.52547/sjku.25.4.20
https://doi.org/10.32598/hms.27.3.3213.1
http://sjnmp.muk.ac.ir/article-1-148-en.html
https://doi.org/10.5152%20/tud.2018.25295
https://www.ncbi.nlm.nih.gov/books/NBK545311/
https://pubmed.ncbi.nlm.nih.gov/21711989/
https://doi.org/10.3923/pjbs.2017.217.232
https://doi.org/10.1128/aac.44.1.169-172.2000
https://doi.org/10.1128/aac.44.1.169-172.2000
https://doi.org/10.3390/antibiotics10040447

Enas A. H.

cephalosporin cefiderocol, PLOS ONE, vol. 17, no. 12, p. e0277946, Dec. 2022
https://doi.org/10.1371/journal.pone.0277946.

[29]B.Kot, M. Piechota,,P. Szweda. et al. Virulence analysis and antibiotic resistance of Klebsiella
pneumoniae isolates from hospitalised patients in Poland. Scientific Reports 13, 4448 (2023).
https://doi.org/10.1038/s41598-023-31086-w

286


https://doi.org/10.1371/journal.pone.0277946
https://doi.org/10.1038/s41598-023-31086-w

U Journal of Basrah Researches (Sciences) 50(1), 279 (2024)
DOI: https://doi.org/10.56714/bjrs.50.1.22

=l Klebsiella pneumoniae LS 8 iroN 35 all s e 2iS)
A sl AMliall QgL ubiadd) () jall

O gl 3 Guldy)

uail.d\

¢\ sY) JiSi s 5 <Enterobacteriaceae 4le JIKlebsiella pneumoniae <
Gl s sl 71 A S ¢ Apuiall ciliiinl (5 sae a4 LS (o Lpan
O oo Sl ) A A jall cdn aall 5 ey os sl iV 5 i gl elilisal)
Alall Slledll i ! Klebsiella pneumoniae LS & iroN )yl
e o 4 gl el Sl (m ya (e a2 5 s Aie (pasad 5 Ale pan A 50
@l @ yedal 2024 blad - 2023 S cppdE e 5L Gl galdl ol
duall cils 5 Klebsiella pneumoniae LsSall 9680 Uil sy A e 60 (apds
Gy L %20 <uilS (3 60 e i) saad) o o) %80 (R 60 o SST) aall
e ST (%33.3) Ao gl O pall Aliad o LS 945 S35 %55 by A
Lo glie il @ el 5 (%13.3) Bs «(%30) A (23.3%)¢ AB s_AY) aall Jiliai
Ot sl o3 94100 Ae slie 4, sall ilaliadll Klebsiella pneumoniae LS
bl Y SIS Gman /Gl S5 Y SIS (e /Gl al
OpmilSaal calig il o o b (Jg sl USLE /0 Cplaad
((Opsa) p @ Opaliia caring a) da 90633 CilS s (B (CpalaS sl yun
QY jall o2a ilS LS ainad 9061.6 5 «d s S fhalils /a0 fhas 55 %66.7
85l Cpa il @ jelal LS (%83) Culilas ginall 5 i SIS (%100 )inloos
5 A jall o3a & pelal A e 60 dual (0 (%63.3) Ae 38 (A iroN os 25a

ATON (i 39a 5 ae A sl i) SAK, pneumoniae b i s laa Ll

“Corresponding author email : enas.ah.h@ihcoedu.uobaghdad.edu.iq

2024 lusi 08 WY
2024 o) 2~ 13 J sl
2024 )5~ 30 Sl

Laliaa) LK)

Klebsiella , <) iaal) 2 glia

<l jiroN o, pneumoniae ,
i) i)

Citation: Enas A. H., J. Basrah
Res. (Sci.) 50(1), 279 (2024).
DOlI:https://doi.org/10.56714/bjrs
.50.1.22

® ©2022 College of Education for Pure Science, University of ISSN: 1817-2695 (Print); 2411-524X (Online)
@ Basrah. This is an Open Access Article Under the CC by line at: https://jou.jobrs.edu.ig
EY

s License the CC BY 4.0 license.



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.56714/bjrs.50.1.22
https://creativecommons.org/licenses/by/4.0/
https://jou.jobrs.edu.iq/
https://doi.org/10.56714/bjrs.50.1.
https://doi.org/10.56714/bjrs.50.1.

