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INTRODUCTION 

Pseudomonas aeruginosa is a Gram-negative ubiquitous 

bacterium present in a variety of environmental niches 

including soil, water and can be isolated from various 

living sources, including plants, animals and humans. 
[1]

 

P. aeruginosa has emerged as one of the leading causes 

of nosocomial infections. It has been implicated in 

variety of infections such as urinary tract infections, 

respiratory infections, otitis media, skin and soft tissue 

infections, bone and joint infections and bacteremia. 

They can cause serious systemic infections particularly 

in people with compromised immune systems including 

burn sufferers, cystic fibrosis, cancer and AIDS. 
[2,3]

  

Moreover, colonization of ventilators, invasive devices 

and catheters by P. aeruginosa has also been commonly 

reported as a major cause of infection outbreaks in 

hospital settings.
[4,5] 

 

Infections due to P. aeruginosa are difficult to eradicate 

because of their elevated intrinsic resistance as well as 

their capacity to acquire resistance to different 

antibiotics. 
[6]

 Mechanisms of resistance in P. aeruginosa 

includes over expression of efflux pump, acquisition of 

extended spectrum β-Lactamases (ESBLs) and Metallo-

β-Lactamases (MBLs), target site or outer membrane 

modification, porin mutations and plasmid enzymatic 

modification. 
[7] 

Among them, production of ESBL is the 

most common resistant mechanisms documented. ESBL 

enzymes reported in P. aeruginosa are PER-1, VEB-1, 

VEB and some rare isolates TEM-4, TEM-21, TEM-24, 
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ABSTRACT 

Background: Pseudomonas aeruginosa is a Gram-negative ubiquitous bacterium which has emerged as one of 

the leading cause of nosocomial infections. This bacterium has an ability to form biofilm. Antimicrobial resistance 

is the innate feature of the biofilm producing P. aeruginosa. Production of extended spectrum β-lactamase (ESBL) 

enzyme is one of the common antimicrobial resistance mechanisms observed in P. aeruginosa. Therefore, the 

objective of this study was to determine the correlation of biofilm formation with multidrug resistance and ESBL 

production in P. aeruginosa. Methods: The study was carried out in the Department of Microbiology of a tertiary 

care hospital located in central Nepal. A total of 55 strains of P. aeruginosa isolated from clinical samples such as 

pus/wound, blood, sputum, endotracheal tube and urine were identified by standard microbiological techniques. 

The isolates were further tested for antimicrobial susceptibility by Kirby-Bauer disk diffusion method on Mueller 

Hinton agar as per CLSI guidelines. The isolates were considered multidrug resistant (MDR) when they were non-

susceptible to ≥ 1 agent in ≥ 3 antimicrobial categories. Biofilm formation was detected by microtitre culture plate 

method. ESBL production was screened and further confirmed by disk diffusion methods. Results: Biofilm 

formation was detected in 76.4% of P. aeruginosa. Resistance to cephalosporins; 3
rd

 and 4
th

 generations, and 

aztreonam were significantly higher in biofilm producers than in biofilm non-producers. All the isolates were 

sensitive to polymyxin B. Among the biofilm producers, 40.5% were MDR isolates. All the biofilm non-producers 

were non-MDR isolates. 50% biofilm producers were ESBL producers whereas only 7.7% biofilm non-producers 

were ESBL producers. Significant association was found to exist between biofilm formation and development of 

multidrug resistance and ESBL production in P. aeruginosa. Conclusion: P. aeruginosa has high tendency to 

form biofilm which is strongly associated with multidrug resistance and the ESBL production.  
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TEM-42, SHV-2a and SHV-12. 
[8]

 3
rd

 and 4
th

 generation 

cephalosporins are considered to be effective against 

various infections caused by P. aeruginosa, however, 

production of ESBLs confer resistance to all β-lactams 

except for the carbapenem family. 
[9]

 Therefore, 

nosocomial infections caused by these organisms 

complicate therapy and limit treatment options. 
[10] 

 

P. aeruginosa can form biofilms that markedly increase 

antibiotic resistance.
[11]

 Biofilms are the population of 

cells embedded in an extracellular matrix consisting of 

an outer membrane protein, pili, exopolysaccharides 

(EPS) and nucleic acids. 
[12] 

They have an enormous 

impact on healthcare, and are estimated to be associated 

with 65% of nosocomial infections. 
[13] 

Bacteria within 

biofilms are protected from environmental stresses as 

well as from the host immune system and antimicrobials. 

P. aeruginosa produces three exopolysaccharides that 

contribute to the biofilm matrix: alginate, Psl, and Pel. 

Alginate confers additional protection to antimicrobials 

and the immune system while Psl and Pel contribute to 

aggregation and adherence. 
[12,14]

  

 

A serious concern is that intrinsic resistance to 

antimicrobial agents dramatically increases when P. 

aeruginosa forms the biofilm. 
[15]

 The biofilm not only 

protects the bacteria from antimicrobial agents but also 

assists for exchange of nutrients and genetic material. 
[16] 

 

In the present study, we aimed to determine the 

correlation of biofilm formation with multidrug 

resistance and ESBL production in P. aeruginosa.  

 

MATERIALS AND METHODS 

A cross sectional study was carried out in the 

Department of Microbiology, Chitwan Medical College 

Teaching Hospital (CMCTH), a tertiary care hospital of 

central Nepal from April 2014 to September 2014. A 

total of 55 strains of P.aeruginosa isolated from clinical 

samples such as pus/wound, blood, sputum, endotracheal 

tube (ET) and urine were identified by standard 

microbiological techniques. 
[17] 

The isolates were further 

tested for antibiotic susceptibility by Kirby-Bauer disk 

diffusion method on Mueller Hinton agar as per CLSI 

guidelines. 
[18] 

These isolates were subjected to detection 

of biofilm formation by microtitre culture plate method 

(TCP). 

 

Biofilm detection by microtitre culture plate method 

(TCP) 
[19]

  

Overnight grown cultures of P. aeruginosa from agar 

plates were inoculated in trypticase soy broth (TSB). 

Stationary-phase 18-hr cultures of P. aeruginosa were 

diluted 1:100 with fresh TSB. Individual well of sterile 

polystyrene 96 wells flat bottom tissue culture plates 

were filled with 200µl of diluted culture broth. 

Uninoculated broth was considered as negative control. 

The plates were incubated at 37˚C for overnight. After 

24-hr of incubation, content of each well was gently 

discarded by tapping the plates downwards. The wells 

were washed three times with 200 µl of PBS (pH 7.2) in 

order to remove planktonic bacteria. Adherent bacteria 

were fixed with 99% methanol for 10-15 min. After 

drying the plates, stained for 10min with 0.1% crystal 

violet (CV). Excess stain was removed by washing the 

wells with distilled water and plate was kept for drying at 

an inverted position. After the plate was air dried, the 

dye bound to the adherent cells was resolubilized with 

160 µl of 95% ethanol. The OD of each well was 

measured at 570 nm using ELISA reader (Human). 

These OD values were taken as index of bacteria that 

adhered the surface and formed biofilm. Experiments 

were carried in triplicate and their mean was taken for 

the analysis. Interpretation of biofilm production was 

done according to the criteria of Stepanovic et al. 
[20] 

 

Antimicrobial susceptibility test 

The antimicrobial susceptibility test was performed by 

the standard disk diffusion technique (modified Kirby-

Bauer method) and interpreted as per CLSI
 
guidelines. 

[18] 
The following antimicrobial agents were 

tested: amikacin (30 µg), aztreonam (30µg), cefepime 

(30µg), cefotaxime (30 µg), ceftazidime (30µg), 

ciprofloxacin (5µg), polymyxin B (300units), ertapenem 

(10µg), gentamicin (10µg), imipenem (10µg), 

levofloxacin (5µg), meropenem (10 µg), netillin (30µg), 

piperacillin/tazobactam (100/10 µg), tobramycin (10 µg), 

(Hi-media Laboratories India). The isolates were 

considered multidrug resistant (MDR) when they were 

non-susceptible to ≥ 1 agent in ≥ 3 antimicrobial 

categories. 
[21] 

 

Screening of ESBL production by standard disk 

diffusion method 

According to the CLSI recommendation, 
[18]

 ESBL 

production was screened using two disks, ceftazidime 

(30µg) and cefotaxime (30 µg). An inhibition zone of 

≤22 mm for ceftazidime and ≤27 mm for cefotaxime 

indicated a probable ESBL producing strain which was 

further confirmed by phenotypic confirmatory test. 

 

Confirmation of ESBL production by double disk 

synergy test 

 ESBL production was phenotypically confirmed by 

double disk synergy test. 
[22]

 Test inoculum was spread 

by lawn culture on MHA. Augmentin disk (20/10 μg) 

was placed at the center and cefepime (30 µg), 

ceftazidime (30 µg), and aztreonam (30µg) disks were 

placed at distance of 15-20 mm (center to center). The 

plates were incubated overnight at 37 . Distance was 

maintained properly in order to accurately detect the 

synergy. ESBL production was detected when synergy 

was observed between the inhibition zones of 

cephalosporins and augmentin disk.  
 

Statistical Analysis 

SPSS software (SPSS Inc no.17) was used for data 

analysis. Chi-square (χ2) test was used for analysis of 

categorical data. A P-value of < 0.05 was considered 

statistically significant. 
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RESULTS 

Detection of biofilm formation by TCP method: 

Of the 55 isolates of P. aeruginosa in the present study, 

biofilm formation was detected in 42 isolates (76.4%) 

(table 1). 

 

 

 

Table 1: Detection of biofilm formation by TCP method 

 No. (%) of isolates 

Biofilm producers 42 (76.4) 

Biofilm non-producers 13 (23.6) 

Total  55 (100) 

 

Distribution of biofilm producing isolates in various 

specimens 

All 4 isolates (100%) obtained from ET, 4/5 (80%) from 

urine, 21/27 (77.8%) from sputum, 9/13 (69.2%) from 

pus and 4/6 (66.7%) from blood were biofilm producers 

(table 2). 

 

Table 2: Distribution of biofilm forming isolates in various specimens 

Specimens No. (%) of biofilm producers 

ET tube (n=4) 4 (100) 

Urine (n=5) 4 (80) 

Sputum (n=27) 21 (77.8) 

Pus (n=13) 9 (69.2) 

Blood (n=6) 4 (66.7) 

Total (n=55) 42 (76.4) 

Abbreviation: ET tube-Endotracheal tube 

 

Antimicrobial resistance pattern of the isolates 

Out of 15 antibiotics tested, resistance to 3
rd

 and 4
th

 

generations cephalosporins and aztreonam was found 

significantly higher in biofilm producers than in biofilm 

non-producers. Resistance to the rest of the antibiotics 

was higher (but not statistically significant) in biofilm 

producers than in non-biofilm producers. All biofilm 

forming and biofilm non forming isolates were sensitive 

to polymyxin B (table 3). 

 

Table 3:  Antimicrobial resistance profile of P. aeruginosa 

Antibiotics No. (%) of BPs (n=42) No. (%) of BNPs (n=13) P value 

Aminoglycosides 

Amikacin (30µ g) 1 (2.4) 0 (0) 0.574 

Gentamicin (10µ g) 2 (4.8) 0 (0) 0.423 

Netillin (30µ g) 3 (7.1) 0 (0) 0.322 

Tobramycin (10µ g) 2 (4.8) 0 (0) 0.423 

Antipseudomonal penicillins with β lactamase inhibitor 

Piperacillin/tazobactam(100/10µ g) 12 (28.5) 2 (15.4) 0.34 

Carbapenem 
   

Meropenem (10µ g) 9 (21.4) 0 (0) 0.068 

Imipenem (10µ g) 1 (2.4) 0 (0) 0.574 

Ertapenem (10µ g) 2 (4.8) 0 (0) 0.423 

Extended spectrum cephalosporins 

Cefotaxime (30µ g) 22 (52.4) 1 (7.7) 0.004 

Ceftazidime (30µ g) 24 (57.1) 1 (7.7) 0.002 

Cefepime (30µ g) 21 (50.0) 1 (7.7) 0.007 

Fluoroquinolones 

Ciprofloxacin (5µ g) 8 (19.0) 0 (0) 0.089 

Levofloxacin (5µ g) 3 (7.1) 0 (0) 0.322 

Monobactam 
   

Aztreonam (30µ g) 22 (52.4) 1 (7.7) 0.004 

Colistin 0 (0) 0 (0) 
 

Abbreviations: BPs-Biofilm producers, BNPs-Biofilm non producers 

Note: Bold P value indicates significant value 
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Correlation of biofilm formation with multi-drug 

resistance 

Of 42 biofilm forming isolates, 17 (40.5%) were detected 

as MDR isolates, whereas all biofilm non-producers as 

non-MDR isolates. Thus, multidrug resistance seen in 

biofilm producers was statistically significant (P value ≤ 

0.05) (table 4). 

 

Table 4: Correlation of biofilm formation with multi-drug resistance 

 

No. (%) of biofilm producers 

(n=42) 

No. (%) of biofilm non-producers 

(n=13) 
P value 

MDR isolates 17 (40.5%) 0 (0) 0.006 

Abbreviation: MDR-Multidrug resistant 

 

Correlation of biofilm formation with ESBL 

production 

Out of the 42 biofilm forming isolates, 21 (50%) were 

found to be ESBL producers. Only 1/13 biofilm non-

producing isolate (7.7%) was ESBL producer. Thus, 

ESBL production in biofilm producers was statistically 

significant (P value ≤ 0.05) compared to that in biofilm 

non producers. (table 5). 

 

Table 5: Correlation of biofilm formation with ESBL production 

 Biofilm producers (n=42) Biofilm non-producers (n=13) P value 

ESBL 

producing isolates  
21 (50%) 1 (2.4%) 0.007 

Abbreviation: ESBL-Extended spectrum beta-lactamase 

 

DISCUSSION 

P. aeruginosa is an opportunistic nosocomial pathogen 

and has a tendency to cause various chronic infections 

mostly due to its potential to form biofilms. 
[23] 

 

TCP is recommended method of biofilm detection due to 

its reliability, accuracy and cost effective procedure. 
[24]

 

The method revealed that 76.4% isolates of P.aeruginosa 

in the present study were biofilm producers. Our results 

were consistent to the findings of Maita et al 
[25]

 (79.4%) 

and Saxena et al 
[26]

 (80%). Another study from Nepal 

also detected 3/4 (75%) isolates of P.aeruginosa as 

biofilm producers by the similar method. 
[27]

 Varying 

degrees of biofilm forming abilities of this organism 

have been revealed by other studies- 43.5% by Heydari 

et al, 
[28]

 64.7% by Hassan et al, 
[29 

and 96% by 

Jabalameli et al. 
[30]

 The difference in the size and origin 

of the samples  may be the important reasons for the 

variation in the results.  

 

In our study, all the isolates (100%) of P.aeruginosa 

obtained from ET tube followed by 80% from urine, 

77.8% from sputum, 69.2% from pus and 66.7% from 

blood were able to form biofilm. Biofilm formation on 

the ET tube is facilitated by multiple factors, including 

the polyvinylchloride plastic surface of the ET tube, the 

lack of host defense mechanisms in the inner lumen and 

the accumulation of tracheobronchial secretions. 
[31]

  In a 

similar study conducted by Maita et al, 
[25]

 100% isolates 

of P. aeruginosa from blood, 88.6% from urine, 73.7% 

from sputum and 77.5% from pus produced biofilm. This 

indicates that biofilm production in P. aeruginosa is not 

limited to device (such as ET tube) related infections, but 

is also associated with wide variety of infections. 

  

Extracellular matrix of the biofilm acts as a barrier for 

any antibiotics and increases resistance to these 

antibiotics. 
[32]

 Our results showed that biofilm producing 

P.aeruginosa were significantly more resistant to 

ceftazidime, cefotaxime, cefepime and aztreonam 

compared to biofilm non producers (p<0.05). However, 

resistance to gentamicin, tobramycin, amikacin, netillin, 

imipenem, meropenem, ciprofloxacin and levofloxacin 

was shown only by biofilm producers but not by all the 

biofilm non-producers. Polymyxin B was found to be the 

most effective antibiotic for both biofilm producers and 

non-producers, both of which exhibited 100% sensitivity, 

this finding being similar to the observation of Kalaivani 

et al. 
[33] 

 

The antimicrobial resistance pattern seen in our study is 

almost comparable to the reports of Saxena et al 
[26]

 who 

observed that resistance shown by biofilm producers for 

ceftazidime was 70.4%, cefotaxime 63.6%, meropenem 

47.7%, aztreonam 43.1%, cefepime 36.3%, ciprofloxacin 

25%, piperacillin-tazobactam 15.9% and imipenem 

6.8%. However, resistance to levofloxacin detected in 

our study (7.1%) is quite lower than the report of 

Jabalameli et al 
[30]

 (79.5%) since Levofloxacin is less 

frequently prescribed drug for Pseudomonal infection in 

the present hospital. Resistance to ceftazidime (57.1%) 

and meropenem (21.4%) seen in the present study is 

similar to the report of Kaur et al 
[34]

 (56.67% and 18.3% 

respectively). 

 

P. aeruginosa display an elevated level of drug 

resistance mechanisms due to aminoglycoside-modifying 

enzymes, loss of porin proteins, and the presence of 

efflux pumps like MexAB-Opr M  and  production of 

different types of 𝛽-lactamases primarily ESBL, AmpC 

enzymes and metallocarbapenemases. 
[35]

 ESBL 

production observed in the current study (40%) is 

consistent with the finding of Begum et al 
[36] 

(39.2%) 

and Senthamarai et al 
[37]

 (45.19%). Interesting finding 

was that 50 % of biofilm forming P. aeruginosa 

produced ESBL, the result being statistically significant 
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(p<0.05) compared to ESBL production in biofilm non-

producers (2.4%). This indicates that a significant 

association exists between biofilm formation and ESBL 

production. Sometimes ESBL is co-produced with 

AmpC and MBL that cause major therapeutic failure and 

pose significant clinical challenges if remain undetected. 
[38] 

 

MDR P. aeruginosa has been reported worldwide and it 

has now been recognized to cause number of healthcare-

associated infections which are most difficult to control 

and treat. 
[39]

 In our study, 30.9% isolates of P. 

aeruginosa exhibited multi- drug resistance. This finding 

concurs with the report of a similar study conducted in 

2010 in the same place (30%). 
[40]

 Similar result was also 

reported from Pakistan in 2009 (29.24%). 
[41]

 Mostly 

mucoid strains of P. aeruginosa were found to be MDR 

causing nosocomial infections. 
[24]

 However, we did not 

differentiate mucoid and non-mucoid strains of P. 

aeruginosa in the current study. 

 

Of the biofilm forming isolates in the current study, 

40.5% were detected as MDR isolates whereas all the 

biofilm non-producers were non-MDR isolates. These 

statistically significant findings (p<0.05) indicate a 

strong association of biofilm formation with multidrug 

resistance. Our finding was also supported by the result 

of Nithyalaxmi et al 
[42]

 who showed statistically 

significant association of multidrug resistance with 

biofilm where among 48 biofilm producers, 12 (25%) 

were MDR and out of 64 non producers, only 5 (7.8%) 

isolates were MDR. Gurung et al 
[43]

  also reported that 

57% of biofilm positive P. aeruginosa showed MDR 

phenotypes. The increased resistance inside biofilms may 

be attributed to number of factors such as slow growth of 

the organism inside the biofilm, role of biofilm as a 

penetration barrier, high concentrations of b-lactamases 

and conducive environment for horizontal gene transfer.  

 

CONCLUSION 

Our study detected high propensity of P. aeruginosa to 

form biofilm which is strongly associated with multidrug 

resistance and the ESBL production. In order to 

overcome the risk associated with multi drug resistant 

pathogens, early detection of biofilm is essential. 

Therefore, we recommend regular screening of biofilm 

formation and monitoring antimicrobial resistance profile 

of P. aeruginosa. This helps us to formulate an effective 

antimicrobial strategy in a clinical setting while dealing 

with infections caused by this organism.  
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