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Abstract
Multidrug resistant Pseudomonas aeruginosa is an alarming and emerging public health problem 
globally across the developing countries. Pseudomonas aeruginosa is still a major cause for nosocomial 
infection and approx 10-20% of these patients are admitted to the ICU's. Bacterial isolates those are 
biofilm producers are more drug resistant than biofilm Non-producers. The aim of the present study 
was to evaluate the production of biofilm and β-lactamases (ESBL, MBL, AmpC) in multi drug resistant 
Pseudomonas aeruginosa isolated from ICU patients. The present cross-sectional prospective study 
was carried out in the Department of Microbiology, Santosh Medical College & Hospital, Ghaziabad, 
Uttar-Pradesh, India. A total of 115 isolates of P. aeruginosa were isolated from 502 clinical samples.  
After confirmation of MDR status of P. aeruginosa further processing for biofilm and beta lactamases 
was performed accordingly. Biofilm production was done by test tube method and tissue culture plate 
method along with phenotypic profiling of ESBL, MBL and AmpC was performed by disc potentiation 
test; IMP-EDTA combined disc test and Cefoxitin Cloxacillin Double Disc synergy test (CC-DDST) 
respectively. Out of 502 total human clinical samples 115 isolates were Pseudomonas aeruginosa giving 
the prevalence rate of 23%. Among 115 isolates of P. aeruginosa 60 (52%) were MDR phenotypes, Out 
of 60 MDR isolates 23 (38.3%) were ESBL producers, 22 (36.6%) were MBL producers, and 3(5%) were 
AmpC producers. Out of total 115 isolates 68(59%) isolates were biofilm producers and 47 (40.8%) were 
biofilm non-producers. Strict antibiotic policies with early detection of beta lactamases and detection 
of biofilm production should be performed regularly for all clinical isolates of Pseudomonas aeruginosa 
so as to guide antibiotic selection along with better management of severe infection in ICU patients.
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iNtRODUCtiON
 Multidrug resistant Pseudomonas 
aeruginosa is an alarming and emerging public 
health problem across the developing countries.1 

It is mainly responsible for mortality in humans.2 
Pseudomonas aeruginosa is still a major cause for 
nosocomial infection and approx 10-20% of these 
patients are admitted to the ICU's.3 It is one of 
the most frequent gram negative non fermenting 
pathogen that is seen in ICU patients. It is known to 
be associated with Urinary tract infection, Surgical 
site infection, Pneumonia and bacteremia. The 
severity of infection increases when the patient’s 
immune system impedes.4

 Biofilm is described as a structural 
community of bacterial cells bounded in self 
founded polymetric matrix adherent to biotic 
or abiotic surface.5 Biofilm formation is the 
key factor which is responsible for the chronic 
infection by Pseudomonas aeruginosa and other 
microorganisms. Biofilm is a complex composition 
of bacterial cells lodged in an extracellular matrix 
which is made up of proteins, extracellular 
DNA & exopolysaccharides. It is a safeguard for 
bacterial cells, which is very difficult to manage by 
antibacterial compounds.6 Bacterial isolates those 
are biofilm producers are more drug resistant than 
biofilm nonproducers. Some previous studies 
have shown that the Pseudomonas aeruginosa 
isolates that are biofilm producers are resistant 
to Ceftazidime, Ciprofloxacin & Tobramycin 
antibiotics at concentrations more than those 
necessary to kill planktonic bacteria.7,8

 Antibacterial drug has less access due to 
impaired diffusion through biofilm matrix. Drug 
resistant strains of Pseudomonas aeruginosa show 
a high level of intrinsic resistance to antimicrobial 
drugs with the help of efflux pump, biofilm 
formation amino glycoside modifying enzymes 
and sometimes by mutation of chromosomal 
genes (ESBL & AmpC hyper expression).9 The 
potentiality of P. aeruginosa to produce variety of 
drug resistance mechanism has led to evolution 
of drug resistant phenotypes. This poses as a 
challenge to clinician for the treatment of such 
kind of severe infection. This type of situation 
draws attention for the detection of phenotypes 
those are producing different kind of mechanism 
for the drug resistance to avoid treatment failure 

and hospital acquired infection.10 The aim of the 
present study was to evaluate the production of 
biofilm and β-lactamases (ESBL, MBL, AmpC) in 
multi drug resistant Pseudomonas aeruginosa 
isolated from ICU patients.

MATERIALS AND METHODS
 The present cross-sectional prospective 
study was carried in the department of 
Microbiology, Santosh Medical College & Hospital, 
Ghaziabad, Uttar-Pradesh, India. The study was 
carried out for a period of two years i.e. from 
January 2019 to February 2021. Permission from 
Institutional Ethics Committee (IEC) was taken 
before carrying out the study (Reference No: 
SU/2021/092).3 Written informed consent was 
taken from all participants of the study. 
Sample Collection and Processing
 A total of 502 patient’s samples those 
were admitted in the ICU were enrolled in the 
study. Different clinical samples like ET aspirate, 
Blood, Pus, and Urine were collected with 
aseptic precaution in sterile universal container 
and were directly sent to the Microbiology 
laboratory as early as possible, samples were kept 
in refrigerator at 2-8°C temperature in case of 
inevitable situation. All Pseudomonas aeruginosa 
isolates were identified by conventional methods 
as per standard microbiology laboratory protocol 
and finally identified by observing the culture 
characteristic on routine laboratory culture 
media namely blood agar & MacConkey agar 
plates. Bacterial colonies showed Non-lactose 
fermenting pale colour colonies on MacConkey 
agar plates and were oxidase test positive and 
on nutrient agar pigmented and non-pigmented 
colonies with oxidase positive were found. Species 
level identification was performed with the help 
of manual biochemical test methods and finally 
pure isolates of Pseudomonas aeruginosa were 
used for further investigation. Standard operating 
procedure for the isolation and identification of 
bacteria were followed.11

Antimicrobial Susceptibility Testing (AST)
 AST was performed for all clinical isolates 
by standard Kirby-Bauer disc diffusion method 
on Mueller Hinton agar (Hi-media labs, Mumbai, 
India). Pseudomonas aeruginosa control strain 
ATCC (American Type culture collection) 27853 
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were used during the study. Zone of inhibition was 
interpreted according to Clinical and Laboratory 
Standard Institute (CLSI) guidelines.12 MDR type 
is defined as P. aeruginosa. that are resistant to 
more than one antimicrobial agent in 3 or more 
antimicrobial categories.3

Phenotypic characterization of biofilm production 
 All bacterial isolates were tested by the 
following two methods for detection of biofilm 
formation (Tissue culture plate method and Tube 
adherence method):
Test tube method (Tube adherence method)
 Tube method was performed according 
to Christensen et al. In this, loopful of bacterial 
culture (ATCC-27853) from overnight culture plate 
was inoculated into a test tube containing brain 
heart infusion broth (BHI) and incubated at 37°C 
for 24 hrs after incubation broth was discarded 
and cleaned/decanted with PBS (Phosphate buffer 
saline) pH (7.3) and dried at room temperature 
after drying tube were stained (treated) with 0.1% 
crystal violet for half an hour and then washed with 
water. Tubes were considered as positive if the side 
wall and bottom of the tube lined with visible film 
and reported as absent, Moderate or strong.13

Tissue culture plate method
 TCP method was performed as described 
by Christensen et al.14 Bacterial colony from fresh 
culture plate of blood agar is inoculated into 
the glass test tube containing 2 ml of trypticase 
soya broth (TSB) with 1% glucose and incubated 
at 37°C for 24 hrs in stationary condition after 
incubation culture is diluted (1:100) with fresh TSB 
medium and 200μl from each tube is inoculated 
in to each wells of flat bottom polystyrene tissue 
culture plate without sealing the plate for proper 
aeration and in the similar way control organism 
were also inoculated in culture plate. TSB without 
bacterial cells is used as a negative control to 
check the sterility and non specific binding. After 
overnight incubation at 37°C content of each well 
was removed gently by tapping the plates on 
filter paper. The wells were washed with 200μl 
phosphate buffer saline (PBS) with pH 7.2 to 
remove the floating bacterial cells. After drying 
process fixation of wells was done by adding 2% 
sodium acetate for 5 minutes and stained with 
1% crystal violet for 15 Minutes and then rinsed 
with deionized water. Plates were kept for drying 

at room temperature for 1 hour after which the 
optical densities was read with ELISA reader at 570 
wave length optical density. Test was performed 
in triplicates and average of three OD values was 
taken. The OD values of each well were interpreted 
according to Table 1.
Phenotypic detection of ESBL
 Bacterial inoculum was prepared and 
lawn culture was made on MHA plates, after 
drying for 15 minutes disc of Ceftazidime and 
Ceftazidime+Calvulinic acid (disk potentiation test) 
were incorporated on MHA plates. After overnight 
incubation at 37°C plates were interpreted as 
ESBL positive if the zone size was ≥5mm for 
Ceftazidime+Calvulinic in comparison to zone size 
of Ceftazidime alone.15

Phenotypic detection of MBL
 The IMP-EDTA combined disc test: 
Bacterial inoculum was prepared and lawn culture 
was made on MHA plates, after 15 minutes of 
drying the 2 Imipenem disc one with 10 µL of EDTA 
(750 µg) and the other disc without EDTA were 
placed on MHA culture plate 30mm apart and 
incubated overnight at 37°C, a ≥7mm increase in 
the zone size in IMP+EDTA disc was considered as 
MBL positive strain.16

Phenotypic detection of AmpC β-lactamase
Cefoxitin Cloxacillin Double Disc Synergy Test 
(CC-DDST)
 The principle of this method is based on 
inhibitory effect of Cloxacillin on AmpC production. 
Bacterial inoculum was prepared and lawn culture 
was made on MHA plates, after 15 minutes of 
drying two antibiotic discs one of Cefoxitin (30ug) 
and other disc of Cefoxitin (30ug)/Cloxacillin 
(230ug) were placed on MHA culture plates 24mm 
apart with centers and incubated overnight at 
37°C. A difference of ≥4mm in the inhibition zone 
of cefoxitin /cloxacillin and cefoxitin disc was 
considered as AmpC producers.17

Table 1. Classification of bacterial adherence by TCP 
method

Mean OD value Adherence Biofilm formation

<0.120 Weak Weak
0.120-0.240 Moderate Moderate
≥0.240 Strong High

TCP: Tissue culture plate; OD: Optical densities.
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Inhibitor-Based Method
 Microbial inoculum of isolates were 
prepared in normal saline and turbidity was 
maintained with 0.5 McFarland standard and 
finally inoculated evenly on MHA plates then 2 
Cefoxitin disc (30μg) with and without boronic 
acid (400 μg) were placed on dry MHA plate 
30mm apart. After overnight incubation at 37°C 
aerobically a zone size of 5mm or more around 
the disc of Cefoxitin+boronic acid compared to 
the Cefoxitin disc alone was considered as AmpC 
positive isolates.18

ResUlts
 A l l  c l in ica l  samples  received in 
microbiology laboratory were tested for the 
isolation, identification and Antibiotic sensitivity. A 
total of 115 isolates of P. aeruginosa were isolated 
from 502 clinical samples in the course of 2 year 
and all the clinical samples were non-duplicate. A 
total of 115 isolates of Pseudomonas aeruginosa 
was isolated from 502 clinical samples giving the 
prevalence rate of 23%. Out of 115 P. aeruginosa 
isolates 60 (52%) were MDR phenotypes, 
maximum number of MDR isolates were procure 
from endotracheal aspirates followed by urine, 
pus and blood among these samples ET aspirates 
& urine samples were considered for the majority 
of the positive isolates and it has been shown in 
Table 2. In this study qualitative and quantitative 

method was conducted for the detection of 
biofilm production. Out of 60 MDR isolates, 23( 
38.3%) were ESBL producers, 22 (36.6%) were MBL 
producers, and 3 (5%) were AmpC producers
Biofilm Production
 In our study qualitative and quantitative 
method was conducted for the detection of 
biofilm production. Among 115 isolates of P. 
aeruginosa 109 (94.7%) isolates were producing 
biofilm and rest of 06 (5.2%) isolates were non 
biofilm producers. Out of total 60 MDR isolates 
59 (98.3%) isolates were biofilm producers and 01 
(1.6%) were biofilm non-producer. Among 60 MDR 
clinical isolates 59 (98.3%) were biofilm producers 
by tissue culture plate method and 53(88.3%) 
were biofilm producers by test tube method. 
Table 3 shows the comparison of Tube method 
and Tissue culture plate method results for biofilm 
production. Table 6 shows the comparison of 
results of biofilm detection by different methods 
documented in previous studies.
Demographic distribution
 Out of 60 MDR phenotypes, 41 were 
isolated from male patients and 19 were isolated 
from female patients and maximum numbers of 
cases were from the population between 31-50 
years age group.
Drug resistance pattern of MDR P. aeruginosa
 In our results, the highest resistance 
for MDRPA was found to be for Gentamicin 

Fig. 1. Biofilm production of MDRPA
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followed by Ceftazidime, Cefepime, Ciprofloxacin, 
Amikacin, Piperacillin, Ticarcillin/Calvulinic acid 
Piperacillin –Tazobactam and least resistance 
was found to be for Meropenem and Imipenem. 
Table 4 & 5 shows the resistance pattern of MDR 
Pseudomonas aeruginosa against various anti 
pseudomonal drugs and antibiotic resistance 
pattern of Pseudomonas aeruginosa in relation 
to biofilm production.
Correlation between biofilm and multi drug 
resistance profile
 In our study we have performed 
qualitative and quantitative methods for biofilm 
detection. Among them, tissue culture method 
(Quantitative) is more sensitive and reliable as 
shown in Table 3/Fig. 1. According to tissue culture 
plate method out of 60 MDR P. aeruginosa isolates 

44 (73.3%) isolates were strong biofilm producers 
and 15 (25%) were moderate biofilm producers 
and 01 (1.6%) were weak biofilm producers. As 
per test tube method out of 60 MDR P. aeruginosa 
isolates 37 (61.6%) isolates were strong biofilm 
producers and 16 (13.9%) were moderate biofilm 
producers and 07 (11.6%) were weak biofilm 
producers.

DisCUssiON
 MDR P. aeruginosa is an emerging 
pathogen and has become a serious threat 
in recent years and the treatment of these 
resistant phenotypes is very challenging task 
for the clinicians.26 The prevalence rate of 
Pseudomonas aeruginosa in our study was 23% 
which was higher to 14.7% rate reported by Gill 
J.S. et al.3 However, Gupta R. et al.9  obtained the 
prevalence rate of 28%, while lower prevalence 

Table 4. The resistance pattern of MDR Pseudomonas 
aeruginosa against various anti pseudomonal drugs

Drug(Potency in MDR P. aeruginosa
microgram)  N (%)

Colistin(10mcg) Nil
Amikacin(30mcg) 46(76%)
Piperacillin -Tazobactam 23(38%)
(100mcg/10mcg)
Piperacillin (100mcg) 36(60%)
Gentamicin(10mcg) 51(85%)
Meropenem(10mcg) 10(16%)
Imipenem(10mcg) 11(18%)
Ciprofloxacin(5mcg) 48(80%)
Ticarcillin/Calvulinic acid 29(48%)
(75mcg/10mcg) 
Azetronam(30mcg) 46(76%)
Cefepime(30mcg) 48(80%)
Ceftazidime(30mcg) 52(86%)
Polymyxin B(300 Units) Nil

Table 5. Antibiotic Resistance pattern of Pseudomonas 
aeruginosa in relation to biofilm production

Drug Biofilm Non-Biofilm
(Potency in Producers producer 
microgram)  N (%) N (%)

Colistin(10mcg) Nil Nil
Amikacin(30mcg) 30(65.2%) 16(34.7%)
Piperacillin -Tazobactam 19(82.6%) 4 (17.3%)
(100mcg/10mcg)
Piperacillin (100mcg) 29(80.5%) 7(19.4%)
Gentamicin(10mcg) 32(62.7%) 19(37.2%)
Meropenem(10mcg) 8(80%) 2(20%)
Imipenem(10mcg) 8(72.7%) 3(27.2%)
Ciprofloxacin(5mcg) 30(62.5%) 18(37.5%)
Ticarcillin/Calvulinic acid 22(75.8%) 7(24.1%)
(75mcg/10mcg)
Azetronam(30mcg) 28(60.8%) 18(39.1%)
Cefepime(30mcg) 18(37.5%) 30(62.5%)
Ceftazidime(30mcg) 23(44.2%) 29(55.7%)
Polymyxin B(300 Units) Nil Nil

Table 2. Sample wise distribution of MDR Pseudomonas 
aeruginosa isolates

Sample type MDR Pseudomonas 
 aeruginosa (%)

ET aspirate 26(43)
Pus 12(20)
Urine 18(30)
Blood 2(3)
BAL fluid 2(3)
Total 60

Table  3. Comparison of Tube method and Tissue culture 
plate method results

No. of Biofilm  TCP  Tube method
Isolates Formation n (%) n (%)

N=60 Strong 44(73.3%) 37(61.6%)
 Moderate 15(25%) 16(13.9%)
 Weak/None 01(1.6%) 7(11.6%)
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rate of 2.76% was reported by Senthamarai S. 
et al.27 in Tamilnadu. Prevalence rate of MDR 
Pseudomonas aeruginosa in our study was 52% 
however, Gill J.S. obtained the prevalence rate 
of 50% in their study. Saderi H. et al.28 reported a 
prevalence rate of 54.5% for MDR Pseudomonas 
aeruginosa in Iran while Mirzaei B. et al.29 in Tehran 
found the prevalence rate of 16.5% for MDR 
Pseudomonas aeruginosa. In the current study 
MDR Pseudomonas aeruginosa phenotypes were 
most commonly procured from lower respiratory 
tract followed by urine, pus and blood samples. 
Similar results were also reported by Gupta R. et 
al.9 However, Gill J.S. et al.3 reported urine and 
wound samples considered for the majority of 
the positive isolates. Our results were also agreed 
with Prakash V. et al.30 Among 115 isolates of P. 
aeruginosa 109 (94.7%) isolates were producing 
biofilm and rest of 06 (5.2%) isolates were non 
biofilm producers In the present study among 
115 isolates of P. aeruginosa, 60 MDR isolates 
were reported among them 59 (98.3%) were 
biofilm producers and 01 (1.6%) were Non biofilm 
producers. These results were comparable to that 
of Gupta R. et al. However higher percentage of 
(85.72%) biofilm producers were also reported 
by Bankole et al.31 While lower results (29.1%) 
& (26.83%) were reported by Saha S. et al.32 and 
Kulkarni D.M et al.33 respectively. In our study 
among 59 MDR P. aeruginosa isolates maximum 
biofilm producing isolates were reported from 
blood samples, ET aspirates, BAL fluid and Urine 
samples, the similar results were also reported 
by Kulkarni D.M. et al. Comparable results were 
reported by Shrestha et al.34 and Gurung J. et 
al.35 In our study we found that male patients 

(68%) were predominant than female patients 
(32%) in case of MDRPA, these results were in 
agreement with Mirzaei et al.29 In our results, the 
highest resistance for MDRPA was found to be for 
Gentamicin followed by Ceftazidime, Cefepime, 
Ciprofloxacin, Amikacin, Piperacillin, Ticarcillin/
Calvulinic acid Piperacillin –Tazobactam and least 
resistance was found to be for Meropenem and 
Imipenem, similar results were also obtained 
from study conducted by Biswal I et al.35 in 
burn patients. For MDRPA isolates, the drug of 
choice is carbapenems but increasing resistance 
towards Carbapenems is now a serious threat. In 
our study the resistance pattern for Imipenem 
& Meropenem was lowest as 18% and 16% 
respectively. The drug resistance patterns showed 
in the present study revealed that >50% isolates 
were resistant to fluoroquinolones, gentamicin, 
cephalosporin’s and aminoglycosides. The 
treatment and management options for such type 
of bacterial strains are limited which may result in 
treatment failures and thereby causing significant 
morbidity and mortality. The good efficacy of the 
carbapenems as it is an effective antibiotic in the 
management of nosocomial infections and it is 
found to be the precious weapon against MDRPA 
infections. In the current study, MDRPA isolates 
showed the lowest resistance to carbapenems, 
whereas Piperacillin alone showed a resistance 
rate of 60% whereas beta-lactam/beta-lactamase 
inhibitor Pipercillin/Tazobactam showed a lower 
resistance of 38% only, indicating that beta-
lactamase inhibitor markedly increases the 
spectrum of activity of betalactams, which makes 
the combination drug the preferred choice against 
P. aeruginosa infections. In our study we reported 

Table 6. Comparison of results of biofilm detection by different methods documented in previous studies

No. Study   TCP method   TM method
 

   Strong Moderate Weak Strong Moderate Weak

1. Mathur et al.19  14.4% 39.4% 46.7% 11.8% 29.6% 58.5%
2. Nagaveni et al.20  41.6% 33.4% 25% 50% 25% 25%
3. Vishnuprasad et al.21 52.4% 14.2% 33.3% 52.4% 33.3% 14.2%
4. Hassan et al.22  22.7% 41% 36.3% 19% 30% 51%
5. Panda et al.23  11.0% 34.7% 54.3% 10.7% 29% 60.3%
6. Ram et al.24  14.04% 50.88% 35.09% 12.28% 50.88% 36.84%
7. Triveda et al.25  21.8% 17.1% 16.4% 10.9% 10.9% 7.8%
8. Present Study  68.6% 26% 5.2% 65.3% 22% 12.5%
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the resistance pattern of biofilm producing clinical 
isolates of P. aeruginosa with maximum resistance 
against Carbapenems, Piperacillin-Tazobactam, 
Ticarcillin-Calvulinic acid, Monobactam group 
and Amikacin. Our results were in agreement 
with Kulkarni and Saha S. et al.32,33 respectively. In 
our study we found that the overall prevalence of 
ESBL, MBL and AmpC was 23 (38.3%), 22 (36.6%) 
and 3 (5%) respectively our results were agreed 
with Shrivastava G. et al.36 However, Sarkar S. 
et al.37 Production of multiple β-lactamases by  
P. aeruginosa is therapeutic challenge and there is 
a need for urgent jurisdiction to control the spread 
of such type of resistant strains. Management and 
treatment of infections caused by Pseudomonas 
spp. is less complicated than drug resistant 
ones. The problem of bacterial drug resistance 
to commonly used antibiotics is very frequent 
globally as drug resistance is a greater problem 
in developing countries especially due to easy 
availability of antibiotics over the counter. To the 
best of our knowledge, this is the first study that 
includes information regarding drug resistance 
pattern of multi drug resistant biofilm producing 
clinical isolates of Pseudomonas aeruginosa 
among ICU patients. Also, the beta lactamase 
profiling has been included in this study which is 
a very crucial factor to be detected early for the 
better treatment of such infections. Tissue culture 
plate method is more sensitive and specific test as 
compared to Tube method as shown in Table 6. 

CONClUsiON
 There is a need for urgent jurisdiction 
to control the spread of such type of resistant 
strains and strict antibiotic policies and regular 
surveillance programme of antimicrobial resistance 
should be tailored to fend off the emergence of 
drug resistant Pseudomonas aeruginosa. Colistin 
& Polymyxin B still shows high sensitivity against 
multi drug resistant Pseudomonas aeruginosa 
phenotypes. Early detection of beta lactamases 
and detection of biofilm production should be 
performed regularly for all clinical isolates of 
Pseudomonas aeruginosa to guide antibiotic 
selection and for the better management of severe 
infection in ICU patients.
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