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Background: Pseudomonas aeruginosa is an important nosocomial pathogen characterized by its innate resistance to multiple 
antimicrobial agents. Plasmid-mediated drug resistance also occurs by the production of extended-spectrum β-lactamases (ESBL), metallo 
β-lactamases (MBL), and AmpC β-lactamases. Another important factor for establishment of chronic infections by P. aeruginosa is biofilm 
formation mediated by the psl gene cluster.
Objectives: The aim of this study was to evaluate biofilm formation and presence of the pslA gene in burn isolates of P. aeruginosa as well 
as the association of antibiotic resistance, MBL, ESBL and AmpC β-lactamase production with biofilm formation among the isolates.
Materials and Methods: Sixty-two burn isolates of P. aeruginosa were obtained from Shahid Motahari Hospital in Tehran from August to 
October 2011. Antibiotic susceptibility was determined by the disc diffusion assay. MBL, AmpC and ESBL production were screened using 
the double disc synergy test, AmpC disc test and combined disc diffusion assay, respectively. The potential to form biofilm was measured 
using the microtiter plate assay and pslA gene was detected using specific primers and PCR.
Results: Biofilm formation was observed in 43.5% of the isolates, of which 66.7% produced strong and 33.3% formed weak biofilms. All 
biofilm-positive and 14.2% of biofilm-negative isolates harbored the pslA gene. MBL, AmpC and ESBL production were significantly 
higher in the biofilm-positive isolates (70.3%, 62.9% and 33.3%, respectively) compared to the biofilm-negative strains (31.4%, 34.2% and 20%, 
respectively). Overall, 19 isolates (30.6%) co-produced MBL and AmpC, among which the majority were biofilm-positive (63.1%). Finally,  four 
isolates (6.4%) had all three enzymes, of which 3 (75%) produced biofilm.
Conclusions: Biofilm formation (both strong and weak) strongly correlated with pslA gene carriage. Biofilm formation also correlated 
with MBL and AmpC β-lactamase production. More importantly, multiple-β-lactamase phenotype was associated with formation of strong 
biofilms.
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1. Background
Pseudomonas aeruginosa is an important opportunis-

tic pathogen in nosocomial infections and responsible 
for high mortality rates in burn centers (1, 2). Infections 
caused by P. aeruginosa are difficult to treat, as the majori-
ty of isolates exhibit innate resistance to several antibiot-
ics, due to poor outer-membrane permeability, constitu-
tive expression of various efflux pumps and production 
of antibiotic inactivating enzymes (3). Among these, the 
important roles of various β-lactamases such as AmpC, 
extended-spectrum β-lactamases (ESBL) and carbapen-
emases have been reported (4-6). AmpC is responsible for 
resistance to cephalosporins and ESBLs confer resistance 
to all β-lactams except for the carbapenem family. Car-
bapenemases, particularly metallo β-lactamases (MBL), 
hydrolyze all β-lactam antibiotics with the exception of 
monobactams. Coexistence of multiple β-lactamases in 
clinical isolates of P. aeruginosa is common, causing resis-
tance to almost all β-lactam antibiotics (7).

Another important factor contributing to the pathogen-

esis of P. aeruginosa in causing fatal infections is its po-
tential to form biofilms on biotic and abiotic surfaces (8). 
The bacterial populations in biofilms are usually more re-
sistant to antibiotics and host-mediated clearance strate-
gies compared to their planktonic counterparts, giving 
rise to chronic infections that are notoriously difficult 
to eradicate (9, 10). Bacteria growing in biofilms produce 
one or more extracellular polymeric matrices which hold 
the cells of the biofilm community together. Polysaccha-
rides are important components of the biofilm matrix, as 
they contribute to the overall biofilm architecture and to 
the resistance of biofilm-grown bacteria to certain anti-
bacterial agents (11).

At least three exopolysaccharides have been shown to be 
involved in biofilm formation by P. aeruginosa, including 
alginate, Psl, and Pel (12). Among these, Psl is a mannose-
rich polymer with an essential role in the initial steps of 
biofilm formation by non-mucoid P. aeruginosa as well as 
in its maintenance. Psl forms a helical structure around 
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P. aeruginosa cells which increases the cell-to-surface and 
cell-to-cell interactions necessary for biofilm formation 
(13, 14). Synthesis of Psl is mediated by the psl gene cluster 
(pslA-pslO) and pslA has been reported to be the first and 
most important gene necessary for Psl synthesis (15, 16).

2. Objectives
Due to the suggested role of pslA in the initial steps of 

biofilm formation by P. aeruginosa, we studied the asso-
ciation between biofilm formation and the pslA gene car-
riage in burn isolates of P. aeruginosa. We also evaluated 
the potential to form biofilm in relation to antibiotic 
resistance and the production of AmpC, MBL and ESBL 
β-lactamases among the isolates.

3. Materials and Methods

3.1. Bacterial Isolates
Sixty-two isolates of P. aeruginosa were collected from 

hospitalized burned patients in Shahid Motahari Hos-
pital, Iran, from August to October 2011 (17). The isolates 
were maintained in brain-heart infusion broth (Becton 
Dickinson, Franklin Lakes, NJ) containing 10% dimethyl 
sulfoxide (DMSO) at -20°C until use. The antibiotic suscep-
tibility of the isolates had been previously determined 
for 13 antibiotics by the disc diffusion method (17). Staphy-
lococcus epidermidis strains RP62A and RP62NA were used 
as positive and negative controls for biofilm production, 
respectively (18). P. aeruginosa PAO1 was used as the posi-
tive control for pslA gene amplification.

3.2. Biofilm Assay
Biofilm formation was determined by the microtiter 

plate assay, as previously reported (18). Briefly, 200 µL of 
a 1:100 dilution of each overnight grown bacterial cul-
ture in trypticase soy broth (TSB) (Merck, Germany) was 
inoculated into four wells of a 96-well flat bottomed poly-
styrene plate (Greiner Bio-One Inc., Germany). Following 
incubation at 37°C for 22-24 hours, the cultures were re-
moved and the wells were washed twice with 200 µL of 
phosphate buffered saline (PBS, pH = 7.4) and dried at 
room temperature. Biofilms were stained with 0.1% saf-
ranin (Merck, Germany) solution in water for 15 minutes 
and the plates were washed in distilled water and dried 
at room temperature. The optical density (OD) of the bio-
films was measured at 492 nm using an ELISA reader (Stat 
Fax 2100, Awareness Tech Inc., USA). Biofilm formation 
was considered negative at ODs below 0.12, weakly posi-
tive at ODs 0.12-0.24 and strong positive at ODs > 0.24 (18). 
Each test was repeated on three different days and the re-
sults were reported as the mean of the obtained values.

3.3. Detection of the pslA Gene
Genomic DNA was extracted by boiling (19). PCR ampli-

fication of the pslA gene was carried out using the follow-
ing primers: pslA-F, 5’-CACTGGACGTCTACTCCGACGATAT-3’; 
pslA-R, 5’-GTTTCTTGATCTTGTGCAGGGTGTC-3’ (Bioneer, 
Korea), generating an amplification product of 1119 bp 
(20). The reaction mixture (25 µL) contained 1 µL of the ex-
tracted DNA, 1.5 mM MgCl2, 0.4 mM of each dNTP, 10 pM 
of each primer and one unit of Taq DNA polymerase (Cin-
naGen, Iran). Amplifications were performed in a thermal 
cycler (Peqlab, Germany) using the following program: 
an initial incubation at 94°C for 10 minutes, followed by 
30 cycles of one minute denaturation at 94°C, 30 seconds 
annealing at 55°C and one minute extension at 72°C fol-
lowed by 10 minutes at 72°C. The amplification products 
were separated on 1% agarose gels, stained with Red Safe 
(Intronbio, Korea), and visualized using an image analysis 
system (UVItec, St John’s Innovation Centre, UK).

3.4. Metallo-β-Lactamase Detection
MBL production was screened by the double-disc syn-

ergy test (17). Briefly, the turbidity of overnight grown 
bacteria in Mueller-Hinton (MH) broth (Merck, Germany) 
was adjusted to McFarland standard 0.5 before inoculat-
ing MH agar plates. An imipenem disc (10 µg) was placed 
on the bacterial lawn 10 mm apart from a blank disc (edge 
to edge), to which, 10 µL of an EDTA solution (0.5 M, pH: 8) 
was added before incubation at 37°C for 24 hours. Pres-
ence of an extended growth inhibition zone between the 
two discs was interpreted as positive for MBL production.

3.5. Amp C Disc Test
AmpC disc test was carried out as described previously 

(17). Briefly, a blank disc moistened with sterile saline was 
inoculated with a few colonies of the test strain. The disc 
was then placed next to a 30-μg cefoxitin disc (Mast, UK) 
on the surface of an MH agar plate, previously inoculated 
with a lawn of Escherichia coli ATCC 25922 and incubated 
overnight at 37°C. A flattening or an indentation of cefox-
itin inhibition zone adjacent to the disc containing the 
test strain indicated AmpC β-lactamase production.

3.6. Extended-Spectrum Beta-Lactamase Detection
ESBL production was detected by the double-disc syn-

ergy test (DDST), as described before (17). Discs contain-
ing ceftazidime (30 µg) and cefepime (30 µg) were placed 
15 mm apart from an amoxicillin/clavulanic acid disc (20 
+ 10 µg) on bacterial lawns before overnight incubation 
at 37°C. ESBL production was detected when synergy was 
observed between the inhibition zones of cephalospo-
rins and amoxicillin/clavulanic acid discs. Phenotypic 
confirmatory test for ESBL production was performed by 
placing a ceftazidime disc (30 µg) alone and ceftazidime 
with clavulanic acid (10 µg) on bacterial lawns before in-
cubation at 37°C overnight. An increase of 5 mm in the 
inhibition zone around the combination disc was consid-
ered as ESBL production.
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Figure 1. Amplification of the pslA gene in Pseudomonas aeruginosa burn 
isolates by polymerase chain reaction

C+, control; L, 1 kb DNA ladder; lanes 2 to 20, some test isolates.

0

10

20

30

40

50

60

70

80

MBL AmpC ESBL

Biofilm positive

Biofilm negative

P
er

ce
n

t  
p

ro
d

u
ce

rs 

Type of β-lactamase 

Figure 2. Production of MBL, AmpC and ESBL by biofilm-positive and bio-
film-negative burn isolates of Pseudomonas aeruginosa
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Figure 3. The Association between the degree of biofilm formation and 
β-lactamase production among burn isolates of Pseudomonas aeruginosa

3.7. Data analysis
Comparison of β-lactamase production between bio-

film-negative and biofilm-forming isolates was carried 
out by the Mann-Whitney test, using SPSS V19.

4. Results
Of the 62 test isolates, 27 (43.5%) formed biofilm, of which 

18 (66.7%) were strong and 9 (33.3%) were weak producers 
with an average OD492 of 0.582 ± 0.015 and 0.194 ± 0.001, 
respectively. Presence of the pslA gene was observed in all 
biofilm producers, showing a strong association between 
pslA gene carriage and biofilm formation. Five biofilm-
negative (14.2%) isolates also carried the pslA gene. The 
amplification product of pslA gene for a number of P. ae-
ruginosa burn isolates (1119 bps) is shown in Figure 1.

No significant difference was observed between the an-
tibiotic susceptibility profiles of biofilm-positive and bio-
film-negative isolates. Production of ESBL, MBL and AmpC 
β-lactamases by non-biofilm and biofilm producers is pre-
sented in Figure 2. Among the biofilm producing isolates, 
19 (70.3%) were MBL producers, 17 (62.9%) produced AmpC, 
and 9 (33.3%) were positive for ESBL production. Produc-
tion of AmpC, MBL and ESBL in biofilm-negative isolates 
occurred in 12 (34.2%), 11 (31.4%) and 7 (20%) isolates, re-
spectively. As observed, MBL and AmpC productions were 
significantly higher in biofilm-positive strains (P = 0.003 
and P = 0.02, respectively). Coproduction of AmpC and 
MBL was significantly higher in biofilm-positive isolates 
(n = 12, 44.4%) compared to biofilm negative ones (n = 7, 
20%) (P = 0.00). Finally, three biofilm-positive (11.1%) and 
one biofilm-negative isolates (2.8%) produced all three 
β-lactamases. Phenotypic production of ESBL along with 
either AmpC or MBL was not detected.

The degree of biofilm formation in relation to 
β-lactamase(s) production is shown in Figure 3. As ob-
served, strong biofilms were formed by the isolates that co-
produced MBL and AmpC as well as the strains that had all 
three β-lactamases (OD492: 0.46 ± 0.020 and 0.36 ± 0.060, 
respectively). The isolates that produced one β-lactamase 
type formed weak biofilms (MBL producers OD492: 0.17 ± 
0.015, ESBL producers OD492: 0.15 ± 0.005 and AmpC pro-
ducers OD492: 0.13 ± 0.012). Non-β-lactamase-producing 
strains did not form biofilms (OD492: 0.043 ± 0.001).

5. Discussion
P. aeruginosa is capable of causing chronic infections 

mostly due to its potential to form biofilms (16). The hall-
marks of a mature biofilm include production of an ex-
tracellular matrix and increased resistance to antibiotics 
(11). In a recent study, 96% of P. aeruginosa burn wound iso-
lates were shown to form moderate to strong biofilms in 
vitro (21). Perez et al. showed the high potential of biofilm 
formation by clinical isolates of P. aeruginosa regardless 
of the specimen source (22). The association between the 
potential to form strong biofilms by P. aeruginosa and an-
tibiotic resistance has also been shown (23). We found no 
significant difference between the antibiotic susceptibil-
ity profiles in biofilm-positive and biofilm-negative burn 
isolates of P. aeruginosa. In this research, 43.5% of our P. 
aeruginosa burn isolates formed biofilms, the majority of 
which (66.7%) were strong biofilms.
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Presence of the pslA gene was shown as a good predic-
tor of biofilm formation in non-mucoid isolates of P. 
aeruginosa in a number of studies (13, 15, 20). We found 
that the pslA gene was present in all biofilm-producing P. 
aeruginosa burn isolates, suggesting a strong correlation 
between biofilm formation and pslA gene carriage. We 
also observed that 14.2% of the biofilm-negative isolates 
harbored the pslA gene. Hou et al. found that pslA gene 
was present in 31% of biofilm-negative ophthalmic P. aeru-
ginosa isolates (20). This may suggests that gene presence 
does not necessarily result in its expression and biofilm 
formation is regulated by a complicated network of fac-
tors in addition to the pslA gene. The same observation 
has been made for biofilm formation in S. epidermidis (18).

Presence of different types of β-lactamases including 
AmpC, ESBL and MBL and the association of some of these 
enzymes with biofilm formation in P. aeruginosa has been 
shown in a number of studies (5, 24, 25). In our study, MBL, 
AmpC and ESBL production occurred in 48.3% (30/62), 
46.7% (29/62) and 25.8% (16/62) of the isolates, respectively. 
However, MBL and AmpC production were significantly 
higher in biofilm-positive strains than biofilm-negative 
ones (70.3% vs. 31.4%, 62.9% vs. 34.2%, respectively). Copro-
duction of different β-lactamases has been observed by 
other investigators (5, 7, 26). We detected MBL and AmpC 
coproduction in 30.6% of our isolates (19/62), the major-
ity of which were biofilm-positive (63.1%). Of the four iso-
lates (6.4%) that produced all three enzymes, 3 (75%) were 
biofilm-positive.

 Figure 3 shows the degree of biofilm formation in rela-
tion with β-lactamase production among our isolates. As 
observed, presence of two or three β-lactamases was asso-
ciated with strong biofilms. Perez et al. showed that P. ae-
ruginosa isolates harboring MBL gene produced strong to 
moderate biofilms in vitro (24). In another study, a highly 
significant association was found between the degree of 
biofilm formation and MBL production in P. aeruginosa 
(25). Similar results have been shown for Proteus mirabi-
lis, where the potential to form biofilm was significantly 
higher in β-lactamase (AmpC and ESBL)-producing strains 
(27). However, another study showed that ESBL (but not 
MBL or AmpC) inhibited biofilm formation by impairing 
the twitching motility which plays an important role in 
micro-colony formation in P. aeruginosa (28).

In conclusion, biofilm formation correlated with pslA 
gene carriage as well as MBL and AmpC β-lactamase produc-
tion in burn isolates of P. aeruginosa. More importantly, the 
isolates with multiple β-lactamase phenotypes produced 
strong biofilms in comparison to the strains with one type 
of β-lactamase that formed weak biofilms or β-lactamase-
negative isolates that did not form biofilm at all.
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