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A B S T R A C T

Background: Metallo-β-lactamases (MBLs) type carbapenemases are produced by pathogenic Pseudomonas spp. 
and exhibit carbapenemase activity. The study will look into drug resistance and the molecular mechanisms of 
drug-resistant Pseudomonas aeruginosa variants.
Methods: A total of 74 P. aeruginosa strains were isolated from urine, pus, sputum, blood, throat swab, Foley’s 
catheter, and nasal swab. The isolates were screened for antibiotic susceptibility and the identified MDR strains 
were further tested for β-lactamase production. Multiplex PCR was used to identify the presence of mcr-1 and 
blaNDM-1 genes in MDR organisms. The minimum inhibitory concentration for ceftazidime and colistin was also 
determined, in addition to the biofilm inhibitor activity. Confocal microscopy was used to determine the pro-
duction of biofilms.
Results: The isolated P. aeruginosa strains exhibited antibiotic resistance to aminoglycosides (amikacin and 
gentamicin). Fifty three percent of the isolated P. aeruginosa strains produced metallo-β-lactamase and the 
remaining isolates were non-metallo-β-lactamase type (46.8 %) (p < 0.0001). The MIC value of β-lactamase 
producers against colistin ranges from 0.5 µg/mL to 6 µg/mL. The MDR bacteria exhibited mcr-1 and blaNDM− 1 
genes. The MDR P. aeruginosa strain treated with colistin and ceftazidime inhibited initial biofilm formation. 
These combination of antibiotics effectively prevented initial biofilm development than individual antibiotics (p 
< 0.001).
Conclusions: The current analysis detected MDR among P. aeruginosa isolates that carried drug-resistant genes.

1. Introduction

Pseudomonas aeruginosa is a non-fastidious and ubiquitous bacterium 
that grows rapidly in wet or humid environments. This is considered one 
of the opportunistic pathogenic bacteria that generally abundant among 
diabetes cases, immune-compromised patients, bloodstream, sepsis, 
indwelling devices, soft tissue infections, including burns, and skin 
surface (Olasehinde and Lamikanra, 2021). To prevent resistance, 
various frontline antibacterial agents are prescribed to treat Pseudo-
monas aeruginosa infections. P. aeruginosa is a biofilm-forming bacterium 
that escapes from the antibiotic treatment to the site of infection and 

promotes interactions on the cell surface for the degradation of tissues. 
Biofilm formation is an adaptive mechanism of bacteria in the 
P. aeruginosa and it resists bacteria from external stress, and improves 
colonization, persistence and adaptation, through aggregation of bio-
molecules (carbohydrates, proteins, and lipids) and exopolysaccharides 
induced by poly-N-acetylglucosamine (Brindhadevi et al., 2020). In 
P. aeruginosa, low membrane permeability and multi-drug efflux system 
are the major factors which are associated with broad substrate speci-
ficity and several genetic domains involving multi-drug resistance 
(MDR) (Zahedani et al., 2021). In P. aeruginosa, increased virulence 
factors are involved in disease morbidity, with activation of hemolysin 

* Corresponding author at: Department of Medical Laboratory Sciences, College of Applied Medical Sciences, Majmaah University, Majmaah 11952, Saudi Arabia.
E-mail addresses: ay.alothaim@mu.edu.sa (A. Al Othaim), m.palanisamy@mu.edu.sa (P. Manikandan). 

HOSTED BY Contents lists available at ScienceDirect

Journal of King Saud University - Science

journal homepage: www.sciencedirect.com

https://doi.org/10.1016/j.jksus.2024.103399
Received 24 April 2024; Received in revised form 23 July 2024; Accepted 16 August 2024  

Journal of King Saud University - Science 36 (2024) 103399 

Available online 17 August 2024 
1018-3647/© 2024 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY license 
( http://creativecommons.org/licenses/by/4.0/ ). 

mailto:ay.alothaim@mu.edu.sa
mailto:m.palanisamy@mu.edu.sa
www.sciencedirect.com/science/journal/10183647
https://www.sciencedirect.com
https://doi.org/10.1016/j.jksus.2024.103399
https://doi.org/10.1016/j.jksus.2024.103399
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2024.103399&domain=pdf
http://creativecommons.org/licenses/by/4.0/


that causes tissue damage, red cell destruction and dysfunctional 
cellular immune responses. Production of extracellular enzymes such as 
lipases and proteases by biofilm-producing bacteria improves pathoge-
nicity thus assisting the invasion of host cells, affecting host defense 
mechanisms leading to mammalian tissue damage. The virulent proteins 
secreted by the pathogenic strains affect lipid membranes resulting in 
the intracellular survival of pathogenic strains and degradation of lipids 
leading to tissue damage. Antibiotic resistance mechanism mediated by 
biofilm formation and efflux pump among P. aeruginosa has been re-
ported previously by various research groups (George et al., 2022).

Metallo-β-lactamases (MBLs) type carbapenemases are produced by 
various pathogenic Pseudomonas spp., and these types of bacteria 
exhibitcarbapenemase activity. Among Pseudomonas strains various 
types of MBLs such as Imipenemase (IMP), Sao Paulo Metallo-beta- 
lactamase (SPM), Verona imipenemase (VIM), Florence imipenemase 
(FIM), Adelaide IMipenmase (AIM) and New Delhi metallo-β-lactamase 
(NDM) have been reported (Acharya et al., 2017). Moreover, NDM type 
is predominant among P. aeruginosa strains and the gene is associated 
with plasmid contributing to increased disease outbreaks (Shahin and 
Ahmadi, 2021). Recently, the prevalence of antibiotic resistance, espe-
cially colistin-resistant to P. aeruginosaincreased significantly. Among 
P. aeruginosa strains the increased colistin resistance was associated with 
a gene or chromosomal mutation and the presence of the mcr gene was 
detected (Lin et al., 2016). The transformation of the mcr gene from 
pathogenic bacteria to other organisms through plasmid was described 
previously.mcr-1 is the most important prevalent marker among the 
pathogenic strains, moreover, other types of mcr genes (mcr2 – mcr-9) 
were also reported among P. aeruginosa (Shahin and Ahmadi, 2021). 
P. aeruginosa uses an efflux pump due to the presence of MexAB-OprM 
and this mechanism mediated the development of various classes of 
antibiotics, including, tetracyclines, fluoroquinolones, β-lactam, chlor-
amphenicol, trimethoprim, novobiocin, macrolides, and sulphonamides 
(Gautam et al., 2020). P. aeruginosa is involved in nosocomial infections 
and the analysis of specific genetic material of the Metallo β-lactamase 
gene is helpful in analyzing the association with other genes involved in 
drug resistance and identifying the routes of transmission. The MBL- 
producing P. aeruginosa carries blaNDM-1 gene and has been reported 
previously. Although various new lactam drugs with potential antimi-
crobial spectrum, potential antimicrobial activity, and effective drugs 
beings developed to control Gram-negative bacteria, P. aeruginosa often 
develops various drug-resistant mechanisms against carbapenem-type 
drugs. In addition to various drug-resistant mechanisms, the devel-
oped bacterial biofilm prevents the activity of antibiotics (Pan et al., 
2016). This study analyzed the genes associated with antibiotic resis-
tance, drug resistance mechanisms, and P. aeruginosa biofilm 
production.

2. Materials and methods

2.1. Strains

The study included 74 P. aeruginosa isolates from various clinical 
specimens. Sample types include urine, pus, sputum, blood, throat swab, 
Foley’s catheter, and nasal swab. Samples showing evident signs of 
contamination have been excluded from the study.

2.2. Isolation and identification of P. aeruginosa

Samples were streaked onto blood agar and MacConkey agar plates, 
and they were incubated for twenty-four hours at 37◦C. After additional 
subculturing, the verified P. aeruginosa isolates were identified using 
colony morphology and biochemical characteristics. The confirmed 
P. aeruginosa isolates were further subcultured and identified using 
colony morphology and biochemical features. The development of 
pyocyanin pigmentation was observed on nutrient agar plates. To purify 
P. aeruginosa strains, the colonies were subcultured on cetrimide agar 

medium, incubated for 24 h at 37◦C, and fluorescein production was 
observed (Chawla et al., 2013).

2.3. Antimicrobial susceptibility

Antibiotic susceptibility of the isolated strains was carried out using 
Kirby-Bauer disc diffusion method as described previously. The antibi-
otics such as amikacin (AK, 10 μg), aztreonam (AT, 30 μg), ceftazidime 
(CAZ, 30 μg), ciprofloxacin (CIP, 5 μg), cefepime (CPM, 30 μg), colistin 
(CL, 10 μg), imipenem (IPM, 10 μg), ofloxacin (OF, 30 μg),gentamicin 
(GEN, 30 μg), piperacillin-tazobactam (PIT), piperacillin (PI, 30 μg), 
levofloxacin (LEV, 30 μg) and meropenem (MRP, 10 μg) were used. 
Bacteria that were resistant to > 3 antimicrobial classes were considered 
MDR (Arasu et al., 2019).

2.4. Analysis of bacteria for MBL production

The MBL-producing multidrug-resistant P. aeruginosa strains were 
determined as described previously. The strains were tested using the 
Imipenem- EDTA combined disc test. Two imipenem discs were placed 
on Mueller Hinton Agar medium and 5 μL EDTA was loaded on one disc 
and the plate was incubated for 18 h at 37◦C. After 18 h, the suscepti-
bility of the imipenem-EDTA disc was compared with the imipenem disc 
(Deshmukh et al., 2011).

2.5. Determination of minimum inhibitory concentration (MIC)

Colistin was used for the determination of MIC by broth dilution 
method as described earlier. The colistin resistance pattern was detected 
among the isolated P. aeruginosa strains using standard colistin 
(Abdullah Al-Dhabi et al., 2015).

2.6. Detection of mcr-1 and blaNDM− 1

MDR strains of P. aeruginosa were subjected to the extraction of DNA 
using the phenol chloroform method as described by the manufacturer 
instructions. The amount of DNA was quantified using a nanodrop 
spectrophotometer (Thermo Fisher Scientific, USA). The drug-resistant 
genes (mcr-1 and blaNDM-1) were determined using the forward 
(CGGTCAGTCCGTTTGTTC and GGTTTGGCGATCTGGTTTTC) and 
reverse (CTTGGTCGGTCTGTAGGG and CGGAATGGCTCATCACGATC) 
primers (Gurung et al., 2020).

2.7. Analysis of biofilm production by P. aeruginosa strains

Biofilm-production test was performed using the micro titer plate 
method as described earlier. About 350 µL of nutrient broth and 50 µL 
inoculums were introduced in a microtiter plate and incubated for 24 h 
at 37◦C. After 24 h, the developed biofilm was fixed and stained with 
crystal violet. The negative control (P. aeruginosa ATCC 27853) was used 
for analysis. The isolates were categorized as non-, weak-, moderate- and 
strong-biofilm producers (Santos et al., 2023).

2.8. Synergistic activity of antibiotics on initial adhesion of P. aeruginosa

The effect of antibiotics or combinations was selected for initial in-
hibition of bacterial cell adhesion to microtiter plates. Briefly, the iso-
lated MDR P. aeruginosa was grown for 12 h and the optical density was 
observed at 600 nm. The culture was incubated up to reach 1.0 OD at 
600 nm. Nutrient broth medium (270 µL), 10 µL bacterial culture and 20 
µL of diluted antibiotic or combinations were added into each well. It 
was allowed for 1 h for attachment to polystyrene-coated plates. The 
non-adherent cells were removed and fixed with 99 % methanol. It was 
further stained with 100 µL crystal violet and excess stains were 
removed. The wells were flooded with 33 % glacial acetic acid (300 µL) 
and the absorbance was read at 600 nm. To the negative control 
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antibiotic/combinations were not incorporated.

2.9. Biofilm inhibitory effect of antibiotics

The combined effect of colistin and ceftazidime on biofilm inhibitory 
effects was studied. The 18 h P. aeruginosa culture broth (120 µL) (104 

CFU/mL and 106 CFU/mL) was inoculated into nutrient broth medium 
(300 µL) containing various concentrations of antibiotics (10 – 50 µM). 
The microtiter plates were incubated for 24 h at 37◦C and the biofilm 
formation was determined after crystal violet staining (Sandasi et al., 
2008).

2.10. Antibiofilm activity of antibiotics and confocal laser scanning 
microscopy analysis

Biofilm-producing Pa-1 strain was used for this assay. Briefly, 
biofilm-producing bacterium was inoculated into 24 well microtiter 
plates. About 1 mL bacterial suspension was added and incubated for 24 
h and renewed with culture medium. Then the wells were treated with 
0.1 mL antibiotic and distilled water was added to the control 
(Djordjevic et al., 2002). After 48 h treatment, the biofilm formation was 
assayed using a confocal laser scanning microscopy.

2.11. Statistical analysis

The results were the average of three different experiments. The final 
data were analyzed using SPSS (version 18) software. One-way analysis 
of variance was performed and the significance level was assessed (p <
0.05).

3. Results

3.1. P. aeruginosa population in the samples

In total, 74 P. aeruginosa strains were identified and included in the 
study from various clinical specimens. The throat swab was the most 
common sample, yielding 44.6 % of the isolates (33 nos.) (Fig. 1).

3.2. Drug resistance pattern of P. aeruginosa

A total of 74 P. aeruginosa colonies were detected and tested against 
different classes of antibiotics to identify the drug-resistance pattern. 
The isolated P. aeruginosa strains exhibited maximum susceptibility to 
piperacillin-tazobactam (β-lactam inhibitor) (n = 65, 87.85 %), imipe-
nem (carbapenem) (n = 61, 82.45 %), and meropenem (carbapenem) (n 
= 59, 79.65 %). The isolated strain exhibited antibiotic resistance to 
aminoglycosides (amikacin and gentamicin). They presented increased 
resistance to fluroquinolones such as ofloxacin (n = 47, 63.45 %), cip-
rofloxacin (n = 45, 60.75 %) and levofloxacin (n = 41, 55.35 %) 
(Table 1).

3.3. Analysis of MBL- producing P. aeruginosa and the effect of colistin

Metallo-β-lactamase was produced by over half of the isolates (53.2 
%), while non-metallo-β-lactamase types accounted for 46.8 % of the 
isolates (p < 0.0001). There were notable differences in the generation 
of β-lactamase (p < 0.0001). Forty β-lactamase strains were selected 
from among the strains and their MIC values were determined. The MIC 
value of colistin ranges from 0.5 µg/mL to 6 µg/mL. A total of 33 % of 
strains presented 0.5 µg/mL, 57.65 % of strains presented 3 µg/mL, and 
9.35 % presented 6 µg/mL.

3.4. Determination of mcr-1 and blaNDM− 1

The isolated bacterial strains that exhibited maximum tolerance to 
colistin (6 µg/mL MIC) were subjected to the determination of mcr-1 and 
blaNDM− 1 genes. In this study, the prevalence of the mcr-1 gene was 
detected from the MDR P. aeruginosa. Among the seven selected bacte-
ria, five strains exhibited the mcr-1 gene. The strains 4 and 5 were mcr-1 
negative and the result was depicted in Fig. 2A. In addition, except the 
strains 2 and 7, other MDRs presented the blaNDM− 1 gene. In strain 3, 
the expression level of the blaNDM− 1 gene was higher than other strains 
(Fig. 2B). These MDR P. aeruginosa strains 1, 2, 3 were isolated from the 
nasal swab and 4, 5 were isolated from pus. The strains 6 and 7 were 
isolated from the throat swab.

3.5. Biofilm-producing P. aeruginosa strains

A biofilm-producing bacterial strain was screened among MDR 
P. aeruginosa and the result was compared with non-biofilm-producing 
control. The biofilm-producing potential was classified into weak, 
moderate and strong biofilm producers. Among the seven MDR bacterial 
strains, MDR-Pa-1 exhibited maximum biofilm-producing properties 
and the optical density of the developed biofilm was higher than other 
strains. Four isolates produced strong biofilms, two were moderate, and 
one strain produced weak (Table 2).

3.6. Effect of colistin with ceftazidime on initial adhesion of P. aeruginosa

In bacterial pathogens, initial adhesion on the substrate is an 
important step for biofilm development. In this study, the role of 
colistin, ceftazidime and synergistic activity of colistin and ceftazidime 
were analyzed. At 20 µM colistin concentration, biofilm adhesion was 
83.1 ± 1.3 %. At 100 µM concentration, colistin effectively inhibited 
initial adhesion on the polystyrene plate than control (p < 0.01) 
(Fig. 3A). The broth culture treated with ceftazidime prevented initial 
adhesion on the polystyrene plate (Fig. 3B). The antibacterial effect was 
dose-dependent and improved effect was achieved at 100 µM concen-
tration. The combined effect of colistin with ceftazidime was analyzed 
and improved initial inhibition of biofilm development was achieved 
than individual antibiotics (p < 0.001). The combined antibiotic Fig. 1. Presence of P. aeruginosa isolates from different clinical samples.

Table 1 
Antibiotic susceptibility of P. aeruginosa isolated from the clinical samples.

Resistance Intermediate Susceptible

Antibiotics n (%) n (%) n (%)
Amikacin 21 (25.35) 0 53 (71.65)
Aztreonam 17 (22.95) 1 (1.35) 56 (75.6)
Ceftazidime 10 (13.5) 0 64 (86.5)
Ciprofloxacin 45 (60.75) 5 (6.75) 24 (32.4)
Cefepime 24 (32.4) 0 50 (67.6)
Imipenem 13 (17.55) 0 61 (82.45)
Ofloxacin 47 (63.45) 11 (14.85) 16 (21.6)
Gentamicin 20 (27) 0 54 (73)
Piperacillin-tazobactam 9 (12.15) 0 65 (87.85)
Piperacillin 15 (20.25) 7 (9.45) 52 (70.2)
Levofloxacin 41 (55.35) 1 (1.35) 32 (43.2)
Meropenem 11 (14.85) 4 (5.4) 59 (79.65)
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treatment (colistin or ceftazidime) showed only 14.3 ± 1.4 % adhesion 
at 50 µM concentration (Fig. 3C).

3.7. Biofilm inhibitory effect

Colistin combined with ceftazidime has potential biofilm inhibitory 
activity in P. aeruginosa. These antibiotics inhibited biofilm formation in 
microtiter plates inoculated with P. aeruginosa at two different concen-
trations (104 CFU/mL and 106 CFU/mL). The biofilm inhibitory effect 
was influenced by inoculum concentration, and at higher inoculums 
concentration, the maximum antibiotic effect was achieved due to 
increased bacterial growth (p < 0.05). At 50 µM antibiotic concentra-
tion, 100 % biofilm inhibitory effect was achieved at 104 CFU/mL 
inoculum, and > 95 % biofilm inhibitory effect was achieved at 106 

CFU/mL inoculum (Fig. 4A and B).

3.8. Determination of biofilm

A confocal microscopy was used to determine P. aeruginosa biofilm 
formation. The antibiotics reduced the number of live bacterial cells in 
the biofilm. Biofilms treated with colistin combined with ceftazidime 
reduced viable bacterial cells after 24 h of incubation. Biofilm inhibition 
was analyzed and surface scanning was performed using confocal mi-
croscopy. The surface layer with 40 – 80 μm thickness biofilm was 
observed using confocal microscopy. The antibiotics-treated biofilm 
presented live and dead cell layers within the extracellular matrix. The 
present finding revealed biofilm-producing property of P. aeruginosa and 
the combined effect of colistin and ceftazidime on biofilm. The control 
biofilm appears dark green colour. The biofilm treated with the com-
bination of colistin and ceftazidime reduced live cells and induced cell 
death (Fig. 5).

Fig. 2. Agarose gel electrophoresis shows the presence of drug resistance genes 
in MDR P. aeruginosa. mcr-1 gene was amplified using specific primers (A), 
blaNDM− 1 gene from the MDR P. aeruginosa (B). Lane M represents the DNA 
ladder and wells 1–7 denote MDR strains 1–7.

Table 2 
Biofilm-producing P. aeruginosa isolated from the clinical samples assayed using 
the microtiter plate method.

Bacteria Biofilm-properties OD value p-value

MDR-Pa1 Strong >1.3 <0.001
MDR-Pa2 Moderate 0.148 ± 0.286 <0.05
MDR-Pa3 Strong >1.5 <0.001
MDR-Pa4 Weak 0.015 ± 0.063 <0.05
MDR-Pa5 Strong >1.05 <0.001
MDR-Pa6 Strong >1.429 <0.001
MDR-Pa7 Moderate 0.248 ± 0.316 <0.05
Control Nil 0.009 ± 0.02 0.0

Fig. 3. Inhibitory effect of colistin and ceftazidime and synergistic activity on 
P. aeruginosa. inhibitory effect of colistin (A), ceftazidime (B), and combined 
effect (C) in vitro.
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4. Discussion

Antimicrobial resistance is a major threat to patient safety, mainly in 
the hospital environment. In the hospital environment, the admitted 
patients are highly susceptible to colonization of drug-resistant bacteria 
due to continuous hospitalization, prolonged exposure to drugs and 
implementation of various invasive therapeutic protocols. These risk 
factors lead to increased infection rates, the increased dose or generation 
of broad-spectrum antibiotics, and the minimum efficacy of antimicro-
bial drugs. The metallo-β-lactamase producing bacterial strains are 
resistant to various antibiotics, including carbapenems, these drugs are 
considered as the final resort to treat Gram-negative bacterial infections. 
In addition, metallo-β-lactamase producing bacterial strainsdevelops the 
drug-resistant phenotype to multidrug, because they acquired drug- 

resistant genes and originate from nosocomial infections (Lagatolla 
et al., 2004). These metallo-β-lactamase producing bacterial strains pose 
a serious challenge to antibiotic chemotherapy because most of the 
strains produce bacterial biofilm. In the present study, 74 P. aeruginosa 
strains were isolated from the sample and antibiotic resistance was 
analyzed. The isolated strain exhibited maximum antibiotic resistance to 
aminoglycosides (amikacin and gentamicin). The present study revealed 
that the carbapenem-resistant MDR P. aeruginosa strains produce 
carbapenemase (MBL type). Among the 74 clinical isolates, 53.2 % 
produced metallo-β-lactamase and the remaining isolates were non- 
metallo-β-lactamase type (46.8 %). The prevalence of metallo-β-lacta-
mase producing strains revealed an increased rate of carbapenem 
resistance among the isolated strains.

The rate of carbapenem resistance P. aeruginosa varied based on 
geographic region, source of specimen, types of infection and selective 
pressure due to antimicrobials (Morrow et al., 2013). In a study, Meradji 
et al. (2015) reported a reduced rate (18.75 %) of carbapenems 
degrading P. aeruginosa. The P. aeruginosa strains isolated from burn 
patients exhibited an increased rate of carbapenem-resistant and 
enzyme production was reported (Mirsalehian et al., 2017). In a study, 
Farajzadeh Sheikh et al. (2014) reported multiple-drug resistance 
P. aeruginosa with 58.7 % resistant to imipenem and 31.8 % resistance to 
meropenem. In our study, we detected increased drug resistance among 
carbapenemase-producing P. aeruginosa than non-carbapenemase pro-
ducing organisms. The isolated strains showed susceptibility to colistin 
and the MIC value of colistin ranges from 0.5 µg/mL to 6 µg/mL. These 
results revealed that colistin become the final resort for multi-resistant 
P. aeruginosa strains. Various phenotypic characters have been used to 
screen MBL production and the double-disk synergy test, MBL Etest and 
β-lactam substrates were used for screening (Inacio et al., 2014). In our 
study, the prevalence of mcr-1 and blaNDM− 1 gene were detected from 
the MDR P. aeruginosa. Among the seven selected biofilm-forming bac-
teria, all five strains exhibited mcr-1 gene. In addition, except the strains 
2 and 7, other MDR presented blaNDM− 1 gene. In strain 3, the 
expression level of the blaNDM− 1 gene was higher than the other 
strains. These MDR P. aeruginosa strains were isolated from the nasal 
swab and pus. The presence of blaNDM in P. aeruginosa strain was re-
ported earlier and in our study two bacterial strains were negative for 
the blaNDM gene. These findings revealed that the isolated bacterial 
strains have other drug-resistant mechanisms, such as up-regulation of 
efflux pumps, oprD outer membrane protein-encoding gene and pro-
duction of other carbapenemases. In a study, Haghi et al. (2017) re-
ported MDR-PA with blaNDM-1 genes isolated from Iran. In certain cases, 
prolonged hospital stay and urinary tract infections positively influ-
enced MBL-positive P. aeruginosa infections (Lucena et al., 2014). 

Fig. 4. Biofilm inhibitory effect of colistin and ceftazidime at various concen-
trations in microtiter plates. P. aeruginosa was cultured in the nutrient broth 
medium containing antibiotics at 104 CFU/mL (A) and 106 CFU/mL (B) 
cell densities.

Fig. 5. Confocal microscopy analysis of P. aeruginosa biofilm and synergistic activity of antibiotics. Microcolonies in the control biofilm (A) and less compact colonies 
of P. aeruginosa under aerobic conditions after treated with colistin and ceftazidime (B).
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Moreover, in some studies, no correlation was reported between MBL 
production and clinical characteristics of the admitted patients (Shirani 
et al., 2016; Zavascki et al., 2006). In this study, 53.2 % P. aeruginosa 
strains produced metallo-β-lactamase which was lower than reports 
from Iran, where 61.5 % metallo-β-lactamase producing P. aeruginosa 
strains were detected (Muddassir et al., 2021). Moreover, the prevalence 
of reduced numbers of MBL producers (40 %) was determined among 
carbapenem-resistant P. aeruginosa in Korea. The percentage of metallo- 
β-lactamase producing strains varied based on sampling size and region. 
The antibiotic, cephalosporin has been recommended to treat 
P. aeruginosa strains producing metallo-β-lactamases and in the present 
study, colistin and ceftazidime were effective against P. aeruginosa 
strains. Ismail and Mahmoud (Ismail and Mahmoud, 2018) detected 
three New Delhi metallo-β-lactamases (NDM-1 and NDM-2) producing 
strains from Iraq and in our study a total of five NDM-1 strains were 
detected.

In the present study, the biofilm was viewed under confocal micro-
scopy and the combined effect of colistin and ceftazidime on biofilm was 
studied. The results revealed the antibiofilm and antimicrobial activity 
of antibiotics. Antibiotics reduced cell density and less dense microbial 
cells were observed. These findings revealed the antibiofilm potential of 
colistin and ceftazidime in vitro against biofilm-forming P. aeruginosa. It 
is reported that > 80 % of infections are associated with bacterial bio-
film and P. aeruginosa is one of the major causative Gram-negative 
bacteria. Currently, only a few therapeutic options are available to 
treat biofilm pathogens. Doripenem and tobramycin have been effective 
in treating Gram-negative P. aeruginosa and prolonged use of amino-
glycosides mediates biofilm formation (Bergen et al., 2008). Alanazi 
et al. (2023) analyzed the prevalence of drug-resistant bacteria from the 
Tertiary Hospital in Hail, Saudi Arabia. A recent retrospective analysis 
revealed the prevalence of drug-resistant uropathogens from pediatric 
patients in tertiary hospital at Al-Baha Region, Saudi Arabia (Alzahrani 
et al., 2021). Analysis of drug-resistant patterns of bacterial strains is 
useful to prescribe antibiotic use. Monitoring the use and dosage of 
antibiotics was useful to determine the cause of drug-resistance bacteria 
and to improve physician’s knowledge. In this study, colistin combined 
with ceftazidime was highly susceptible to P. aeruginosa. Colistin was 
considered an effective antibiotic to treat highly complex P. aeruginosa.

5. Conclusions

The study results revealed that the isolates were resistant to ami-
noglycosides. MCR-1 and blaNDM− 1 genes were found in multidrug- 
resistant organisms. The bacteria obtained from the nasal swab, pus, 
and throat swab all had antibiotic resistance genes. Colistin and cefta-
zidime treatment prevented the production of early biofilms in MDR 
P. aeruginosa strains. These antibiotics had more synergistic efficacy and 
effectively inhibited early biofilm growth than individual antibiotics.
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