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ABSTRACT: Pseudomonas aeruginosa (P. aeruginosa) is a major opportunistic pathogen associated with nosocomial
infections. The intrinsic resistance of P. aeruginosa to many antibiotics and the ability of P. aeruginosa to rapidly acquire
resistance make the management of infections difficult. This study aimed to evaluate the antibiotic resistance profiles
and inducible beta-lactamase (ibl) synthesis in P. aeruginosa strains isolated from hospitalized patients at the Azerbaijan
Medical Faculty Hospital. This study included 125 samples including 44 sputum samples from pneumonia patients, 44
urine samples from individuals with urinary tract infections, and 41 postoperative samples encompassing pus, drainage,
and abscess contents derived from surgical site infections. P. aeruginosa was isolated by conventional culture methods
and drug susceptibility and ibl synthesis were investigated by disc diffusion. Fisher's exact test compared the ibl
synthesis of P. aeruginosa strains isolated from different infection sources. Statistical significance was accepted as 0.05
(p=<0.05). Of 26 P. aeruginosa, 19 (73.1%) were resistant to ceftazidime, 20 (76.9%) to cefepime, 20 (76.9%) to piperacillin
and 23 (88.4%) to aztreonam, while 19 (73.1%) were susceptible to imipenem, 19 (73.1%) to amikacin, 23 (76.9%) to
piperacillin and 23 (88.4%) to colistin. In addition, the ibl synthesis (+) P. aeruginosa strains isolated from pneumonia
patients (77.8%) were marginally significantly higher than those isolated from urinary tract infections (25.0%) (p=0.057).
Our results reveal high rates of antibiotic resistance among P. aeruginosa strains isolated from patients in our hospital,
particularly against several key antibiotics. We recommend larger studies involving multiple centers and various sample

types.
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1. INTRODUCTION

Pseudomonas aeruginosa (P. aeruginosa) is a Gram-negative, obligate aerobic pathogen commonly found in healthy
hosts, soil, and water microbiota. However, it poses a significant risk of opportunistic infections, particularly in scenarios
involving invasive procedures, trauma, prolonged hospitalization, immunosuppression, and in geriatric populations [1-
3]. In addition, it can cause contamination of solutions used in hospitals for injection or other purposes in improperly
disinfected endoscopic equipment and is characterized by natural resistance to most antimicrobial agents. This versatile
organism is responsible for a wide range of nosocomial and community-acquired infections, including but not limited to
bacteremia, pneumonia, soft tissue, urinary tract, respiratory, wound, bone, and joint infections [4-6]. In high-risk patient
cohorts, P. aeruginosa infections can lead to serious complications and significantly increase morbidity and mortality.
Because of its clinical significance and treatment challenges, the World Health Organization has identified P. aeruginosa
as one of six priority pathogens responsible for a significant burden of hospital-acquired infections and outbreaks [2].
The bacterium flourishes in environments characterized by a compromised epithelial barrier, reduced neutrophil
activity, impaired mucociliary clearance, and the presence of medical implants [4].

There are several mechanisms by which P. aeruginosa develops resistance to antibiotics. One of these mechanisms
is the synthesis of beta-lactamase enzymes, which inactivate the antibiotic by destroying the beta-lactam ring. Unlike
other beta-lactamases, the inducible beta-lactamase (ibl) synthesis is only induced by specific antibiotics such as
ceftazidime and imipenem [7-10]. The effect of the antibiotic on the cell wall leads to the production of beta-lactamase
through a genetic cascade mechanism. This enzyme synthesis stops in the absence of these antibiotics. The enzyme in
bacterial genes and plasmids is responsible for the ibl synthesis. The genes associated with ibl can be transferred to other
bacterial strains through conjugation, spreading resistance within microbial populations. This is a major challenge as it
can lead to the emergence of increasingly difficult-to-treat diseases [7-10].
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This study aimed to determine the antimicrobial resistance and ibl synthesis in P. aeruginosa strains isolated from
patients with nosocomial infections at Azerbaijan Medical University Training and Surgical Clinic.

2. RESULTS

Our study focused on isolating P. aeruginosa from patients with nosocomial infections at the Azerbaijan Medical
University Training and Surgical Clinic. We aimed to determine P. aeruginosa's antimicrobial resistance profile. Among
the 125 samples collected, P. aeruginosa was identified in 9 out of 41 patients (21.9%) with pneumonia, 9 out of 40 patients
(22.5%) with surgical site infections, and 8 out of 44 patients (18.1%) with urinary tract infections. Of 26 P. aeruginosa, 19
(73.1%) were resistant to ceftazidime, 20 (76.9%) to cefepime, 20 (76.9%) to piperacillin and 23 (88.4%) to aztreonam,
while 19 (73.1%) were susceptible to imipenem, 19 (73.1%) to amikacin, 23 (76.9%) to piperacillin and 23 (88.4%) to
colistin. Of the 9 P. aeruginosa strains isolated especially from patients with pneumonia, 8 (88.9%) were resistant to
ceftazidime, 7 (77.8%) to cefepime, 8 (88.9%) to piperacillin, 8 (88.9%) to aztreonam and 6 (66.7%) to gentamicin. Of the 9
P. aeruginosa strains isolated from patients with surgical site infections, 7 (77.8%) were resistant to ceftazidime, 8 (88.9%)
to cefepime, 8 (88.9%) to piperacillin, 6 (66.7%) to meropenem and 9 (100%) to aztreonam. Of the 8 P. aeruginosa strains
isolated from patients with urinary tract infections, 7 (87.5%) were resistant to meropenem, 6 (75.0%) to aztreonam, 6
(75.0%) to ciprofloxacin and 6 (75.0%) to levofloxacin (Table 1).

Table 1 . Susceptibility of P. aeruginosa strains to different antibiotics

Antibiotics

Strains that cause
pneumonia (n:9)

Strains that cause
surgical site infections
(n:9)

Strains that cause
urinary tract infections
(n:8)

S R S R S R

(n, %) (n, %) (n, %) (n, %) (n, %) (n, %)
Ceftazidime (30ug) 1(11.1%) 8(88.9%) 2(22.2%) 7 (77.8%) 4 (50.0%) 4 (50.0%)
Cefepime (30ug) 2(22.2%) 7(77.8%) 1(11.1%) 8 (88.9%) 3 (37.5%) 5 (62.5%)
Piperacillin (100ug) 1(11.1%) 8(88.9%) 1(11.1%) 8 (88.9%) 4 (50.0%) 4 (50.0%)
Piperacillin+Tazobactam (110ug) 5 (55.5%) 4 (44.4%) 4 (44.4%) 5 (55.6%) 6 (75.5%) 2 (25.0%)
Imipenem (10pg) 6(66.7%) 3(333%) 9(100.0%)  0(0.0%) 4 (50.0%) 4 (50.0%)
Meropenem (10pg) 6(66.7%)  3(333%) 3(33.3%) 6 (66.7%) 1 (12.5%) 7 (87.5%)
Aztreonam (30pg) 1(11.1%) 8(88.9%)  0(0.0%) 9 (100.0%)  2(25.0%) 6 (75.5%)
Gentamicin (10pg) 3 (33.3%) 6 (66.7%) 6 (66.7%) 3 (33.3%) 6 (75.5%) 2 (25.0%)
Amikacin (30ug) 5(55.6%) 4 (44.4%) 6 (66.7%) 3 (33.3%) 8 (100.0%) 0 (0.0%)
Netilmicin (30pg) 5(55.6%)  4(444%) 5(55.6%) 4 (44.4%) 7 (87.5%) 1 (12.5%)
Ciprofloxacin (5ug) 5(55.6%)  4(444%)  6(66.7%) 3 (33.3%) 2 (25.0%) 6 (75.5%)
Levofloxacin (5ug) 6(66.7%)  3(33.3%) 6 (66.7%) 3 (33.3%) 2 (25.0%) 6 (75.5%)
Colistin* 7(778%) 2(222%) 8 (88.9%) 1(11.1%) 8 (100.0%)  0(0.0%)

S: Susceptible, R: Resistant, *: The disc diffusion test is unreliable for colistin. Colistin susceptibility was determined using a minimum
inhibitory concentration (MIC) method.

The study also investigated the characteristics of ibl synthesis in P. aeruginosa strains associated with nosocomial
infections. Specifically, 7 out of 9 strains (77.8%) isolated from patients with pneumonia showed ibl positivity. In
contrast, only 4 out of 9 strains (44.4%) from patients with surgical site infections and 2 out of 8 strains (25%) from
patients with urinary tract infections showed ibl positivity (Table 2). The ibl synthesis of P. aeruginosa strains isolated
from each infection source was analyzed in paired groups using Fisher’s exact test. In the first comparison, we assessed
the ibl synthesis between P. aeruginosa strains from surgical site infections and those isolated from patients with
pneumonia. The results showed no significant difference between the two groups (p=0.335). Similarly, in the second
comparison, we examined the ibl synthesis in strains isolated from surgical sites and those from urinary tract infections,
also finding no significant difference (p=0.620). Finally, we evaluated the ibl synthesis between P. aeruginosa strains
isolated from patients with pneumonia and urinary tract infections in the third comparison. Ibl synthesis of P. aeruginosa
strains isolated from pneumonia patients were marginally significantly higher than those isolated from urinary tract
infections (p=0.057) (Table 2).
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Table 2. Comparison of the inducible beta-lactamase synthesis of P. aeruginosa strains isolated from different sources of
infection

Comparison Infection Inducible beta- Inducible beta- Total(n) (%)Proportion  of P value
number source lactamase (+) lactamase (-) Inducible beta-

lactamase (+)

1 Pneumonia 7 2 9 77,8 0.335
Surgical cite 4 5 9 44 4

2 Surgical cite 4 5 9 44 4 0.620
Urinary tract 2 6 8 25,0

3 Pneumonia 7 2 9 77,8 0.057
Urinary tract 2 6 8 25,0

3. DISCUSSION

Inappropriate use of antibiotics is known to cause antibiotic resistance and has become a global public health
problem. According to the Global Risk Report, P. aeruginosa isolates, opportunistic pathogens isolated from clinical
specimens, especially from immunocompromised patients, have been reported as one of the risk factors for
microorganisms causing antimicrobial resistance [11]. According to the CDC, multidrug-resistant P. aeruginosa is in the
category of serious threats [12]. The concurrent activation of multiple resistance mechanisms is a significant factor in the
emergence of antibiotic resistance among P. aeruginosa isolates. Key contributors to this resistance profile include the
inherent low permeability of the outer membrane, which is further influenced by the presence of porins that exhibit
selective permeability. Additionally, the production of beta-lactamases and the upregulated activity of efflux pumps are
critical mechanisms that facilitate the development of resistance [13].

The data presented in this study highlights significant resistance patterns of P. aeruginosa to beta-lactam
antibiotics, aminoglycosides, and fluoroquinolones across infections such as pneumonia, surgical site infections, and
urinary tract infections. These findings underscore the multifaceted challenge posed by P. aeruginosa, a pathogen
notorious for its adaptive resistance mechanisms.

Resistance to ceftazidime, cefepime, piperacillin, and aztreonam was notably high in P. aeruginosa strains from
pneumonia and surgical sites. Similar trends have been observed globally, with resistance rates exceeding 50% in certain
regions, such as Asia and South America, where antibiotic misuse is prevalent [14]. The susceptibility of strains to
imipenem and meropenem varied based on infection source. Requena-Cabello et al. [15] examined the antimicrobial
resistance patterns of P. aeruginosa isolates between 2016 and 2021 and found that resistance rates for cefepime and
ceftazidime ranged between 3.7% and 15.1%. Ceken et al. [2] found cefepime and ceftazidime resistance rates of 28.1%
and 29.4%, while in the study by Kal-Cakmakliogullari et al. [16] these rates were 28% and 26 %, respectively. In contrast,
our study found significantly higher resistance rates for these agents. However, this may be due to the small number of
P. aeruginosa isolates.

Broad-spectrum antibiotics, particularly carbapenems, selected cephalosporins and antipseudomonal penicillins,
are the primary treatment regimen for P. aeruginosa infections. However, the widespread and increasing use of
carbapenems in hospitalized patients has raised serious concerns about developing antimicrobial resistance [14]. Durmaz
et al. [17] reported 37% resistance to both imipenem and meropenem. In a similar study, Giiltepe et al. [18] found 33%
resistance to imipenem and 29% to meropenem. Tiimer et al. [19] found slightly lower resistance rates of 19% for
imipenem and 25% for meropenem. In our study, imipenem resistance was 26.9% and meropenem resistance was 61.5%.
The observed increase in meropenem resistance among P. aeruginosa strains isolated from our hospital underscores a
concerning trend in our antibiotic stewardship practices, particularly with the management of carbapenems. This
situation underscores the potential emergence of significant resistance challenges that we may face in the future.

Piperacillin-tazobactam (TZP) is a broad-spectrum antipseudomonal penicillin commonly used for the
prophylaxis and treatment of P. aeruginosa infections [14]. A study by Ugur et al. [20] reported significant resistance rates
among P. aeruginosa strains from intensive care unit samples, noting resistance levels of 19% in 2015, 42% in 2016, and
peaking at 83% in 2017, with an overall rate of 53%. Ttimer et al. [19] identified a resistance rate of 42%. Our investigation
revealed a resistance rate of 42.1%, aligning closely with Tiimer et al's findings, highlighting ongoing concerns
regarding TZP efficacy against this pathogen.

Aminoglycosides are not used as monotherapy for Pseudomonas infections but are included in combination
regimens [14]. Ozyurt et al. [21] reported a resistance rate of 4% for amikacin and 25% for gentamicin, while Eyigor et al.
[22] found these figures to be 1% for amikacin and 4% for gentamicin. A comprehensive analysis of 52,637 P. aeruginosa
isolates showed that the resistance rate to amikacin was the lowest observed [23]. Kal Cakmakliogullar: et al. [16] also
found the lowest resistance to amikacin and gentamicin in P. aeruginosa strains in their study. We found resistance rates
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of 26.9% to amikacin and 40.7% to gentamicin. This observation could be due to the limited number of P. aeruginosa
isolates available for analysis.

Although ibl synthesis is accepted as a general feature in P. aeruginosa strains, it can be detected at different rates
depending on the method used [18]. Our study detected ibl synthesis in 42.3% of P. aeruginosa strains using disc
diffusion. In addition, ibl synthesis of P. aeruginosa strains isolated from pneumonia patients were marginally
significantly higher than those isolated from urinary tract infections (p=0.057). Oztiirk et al. [24] detected ibl in 31.9% of
P. aeruginosa isolates using the same method.

4. CONCLUSION

In conclusion, our results reveal high rates of antibiotic resistance among P. aeruginosa strains isolated from
patients in our hospital, particularly against several key antibiotics. We recommend larger studies involving multiple
centers and various sample types to understand the resistance landscape better. It is essential to investigate the resistance
mechanisms prevalent in the hospital environment to curb their spread and improve the effectiveness of therapeutic
interventions. Comprehensive epidemiological studies will be critical in guiding empirical treatment strategies.
Clinicians must recognize that antibiotic susceptibility profiles can vary over time across different geographical regions,
hospitals, wards, and even within the same clinical unit. Therefore, vigilant monitoring of resistance development is
crucial. Empirical treatment should be based on the antibiogram results, and susceptibility testing should be continually
reassessed for any signs of resistance during therapy. By using antibiotics judiciously, informed by empirical data and
infection control guidelines, we can significantly reduce the challenge of antimicrobial resistance.

5. MATERIALS AND METHODS
5.1 Bacterial isolates, identification and antibiotic susceptibility tests

The study was conducted with the approval of the Azerbaijan Medical University Local Ethics Committee (Date:
18.09.2019, Decision No.8). This study analyzed 125 samples, comprising 44 sputum specimens from pneumonia
patients, 44 urine specimens from individuals with urinary tract infections, and 41 postoperative specimens, including
pus, drainage, and abscess content from surgical site infections. All samples were collected from individuals hospitalized
at the Azerbaijan Medical Faculty Hospital between 01.12.2019-30.11.2020. Clinical samples were inoculated into 5%
sheep's blood agar (bioMérieux, France) MacConkey (bioMérieux, France), Nutrient (bioMérieux, France), Cetrimide
(bioMérieux, France) and eosin methylene blue agar (bioMérieux, France) and incubated at 35 °C for 18-24 hours. P.
aeruginosa isolates were identified by their typical colony morphology, Gram staining, oxidase and catalase tests, and
conventional microbiological characteristics, such as sugar fermentation [25]. Antibiotic susceptibility testing was
performed using the disc diffusion method according to the guidelines of the Clinical and Laboratory Standards Institute
(CLSI) [26]. Susceptibility results to colistin only were evaluated using a minimum inhibitory concentration (MIC) [27].
In antibiotic disc diffusion tests: Imipenem 10ug (IP), Meropenem 10pg (MP), Aztreonam 30ug (ATM), Ceftazidime 30pg
(CAZ), Cefepime 30pg (CEP), Gentamicin 10pg (GN), Amikacin 30pg (AK), Netilmicin 30pg (NET), Ciprofloxacin 5pg
(CIP), Levofloxacin 5pg (LVX), Piperacillin 100pug (PRL) and Piperacillin/ Tazobactam 110ug (TZP) antibiotic discs were
used. Antibiotic discs were placed on Mueller-Hinton (MHA) agar plates (adjusted to 0.5 McFarland standards). The
plates were incubated at 35 °C for 18-20 hours. The diameter of the zone of inhibition was recorded for each isolate and
reported according to CLSI guidelines [26]. The synthesis of ibl in P. aeruginosa strains was assessed through a
phenotypic assay utilizing two disks. This approach relies on the observation that the sensitivity of P. aeruginosa to beta-
lactam antibiotics, specifically ceftazidime, diminishes in the presence of beta-lactamase-inducing agents such as
cefoxitin or imipenem. In this procedure, a disk impregnated with either cefoxitin or imipenem is placed adjacent to a
ceftazidime disk on a solid agar medium inoculated with the bacterial strain. Following a 24-hour incubation period, the
results are analyzed. A visible reduction in the susceptibility zone around the ceftazidime disk, particularly on the side
adjacent to the cefoxitin or imipenem disk, indicates the synthesis of ibl by the bacterial strain.

5.2 Statistical analysis

The ibl synthesis of P. aeruginosa strains isolated from each infection source was analyzed in paired groups
using Fisher’s exact test. P-value < 0.05 was considered statistically significant. Analyses were performed using IBM
SPSS (Statistical Package for Social Science) Statistics 20.0.

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

Acknowledgements: No financial support has been received for this study.

Author contributions: Concept - S.A.; Design - S.A.; Supervision - S.A.; Resources - S.A.; Materials - S.A.; Data
Collection and/or Processing - S.A., A.U., T.N.; Analysis and/or Interpretation - A.U.; Literature Search - S.A., A.U.,
T.N.; Writing - S.A., A.U.; Critical Reviews - S.A., A.U., T.N.

Conflict of interest statement: The authors declared no conflict of interest in the manuscript.

https://doi.org/10.12991/jrespharm.1664891
J Res Pharm 2025; 29(2): 667-672

670


https://doi.org/10.12991/jrespharm.1664891
http://dspace.marmara.edu.tr/

Atakishizada et al. Journal of Research in Pharmac
Antimicrobial resistance in P. aeruginosa Research Article

REFERENCES

[1] Elfadadny A, Ragab RF, AlHarbi M, Badshah F, Ibafiez-Arancibia E, Farag A, Hendawy AO, De Los Rios-Escalante
PR, Aboubakr M, Zakai SA, Nageeb WM. Antimicrobial resistance of Pseudomonas aeruginosa: Navigating clinical
impacts, current resistance trends, and innovations in breaking therapies. Front Microbiol. 2024; 15: 1374466.
https:/ /doi.org/10.3389/fmicb.2024.1374466.

[2] Ceken N, Duran H, Atik B. Yogun bakim tinitelerinden izole edilen Pseudomonas aeruginosa suslarinin 4 yillik direng
profili. Pam Tip Derg. 2021; 14(2): 306-311. https://doi.org/10.31362/patd.789332.

[3] Kunisch F, Campobasso C, Wagemans J, Yildirim S, Chan BK, Schaudinn C, Lavigne R, Turner PE, Raschke M]J,
Trampuz A, Gonzalez Moreno M. Targeting Pseudomonas aeruginosa biofilm with an evolutionary trained
bacteriophage cocktail exploiting phage resistance trade-offs. Nat Commun. 2024; 15(1): 8572.
https:/ /doi.org/10.1038 /s41467-024-52595-w.

[4] Sathe N, Beech P, Croft L, Suphioglu C, Kapat A, Athan E. Pseudomonas aeruginosa: Infections and novel approaches
to treatment "Knowing the enemy" the threat of Pseudomonas aeruginosa and exploring novel approaches to
treatment. Infect Med (Beijing). 2023; 2(3): 178-194. https://doi.org/10.1016/j.imj.2023.05.003.

[5] Huang W, Wei X, Xu G, Zhang X, Wang X. Carbapenem-resistant Pseudomonas aeruginosa infections in critically ill
children: Prevalence, risk factors, and impact on outcome in a large tertiary pediatric hospital of China. Front Public
Health. 2023; 11: 1088262. https:/ /doi.org/10.3389/fpubh.2023.1088262.

[6] Cerioli M, Batailler C, Conrad A, Roux S, Perpoint T, Becker A, Triffault-Fillit C, Lustig S, Fessy MH, Laurent F,
Valour F, Chidiac C, Ferry T. Pseudomonas aeruginosa implant-associated bone and joint infections: Experience in a
regional reference center in france. Front Med (Lausanne). 2020; 7 513242.
https:/ /doi.org/10.3389/fmed.2020.513242.

[71 Ashok AK, Jaryal SC, Thakur K, Sood A, Gupta PK, Thakur S. Detection of inducible and non-inducible
(constitutive) AmpC p-lactamase-producing Gram-negative bacteria among family Enterobacteriaceae by two
phenotypic methods-disk antagonism test (DAT) and mpC disk Test at a tertiary care Hospital, Himachal Pradesh,
India. Int ] Curr Microbiol App Sci. 2016; 5(4): 133-139. https:/ /doi.org/10.20546/ijcmas.2016.504.018.

[8] Boyle RJ, Curtis N, Kelly N, Garland SM, Carapetis JR. Clinical implications of inducible beta-lactamase activity in
Gram-negative  bacteremia  in  children. = Pediatr  Infect Dis J.  2002;  21(10):  935-940.
https:/ /doi.org/10.1097 /00006454-200210000-00010.

[91 Kumar SH, De AS, Baveja SM, Gore MA. Prevalence and risk factors of Metallo f-lactamase producing Pseudomonas
aeruginosa and Acinetobacter species in burns and surgical wards in a tertiary care hospital. ] Lab Physicians. 2012;
4(1): 39-42. https:/ /doi.org/10.4103 /0974-2727.98670.

[10] Medina-Polo ], Jiménez-Alcaide E, Garcia-Gonzalez L, Guerrero-Ramos F, Pérez-Cadavid S, Arrébola-Pajares A,
Sopefia-Sutil R, Benitez-Salas R, Diaz-Gonzdilez R, Tejido-Sanchez A. Healthcare-associated infections in a
department of urology: Incidence and patterns of antibiotic resistance. Scand ] Urol. 2014; 48(2): 203-209.
https:/ /doi.org/10.3109/21681805.2013.834512.

[11] Botelho J, Grosso F, Peixe L. Characterization of the pJB12 plasmid from Pseudomonas aeruginosa reveals Tn6352, a
novel putative transposon associated with mobilization of the blaVIM-2-harboring In58 integron. Antimicrob
Agents Chemother. 2017; 61(5): e02532-16. https://doi.org/10.1128 / AAC.02532-16.

[12] CDC. Centers for Disease Control and Prevention. Antimicrobial resistance threats report, 2019.
https:/ /www.cdc.gov/drugresistance/biggest-threats.html (accessed on 16 December 2024).

[13] Dantas RCC, Silva RTE, Ferreira ML, Gongalves IR, Aratjo BF, Campos PA, Royer S, Batistio DWDF, Gontijo-Filho
PP, Ribas RM. Molecular epidemiological survey of bacteremia by multidrug resistant Pseudomonas aeruginosa: the
relevance of intrinsic resistance mechanisms. PLoS One. 2017; 12(5): e0176774.
https://doi.org/10.1371 /journal.pone.0176774.

[14] GBD 2021 Antimicrobial Resistance Collaborators. Global burden of bacterial antimicrobial resistance 1990-2021: a
systematic analysis with forecasts to 2050. Lancet. 2024; 404(10459): 1199-1226. https://doi.org/10.1016/5S0140-
6736(24)01867-1.

[15] Requena-Cabello H, Rodriguez-Guerrero E, Expésito-Ruiz M, Navarro-Mari JM, Gutierrez-Fernandez J. Antibiotic
resistances of Pseudomonas aeruginosa and Acinetobacter baumannii in urine cultures: experience in a hospital of
Southeast Spain. APMIS. 2024; 132(2): 100-111. https://doi.org/10.1111/apm.13360.

[16] Kal Cakmakliogullari E, Kuru C. Pseudomonas aeruginosa suslarimmin antibiyotik duyarlhiliklari: farkli 6rnek
tuirlerinde degerlendirme. Ankem Derg. 2019; 33(2): 37-42. https:/ /doi.org/10.5222 /ankem.2019.197.

[17] Durmaz S, Toka Ozer T. Klinik &rneklerden izole edilen Pseudomonas aeruginosa suslarinda antibiyotik direnci.
Abant Med J. 2015; 4(3): 239-242. https:/ /doi.org/10.5505/abantmed;j.2015.38981.

[18] Giiltepe B, Iraz M, Ceylan A, Doymaz MZ. Cesitli klinik 6rneklerden izole edilen Pseudomonas aeruginosa suslarinn
antibiyotiklere direnci. ANKEM Derg. 2014; 28(1): 32-36. https:/ /doi.org/10.5222 /ankem.2014.032.

[19] Timer S, Kirisci O, Ozkaya E, Caliskan A. Cesitli klinik 6rneklerden izole edilen Pseudomonas aeruginosa suglarinin
antibiyotik duyarliliklart. ANKEM Derg. 2015; 29(3): 99-104. https://doi.org/10.5222 /ankem.2015.099.

[20] Ugur M, Geng S. Yogun bakim {initelerinden izole edilen Acinetobacter baumannii ve Pseudomonas aeruginosa
suglarmin  ti¢  yilikk  diren¢ profili. Turk ] Soc Intensive Care. 2019; 17(3): 130-137.
https:/ /doi.org/10.4274 /tybd.galenos.2018.94103.

https://doi.org/10.12991/jrespharm.1664891
J Res Pharm 2025; 29(2): 667-672

671


https://doi.org/10.12991/jrespharm.1664891
https://doi.org/10.3389/fmicb.2024.1374466
https://doi.org/10.31362/patd.789332
https://doi.org/10.1038/s41467-024-52595-w
https://doi.org/10.1016/j.imj.2023.05.003
https://doi.org/10.3389/fpubh.2023.1088262
https://doi.org/10.3389/fmed.2020.513242
https://doi.org/10.20546/ijcmas.2016.504.018
https://doi.org/10.1097/00006454-200210000-00010
https://doi.org/10.4103/0974-2727.98670
https://doi.org/10.3109/21681805.2013.834512
https://doi.org/10.1128/AAC.02532-16
https://doi.org/10.1371/journal.pone.0176774
https://doi.org/10.1016/S0140-6736(24)01867-1
https://doi.org/10.1016/S0140-6736(24)01867-1
https://doi.org/10.1111/apm.13360
https://doi.org/10.5222/ankem.2019.197
https://doi.org/10.5505/abantmedj.2015.38981
https://doi.org/10.5222/ankem.2014.032
https://doi.org/10.5222/ankem.2015.099
https://doi.org/10.4274/tybd.galenos.2018.94103

Atakishizada et al. Journal of Research in Pharmac
Antimicrobial resistance in P. aeruginosa Research Article

[21] Ozyurt M, Haznedaroglu T, Baylan O, Hosbul T, Ardi¢ N, Bektore B. Yatan hastalardan izole edilen Pseudomonas
izolatlarinda antibiyotik direnci. ANKEM Derg. 2010; 24(3): 124-129.

[22] Eyigor M, Telli M, Tiryaki Y, Okulu Y, Aydin N. Yatan hastalardan izole edilen Pseudomonas aeruginosa suslarinimn
antibiyotik duyarliliklart. ANKEM Derg. 2009;23(3):101-105.

[23] Flamm RK, Weaver MK, Thornsberry C, Jones ME, Karlowsky JA, Sahm DF. Factors associated with relative rates
of antibiotic resistance in Pseudomonas aeruginosa isolates tested in clinical laboratories in the United States from
1999 to 2002. Antimicrob Agents Chemother. 2004; 48(7): 2431-2436. https://doi.org/10.1128/AAC.48.7.2431-
2436.2004.

[24] Oztiirk CE, Tiirkmen Albayrak H, Telli M, Altinoz A, Okulu Y, Ankarali H. Pseudomonas aeruginosa suslarinda
antibiyotiklere direng ve beta-laktamaz oranlari. ANKEM Derg. 2010;24(3):117-123.

[25] Kiirk¢ii MF, Fatsa T, Tanriverdi ES, Karakus H, Hosbul T, Otlu B. Investigation of resistance nodulation division
(RND) efflux pump and OPRD expression levels in antibiotic resistance of clinical Pseudomonas aeruginosa isolates.
Mikrobiyol Bul. 2024; 58(4): 393-407. https:/ /doi.org/10.5578 /mb.20249666.

[26] CLSI Clinical & Laboratory Standards Institute. Performance standards for antimicrobial susceptibility testing.
https:/ /clsi.org/ (accessed on 13 December 2024).

[27] Arica N, Kansak N, Adaleti R, Aksaray S. Comparison of broth microdilution and colistin disk elution methods for
the determination of colistin susceptibility in multidrug-resistant Pseudomonas aeruginosa isolates. Mediterr J Infect
Microb Antimicrob. 2023; 12(1): 14. https://doi.org/10.4274/mjima.galenos.2023.2023.14.

https://doi.org/10.12991/jrespharm.1664891
J Res Pharm 2025; 29(2): 667-672

672


https://doi.org/10.12991/jrespharm.1664891
https://doi.org/10.1128/AAC.48.7.2431-2436.2004
https://doi.org/10.1128/AAC.48.7.2431-2436.2004
https://doi.org/10.5578/mb.20249666
https://clsi.org/
https://doi.org/10.4274/mjima.galenos.2023.2023.14

