
126 Asian Journal of Medical Sciences | Sep 2024 | Vol 15 | Issue 9

INTRODUCTION

Cystic fibrosis (CF) is a genetically inherited disorder 
characterized by the development of  unusually thick 
and sticky mucus in several organs, most notably the 
lungs and digestive system.1,2 The presence of  persistent 

respiratory infections is a defining characteristic of  CF, with 
Pseudomonas aeruginosa being one of  the most common and 
harmful micro-organisms that people with this condition 
encounter.3 The capacity of  this bacteria to create biofilms, 
which are an organized community of  microbial cells 
that cling to a surface and are enclosed in a self-produced 
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polymeric matrix, is a significant factor in the bacterium’s 
ability to persist and withstand both the immunological 
responses of  the host and antibiotic treatments.4

Biofilm formation in P. aeruginosa complicates treatment 
due to its protective barrier against antibiotics and immune 
cells, leading to chronic infection states.5 These biofilms 
can withstand antimicrobial treatments up to 1000 times 
greater than planktonic (free-living) bacteria. In addition, 
the microenvironments within biofilms facilitate horizontal 
gene transfer, a process that can enhance antibiotic 
resistance among bacterial populations.6

The connection between biofilm formation and antibiotic 
resistance is particularly significant in the setting of  CF since 
it has a direct impact on treatment outcomes.7 Studies have 
shown that biofilm-producing strains of  P. aeruginosa are 
associated with more severe lung disease and a faster decline 
in lung function.8 Thus, understanding the phenotypic 
and genotypic characteristics of  these isolates can provide 
valuable knowledge into the pathogenesis and progression 
of  CF infections, potentially guiding more effective 
therapeutic interventions.

Aim and objectives
The primary aim of  this study is to investigate the biofilm-
forming abilities and antibiotic resistance profiles of  clinical 
P. aeruginosa isolates from patients with CF, to determine 
the relationship between these two factors and their impact 
on treatment efficacy.

To categorize clinical P. aeruginosa isolates based on their 
biofilm-forming capabilities.

To evaluate the antibiotic resistance profiles of  these 
isolates against commonly used antimicrobials.

To analyze the patterns of  multi-drug resistance among 
the isolates.

To establish the correlation between biofilm production 
levels and antibiotic resistance, quantifying their statistical 
significance.

MATERIALS AND METHODS

Study setting and period
This study was conducted at Nimra Institute of  Medical 
Sciences, Jupudi with the study period extending from 
January 2023 to December 2023. The research setting 
provided access to a diverse range of  clinical P. aeruginosa 
isolates from patients diagnosed with CF.

Study design
A descriptive cross-sectional study design was employed to 
assess the biofilm-forming ability and antibiotic resistance 
profiles of  100 clinical P. aeruginosa isolates.

Sample collection
Isolates were collected from respiratory specimens of  CF 
patients who were treated at Nimra Institute of  Medical 
Sciences, Jupudi, during the study period from January 
2023 to December 2023. All isolates were confirmed as P. 
aeruginosa using standard microbiological techniques.

Inclusion criteria
The following criteria were included in the study:

Patients diagnosed with CF received treatment at the study 
location during the specified study period.

Respiratory specimens that yielded P. aeruginosa on culture.9

Patients with documented consent to participate in the 
study.

Exclusion criteria
The following criteria were excluded from the study:

Patients without a confirmed diagnosis of  CF.

Specimens not yielding P. aeruginosa or mixed with other 
pathogens which could not be isolated.

Incomplete patient records or lack of  consent for the use 
of  their clinical samples for research purposes.

Patients undergoing antibiotic therapy at the time of  
specimen collection, which might inhibit the growth of  
P. aeruginosa.

Biofilm formation assay
The biofilm-forming capacity of  each isolate was 
determined using the microtiter plate method, which 
quantifies the biofilm produced on polystyrene surfaces. 
Based on optical density measurements at 590 nm, isolates 
were classified as strong, moderate, or weak biofilm 
producers.

Antibiotic susceptibility testing
Antibiotic resistance profiles were assessed using the 
Kirby–Bauer disk diffusion method. The antibiotics 
tested included ciprofloxacin, tobramycin, ceftazidime, 
meropenem, and piperacillin/tazobactam. Resistance 
patterns were interpreted according to the guidelines 
provided by the Clinical and Laboratory Standards Institute.
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Multi-drug resistance evaluation
Multi-drug resistance was defined as resistance to three 
or more classes of  antibiotics. The extent of  multi-drug 
resistance was calculated to understand the prevalence of  
highly resistant strains.

Molecular typing
Genotypic analysis was conducted to identify predominant 
clonal groups among the isolates using pulse-field gel 
electrophoresis.

Statistical analysis
Statistical correlations between biofilm formation and 
antibiotic resistance were analyzed using the Chi-square 
tests. P<0.05 was considered statistically significant. Data 
were analyzed using SPSS software, version 26.

RESULTS

Biofilm-forming ability of clinical isolates
In the assessment of  biofilm-forming capabilities among 
clinical isolates of  P. aeruginosa from patients with CF, a 
significant variation in biofilm production was observed. 
Of  the 100 isolates tested, 56% exhibited strong biofilm 
production, characterized by dense, structured biofilms 
with multiple layers. Thirty-four percentages of  the isolates 
demonstrated moderate biofilm production, which was 
characterized by moderately dense structures with some 
visible layering, while the remaining 10% were categorized 
as weak biofilm producers, displaying sparse and irregular 
biofilm structures (Table 1 and Figure 1).

Microscopic characteristics of biofilm producers
Microscopic analysis further delineated the biofilm 
architecture among the isolates. Strong biofilm producers 
formed thick, multilayered structures, indicating a robust 
biofilm-forming phenotype. In contrast, moderate 
producers showed less density and layering, and weak 
producers had inconsistent and fragmented biofilm 
structures (Table 2).

Antibiotic resistance profiles
The antibiotic resistance profiles of  the isolates revealed 
varying levels of  resistance across different antibiotics. 
Ciprofloxacin had the highest resistance rate, with 60% 
of  isolates showing resistance. This was followed by 
tobramycin and ceftazidime, with resistance rates of  50% 

and 45%, respectively. Resistance to meropenem was 
observed in 30% of  the isolates, while 25% were resistant 
to piperacillin/tazobactam (Table 3 and Figure 2).

Multi-drug resistance patterns
Forty percentages of  the isolates were resistant to three 
or more classes of  antibiotics, indicating a significant 
prevalence of  multi-drug resistant strains among the clinical 
isolates studied (Table 4 and Figure 3).

Susceptibility to colistin and genotypic analysis
The susceptibility testing for colistin showed that 15% of  
the isolates were resistant. Genotypic analysis revealed the 
presence of  two major clonal groups within the isolates, 
suggesting a clonal spread of  certain resistant and biofilm-
forming phenotypes (Table 5).

Correlation between biofilm formation and antibiotic 
resistance
Statistical analysis indicated a significant correlation 
between biofilm production level and antibiotic resistance. 
Strong biofilm producers showed a high correlation with 
antibiotic resistance, with P<0.05. Moderate and weak 
biofilm producers also demonstrated moderate and low 

Table 1: Biofilm‑forming ability of Pseudomonas 
aeruginosa isolates
Biofilm production level Number of isolates (%)
Strong 56 (56)
Moderate 34 (34)
Weak 10 (10)

Table 2: Microscopic characteristics of biofilm 
producers
Biofilm 
production level

Microscopic characteristics

Strong Dense, structured biofilms with multiple layers
Moderate Moderately dense, some layering visible
Weak Sparse and irregular biofilm structures

Table 3: Antibiotic resistance profiles
Antibiotic Resistant isolates (%)
Ciprofloxacin 60 (60)
Tobramycin 50 (50)
Ceftazidime 45 (45)
Meropenem 30 (30)
Piperacillin/tazobactam 25 (25)

Figure 1: Biofilm-forming ability of Pseudomonas aeruginosa isolates
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correlations, respectively, with corresponding P<0.05 
(Table 6). These findings suggest that the biofilm-forming 
ability of  P. aeruginosa may be linked to increased antibiotic 
resistance, complicating treatment outcomes in CF patients.

DISCUSSION

The findings of  this study emphasize the significant 
challenge posed by biofilm-forming P. aeruginosa in 
managing CF. The high prevalence of  strong biofilm 
producers among the isolates highlights a critical barrier 
to effective antimicrobial therapy, considering biofilms 
significantly enhance bacterial resistance to antibiotics 
(Yang et al.10).

Biofilm formation and antibiotic resistance
Our research revealed that 56% of  the isolates exhibited 
strong biofilm production. This rate aligns with other 
studies; for instance, biofilm production was noted at 50% 
among CF isolates in the research conducted by Kamali 
et al.11 This slight discrepancy could be attributed to genetic 
variations in the strains prevalent in the geographical area 
of  our study or differences in patient management and 
antibiotic use patterns, which could select for more robust 
biofilm producers, as noted by Hemmati et al.12 Strong 
biofilm producers were significantly associated with high 
levels of  antibiotic resistance, particularly to ciprofloxacin 

and tobramycin, which are commonly employed in treating 
Pseudomonas infections in CF patients, as discussed by 
Shravani et al.13 This correlation is critical as it suggests 
that biofilm formation may act as a defensive mechanism, 
enhancing these bacteria’s survival against antibiotics 
and thereby complicating eradication efforts, a point 
emphasized by Artini et al.14

Multi-drug resistance
The observation that 40% of  the isolates were resistant 
to three or more antibiotic classes reflects a troubling 
trend in antimicrobial resistance (Papa et al.15). This level 
of  multi-drug resistance not only limits treatment options 
but also indicates a potential for the spread of  highly 
resistant strains within the clinical setting. The presence 
of  two major clonal groups among the isolates suggests 
that certain biofilm-forming and resistant phenotypes are 
clonally expanding, potentially facilitated by the hospital 
environment and specific antibiotic selection pressures.

Clinical implications
The significant correlation between biofilm production 
and antibiotic resistance, particularly in strong biofilm 
producers, highlights the need for treatment strategies 
that specifically target biofilm disruption. Agents that can 
penetrate or disrupt biofilms may enhance the efficacy of  
conventional antibiotics, suggesting a potential therapeutic 
avenue that could be explored further.

Limitations of the study
While this study provides valuable knowledge, it is not 
without limitations. The cross-sectional design limits our 
ability to infer causality between biofilm production and 
antibiotic resistance development. Longitudinal studies 

Figure 2: Antibiotic resistance profiles of Pseudomonas aeruginosa 
isolates Table 6: Correlation between biofilm formation 

and antibiotic resistance
Biofilm 
production level

Correlation with 
resistance

Statistical 
significance (P)

Strong High correlation <0.05
Moderate Moderate correlation <0.05
Weak Low correlation <0.05

Table 4: Multi‑drug resistance patterns
Resistance level Number of isolates (%)
Resistant to ≥3 classes 40 (40)

Table 5: Susceptibility to colistin and genotypic 
analysis
Parameter Result Percentage
Colistin resistance 15 isolates resistant 15
Major clonal groups Two predominant 

clones identified
Not applicable

Figure 3: Multi-drug resistance patterns
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would be required to establish a direct causal relationship 
and to observe how biofilm formation and resistance 
profiles evolve over time in response to ongoing antibiotic 
therapy.

CONCLUSION

Our study confirms a significant correlation between 
the production of  biofilm and antibiotic resistance in P. 
aeruginosa samples from patients with CF. The widespread 
occurrence of  intense biofilm production associated with 
substantial resistance to various antibiotics highlights the 
urgent necessity for novel treatment approaches that focus 
on the biofilm phenotype. Tackling this issue may improve 
the treatment of  Pseudomonas infections in CF patients, 
potentially boosting therapeutic results and enhancing 
patient quality of  life.

ACKNOWLEDGMENT

The authors express their gratitude to the staff  of  the 
Microbiology Department at Nimre Institute of  Medical 
Sciences, Vijayawada, for their continuous support 
throughout the study.

REFERENCES

1. Ghasemian S, Karami-Zarandi M, Heidari H, Khoshnood S, 
Kouhsari E, Ghafourian S, et al. Molecular characterizations 
of antibiotic resistance, biofilm formation, and virulence 
determinants of Pseudomonas aeruginosa isolated from burn 
wound infection. J Clin Lab Anal. 2023;37(4):e24850.

 https://doi.org/10.1002/jcla.24850
2. Heidari R, Farajzadeh Sheikh A, Hashemzadeh M, 

Farshadzadeh Z, Salmanzadeh S and Saki M. Antibiotic 
resistance, biofilm production ability and genetic diversity 
of carbapenem-resistant Pseudomonas aeruginosa strains 
isolated from nosocomial infections in Southwestern Iran. Mol 
Biol Rep. 2022;49(5):3811-3822.

 https://doi.org/10.1007/s11033-022-07225-3
3. De Sousa T, Hébraud M, Alves O, Costa E, Maltez L, Pereira JE, 

et al. Study of antimicrobial resistance, biofilm formation, and 
motility of Pseudomonas aeruginosa derived from urine samples. 
Microorganisms. 2023;11(5):1345.

 https://doi.org/10.3390/microorganisms11051345
4. Silva A, Silva V, López M, Rojo-Bezares B, Carvalho JA, 

Castro AP, et al. Antimicrobial resistance, genetic lineages, and 
biofilm formation in Pseudomonas aeruginosa isolated from 
human infections: An emerging one health concern. Antibiotics 
(Basel). 2023;12(8):1248.

 https://doi.org/10.3390/antibiotics12081248

5. Karami P, Mohajeri P, Yousefi Mashouf R, Karami M, 
Yaghoobi MH, Dastan D, et al. Molecular characterization of 
clinical and environmental Pseudomonas aeruginosa isolated in 
a burn center. Saudi J Biol Sci. 2019;26(7):1731-1736.

 https://doi.org/10.1016/j.sjbs.2018.07.009
6. Alshraiedeh N, Atawneh F, Bani-Salameh R, Alsharedeh R, Al 

Tall Y and Alsaggar M. Identification and characterization of 
bacteria isolated from patients with cystic fibrosis in Jordan. Ann 
Med. 2022;54(1):2796-2804.

 https://doi.org/10.1080/07853890.2022.2131282
7. Jarzynka S, Makarewicz O, Weiss D, Minkiewicz-

Zochniak A, Iwańska A, Skorupa W, et al. The impact of 
Pseudomonas aeruginosa infection in adult cystic fibrosis patients-a 
single Polish centre study. Pathogens. 2023;12(12):1440.

 https://doi.org/10.3390/pathogens12121440
8. Deligianni E, Pattison S, Berrar D, Ternan NG, Haylock RW, 

Moore JE, et al. Pseudomonas aeruginosa cystic fibrosis 
isolates of similar RAPD genotype exhibit diversity in biofilm 
forming ability in vitro. BMC Microbiol. 2010;10:38.

 https://doi.org/10.1186/1471-2180-10-38
9. Tuon FF, Dantas LR, Suss PH and Tasca Ribeiro VS. 

Pathogenesis of the Pseudomonas aeruginosa biofilm: A review. 
Pathogens. 2022;11(3):300.

 https://doi.org/10.3390/pathogens11030300
10. Yang F, Liu C, Ji J, Cao W, Ding B and Xu X. Molecular 

characteristics, antimicrobial resistance, and biofilm formation 
of Pseudomonas aeruginosa isolated from patients with aural 
infections in Shanghai, China. Infect Drug Resist. 2021;14:3637-
3645.

 https://doi.org/10.2147/IDR.S328781
11. Kamali E, Jamali A, Ardebili A, Ezadi F and Mohebbi A. 

Evaluation of antimicrobial resistance, biofilm forming potential, 
and the presence of biofilm-related genes among clinical isolates 
of Pseudomonas aeruginosa. BMC Res Notes. 2020;13(1):27.

 https://doi.org/10.1186/s13104-020-4890-z
12. Hemmati J, Nazari M, Abolhasani FS, Ahmadi A and Asghari B. 

In vitro investigation of relationship between quorum-sensing 
system genes, biofilm forming ability, and drug resistance in 
clinical isolates of Pseudomonas aeruginosa. BMC Microbiol. 
2024;24(1):99.

 https://doi.org/10.1186/s12866-024-03249-w
13. Shravani V, Selvi GA and Mantravadi H. Detection of quorum 

sensing virulence factor genes and its consanguinity to antibiotic 
sensitivity profile in the clinical isolates of Pseudomonas 
aeruginosa. Iran J Basic Med Sci. 2023;26(8):899-905.

 https://doi.org/10.22038/IJBMS.2023.67981.14992
14. Artini M, Papa R, Sapienza F, Božović M, Vrenna G, Tuccio 

Guarna Assanti V, et al. Essential oils biofilm modulation activity 
and machine learning analysis on Pseudomonas aeruginosa 
isolates from cystic fibrosis patients. Microorganisms. 
2022;10(5):887.

 https://doi.org/10.3390/microorganisms10050887
15. Papa R, Imperlini E, Trecca M, Paris I, Vrenna G, Artini M, 

et al. Virulence of Pseudomonas aeruginosa in cystic fibrosis: 
Relationships between Normoxia and Anoxia lifestyle. Antibiotics 
(Basel). 2023;13(1):1.

 https://doi.org/10.3390/antibiotics13010001

https://doi.org/10.3390/antibiotics13010001


Swamy, et al.: Biofilm- forming ability and antibiotic resistance profiles of clinical Pseudomonas aeruginosa isolates

Asian Journal of Medical Sciences | Sep 2024 | Vol 15 | Issue 9 131

Authors’ Contributions:
MAS- Concept and design of the study, results interpretation, review of the literature, preparing the first draft of the manuscript, statistical analysis and 
interpretation, and revision of the manuscript; KBM- Concept and design of the study, results interpretation, review of the literature and preparing the first 
draft of the manuscript, and revision of the manuscript; NRK- Concept and design of the study and review of the literature and preparing the first draft of the 
manuscript; KV- Concept and design of the study, results interpretation, review of the literature and preparing the first draft of the manuscript, statistical analysis 
and interpretation

Work attributed to:
Nimra Institute of Medical Sciences, Vijayawada, Andhra Pradesh, India

Orcid ID:
M Anjaneya Swamy-  https://orcid.org/0009-0008-5718-8135
Kanumuru Balu Mahendran-  https://orcid.org/0009-0008-8991-1260
Nethala Ravi Kumar-  https://orcid.org/0000-0002-9231-6947
Ketha Venkateswarlu-  https://orcid.org/0000-0001-9830-355X

Source of Support: Nil, Conflicts of Interest: None declared.

https://orcid.org/0009-0008-5718-8135
https://orcid.org/0009-0008-8991-1260
https://orcid.org/0000-0002-9231-6947
https://orcid.org/0000-0001-9830-355X

