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ABSTRACT

A hundred Pseudomonas aeruginosa strains from several clinical specimens from five hospitals in Sdo Luis-MA were
evaluated for biofilm production, prevalence of the gene algD, adhesion to HEp-2 cells and antimicrobial susceptibility.
The most affected clinical specimens and hospital sectors were also evaluated. Most isolates were obtained from the
tracheal aspirate (21.0%) and the most affected hospital sector was the ICU (43.0%). The antibiotics with the highest
sensitivity rate were amikacin, piperacillin/tazobactam, fluoroquinolones, gentamicin and meropenem and the ones with
the highest resistance rate were aztreonam, ceftazidime and cefepime. All samples were sensitive to polymyxin B. In
relation to the expression of the gene for ESBL, 50.0% (17/34) of the multiresistant strains showed the enzyme TEM.
Most strains showed high hydrophobicity and 96% of the isolates produced biofilm on a polystyrene microplate, 52%
were capsule producers, 19% showed mannose-sensitive fimbriae and 39% expressed the gene algD. We observed ad-
hesion to HEp-2 cells and to the coverslip. These factors may be reported in the pathogenesis of this bacterium, what
represents a potential risk for colonization of medical devices which favor the establishment of chronic nosocomial in-
fections.
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1. Introduction pathogen, we can include the prolonged use of antim-
icrobials, previous hospitalization, severe base disease,
operation and immunosuppression [3]. This bacterium
shows instrinsic resistance to several antibiotics, com-
bined with the ability of getting new resistance informa-
tion during treatments, through mutations in porins (de-
crease in OprD), super expression of efflux pumps (Mex-
AB-OprM) and/or production of hydrolytic enzymes that
degrades antimicrobials, such as betalactamase and met-
allo-f-lactamases [4,5].

The carbapenems have been considered the drugs of
choice in the treatment of severe nosocomial infections
caused by Gram-negative bacteria. However, the isola-
tion of bacteria is already common in Brazilian hospitals,
especially P. aeruginosa, resistant to these antibiotics
and in these cases polymyxin is the only therapeutic op-
tion [6].

The pathogenesis of the infections caused by P. aeru-

Pseudomonas aeruginosa is a glucose non-fermenting
Gram-negative bacillus, which is widely distributed in
nature and in hospital environment, since it has minimum
nutritional necessities, being able to survive in several
surfaces and in humid places. This bacterium rarely
causes severe infections in healthy individuals, neverthe-
less, it represents a great threat for hospitalized patients
[1]. It is an opportunist bacterium, invasive and toxigenic
that, over the last few years, has reached an important
position among the nosocomial pathogens for causing
pneumonia related to mechanical ventilation, bacteremia,
endocarditis, meningitis, urinary infections associated to
catheters and skin infections, especially in critical ICU
patients and in those who are immunocompromised [2].
Nosocomial infections caused by P. aeruginosa are re-
lated to high morbimortality rates and among the risk

factors for colonization or invasive infection by this
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ginosa is multifactorial and involves several virulence
factors [7]. Among the factors characterized as adhesins,

JBNB



Antimicrobial Susceptibility, Biofilm Production and Adhesion to HEp-2 Cells of Pseudomonas aeruginosa 99
Strains Isolated from Clinical Samples

there are flagella, fimbriae and alginate. The fimbriae or
pili promote the adherence of the bacterium to receptors
on the surface of the host cell, and the type IV fimbria,
especially the adhesin of this bacterium, is responsible
for the initial adhesion both in abiotic material and in the
surface of epithelial cells, and the flagella, primarily re-
sponsible for the motility, may act also as adhesins to the
epithelial cells [8].

The alginate, a mucoid exopolysaccharide produced by
some strains of P. aeruginosa, in addition to functioning
as an adhesin, it also protects the strains from the muco-
ciliary activity, phagocytosis, complement system activ-
ity, reduces the antimicrobial action, making its penetra-
tion in the bacterium difficult, and it is also associated to
biofilm production [9].

Biofilm is a community of bacteria adhered to a biotic
and/or abiotic surface, promoting survival advantages for
micro-organisms, as resistance to antimicrobials, protec-
tion against antiseptics, disinfectants, bacteriophages,
host’s immune system, among other [10,11].

The objectives of this study were: to identify the inpa-
tient units and the clinical specimens most affected by P.
aeruginosa; to analyze the profile of susceptibility to
antimicrobials and the expression of extended-spectrum
betalactamase in multiresistant strains by PCR; to evalu-
ate the type of fimbriae, the hydrophobicity and the bio-
film production; examine the prevalence of the gene en-
coding the alginate and check the adhesion capacity of
the multiresistant samples in HEp-2 cells.

2. Material and Method
2.1. Bacterial Strains

We evaluated 100 strains of P. aeruginosa isolated from
several clinical specimens of inpatients from one private
and four public hospitals in Sao Luis-MA, from March to
July, 2010. The distribution of samples per hospital was:
HospA (47.0%), HospB (21.0%), HospC (11.0%),
HospD (8.0%) e HospE (13.0%). All strains were identi-
fied through the automated method Vitek 2 (bioMérieux)®

in a local microbiology laboratory. In the tests, the strains
P. aeruginosa ATCC 27853 and E. coli ATCC 25922
were used as positive and negative control, respectively.

2.2. Antimicrobial Susceptibility

This test was conducted through the disk diffusion anti-
biotic sensitivity testing (Kirby & Bauer), with the fol-
lowing antimicrobials (OXOID): amikacin, gentamicin,
cefepime, ceftazidime, ciprofloxacin, levofloxacin, az-
treonam, imipenem, meropenem, piperacillin/tazobactam
and polymyxin B. The reading of the zones of inhibition
for each antibiotic followed the criteria established by the
Clinical and Laboratory Standards Institute [12] and the
results were reported as susceptible, intermediate or re-
sistant. We considered as multiresistant those strains that
showed resistance to three of more classes of antibacteri-
als.

2.3. Amplification of g-L actamase Genes by PCR

The detection of the genes "*TEM, "*CTX-M and ""SHV,
which encodes the f-lactamase (ESBL) enzymes, was
carried out by multiplex PCR, according to what is de-
scribed by Monstein ef al. [13]. The primers used are
described in Table 1. The total DNA extraction was car-
ried out by boiling the bacterial cells for 10 minutes. The
amplification reactions were performed with 2.5 uL of
DNA from each strain, 0.8 pL of specific primers (1 uM),
0.25 pL Taq DNA polymerase (5 u/pL), 5 pL of the
buffer solution Green Go Taq Flexi Buffer (5x%), 2 uL
MgCl, (2 mM), 0.25 uL dNTPs (20 mM) and 12.2 pL of
milli-Q water in a final volume of 25 puL.. DNA was am-
plified in the thermocycler Mycicler (BioRad), using the
following protocol: 95°C for 15 min, 30 cycles at 94°C
for 30 s, 60°C for 30 s, 72°C for 2 min and 72°C for 10
min. The PCR products were detected after electrophore-
sis in agarose gel 2.5% at 60/80 v for 55 min, then
stained with ethidium bromide (20 ng/100mL of water)
and viewed under ultraviolet light with the aid of a tran-
silluminator.

Table 1. Primersused in amplification by multiplex PCR for ESBL detection.

Primer name Sequence (direction 5'-3") Target gene Fragment size (pb)
TEM-164. SE TGCCCGCATACACTATTCTCAGAATGA
P“TEM 445
TEM-165. AS ACGCTCACCGGCTCCAGATTTAT
CTX-M-U1 ATGTGCAGYACCAGTAARGTKATGGC
PCTX-M 593
CTX-M-U2 TGGGTRAARTARGTSACCAGAAYCAGCGG
bla-SHV. SE ATGCGTTATATTCGCCTGTG
PRSHV 747
bla-SHV. AS TGCTTTGTTATTCGGGCCAA
Source: Monstein ef al. [13].
Copyright © 2013 SciRes. JBNB
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2.4. Evaluation of Capsule Production

This test was performed by the method of inoculation in
Congo Red Agar (CRA), described by Freeman et al.
[14], with minor modifications. The CRA was prepared
from 37 gL' of BHI, 50 g'L"' saccharose (Difco), 15
g'L " agar base (Difco) and 0.8 g'L' Congo Red (Difco).
After overnight growth, the strains were inoculated onto
CRA and incubated at 37°C/24 hours. The black bacterial
colonies were considered as capsule producers and the
red ones were non-producers.

2.5. Biofilm Induction in Vitro

This test was performed in microtiter plates of polysty-
rene by the Crystal Violet method, described by Ste-
panovic et al. [15]. After inoculation in BHI and incuba-
tion at 37°C/24 hours, the samples were diluted (1:40) in
sterile BHI and then, 200 pL of each sample in triplicate
were added to the wells of the polystyrene plate, with
only 200 pL of BHI in triplicate as negative control and
the plates were incubated at 37°C/24 hours. They were
subsequently washed (3x) with PBS (pH 7.4), left to dry
at room temperature, added crystal violet (200 uL/well)
and incubated for 15 minutes at room temperature. Then,
each well was washed with sterile distilled water (3%)
and left to dry at room temperature. Biofilm formation
was evaluated by the reading of the absorbance of each
well using a spectrophotometer (BIO-RAD Laboratories
PR 2100), at a wavelength of 490 nm. Based on the opti-
cal density of the samples (ODi) and on the average of
optical density of the negative control (ODc), the sam-
ples were classified as strong (4xODc < ODi), moderate
(2xODc < ODi < 4x0Dc), weak (ODc < ODi < 2x0ODc)
or non-producer of biofilm (ODi < ODc).

2.6. Fimbriae I dentification

The samples were inoculated in BHI, incubated at
37°C/24 h and centrifuged three times (360 rpm/15 min),
highlighting the supernatant and adding PBS (pH 7.4).
The sheep blood was washed three times with PBS (pH
7.4) to prepare a solution of erythrocytes 1% in PBS with
and without mannose addition (5.4 g of mannose/1000
mL). On glass slides, 100 pL of the isolates were mixed
with 100 pL of the erythrocytes solution with and with-
out mannose. The samples that suffered hemagglutina-
tion only in the absence of mannose were considered
mannose-sensitive and the one that suffered hemaggluti-
nation in presence and absence of mannose, mannose-
resistant [16].

2.7. Evaluation of Bacterial Hydrophobicity
After growth in agar BHI for 18 hours at 37°C, the cul-

Copyright © 2013 SciRes.

tures were suspended in increasing concentrations of am-
monium sulfate (0.5 M, 1 M, 1.5 M, 2 M, 2.5 M and 3
M). The formation of clumps within two minutes after
suspension indicated positive result [17].

2.8. Search for the Gene algD by PCR

The PCR technique was performed with the oligonucleo-
tides (F-ATGCGA ATCAGCATCTTTGGT and R-CT-
ACCAGCAGATGCCCTCGGC) specific for the gene
algD, that encodes GDP mannose 6-dehydrogenase (algi-
nate), amplifying a fragment of 1310 pairs of nitrogenous
bases. The total DNA extraction was obtained by boiling
the bacterial cells for 10 min. The amplification reactions
were performed in a final volume of 25 pL, containing 2
pL of bacterial DNA, 2.5 nM of dNTP, 20 pmol of the
primer, 2 mM MgCl, and 1.0 U of Taqg DNA polymerase
in reaction buffer 1x (Flexi Buffer). DNA was amplified
in the thermocycler Mycicler (BioRad) using the follow-
ing protocol: 94°C for 3 min, 30 cycles at 94°C for 30 s,
55°C for 1 min, 72°C for 1 min and 30 s and 72°C for 5
min. The PCR products were detected after electrophore-
sis in agarose gel 2.5% at 80 v for 55 min, then stained
with ethidium bromide (20 pg/100mL of water) and
viewed under ultraviolet light with the aid of a transillu-
minator [18].

2.9. Test of Adhesion to HEp-2 Célls

Only multiresistant strains were tested. An inoculum
with 40 pL of each of these strains cultivated in BHI was
added to plates of 24 wells, containing cellular half-con-
fluent monolayer of HEp-2 cells in MEM medium with
SFB 2% in absence or presence of D-mannose 2%. After
2 h of incubation at 37°C in atmosphere of 5% of CO,
(period of infection), the plats were washed with PBS
and we added to the medium 1 mL of MEM plus SFB
with and without mannose. After 2 h (multiplication pe-
riod), the plates were washed with PBS and the cells
were fixed with methanol for at least 10 minutes. After-
wards, they were stained with May-Grunwald/Giemsa
and analyzed according to the adherence pattern on the
optical microscope NIKON 19 [19].

2.10. Statistical Analysis

We used the Contingency Coefficient C and the Chi-
squared distribution. Values of p < 0.05 were considered
significant. In data electronic processing, we used the
program BioEstat 5.0.

3. Results

The highest percentages of P. aeruginosa isolates were in
the tracheal secretion, with 25 samples (25.0%) and in
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urine, with 19 (19.0%). The places with highest inci-
dence of this bacterium were ICU, with 43 samples
(43.0%), followed by the internal medicine ward, with 31
(31.0%) (Table 2).

The strains showed most sensitivity to amikacin
(75.0%), piperacillin/tazobactam (69.0%), fluoroquino-
lones (68.0%), gentamicin (64.0%) and meropenem
(62.0%). The antibiotics with the highest resistance rates
were aztreonam (48.0%), imipenem (43.0%), ceftazidime
(42.0%), cefepime (41.0%) and meropenem (38.0%). All
the isolates were susceptible to polymyxin B.

From all the isolates, 34.0% (34/100) showed a mul-
tiresistance profile. From these, 50.0% (17/34) were sen-
sitive only to polymyxin B. Our results also showed that
53.0% (18/34) of the multiresistant strains were from the
ICU. These strains were also submitted to the multiplex
PCR technique for detecting ESBLs, and 50.0% (17/34)
of the samples expressed the gene TEM, there was no
expression of the genes SHV and CTX-M.

In the evaluation of bacterial hydrophobicity, 50.0% -
53.0% of the isolates had clumps formation in ammo-
nium sulfate concentrations equal or above 2.5 M. In the
identification of the isolates which produced fimbriae,
19.0% were producers of fimbriae mannose-sensitive,
and in the others, the fimbriae were considered mannose-
resistant.

The evaluation of the capability of P. aeruginosa in
producing capsule as a presumptive test for biofilm pro-

Table 2. Distribution of P. aeruginosa samples according to
clinical specimensand hospital sectors.

Clinical Specimens n %
Tracheal secretion 25 25.0%
Urine 19 19.0%
Catheter tip 12 12.0%
Diverse secretions 11 11.0%
Wound 8 8.0%
Blood 7 7.0%
Other’ 18 18.0%
Hospital Sector n %
ICU 43 43.0 %
Internal medicine ward 31 31.0%
Pediatric ward 8 8.0 %
Orthopedic ward 6 6.0%
Surgical ward 4 4.0%
Other™ 8 8.0%

Diverse secretions: Purulent sec., ear sec., biliary sec., drain sec., orophar-
ynx sec., tendon sec., abdominal sec and peritoneal sec. "Other: Liquor,
bronchial washing, Pleural fluid, sputum, ascitic fluid, oral cavity plate,
nasal swab, blood. ~Other: kidney transplant, nephrology ward, orthopedic
ward, urgency and oncology. n = number of isolates.

Copyright © 2013 SciRes.

duction by the method CRA, showed that 52.0% of the
analyzed samples were capsule producers. In relation to
biofilm formation on polystyrene microplates, from the
86 (86.0%) strains that adhered to polystyrene, 19 (22.1%)
were strongly adhered, 41 (47.7%) were moderate and 26
(30.2%) were weakly adhered.

From the 100 strains of P. aeruginosa tested, 39%
showed presence of the gene algD which participates in
the synthesis of alginate, the main component of the ma-
trix produced by bacteria associated to biofilm. It was
possible to observe a fragment of approximately 1310 pb
by electrophoresis in agarose gel.

About the capacity of adhesion of multiresistant strains
to HEp-2 cells, 26.5% (9/34) showed an aggregative ad-
hesion pattern, 2.9% (1/34) local pattern and 20.6% (7/34)
adhesion without a well defined pattern (Figure 1), and

(©

Figure 1. Optical microscopy of adhesion on HEp-2 cells of
P. aeruginosa strains (1000x). (a) HEp-2 cells alone; (b)
Strain Pa3l with aggregative adhesion pattern; (c) Strain
Pa87 without a well defined adhesion pattern.
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41% (14/34) of the samples adhered more to plastic
(coverslips) than to cells.

4. Discussion

The infections caused by P. aeruginosa are associated to
significant morbimortality rates, due to this pathogen
capability of adapting to the environmental conditions,
developing resistance to antibiotics and producing a vari-
ety of virulence factors [20].

In this study, most samples were isolated from tracheal
secretion and urine of inpatients and the ICU was the
hospital sector with the highest isolation of this bacte-
rium. Studies report that the high frequency of isolation
of this pathogen from respiratory tract samples is related
to mechanical ventilation, usually causing pneumonia
[21]. A study by Lucchetti et al. [22] showed that P.
aeruginosa was the main isolated agent causing infec-
tions in the urinary tract, and according to epidemiologic
data, 35.0% to 45.0% of all acquired nosocomial infec-
tions are urinary and 80.0% are related to catheter use.
Similar results were found by Torres ef al. [23], who
found the highest percentual of Pseudomonas spp iso-
lates in the tracheal tract, followed by urine, and the
place with the highest incidence was the ICU.

The high incidence of this bacterium in the ICU is
probably due to the fact that P. aeruginosa is an oppor-
tunist pathogen that causes bacteremia in immunocom-
promised patients, burn victims, patients with urinary in-
fections related to catheters use and nosocomial pneu-
monia, related to mechanical ventilation, especially in
this unit [23-25].

Monitoring the susceptibility of P. aeruginosa hospital
samples to antimicrobials is a helpful tool for choosing
the right scheme to treat infections caused by this agent
[26]. The analyzed strains showed high sensitivity rates
to amikacin, piperacillin/tazobactam, fluoroquinolones,
gentamicin and meropenem, what makes them good
choices for treating infections by this pathogen. Figuei-
redo et al. [25] found high sensitivity for amikacin, pipe-
racillin/tazobactam, meropenem and imipenem.

In agreement to literature data, all strains were sus-
ceptible to polymyxin B. Nevertheless, it is indicated for
specific situations, due to its toxicity. There are reports
about P. aeruginosa strains with reduced sensitivity to
this drug [5,25].

The isolates showed high resistance to aztreonam, cef-
tazidime and cefepime, however, in the study by Santos-
Filho et al. [27], gentamicin, cefpirome and aztreonam
were the most resistant. The abusive use of 3rd and 4th
generation cephalosporins, especially ceftazidime (3rd

generation), seems to be the main cause of this resistance.

Resistance to aztreonam may be due to a superexpression
of the MexA-MexB-OprM efflux pump, which also con-

Copyright © 2013 SciRes.

tributes to the expulsion of cephalosporin and betalac-
tamase inhibitors [28].

In relation to carbapenems, the samples were more re-
sistant to imipenem than to meropenem. Variations in the
resistance rates between these antibiotics have been pre-
viously describe [29]. Rodriguez-Martinez et al. [29] ob-
served higher resistance rates to imipenem when com-
pared to meropenem, corroborating our results [30], in a
study in Brazil, described higher resistance to mero-
penem. This susceptibility difference among carbap-
enems is explained by several resistance mechanisms,
such as loss of proteins of external membrane OprD, that
causes resistance to imipenem and not to meropenem;
superexpression of efflux systems; and carbapenemase
production [29,31].

Our results also showed that 34.0% of the strains had a
multiresistance profile, where 50.0% were susceptible
only to polymyxin B. The emergence of P. aeruginosa
multiresistant to drugs has been reported as an increasing
problem in hospitals worldwide [32,33].

A remarkable feature in infections by P. aeruginosa
acquired in the ICU is multiresistance, what has been
confirmed in this study, in which 53% of the multiresis-
tant strains were from the ICU, suggesting that it might
be indiscriminate use of antimicrobials in the treatment
of nosocomial infections.

Currently, the combination of different antibiotics is
studied in vitro and in vivo, with the intention of provid-
ing new therapeutic alternatives for infections caused by
multiresistant bacteria [6].

The difficulty in detecting ESBLs is higher in P. aeru-
ginosa strains, possibly due to the higher impermeability
of the external membrane when compared to the family
Enterobacteriaceae and also to the presence of the en-
zymes AmpC that may disguise the presence of ESBLs.
Therefore, detecting these enzymes in P. aeruginosa
strains is a great challenge for the clinical laboratory,
since the phenotypic test of disk approximation does not
have satisfactory sensitivity and specificity when used
for this pathogen. Thus, it is probable that its prevalence
in hospitals is underestimated [34].

The dissemination of the genes for these enzymes may
play an important role in antimicrobial resistance and the
presence of P. aeruginosa producing ESBL can limit the
antibiotics choice for treating severe infections by this
pathogen. That is why it is important to use molecular
methods to detect ESBLs in multiresistant samples of P.
aeruginosa [35].

In this study, 50.0% (17/34) of the multiresistant
strains have expressed the enzyme TEM, what corrobo-
rates studies performed in France, where four variants of
TEM (TEM-4, TEM-21, TEM-24 and TEM-42) were
described in P. aeruginosa [35].
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Thus, knowing about the occurrence of ESBLs in P.
aeruginosa samples is essential so that the internist can
choose an appropriate antimicrobial therapy, since the
use of broad-spectrum cephalosporin and monobactams
in the treatment of infections caused by ESBL-producers
may result in therapeutical failure [36].

Bacterial adhesion may be divided into primary and
secondary stages. The primary is reversible and deter-
mined by physico-chemical variables, as hydrophobic
interactions, that determine adhesion between the two
surfaces, the bacterial cell and the surface of interest. In
secondary adhesion, a molecular mediation happens be-
tween specific adhesins and the surface and the micro-
organism consolidates the adhesion through producing an
exopolysaccharide complex and/or connecting specific
receptors in the fimbriae to the material surface. In the
end of this stage, adhesion is irreversible [37,38]. There-
fore, adhesion depends basically on factors that involve
features from the micro-organism, the surface and envi-
ronmental conditions.

In our study, most strains of P. aeruginosa showed
clumps formation in concentrations of 2.5 M and 3 M of
ammonium sulfate, that is, our isolates had high hy-
drophobicity. Studies show that the higher the hydro-
phobicity, the better the microbial adhesion, both in cell
surface and in adhesion substrate [38]. Thus, this data
suggests that P. aeruginosa has a strong adhesion capac-
ity and, consequently, a higher tendency to biofilm for-
mation, since it has high hydrophobicity (p = 0.02; C =
0.35).

Fimbriae are structural components of the surface of P.
aeruginosa and also ease adhesion [40]. These structures
mediate the connection between the pathogen and the
surfaces of the host’s cells, starting colonization and for-
mation of a film of microcolonies which will mature,
forming biofilm, critical for the infection establishment
[40]. In this study, we identified mannose-sensitive and
mannose-resistant fimbriae.

There are several factors related to biofilm formation,
the main are: physico-chemical features of the material
on which it is adhered and expression of virulence factors
by the micro-organisms, as exopolymeric capsule pro-
duction and fimbrial and non-fimbrial adhesins synthesis
[41].

One of the factors related to the micro-organism that
may influence the biofilm formation is the presence of
capsule, as recently found by Jain and Agarwal [42] and
corroborated by this study.

Adhesion is the first step for biofilm formation. In this
model, the assays performed with the crystal violet meth-
od provided information about the adhesion of the micro-
organism tested to an abiotic surface, as P. aeruginosa
produced biofilm on a microtiter polystyrene plate. There-
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fore, this strong capacity of adhering to non-bio- logical
material showed by P. aeruginosa isolates, re- presents a
great problem in the treatment of patients that need a
catheter or other medical device in which this mi-
cro-organism can produce biofilm, leading to chronic
infections. In addition to his, biofilm protects the bacte-
rium from the host’s immune system and antibiotics ac-
tion, being more resistant to drugs because, according to
Trautner and Dauroiche [40], the juxtaposition of cells in
the biofilm eases the transfer of resistance genes from
one bacterium to another through plasmids.

In our study, there was no association between the
presence of fimbriae and/or capsule with the production
or degree of biofilm (p = 0.4; 7 = 12.5), suggesting that
other kinds of fimbriae or adhesins may be present, since
63% of P. aeruginosa isolates that were strong biofilm
producers and 46% of the moderate producers did not
show any of the studied fimbriae (non-demonstrated
data). In addition, not all the isolates that were biofilm-
producers produced capsule, suggesting that, besides the
capsule and fimbriae investigated here, other components
of this bacterium can also ease adhesion and biofilm
formation with type IV fimbria, flagellum, alginate and
LPS [40].

The genetic cluster algACD is responsible for the syn-
thesis of alginate, which is a component of the surface of
P. aeruginosa that eases adhesion. The expression of
algD, that encodes the enzyme GDP mannose dehydro-
genase, is frequently used as an indicator of the expres-
sion of the other genes responsible for biosynthesis of
alginate, which is a primary compound of the organic
polymer matrix, that involves biofilm in P. aeruginosa
and is considered by some authors as responsible for the
antimicrobial resistance, observed in biofilm [11,40].

In our study, 39.0% of the isolates expressed the gene
algD. In another study, from 202 strains analyzed, 91.1%
expressed this gene [20]. Despite alginate is a mucoid
exopolysaccharide that forms a prominent capsule in the
bacterial surface, favoring adhesion and later biofilm
formation, the statistical analysis of data did not show
correlation between biofilm formation and the expression
of gene algD (p = 0.13; 7/ = 2.19), suggesting that other
genes governing alginate synthesis (algC, algR, algP,
algB, algU) may be present.

Studying the adherence capacity, 34 multiresistant
strains of P. aeruginosa were analyzed and they showed
adhesion to HEp-2 cells and glass slides. Three adhesion
patterns were observed: aggregative, local and without a
well defined pattern.

Adhesion to HEp-2 cells suggests that P. aeruginosa
recognizes receptors in epithelial cells and therefore can
adhere to other epithelial cells, what has been confirmed
by Di Martino et al. [43] when demonstrating the adhe-
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sion of this bacterium to pneumocytes (lincage A549),
where they observed diffuse, local and aggregative pat-
terns, suggesting that the presence of this bacterium in
the respiratory tract cells contributes for the pulmonary
pathogenesis of this micro-organism, especially in pa-
tients carrying cystic fibrosis, in whom it causes a chro-
nic pulmonary infection.

The strains analyzed in the adhesion test were from
nosocomial infections and in most cases, patients were
using medical devices, once 53.0% of them were in the
ICU. Adhesion to plastic (coverslips) of 41.0% (14/34)
of the samples analyzed in this study confirms the litera-
ture about the capacity of this bacterium in adhering to
inert surfaces as catheters, tubes, respiratory equipments,
implants and other medical devices, what represents an
important step in colonization of patients who are im-
munocompromised or using these devices [13].

Data found in this study suggest that antimicrobial
susceptibility profiles should be monitored, supporting
the therapeutics and avoiding treatment failures. They
also indicate the great capacity of P. aeruginosa being
hydrophobic and forming biofilm on abiotic surface,
what may induce colonization of medical devices, with
risk to the hospitalized patient. Besides, samples adhered
to HEp-2 cells, and these characteristics confirm that P.
aeruginosa is one of the most important nosocomial
pathogens, therefore there is interest on elucidating the
adaptation and pathogenicity mechanisms of this micro-
organism.
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