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                                  Abstract 

     Globally, there is a growing concern about Pseudomonas aeruginosa resistance to 

aminoglycosides. Enzymatic modification of these drugs is the predominant resistance 

mechanism. Additionally, P. aeruginosa possesses many efflux systems that enable it to resist 

a variety of antimicrobial agents. This study aimed to determine the resistance patterns to 

several antibiotics as well as the possible mechanisms of aminoglycosides resistance, 

including aminoglycosides modifying enzymes (AMEs), genes, and active efflux system, 

observed in clinical P. aeruginosa isolates recovered from patients admitted to Minia 

University Hospitals, Minia, Egypt. Isolates of P. aeruginosa were identified by traditional 

phenotypic tests and assessed for their in vitro susceptibility to various antibiotics. The 

minimum inhibitory concentrations (MICs) of some aminoglycosides were determined without 

and after the addition of carbonyl cyanide m-chlorophenylhydrazone (CCCP). 

Aminoglycoside resistance amplified gene sequences were detected using polymerase chain 

reaction (PCR). Antibiotic sensitivity testing was applied on 93 clinical isolates of P. 

aeruginosa. The highest rate of resistance was recorded against cefepime and ceftazidime 

(94.6 % each), while 35.5 % of the examined strains exhibited resistance to minimally one of 

the evaluated aminoglycoside antibiotics. Furthermore, 49.5 % of isolates were multidrug-

resistant (MDR). After CCCP addition, 24.2 % of the resistant isolates restored their 

sensitivity to gentamicin. According to PCR analysis, aac(3)-II was the most  frequently 

detected gene (21.2 %) followed by aph(3′)-VI (15.2 %), and aac(6’)-IIa (3 %). Multiple drug 

resistance was observed among P. aeruginosa strains included in this study. Resistance of P. 

aeruginosa to aminoglycosides is greatly influenced by efflux pumps. Coordinated measures 

and further investigations are urgently needed to manage aminoglycosides resistance. 
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1. Introduction         

       Pseudomonas aeruginosa (P. aeruginosa) is a 

Gram-negative rod-shaped aerobic bacterium, which is 

extensively dispersed in nature, but is more prevalent 

in health care settings. The distinctive characteristics 

of P. aeruginosa strains that promote their survival in 

medical facilities include its capacity to develop 

resistance to various antibiotics and endure stressful 

conditions, including temperature changes, high salt 

concentration, and antiseptics (Imanah et al., 2017). 

This bacterium is one of the main pathogens 

implicated in  hospital-acquired infections (HAI), 

including surgical wounds, urinary tract infection, 

bacteremia, endocarditis, pneumonia, cystic fibrosis, 

and otitis media (Ghanem et al., 2023; Panwar et al., 

2024), and is the main cause of death in burned 

individuals worldwide (Al-Charrakh et al., 2016). 

      Aminoglycosides are highly effective bactericidal 

antibiotics that are frequently prescribed to treat 

serious infections caused by both Gram-positive and 

Gram-negative bacteria (Al-Jubori et al., 2015; 

Alshammari et al., 2019). These agents inhibit 

microbial proteins synthesis by binding to the A-site 

on the 16S ribosomal RNA within the 30S ribosomal 

subunit making it unavailable for translation leading to 

cell death (Krause et al., 2016). Aminoglycosides are 

still an effective therapy for P. aeruginosa infections 

and express synergy with other antibiotics such as β-

lactams, thus facilitate cell death and lower the risk of 

developing drug resistance (Rossolini and Mantengoli, 

2005). 

      Increased bacterial resistance to different 

aminoglycosides such as gentamicin, tobramycin, and 

amikacin, has been recorded in recent years among 

nosocomial pathogens all over the world (Alshammari 

et al., 2019; El-Far et al., 2021). Numerous factors 

contribute to the widespread of aminoglycosides 

resistance; however their excessive use in treatment of 

serious infections is the primary factor that affected 

their therapeutic efficacy (Saipriya et al., 2018). 

     Aminoglycoside resistance can occur through 

inactivation of the drug by aminoglycosides modifying 

enzymes (AMEs), decreased outer membrane 

permeability, active efflux system, and alteration of 

the ribosomal target location (Garneau-Tsodikova and 

Labby, 2016). However, enzymatic inactivation is 

considered as the most frequent mechanism (Smith et 

al., 2017) that prevents the aminoglycosides' 

attachment to the bacterial cell ribosome (Rossolini 

and Mantengoli, 2005).Three classes of AMEs were 

identified, including aminoglycoside 

phosphotransferases (APHs), acetyltransferases 

(AACs), and nucleotidyltransferases (ANTs) (Smith et 

al., 2017). The most prevalent modifying enzyme 

genes in P. aeruginosa are aph(3’), aac(6’)-I, aac(6’)-

II, and ant(2’’)-I and their substrates, which represent 

the most significant anti-pseudomonal 

aminoglycosides  (Vaziri et al., 2011). 

      Efflux pump inhibitors (EPIs) lower the resistance 

levels and increase intracellular concentration of 

antimicrobial drugs, which are crucial factors for 

success of treatment, but their toxicity is the major 

challenging problem (Fanélus and Desrosiers, 2013). 

One of the commonly used in-vitro EPIs is carbonyl 

cyanide m-chlorophenylhydrazone (CCCP). It 

decreases ATP synthesis through its oxidative 

phosphorylation activity and promotes permeability of 

the cell membrane by disrupting the proton motive 

forces (Jeong et al., 2016).   

      The objectives of the study were to determine the 

aminoglycoside resistance rate among P. aeruginosa 

stains recovered from different clinical samples and 

explore the prevalence of aph(3′)-VI, aac(6’)-IIa, and 

aac(3)-II genes using PCR. In addition, we 
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investigated how CCCP affected the MICs of some 

aminoglycosides.  

2. Materials and methods 

2.1. Isolation and clinical identification 

     From July 2021 to March 2022, 245 clinical 

samples were obtained from individuals receiving care 

at Minia University Hospitals and suffering from 

various infections; mainly wound infections (70 

samples), otitis media (51 ear discharge samples), 

urinary tract (40 urine samples), respiratory tract (20 

sputum samples and 19 tracheal aspirates), bacteremia 

(30 blood samples), and eye infections (10 pus swabs). 

These specimens were cultured initially on Cetrimide 

agar (HiMedia, India), used as a selective medium for 

P. aeruginosa isolation, and MacConkey agar 

(HiMedia, India) employed as a selective medium for 

Gram negative bacteria and to detect the 

microorganism's ability to ferment lactose. All 

inoculated plates were incubated for 24 h at 37 
°
C 

(Ezeador et al., 2020).  P. aeruginosa isolates were 

identified using different biochemical assays such as 

sugar fermentation test, oxidase test, and blue green 

pigment production (Cheesbrough, 2006). Isolates of 

P. aeruginosa were kept until processing at -80 
°
C in 

glycerol stocks. P. aeruginosa ATCC27853 (Thermo-

Scientific
TM

, USA) was used as a positive control. 

2.2. Antibiotic susceptibility testing     

     Following the criteria approved by the Clinical and 

Laboratory Standards Institute (CLSI. 2023), the 

antibiotic susceptibility of all P. aeruginosa  isolates 

was evaluated using the Kirby-Bauer disk diffusion 

technique on Mueller-Hinton agar (MHA) plates 

(HiMedia, India) against 13 antibiotics, including   

piperacillin/tazobactam (100/10 μg),  aztreonam (30 

μg),  ceftazidime (30 µg), cefepime (30 µg), 

meropenem (10 μg), imipenem (10 μg), ciprofloxacin 

(5 μg), levofloxacin (5 μg), norfloxacin (10 μg), 

ofloxacin (5μg), gentamicin (10 μg), amikacin (30 μg), 

and tobramycin (10 μg) (Oxoid, Basinstoke, UK). The 

antibiotic susceptibility assay was conducted two 

times in triplicates. Isolates that showed resistance to 

any of the tested aminoglycosides; mainly amikacin, 

gentamicin, and/or tobramycin were defined as 

aminoglycoside resistant. Multidrug-resistant (MDR) 

phenotype was assigned to an isolate that showed no 

susceptibility to at least one tested antibiotic of the 

three or more antibiotic classes (Magiorakos et al., 

2012). The minimum inhibitory concentrations (MICs) 

of tobramycin, gentamicin, and amikacin (EPICO, 

Egypt) of the aminoglycoside resistant isolates were 

further assessed using the agar dilution method on 

MHA plates in accordance with CLSI breakpoints 

(CLSI. 2023). During this assay, P. aeruginosa 

ATCC27853 was a quality control strain used 

according to CLSI protocol. 

2.3. Treatment with an efflux pump inhibitor 

      For the resistant P. aeruginosa isolates, 

gentamicin, tobramycin, and amikacin MICs were 

detected again as described above but after the 

addition of CCCP (Sigma-Aldrich Ltd, USA) to each 

MHA plate at a final concentration of 6.25 μg/ ml. The 

assay was run in triplicates. Additional positive control 

plate containing EPI and a negative control plate 

inoculated with a bacterium only without antibiotic 

were used. Antibiotic resistance attributable to an 

efflux mechanism was detected by at least four fold 

declines in MIC of each antibiotic upon addition of 

CCCP (Azimi et al., 2016). 

2.4. Detection of genes encoding aminoglycosides 

modifying enzymes by polymerase chain reaction 

     Genomic DNA from pure colonies of resistant P. 

aeruginosa strains was extracted using boiling method.  

Briefly, the bacterial isolates were cultured aerobically 

on nutrient agar (NA) at 37 °C for 18-24 h. In sterile 

1.5 ml tubes, three to six colonies were picked from 

the plates and mixed with 0.1 ml dnase/rnase-free 

water to make a turbid suspension of bacteria (1-2×10
9
 

cells/ ml). These suspensions were placed for 10 min. 

in a boiling water-bath to lyse the cells then 

centrifuged at 10,000 g for 10 min. at 4 
°
C. Finally, the 

supernatant was transferred into another sterile tube 

and kept at -20 
°
C before its use as a template in PCR 
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reaction (Adabi et al., 2015). Aminoglycoside resistant 

isolates were screened for the existence of three 

different AMEs genes, including aph(3′)-VI, aac(6’)-

IIa, and aac(3)-II, using conventional PCR. The 

sequences of primer pairs employed in the current 

study and specific annealing temperatures for each 

reaction are illustrated in Table (1). PCR amplification 

was carried out by adding template DNA (2 μl) to a 

PCR mixture comprising of 1 μl of each primer (10 

pM/ µl) (forward and reverse), 12.5 μl of 2x PCR 

ready-made Master mix. (COSMO PCR Hot Start 

Master Mix, willowfort, UK), and 8.5 μl nuclease-free 

water (Hazra et al., 2019).  

 

 

Each PCR product was separated on 1 % agarose gel 

and stained with 0.5 μl/ ml ethidium bromide.  

Amplicon sizes were determined using ready-to-use 

100 bp Plus DNA marker (Thermo-Scientific
TM

, 

USA), which was run with each gel. 

2.5. Statistical analysis 

      The Statistical Package of Social Science (SPSS) 

program version 22 (Chicago, USA) was employed for 

data statistical analysis. The Z- score test was used to 

compare proportions. P value < 0.05 indicated that the 

result was statistically significant. 

 

 

Table 1: Primer sequences utilized in this study and conditions conducted for each PCR reaction 

 

 

3. Results 

3.1. P. aeruginosa isolation and identification 

     In our study, a total of 93 (37.9 %) isolates of P. 

aeruginosa were obtained from 245 various clinical 

samples. P. aeruginosa was a Gram negative and 

oxidase positive bacterium that showed non-lactose 

fermenting growth on MacConkey agar and a 

characteristic blue-green pigment (pyocyanin) on 

cetrimide agar. The results revealed higher frequency 

of P. aeruginosa in males [n = 58 (62.4 %)] than in 

females [n = 35 (37.6 %)]. The prevalence of P. 

aeruginosa isolates in relation to different specimen 

types is displayed in Table (2). 

3.2. Antimicrobial susceptibility testing 

     Table (3) illustrates the antimicrobial profile of 

several antibiotics used for treatment of P. aeruginosa  

Primer  Sequence (5ʹ-3ʹ) Annealing 

temperature (∘C) 

Size 

(bp) 

 References 

 aph(3′)-VI F:ATGGAATTGCCCAATATTATT 

R:TCAATTCAATTCATCAAGTTT   

         55 ∘C 780 (Aishwarya et 

al., 2020) 

aac(6’)-IIa  F:CCATAACTCTTCGCCTCATG 

R:GAGTTGTTAGGCAACACCGC 

52 ∘C 542 (Kashfi et al., 

2017) 

aac(3)-II F:ATATCGCGATGCATACGCGG 

R:GACGGCCTCTAACCGGAAGG 

55 ∘C 877 (Asghar and 

Ahmed, 2018) 
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Table 2:  Prevalence of P. aeruginosa isolates in different types of clinical specimens 

Type of samples Number of samples P. aeruginosa  

isolates 

No. (%) 

Urine  40 15(37 %) 

Wound  70 21(30 %) 

Sputum  25 16(64 %) 

Ear discharge  51 20(39.2 %) 

Blood   30 8(62.7 %) 

Tracheal aspirates   19 9(47.4 %) 

Eye discharges  10 4(40 %) 

 Total  245 93(37.9 %) 

Where; Percent (%) is related to the number of specimens of the same type 

 

Table 3: Antimicrobial susceptibility profile of P. aeruginosa isolates 

Antibiotics No. (%) 

Sensitive Intermediate Resistant 

Cefepime 5(5.4 %) 0 (0 %) 88 (94.6 %) 

Ceftazidime 5(5.4 %) 0 (0 %) 88 (94.6 %) 

Imipenem 42(45.2 %) 1(1.1 %) 50(53.8 %) 

Meropenem 59(63.4 %) 0 (0 %) 34(36.6 %) 

Aztreonam 51(54.8 %) 6(6.5 %) 36(38.7 %) 

Ciprofloxacin 60(64.5 %) 3(3.2 %) 30(32.3 %) 

Levofloxacin 64(68.8 %) 0(0 %) 29(31.2 %) 

Norfloxacin  62(66.6 %) 1(1.1 %) 30(32.3 %) 

Ofloxacin  63(67.7 %) 0(0 %) 30(32.3 %) 

Amikacin 63(67.7 %) 1(1.1 %) 29(31.2 %) 
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Gentamicin 60(64.5 %) 0 (0 %) 33(35.5%) 

Tobramycin 66 (71 %) 3(3.2 %) 24(25.8 %) 

Piperacillin/tazobactam 58(62.4 %) 8(8.6 %) 27(29 %) 

Where; Percent (%) is correlated to the total number of P. aeruginosa isolates 

 

infections. Among all isolates, 46/93(49.5 %) were 

recorded as MDR. High resistance rates were detected 

against both cefepime and ceftazidime (n = 88, 94.6 % 

each) and were followed by imipenem (n = 50, 53.8 

%). The same levels of resistance were detected 

against ciprofloxacin, norfloxacin, and ofloxacin 

(n=30, 32.3 % each). In this study, 35.5 % (33/93) of 

the isolated P. aeruginosa exhibited resistance against 

one or more of the examined aminoglycoside 

antibiotics. 

3.3. Minimum inhibitory concentration with efflux 

pump inhibitor 

      Minimum inhibitory concentration analysis of 

some aminoglycosides antibiotics was performed with 

and without carbonyl cyanide m-

chlorophenylhydrazone (CCCP) against resistant P. 

aeruginosa isolates to confirm the efflux pump role in 

bacterial resistance to this group of antibiotics. Table 

(4) displays the role of CCCP in reducing MICs of the 

tested antibiotics. After CCCP addition, a four-fold 

reduction or more in each antibiotic MIC value was 

observed indicating an active efflux pump, and 

gentamicin was effluxed by 20 P. aeruginosa isolates 

(60.6 %). Our results revealed that MICs of 

gentamicin, tobramycin, and amikacin decreased in 

(23/33, 69.7 %), (8/24, 33.3 %), and (9/29, 31 %) of 

the isolates, respectively. Moreover, 24.2 % and 13.8 

% of the resistant isolates regained their sensitivity to 

gentamicin and amikacin; respectively, after adding 

CCCP, while 12.5 % of the isolates reverted to 

intermediate tobramycin MIC breakpoint. The number 

of isolates that restored their susceptibility to the tested 

aminoglycosides was recorded statistically as very 

highly significant (P= 0.0001). Addition of CCCP had 

no impact on the MIC of amikacin in 69 % of the 

isolates and on tobramycin MIC in 66.7 % of the 

isolates (Table 5). 

3.4. Detection of genes encoding for 

aminoglycosides modifying enzymes 

     Using PCR analysis, results revealed that among 33 

resistant isolates, 13(39.4 %) of them carried AMEs- 

encoding genes ; the most prevalent one was aac(3)-II, 

identified in 7 isolates (21.2 %), while the others were 

aph(3′)-VI and aac(6)-IIa, with frequencies of 5(15.2 

%) and 1(3 %), respectively. No coexistence of genes 

was observed among the tested isolates. Fig.'s (1, 2, 

and 3) demonstrate the PCR amplification bands of 

aph(3′)-VI, aac(3)-II, and aac(6’)-IIa genes; 

respectively, which were detected in resistant P. 

aeruginosa isolates.  

4. Discussion 

     P. aeruginosa has emerged as a significant 

pathogen, accounting for 10-15 % of life-threatening 

health care associate infections worldwide (Strateva 

and Yordanov, 2009). Out of 245 clinical samples 

collected in this study, 93 (37.9 %) isolates of P. 

aeruginosa were detected. This finding was in 

accordance with those obtained from other Egyptian 

studies (Mohamed et al., 2019; Ghanem et al., 2023) 

and lower than that revealed by El-Badawy et al., 

(2019) (90.2 %) and Ahmed et al., (2020) (67 %). 

However, lower prevalence of P. aeruginosa 

infections was reported by Gill et al., (2016) from 

India, Mirzaei et al., (2020) from Iran, and Mohamed 

et al., (2022) from Egypt. The relative diversity of P. 

aeruginosa incidence rates may be significantly 

influenced by the geographic, climatic, and hygienic 

factors (Ahmed et al., 2020). 
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Table 4: Aminoglycosides MICs for resistant P. aeruginosa isolates with and without carbonyl cyanide m-

chlorophenylhydrazone (CCCP) addition 

Strain no. Gentamicin  Tobramycin  Amikacin 

MIC1   MIC2 MIC1 MIC2 MIC1 MIC2 

(μg/ ml)  

P. aeruginosa 

ATCC27853  
0.5 0.5 0.5 0.5 2 2 

1 256 16 S ND
*
 64 64 

2 256 16 S ND
*
 64 64 

3 16 2 128 8 64 64 

4 256 2 128 128 64 64 

5 >1024 1 1024 4 S ND
*
 

6 1024 512 1024 512 1024 1024 

7 256 4 64 8 64 64 

8 32 32 S ND
*
 S ND

*
 

9 64 16 256 128 S ND
*
 

10 32 32 32 32 64 64 

11 128 8 32 32 128 128 

12 32 32 32 32 64 32 

13 64 2 32 32 256 8 

14 64 8 256 128 128 128 

15 128 16 64 64 64 64 

16 512 512 64 64 64 64 

17 256 64 128 128 64 64 

18 128 16 S ND
*
 S ND

*
 

19 256 256 S ND
*
 64 64 

20 32 8 256 256 128 128 

21 128 128 256 256 512 512 

22 64 64 512 512 64 8 

23 256 64 S ND
*
 64 64 

24 64 32 32 32 128 128 

26 64 2 S ND
*
 64 8 

27 128 128 32 32 128 32 

28 64 32 64 64 128 64 

29 32 32 S ND
*
 64 64 

30 256 2 32 8 64 64 

31 16 16 32 32 64 32 

32 256 2 128 4 64 16 

33 512 32 S ND
*
 256 64 

34 128 32 64 64 64 64 

Where; ND
*
: not determined, S: sensitive; MIC1: MIC of an antibiotic alone, MIC2: MIC of an antibiotic in presence of CCCP.   

Bold numbers indicate ≥ 4 fold reduction in MICs of the examined antibiotics 
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Table 5: Impact of CCCP addition on MIC breakpoints of resistant P. aeruginosa isolates against different tested 

antibiotics 

 

MIC reduction 

 

Isolates tested for 

gentamicin  MIC 

n=33 

Isolates tested for 

tobramycin  MIC 

n=24 

Isolates tested for 

amikacin  MIC 

n=29 

No (%) 

No MIC reduction 10(30.3 %) 16(66.7 %) 20(69 %) 

MIC reduction above 

susceptible breakpoint  

12(36.4 %) 3(12.5 %) 2(6.9 %) 

MIC reduction at or below 

susceptible breakpoint  

8(24.2 %) 2(8.3 %) 4(13.8 %) 

MIC reduction to intermediate 

breakpoint  

3(9.1 %) 3(12.5 %) 3(10.3 %) 

P value 0.0001
*
 0.0001

*
 0.0001

*
 

Where; Percent (%) correlated to the number of isolates resistant to each antibiotic, 
*
P-value < 0.05 by Chi-square test was 

significant 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  PCR amplified product of aph(3′)-VI gene (780 bp). L: 100 bp plus DNA ladder; P: positive control (780 bp); N: 

negative control; 1, 2 and 3 lanes represent positive isolates 
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Fig. 2. PCR amplified product of aac(3)-II gene (877 bp). L: 100 bp plus DNA ladder; P: positive control (877 bp); N: negative 

control; 1 and 2 represent positive isolates 

 

 

 

 

 

 

 

 

 

Fig. 3. PCR amplified product of aac(6’)-IIa gene (542 bp). L: 100 bp plus DNA ladder; P: positive control (542 bp); N: 

negative control; 1: represents a positive isolate  

 

 

According to the type of samples, our data showed 

high prevalence of P. aeruginosa in sputum samples 

(64 %), followed by blood samples (62.7 %), tracheal 

aspirates (47.4 %), eye discharges (40 %), ear 

discharges (39.2 %), urine samples (37 %), and finally 

wound exudates that showed the least incidence (30 

%). Likewise, Ahmadian et al., (2021) observed the 

prevalence of P. aeruginosa among sputum samples 

but at lower frequency than ours (37 %). Regarding 

wound exudates, our results were in agreement with 

those reported previously in Egypt by Raouf et al., 

(2018); Elmaraghy et al., (2019); Hassuna et al., 

(2020). Different results were detected by El-Far et al., 

(2021) who recorded the prevalence of P. aeruginosa 

in urine samples (66.7 %), followed by sputum (12.1 

%), pus (15.1 %), and blood (6 %). Another study 

reported by Hazra et al., (2019) has detected lower 

frequency of P. aeruginosa in various clinical 
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specimens, including pus (34.29 %), blood (18.57 %), 

tracheal aspirates (17.85 %), and urine (11.43 %). 

Reduced rates of P. aeruginosa infections were also 

recorded in Iran by Nouri et al., (2016) among 

different types of samples. 

     Treatment of P. aeruginosa infections is hampered 

by the inherent resistance of this species, along with its 

capacity to develop resistance against different 

antibiotic classes (Bassetti et al., 2018). P. aeruginosa 

strains investigated in this study exhibited remarkable 

resistance rates, as verified by other studies conducted 

in Egypt by Abbas et al., (2018); Okasha, (2021), 

which call for the development of a national antibiotic 

policy as several previous global studies recorded 

significant lower MDR rates. The percentage of MDR 

isolates in our research was 49.5 %, which is lower 

than that obtained by Ghanem et al., (2023); Gondal et 

al., (2024), but greater than the rate implied recorded 

by El-Far et al., (2021). In a Mexican survey of Ochoa 

et al., (2015), over half of P. aeruginosa strains were 

MDR, which is consistent with this study.  

     Over the past decade, resistance to 3
rd

 and 4
th
 

generation cephalosporins in Egypt revealed an 

alarming ascending pattern, as noticed in several 

previous setting's (Ahmed et al., 2020; Elbrolosy et 

al., 2020; Okasha, 2021). Much lower results were 

obtained from a study conducted in Venezuela, where 

resistances of 17.5 % and 23.4 % were observed to 

cefepime and ceftazidime, respectively (Teixeira et al., 

2016). In this study, 53.8 % of isolates were 

carbapenem resistant while 32.3 % expressed 

resistance to fluoroquinolones. These rates were more 

than those reported by Abbas et al., (2018) but lower 

than antibiotic resistance values recorded in several 

other studies reported by Pérez et al., (2019); Zahedi 

Bialvaei et al., (2021).  

     Aminoglycosides are highly effective broad-

spectrum antibiotics used widely in treating P. 

aeruginosa serious infections (Labby and Garneau-

Tsodikova, 2013). However, the advent of resistant 

bacteria decreased the efficacy of aminoglycosides in 

empiric therapies (Sultan et al., 2018).  In the current 

study, 35.5 %, 31.2 %, and 25.8 % of the isolated P. 

aeruginosa were respectively resistant to gentamicin, 

amikacin, and tobramycin. This observation was 

consistent with another Egyptian study reported by 

Henrichfreise et al., (2007) but higher than the results 

of another study carried out in Spain by Delgado et al., 

(2007). Additionally, prevalence of aminoglycoside 

resistance observed in our study was less than that 

recorded in several other previous studies (Hassuna et 

al., 2020; El-Far et al., 2021; Afify et al., 2024). 

Conversely, Basha et al., (2020) observed high rates of 

resistance to gentamicin (70 %) and amikacin (66 %). 

Updating our knowledge concerning resistance 

characteristics of P. aeruginosa in accordance with 

time and geographical changes worldwide is crucial to 

restore the use of a variety of aminoglycoside as an 

anti-pseudomonal drug (El-Far and Abukhatwah, 

2023).  

     Efflux pumps inhibition is anticipated to reduce the 

level of inherent drug resistance. Combining EPIs with 

an antibiotic is a promising strategy for enhancing the 

therapeutic effectiveness of these drugs. Moreover, 

EPIs may be used in different phenotypic tests to 

detect the acquired drug resistance mediated by efflux 

pump overexpression (Zavascki et al., 2010). 

     Regarding the phenotypic impact of EPI on 

aminoglycosides resistant isolates, our results 

displayed 2 ≥32 fold decline in MICs of the 

investigated antibiotics after incorporation of CCCP, 

which are in corroboration with another study that has 

recorded the same folds of reduction in gentamicin 

MIC against P. aeruginosa isolates (Talebi-Taher et 

al., 2016). According to Rajamohan et al., (2010), 

adding CCCP significantly lowered the MICs of 

several biocides from two to twelve times, while 

Azimi et al., (2016) reported 4-1024 folds reduction in 

gentamicin MIC used with CCCP against P. 

aeruginosa obtained from burn and non-burn people.  

     Our investigation revealed that 24.2 % of resistant 

isolates reinstated their susceptibility to gentamicin 

after the addition of CCCP. Comparable findings were 

reported by Adabi et al., (2015); Talebi-Taher et al., 
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(2016) who reported that resistant isolates of P. 

aeruginosa were more susceptible to different 

antibiotics in the presence of CCCP, with ratio ranging 

from 25 % to 51 %. These tested antibiotics included 

cefepime, ciprofloxacin, imipenem, and gentamicin.  

     According to the results observed in the previous 

studies conducted by Okasha, (2021); Zahedi Bialvaei 

et al., (2021), many P. aeruginosa isolates displayed 

increased sensitivity to aminoglycosides and 

fluoroquinolones after incorporation of Phe-Arg β-

naphthylamide dihydrochloride (PaβN) as EPI. These 

results validated that efflux pumps play a great role in 

development of resistance to the commonly used anti-

pseudomonal agents (Azimi et al., 2016). 

    Gram-negative bacteria have most frequently 

developed resistance to aminoglycosides through 

enzymatic inactivation (Teixeira et al., 2016). In the 

present work, aac(3)II was the most frequent 

aminoglycoside resistance gene, which was detected in 

21.2 % of the resistant strains, followed by aph(3’)-VI 

(15.2 %) and aac(6’)-IIa genes (3 %). These 

observations were convenient with a previous Saudi 

investigation, which recorded that aph(3’)-VI and 

aac(6’)-II genes were found correspondingly in 16.7 % 

and 5.5 % of the resistant strains (El-Far and 

Abukhatwah, 2023). In an Indian study, prevalence of 

aac(3)II genes was 8.57 % (Hazra et al., 2019), while 

Asghar and Ahmed, (2018) from Saudi Arabia found 

that none of the tested P. aeruginosa harbored this 

gene. Furthermore, the frequencies of aph(3′)-VI gene 

in the previous studies reported by Park, (2009); Vaziri 

et al., (2011) are compatible with results of this study, 

as their percentage reached 14.8 % and 11 %, 

respectively. Recently, Saeli et al., (2024) reported the 

presence of aph(3′)-VI gene in 3.1 % of clinical                              

P. aeruginosa isolates in Iran. In another Iranian study, 

prevalence of aac(6’)-II gene is higher than ours (10 

%) (Kashfi et al., 2017), in contrast to the outcomes of 

another French study conducted by Dubois et al., 

(2008) where relatively lower incidence of the same 

gene has been detected (1.9 %).  

Our results revealed that 39.4 % of resistant isolates 

harbored only a single AME gene in contrast to other 

studies that revealed coexistence of more than one 

resistance genes in P. aeruginosa isolates (Al-Jubori et 

al., 2015; Teixeira et al., 2016; Alshammari et al., 

2019). Additionally 60.6 % of our isolates were devoid 

of any types of AMEs genes despite their resistance to 

at least one of the investigated aminoglycoside 

antibiotics. Thus, P. aeruginosa resistance may be 

attributed to other resistance mechanisms. Finally, 

more genetic data is needed for implementation of 

novel treatment approaches in addition to infection 

prevention and quality control procedures (El-Far and 

Abukhatwah, 2023). 

Conclusion 

     Although aminoglycosides are still effective anti-

pseudomonal treatments, resistance to these antibiotics 

remains a serious issue, particularly in Egypt. Our 

results confirmed the crucial role of efflux pump 

systems in the emergence of MDR among P. 

aeruginosa clinical isolates. Furthermore, existence of 

aminoglycoside resistance genes on mobile genetic 

elements promotes their spread and dissemination 

among the other bacteria. Therefore, continuous local 

surveillance of aminoglycoside resistance is essential. 

More concerted efforts and additional research studies 

are required to reduce aminoglycosides resistance prior 

to becoming a life-threatening issue.  

Acknowledgments 

    The medical personals at Minia University Hospital 

are appreciated by the authors for their assistance in 

collecting the specimens used in this investigation. We 

are grateful to all stuff members of Medical 

Microbiology and Immunology department, Faculty of 

Medicine, Minia University, for their kind help during 

the study.  

Conflict of interest  

     The authors declare no conflicts of interest in this 

study.  



Boushra et al., 2024 

2537 
Novel Research in Microbiology Journal, 2024 

Funding source 

      The authors affirm that they didn’t receive any 

funding, special grant, or other financial assistance for 

this study.  

Ethical approval 

     The research procedures were ethically approved 

by the Ethics Committee, Faculty of Pharmacy, Minia 

University, Minia. Egypt (No. 230603). Informed 

consents were obtained from all participants involved 

in this study. 

Author's Contributions  

     Conceptualization, M.R.B., R.A.I. and 

N.G.F.M.W.; Roles/Writing-original draft, M.R.B. and 

N.G.F.M.W.; Data curation, M.R.B., R.A.I., N.A.H. 

and N.G.F.M.W.; Formal analysis, G.F.M.G. and 

N.A.H.; Investigation, M.R.B., R.A.I. and 

N.G.F.M.W.; Software, R.A.I. and N.A.H.; Resources; 

R.A.I. and N.A.H.; Supervision, G.F.M.G., R.A.I. and 

N.G.F.M.W.; Visualization, M.R.B., R.A.I. and 

N.G.F.M.W.; Validation, M.R.B., R.A.I. and 

N.G.F.M.W. 

5. References 

Abbas, H.A.; El-Ganiny, A.M. and Kamel, H.A. 

(2018). Phenotypic and genotypic detection of 

antibiotic resistance of Pseudomonas aeruginosa 

isolated from urinary tract infections. African Health 

Science. 18(1): 11-21. 

https://doi.org/10.4314%2Fahs.v18i1.3.  

Adabi, M.; Talebi-Taher, M.; Arbabi, L.; Afshar, 

M.; Fathizadeh, S.; Minaeian, S. et al. (2015). 

Spread of efflux pump overexpressing-mediated 

fluoroquinolone resistance and multidrug resistance in 

Pseudomonas aeruginosa by using an efflux pump 

inhibitor. Infection & Chemotherapy. 47(2): 98-104. 

https://doi.org/10.3947%2Fic.2015.47.2.98.  

Afify, F.A.; Shata, A.H.; Aboelnaga, N.; Osama, D.; 

Elsayed, S.W.; Saif, N.A. et al. (2024). Emergence of 

carbapenem resistant gram-negative pathogens with 

high rate of colistin resistance in Egypt: A cross 

sectional study to assess resistance trends during the 

COVID- 19 pandemic. Journal of Genetic Engineering 

and Biotechnology. 22(1): 100351. 

https://doi.org/10.1016%2Fj.jgeb.2024.100351.  

Ahmed, F.Y.; Farghaly Aly, U.; Abd El-Baky, R.M. 

and Waly, N.G. (2020). Comparative study of 

antibacterial effects of titanium dioxide nanoparticles 

alone and in combination with antibiotics on MDR 

Pseudomonas aeruginosa strains. International Journal 

of Nanomedicine. 15: 3393-3404. 

https://doi.org/10.2147%2FIJN.S246310. 

Ahmadian, L.; Norouzi Bazgir, Z.; Ahanjan, M.; 

Valadan, R. and Goli, H.R. (2021). Role of 

Aminoglycoside-Modifying Enzymes (AMEs) in 

Resistance to Aminoglycosides among Clinical 

Isolates of Pseudomonas aeruginosa in the North of 

Iran. Biomed Research International. 2021(1): 

7077344. https://doi.org/10.1155/2021/7077344.  

Aishwarya, K.V.L.; Venkataramana Geetha, P.; 

Eswaran, S.; Mariappan, S. and Sekar, U. (2020). 

Spectrum of aminoglycoside modifying enzymes in 

Gram-negative bacteria causing human infections. 

Journal of Laboratory Physicians. 12(01): 27-31. 

https://doi.org/10.1055%2Fs-0040-1713687.   

Al-Charrakh, A.H.; Al-Awadi, S.J. and 

Mohammed, A.S. (2016). Detection of Metallo-β-

Lactamase Producing Pseudomonas aeruginosa 

Isolated from Public and Private Hospitals in Baghdad, 

Iraq. Acta Medica Iranica. 54(2): 107-113. 

Al-Jubori, S.S.; Al-Jabiri, H.A. and Al-Kadmy, 

I.M. (2015). Molecular Detection of Aminoglycoside 

Resistance Mediated by Efflux Pump and Modifying 

Enzymes in Pseudomonas aeruginosa Isolated From 

Iraqi Hospitals. Int'l Conf. on Medical Genetics, 

Cellular & Molecular Biology, Pharmaceutical & Food 

Sciences. 5-6. 

https://doi.org/10.15242/iicbe.c0615057.  

Alshammari, M.M.M.; Alkhudhairy, M.K. and 

Soghi, A.A. (2019). Prevalence of aminoglycoside 

https://doi.org/10.4314%2Fahs.v18i1.3
https://doi.org/10.3947%2Fic.2015.47.2.98
https://doi.org/10.1016%2Fj.jgeb.2024.100351
https://doi.org/10.2147%2FIJN.S246310
https://doi.org/10.1155/2021/7077344
https://doi.org/10.1055%2Fs-0040-1713687
https://doi.org/10.15242/iicbe.c0615057


Boushra et al., 2024 

2538 
Novel Research in Microbiology Journal, 2024 

modifying enzyme genes in Pseudomonas aeruginosa 

isolated from Burn Centers in Iraq. Drug Invention 

Today. 11(12): 3149-3154. 

Asghar, A. and Ahmed, O. (2018) Prevalence of 

aminoglycoside resistance genes in Pseudomonas 

aeruginosa isolated from a tertiary care hospital in 

Makkah, KSA. Clinical Practice. 15(2): 541-547. 

Azimi, L.; Namvar, A.E.; Lari, A.R. and Jamali, S. 

(2016). Comparison of efflux pump involvement in 

antibiotic resistance among Pseudomonas aeruginosa 

isolates of burn and non-burn patients. Archives of 

Pediatric Infectious Diseases. 4(3): e36160. 

https://doi.org/10.5812/pedinfect.36160.  

Basha, A.M.; El-Sherbiny, G.M. and Mabrouk, 

M.I. (2020). Phenotypic characterization of the 

Egyptian isolates “extensively drug-resistant 

Pseudomonas aeruginosa” and detection of their 

metallo-β-lactamases encoding genes. Bulletin of the 

National Research Centre. 44(1): 1-11.  

Bassetti, M.; Vena, A.; Croxatto, A.; Righi, E. and 

Guery, B. (2018). How to manage Pseudomonas 

aeruginosa infections. Drugs Context. 7: 212527. 

https://doi.org/10.7573/dic.212527.  

Cheesbrough, M. (2006). District laboratory practice 

in tropical countries, Part 2 (
2nd 

Edition), Cambridge 

University Press, New York. USA. pp. 62-70. 

Clinical and Laboratory Standards Institute 

(CLSI). (2023). Performance standards for 

antimicrobial susceptibility testing. 33
th
 edition. CLSI 

supplement M100. Wayne, PA: Clinical and 

Laboratory Standards Institute. 

Delgado, M.; García-Mayorgas, A.; Rodriguez, F.; 

Ibarra, A. and Casal, M. (2007). Sensibilidad y 

resistencia de Pseudomonas aeruginosa a los 

antimicrobianos. Revista Española de Quimioterapia. 

20(2): 230-233. 

Dubois, V.; Arpin, C.; Dupart, V.; Scavelli, A.; 

Coulange, L.; André, C. et al. (2008). β-lactam and 

aminoglycoside resistance rates and mechanisms 

among Pseudomonas aeruginosa in French general 

practice (community and private healthcare centres). 

Journal of Antimicrobial Chemotherapy. 62(2): 316-

323. https://doi.org/10.1093/jac/dkn174.  

El-Badawy, M.F.; Alrobaian, M.M.; Shohayeb, 

M.M. and Abdelwahab, S.F. (2019). Investigation of 

six plasmid-mediated quinolone resistance genes 

among clinical isolates of Pseudomonas: a genotypic 

study in Saudi Arabia. Infection and Drug Resistance. 

12:915-923. https://doi.org/10.2147%2FIDR.S203288. 

Elbrolosy, A.M.; Elkhayat, A.H.; Hassan, D.M. and 

Salem, E.H. (2020). MexAB-OprM and MexXY-OprM 

efflux pumps overexpression; additional mechanism 

for carbapenems resistance among nosocomial 

Pseudomonas aeruginosa isolates. Egyptian Journal of 

Medical Microbiology. 29(4): 17-25. 

https://doi.org/10.51429/EJMM29403. 

El-Far, S.W. and Abukhatwah, M.W. (2023). 

Prevalence of Aminoglycoside Resistance Genes in 

Clinical Isolates of Pseudomonas aeruginosa from 

Taif, Saudi Arabia-An Emergence Indicative Study. 

Microorganisms. 11(9): 2293. 

https://doi.org/10.3390/microorganisms11092293.  

El-Far, A.; Samir, S.; El-Gebaly, E.; Omar, M.; 

Dahroug, H.; El-Shenawy, A. et al. (2021). High 

rates of aminoglycoside methyltransferases associated 

with metallo-beta-lactamases in multidrug-resistant 

and extensively drug-resistant Pseudomonas 

aeruginosa clinical isolates from a tertiary care 

hospital in Egypt. Infection and Drug Resistance.14: 

4849-4858. https://doi.org/10.2147/idr.s335582. 

Elmaraghy, N.; Abbadi, S.; Elhadidi, G.; Hashem, 

A. and Yousef, A. (2019). Virulence genes in 

Pseudomonas aeruginosa strains isolated at Suez 

Canal University Hospitals with respect to the site of 

infection and antimicrobial resistance. International 

Journal of Clinical Microbiology and Biochemical 

Technology. 2(1): 008-019. 

https://doi.org/10.29328/journal.ijcmbt.1001006.  

https://doi.org/10.5812/pedinfect.36160
https://bnrc.springeropen.com/
https://bnrc.springeropen.com/
https://doi.org/10.7573/dic.212527
https://dialnet.unirioja.es/servlet/revista?codigo=4332
https://doi.org/10.1093/jac/dkn174
https://doi.org/10.2147%2FIDR.S203288
https://doi.org/10.51429/EJMM29403
https://doi.org/10.3390/microorganisms11092293
https://doi.org/10.2147/idr.s335582
https://doi.org/10.29328/journal.ijcmbt.1001006


Boushra et al., 2024 

2539 
Novel Research in Microbiology Journal, 2024 

Ezeador, C.; Ejikeugwu, P.; Ushie, S. and 

Agbakoba, N. (2020). Isolation, identification and 

prevalence of Pseudomonas aeruginosa isolates from 

clinical and environmental sources in Onitsha 

Metropolis, Anambra State. European Journal of 

Medical and Health Sciences. 2(2). 

https://doi.org/10.24018/ejmed.2020.2.2.188.  

Fanélus, I. and Desrosiers, R.R. (2013). 

Mitochondrial uncoupler carbonyl cyanide M-

chlorophenylhydrazone induces the multimer assembly 

and activity of repair enzyme protein L-isoaspartyl 

methyltransferase. Journal of Molecular Neuroscience. 

50(3): 411-423. http://dx.doi.org/10.1007/s12031-012-

9946-7.  

Garneau-Tsodikova, S. and Labby, K.J. (2016). 

Mechanisms of resistance to aminoglycoside 

antibiotics: overview and perspectives. 

Medchemcomm. 7(1): 11-27. 

https://doi.org/10.1039%2FC5MD00344J.  

Ghanem, S.M.; Abd El-Baky, R.M.; Abourehab, 

M.A.; Fadl, G.F. and Gamil, N.G. (2023). 

Prevalence of Quorum Sensing and Virulence Factor 

Genes Among Pseudomonas aeruginosa Isolated from 

Patients Suffering from Different Infections and Their 

Association with Antimicrobial Resistance. Infection 

and Drug Resistance. 16: 2371-2385. 

https://doi.org/10.2147/idr.s403441.  

Gill, J.; Arora, S.; Khanna, S. and Kumar, K.H. 

(2016). Prevalence of multidrug-resistant, extensively 

drug-resistant, and pandrug-resistant Pseudomonas 

aeruginosa from a tertiary level intensive care unit. 

Journal of Global Infectious Diseases. 8(4): 155-159. 

https://doi.org/10.4103%2F0974-777X.192962.  

Gondal, A.J.; Choudhry, N.; Niaz, A. and Yasmin, 

N. (2024). Molecular Analysis of Carbapenem and 

Aminoglycoside Resistance Genes in Carbapenem-

Resistant Pseudomonas aeruginosa Clinical Strains: A 

Challenge for Tertiary Care Hospitals. Antibiotics. 

13(2): 191. 

https://doi.org/10.3390/antibiotics13020191.  

Hassuna, N.A.; Darwish, M.K.; Sayed, M. and 

Ibrahem, R.A. (2020). Molecular epidemiology and 

mechanisms of high-level resistance to meropenem 

and imipenem in Pseudomonas aeruginosa. Infection 

and Drug Resistance. 13: 285-293. 

https://doi.org/10.2147%2FIDR.S233808.  

Hazra, S.; Roy, P. and Patel, A. (2019). Prevalence 

of plasmid mediated aminoglycoside modifying 

enzymes in Pseudomonas aeruginosa in hospitalized 

patients at a tertiary care centre. International Journal 

of Advanced Research. 7(2): 273-280. 

http://dx.doi.org/10.21474/IJAR01/8485.  

Henrichfreise, B.; Wiegand, I.; Pfister, W. and 

Wiedemann, B. (2007). Resistance mechanisms of 

multiresistant Pseudomonas aeruginosa strains from 

Germany and correlation with hypermutation. 

Antimicrobial Agents and Chemotherapy. 51(11): 

4062-4070. https://doi.org/10.1128%2FAAC.00148-

07.  

Imanah, E.O.; Beshiru, A. and Igbinosa, E.O. 

(2017). Antibiogram profile of Pseudomonas 

aeruginosa isolated from some selected hospital 

environmental drains. Asian Pacific Journal of 

Tropical Disease. 7(10): 604-609. 

http://dx.doi.org/10.12980/apjtd.7.2017D6-468.  

Jeong, H.; Kim, J.S.; Song, S.; Shigematsu, H.; 

Yokoyama, T.; Hyun, J. et al. (2016). Pseudoatomic 

structure of the tripartite multidrug efflux pump 

AcrAB-TolC reveals the intermeshing cogwheel-like 

interaction between AcrA and TolC. Structure. 24(2): 

272-276. https://doi.org/10.1016/j.str.2015.12.007.  

Kashfi, M.; Hashemi, A.; Eslami, G.; Amin, M.S.; 

Tarashi, S. and Taki, E. (2017). The prevalence of 

aminoglycoside-modifying enzyme genes among 

Pseudomonas aeruginosa strains isolated from burn 

patients. Archives of Clinical Infectious Diseases. 

12(1): e40896. https://doi.org/10.5812/archcid.40896.  

Krause, K.M.; Serio, A.W.; Kane, T.R. and 

Connolly, L.E. (2016). Aminoglycosides: an 

overview. Cold Spring Harbor Perspectives in 

https://doi.org/10.24018/ejmed.2020.2.2.188
http://dx.doi.org/10.1007/s12031-012-9946-7
http://dx.doi.org/10.1007/s12031-012-9946-7
https://doi.org/10.1039%2FC5MD00344J
https://doi.org/10.2147/idr.s403441
https://doi.org/10.4103%2F0974-777X.192962
https://doi.org/10.3390/antibiotics13020191
https://doi.org/10.2147%2FIDR.S233808
http://dx.doi.org/10.21474/IJAR01/8485
https://doi.org/10.1128%2FAAC.00148-07
https://doi.org/10.1128%2FAAC.00148-07
http://dx.doi.org/10.12980/apjtd.7.2017D6-468
https://doi.org/10.1016/j.str.2015.12.007
https://doi.org/10.5812/archcid.40896


Boushra et al., 2024 

2540 
Novel Research in Microbiology Journal, 2024 

Medicine. 6(6): a027029. 

https://doi.org/10.1101/cshperspect.a027029.   

Labby, K.J. and Garneau-Tsodikova, S. (2013). 

Strategies to overcome the action of aminoglycoside-

modifying enzymes for treating resistant bacterial 

infections. Future Medicinal Chemistry. 5(11): 1285-

1309. https://doi.org/10.4155%2Ffmc.13.80.  

Magiorakos, A.P.; Srinivasan, A.; Carey, R.B.; 

Carmeli, Y.; Falagas, M.; Giske, C. et al. (2012). 

Multidrug-resistant, extensively drug-resistant and 

pandrug-resistant bacteria: an international expert 

proposal for interim standard definitions for acquired 

resistance. Clinical Microbiology and Infection. 18(3): 

268-281. https://doi.org/10.1111/j.1469-

0691.2011.03570.x.  

Mirzaei, B.; Bazgir, Z.N.; Goli, H.R.; Iranpour, F.; 

Mohammadi, F. and Babaei, R. (2020). Prevalence 

of multi-drug resistant (MDR) and extensively drug-

resistant (XDR) phenotypes of Pseudomonas 

aeruginosa and Acinetobacter baumannii isolated in 

clinical samples from Northeast of Iran. BMC 

Research Notes. 13(1): 1-6. 

https://doi.org/10.1186/s13104-020-05224-w.  

Mohamed, M.A.; Mohamed, H.A. and Afifi, M.M. 

(2022). Prevalence of MDR Pseudomonas aeruginosa 

in Intensive care units and burned patients. Journal of 

Environmental studies. 27(1): 10-15. 

https://dx.doi.org/10.21608/jesj.2022.143610.1020.  

Mohamed, F.; Askoura, M. and Shaker, G. (2019). 

Antibiotic susceptibility of Pseudomonas aeruginosa 

isolated from different clinical sources. Zagazig 

Journal of  Pharmaceutical Sciences. 28(2): 10-17. 

https://doi.org/10.21608/zjps.2020.21777.1005. 

Nouri, R.; Ahangarzadeh Rezaee, M.; Hasani, A.; 

Aghazadeh, M. and Asgharzadeh, M. (2016). The 

role of gyrA and parC mutations in fluoroquinolones-

resistant Pseudomonas aeruginosa isolates from Iran. 

Brazilian Journal of Microbiology. 47(4): 925-930. 

https://doi.org/10.1016/j.bjm.2016.07.016.  

Ochoa, S.A.; Cruz-Córdova, A.; Rodea, G.E.; 

Cázares-Domínguez, V.; Escalona, G.; Arellano-

Galindo, J. et al. (2015). Phenotypic characterization 

of multidrug-resistant Pseudomonas aeruginosa strains 

isolated from pediatric patients associated to biofilm 

formation. Microbiological Research. 172: 68-78. 

https://doi.org/10.1016/j.micres.2014.11.005.  

Okasha, H.A. (2021). Detection of Efflux Pumps 

Overexpression in Flouroquinolone Resistant 

Pseudomonas aeruginosa. Egyptian Journal of 

Medical Microbiology. 30(2): 27-34. 

Panwar, R.; Kumari, P. and Basant. (2024). 

Antimicrobial drug resistance profiling of 

Pseudomonas aeruginosa isolated from nosocomial 

infections. International Journal of Advanced 

Biochemistry Research. 8(1): 569-572. 

https://doi.org/10.33545/26174693.2024.v8.i1h.440.  

Park, Y.J. (2009). Aminoglycoside resistance in 

Gram-negative bacilli. Korean Journal of Clinical 

Microbiology. 12(2): 57-61. 

http://dx.doi.org/10.5145/KJCM.2009.12.2.57.  

Pérez, A.; Gato, E.; Pérez-Llarena, J.; Fernández-

Cuenca, F.; Gude, M.J.; Oviaño, M. et al. (2019). 

High incidence of MDR and XDR Pseudomonas 

aeruginosa isolates obtained from patients with 

ventilator-associated pneumonia in Greece, Italy and 

Spain as part of the MagicBullet clinical trial. Journal 

of Antimicrobial Chemotherapy. 74(5): 1244-1252. 

https://doi.org/10.1093/jac/dkz030.  

Rajamohan, G.; Srinivasan, V.B. and Gebreyes, 

W.A. (2010). Novel role of Acinetobacter baumannii 

RND efflux transporters in mediating decreased 

susceptibility to biocides. Journal of Antimicrobial 

Chemotherapy. 65(2): 228-232. 

https://doi.org/10.1093/jac/dkp427.  

Raouf, M.R.; Sayed, M.; Rizk, H.A. and Hassuna, 

N.A. (2018). High incidence of MBL-mediated 

imipenem resistance among Pseudomonas aeruginosa 

from surgical site infections in Egypt. The Journal of 

https://doi.org/10.1101/cshperspect.a027029
https://doi.org/10.4155%2Ffmc.13.80
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1186/s13104-020-05224-w
https://dx.doi.org/10.21608/jesj.2022.143610.1020
https://doi.org/10.21608/zjps.2020.21777.1005
https://doi.org/10.1016/j.bjm.2016.07.016
https://doi.org/10.1016/j.micres.2014.11.005
https://doi.org/10.33545/26174693.2024.v8.i1h.440
http://dx.doi.org/10.5145/KJCM.2009.12.2.57
https://doi.org/10.1093/jac/dkz030
https://doi.org/10.1093/jac/dkp427


Boushra et al., 2024 

2541 
Novel Research in Microbiology Journal, 2024 

Infection in Developing Countries. 12(7): 520-525. 

https://doi.org/10.3855/jidc.9936.  

Rossolini, G. and Mantengoli, E. (2005). Treatment 

and control of severe infections caused by 

multiresistant Pseudomonas aeruginosa. Clinical 

Microbiology and Infection. 11(suppl 4): 17-32. 

https://doi.org/10.1111/j.1469-0691.2005.01161.x. 

Saeli, N.; Jafari-Ramedani, S.; Ramazanzadeh, R.; 

Nazari, M.; Sahebkar, A. and Khademi, F. (2024). 

Prevalence and mechanisms of aminoglycoside 

resistance among drug-resistant Pseudomonas 

aeruginosa clinical isolates in Iran. BMC Infectious 

Diseases. 24(1): 680. https://doi.org/10.1186/s12879-

024-09585-6.  

Saipriya, J.; Shubha, D.; Sudhindra, K.; Sumantha, 

A. and Madhuri, K. (2018). Clinical importance of 

emerging ESKAPE pathogens and antimicrobial 

susceptibility profile from a tertiary care centre. 

International  Journal of Current Microbiology and 

Applied Sciences. 7(5): 2881-2891. 

https://doi.org/10.20546/ijcmas.2018.705.336.  

Smith, C.A.; Bhattacharya, M.; Toth, M.; Stewart, 

N.K. and Vakulenko, S.B. (2017). Aminoglycoside 

resistance profile and structural architecture of the 

aminoglycoside acetyltransferase AAC (6')-Im. 

Microbial Cell. 4(12): 402-410. 

https://doi.org/10.15698%2Fmic2017.12.602.  

Strateva, T. and Yordanov, D. (2009). Pseudomonas 

aeruginosa–a phenomenon of bacterial resistance. 

Journal of Medical Microbiology. 58(9): 1133-1148. 

https://doi.org/10.1099/jmm.0.009142-0.  

Sultan, I.; Rahman, S.; Jan, A.T.; Siddiqui, M.T.; 

Mondal, A.H. and Haq, Q.M. R. (2018). Antibiotics, 

resistome and resistance mechanisms: A bacterial 

perspective. Frontiers in Microbiology. 9: 2066. 

https://doi.org/10.3389/fmicb.2018.02066.  

Talebi-Taher, M.; Gholami, A.; Rasouli-Kouhi, S. 

and Adabi, M. (2016). Role of efflux pump inhibitor 

in decreasing antibiotic cross-resistance of 

Pseudomonas aeruginosa in a burn hospital in Iran. 

The Journal of Infection in Developing Countries. 

10(06): 600-604. https://doi.org/10.3855/jidc.7619.  

Teixeira, B.; Rodulfo, H.; Carreno, N.; Guzman, 

M.; Salazar, E. and Donato, M.D. (2016). 

Aminoglycoside resistance genes in Pseudomonas 

aeruginosa isolates from Cumana, Venezuela. Revista 

do Instituto de Medicina Tropical de São Paulo. 58: 

13. https://doi.org/10.1590/s1678-9946201658013.  

Vaziri, F.; Peerayeh, S.N.; Nejad, Q.B. and 

Farhadian, A. (2011). The prevalence of 

aminoglycoside-modifying enzyme genes (aac (6′)-I, 

aac (6′)-II, ant (2 ″)-I, aph (3′)-VI) in Pseudomonas 

aeruginosa. Clinics. 66(9): 1519-1522. 

https://doi.org/10.1590/s1807-59322011000900002.  

Zahedi Bialvaei, A.; Rahbar, M.; Hamidi-Farahani, 

R.; Asgari, A.; Esmailkhani, A.; Mardani Dashti, 

Y. et al. (2021). Expression of RND efflux pumps 

mediated antibiotic resistance in Pseudomonas 

aeruginosa clinical strains. Microbial Pathogenesis. 

153: 104789. 

https://doi.org/10.1016/j.micpath.2021.104789.  

Zavascki, A.P.; Carvalhaes, C.G.; Picao, R.C. and 

Gales, A.C. (2010). Multidrug-resistant Pseudomonas 

aeruginosa and Acinetobacter baumannii: resistance 

mechanisms and implications for therapy. Expert 

Review of Anti-infective Therapy. 8(1): 71-93. 

https://doi.org/10.1586/eri.09.108. 

 

         

 

 

 

 

https://doi.org/10.3855/jidc.9936
https://doi.org/10.1111/j.1469-0691.2005.01161.x
https://doi.org/10.1186/s12879-024-09585-6
https://doi.org/10.1186/s12879-024-09585-6
https://doi.org/10.20546/ijcmas.2018.705.336
https://doi.org/10.15698%2Fmic2017.12.602
https://doi.org/10.1099/jmm.0.009142-0
https://doi.org/10.3389/fmicb.2018.02066
https://doi.org/10.3855/jidc.7619
https://doi.org/10.1590/s1678-9946201658013
https://doi.org/10.1590/s1807-59322011000900002
https://doi.org/10.1016/j.micpath.2021.104789
https://doi.org/10.1586/eri.09.108

