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The cell surface hydrophobicity and adhesion to abiotic and cellular surfaces was tested in five
clinical strains of Acinetobacter baumannii isolated from catheter tips. Biochemical and molecular
characteristics of these strains were also studied. Hydrophobicity was characterized by a test for
affinity to xylene. Adhesion to abiotic surfaces (polystyrene, formica, latex and glass) was evaluated
in Petri plates using the stamp technique. Buccal epithelial cells were used for tests of adhesion to
cellular surfaces. Adhesion to the catheter was evaluated by repeatedly rinsing the catheters and
rolling them over nutrient agar. Molecular typing of the strains was done by the ERIC-PCR technique.
The degree of hydrophobicity of the strains varied from hydrophobic to hydrophilic. All the strains
adhered to the cell surfaces and to the catheters, and three of them strongly adhered to latex,
polystyrene and formica. Catheter adhesion was reduced by meropenem. We found a direct relationship
between the degree of bacterial hydrophobicity and adhesion to the abiotic surfaces, but not with
adhesion to cellular surfaces, which suggests that different mechanisms are involved in adherence.
Key Words: Acinetobacter baumannii, hydrophobicity, adherence.

During the last few years, infections involving species of
Gram-negative non-enteric and multidrug-resistant bacilli have
increased [1]. Among these bacteria, Acinetobacter spp. have
proven to be among the most important pathogens; they are
frequently involved in serious hospital infection outbreaks
[2,3].

Acinetobacter spp. are widely distributed in hospital
environments and are frequently isolated from the skin of
hospital staff, inanimate surfaces and equipment [4-8]. This,
together with the multiple resistance of these organisms to
therapeutic antimicrobial agents, can result in serious
infections in debilitated patients [9]. In humans, the main sites
of infection are the respiratory tract, followed by the
bloodstream, less often involving the urinary tract, surgical
wounds, the central nervous system, skin, and eyes [10,11].

The ability of acinetobacter strains to adhere to surfaces
is an important mechanism in the pathogenicity of these
bacteria. Although adhesion ability is determined by specific
factors, such as adhesins, and non-specific factors, such as
hydrophobicity and cellular surface electrical discharge, it
varies among strains [12] and may be affected by antimicrobial
agents [13].

Considering that Acinetobacter baumannii is frequently
found in hospital environments, and that little is known about
the mechanisms of pathogenicity of this important nosocomial
pathogen, we studied the degree of cellular hydrophobicity
and adhesion ability to abiotic and cellular surfaces of five
strains of Acinetobacter baumannii isolated from
intravascular catheter tips. Their biochemical and molecular
characteristics were also studied.

Material and Methods

Strains
Five strains of Acinetobacter baumannii were used; these

were isolated in April and June 1994 from catheter tips of
patients hospitalized at the University Hospital of the State
University of Londrina, in the city of Londrina, Paraná State,
Brazil. The strains were initially stored in a freezer at –20ºC.
Before use, they were inoculated in tryptic soy broth (TSB)
(Difco Laboratories, Sparks, Maryland, USA) and incubated
at 35-37ºC for 24 hours. The identification of the strains was
confirmed by using a 16-test system (acid production of
glucose, gelatin hydrolysis, and utilization of 14 carbon
sources) associated with tests for growth at 37ºC, 41ºC, and
44ºC [14].

For molecular typing, bacterial DNA was extracted
according to Donald et al. [16], with some modifications. Briefly,
the primers used for the reaction processing were ERIC1 5’
ATGTAAGCTCCTGGGGATTCAC 3’ and ERIC2 5’
AAGTAAGTGACTGGGGTGAGCG 3’ [17,18]. A 100 bp DNA
Mass Ladder 1μg/μL (Invitrogen Life Technologies, Rockville,
Maryland, USA) was used as a marker for molecular weight.
The gel was dyed with ethidium bromide (0.5μg/mL), and was
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observed and photographed under ultraviolet light (320 nm)
(BioRad, California, USA). Genetic divergence between the
strains was estimated with a simple matching coefficient by
using the program Numerical Taxonomy and Multivariate
Analysis System (NTSYS-PC version 1.7) [15].

Bacterial cell surface hydrophobicity
Hydrophobicity was determined by an affinity test to

xylene [19], with bacterial cells from cultures in nutrient broth
(Difco), previously incubated at 35-37ºC for 24 hours.

Four triplicate tests were carried out for each strain, and
the results were used to calculate the hydrophobicity index
(HI), using the equation: HI = (A

660
-B

660
) x 100/A

660
, where

A
660 

represents the optical density of the bacterial suspension
before treatment with xylene, and B

660
 represents the optical

density of the aqueous phase after treatment of the bacterial
suspension with xylene.

The strains were considered as strongly hydrophobic
when the hydrophobicity index was above 70%, and
hydrophilic when the hydrophobicity index was below 30%,
[20]. The results were compared using the Student’s t test at a
5% significance level.

Bacterial adhesion to latex, polystyrene, formica and glass
The strains were cultivated at 35-37ºC in Petri plates

containing nutrient agar (Difco). After 48 hours of incubation,
the cultures were photographed and then, using the stamp
technique, the bacteria were transferred to latex, polystyrene,
formica and glass surfaces by pressing each material against
the culture surfaces for five seconds [21].

Photographic images of the Petri dishes with the original
bacterial growth and those from the stamps were compared.
The capacity of adhesion to the glass, polystyrene, formica
and latex was evaluated according to the following criteria (-)
non-adherent strain; (+) strain with weak adhesion; (++)
moderate adhesion; (+++) good adhesion, (++++) strong
adhesion. The experiments were carried out in duplicate. The
strains Acinetobacter baumannii ATCC 14606 and
Escherichia coli Hb 101 were used as the test’s positive and
negative controls, respectively.

Bacterial adhesion to intravascular catheters and the effect of
meropenem

The in vitro study of bacterial adhesion to the catheter
was undertaken according to the methodology established
by Sheth et al. [22], with some modifications. The strains
selected for this study were cultivated for 18-24 hours at 35-
37ºC in a nutrient broth (Difco) containing ¼ or ½ of the
minimum inhibitory concentration (MIC) of meropenem. After
the incubation period, the antimicrobial agent was removed
from the cultures by rinsing twice with a sterile 0.85% saline
solution and centrifugation. Next, the bacterial cells were
resuspended in sterile saline solution, and the optical density
of each suspension was measured (540 nm) and adjusted to

0.10 U (equivalent to 107 CFU/mL). Cultures without antibiotics
were used as controls.

 Intravascular catheters (Intracath®, Becton Dickinson,
Sandy, Utah, USA), 1.7 mm in diameter were cut into 1.5-cm-
long segments with sterile scissors. The segments were then
immersed in 13x100 mm tubes containing the suspensions of
the previously-standardized strains and kept at room
temperature for 30 minutes.

After this contact, each fragment was placed in an 18x160-
mm tube containing 15 mL of sterile saline solution, and the
tube was manually inverted 40 times. This procedure was
repeated 15 times, transferring the fragment to 15 tubes
successively, with the objective of removing the non-adhered
bacteria.

After the 15th rinse, the catheter fragment was removed
from the tube and rolled over the surface of ten 90x15-mm
Petri plates containing nutrient agar (Difco). After an
incubation period of 18-24 hours at 35-37ºC, the bacteria
colonies were counted. The number of colonies indirectly
showed the number of bacteria adhered to the catheter. The
final result was represented by log

10
 of the number of bacteria

that adhered to the catheter, using the following formula:
catheter surface area = π x diameter x length of catheter.

The reduction in the adhesion rate to the catheter of the
cultures treated with ¼ and ½ MIC of meropenem was
determined by calculating the logarithm reduction factor
(LRF), i.e., log

10 
of the mean counts of the control culture (no

antibiotics) minus log
10 

of the mean counts of cultures treated
with antibiotics. The percentage reduction in the number of
bacteria adhered to the catheter was calculated for all cultures
treated with antibiotics, using the mean count of the control
culture as a reference (100%). Three duplicate experiments
were carried out for each bacterial strain. The data were
compared by Student’s t test at a 5% significance level.

Bacterial adhesion to buccal epithelial cells
The test of bacterial adhesion to epithelial cells was carried

out in vitro, using bacterial cultures in solidified media and
epithelial cells from human buccal membranes [23]. Negative
controls with epithelial cells were included in each experiment,
replacing the bacterial suspension with a buffered suspension.
The bacterial cells’ adhesion capacity was determined by
counting the number of bacteria adhered to the epithelial cells,
observing 100 cells in each Gram-stained slide preparation.
Two adhesion experiments were carried out for each bacterial
strain, totaling six slides and adhered bacteria counts were
made of 600 epithelial cells.

Results

Molecular typing demonstrated three distinct clones
(Figures 1 and 2). Strains 09T and 16T belonged to the same
clone, with 100% similarity (Clone A). Strains 10T and 15T
were considered as being the same clone, because the similarity
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polystyrene and formica. However, samples 15T and 16T did
not adhere to glass, and samples 06T, 09T and 10T adhered
only weakly to glass (Table 2).

The number of bacteria from the control cultures that
adhered per cm2 of catheter varied from 2,100 (3.32 log

10
) to

4,700 (3.67 log
10

). Treatment of cultures with meropenem
significantly reduced the adhesion ability of all the strains (P
< 0.05, Table 3). The ¼ MIC concentration reduced adhesion
ability 45.1% (strain 9T), 45.8% (strain 15T), 68.1% (strain 10T),
70% (strain 16T) and 91.4% (strain 6T). The same strains
cultivated in a medium containing ½ MIC gave reduction
percentages between 76.5 and 95.3%. Strain 6T was the only
one of the five strains that showed a logarithm reduction factor
above 1.0 for both sub-minimum inhibitory concentrations of
meropenem.

All five strains adhered to the buccal mucosa cells to the
same degree or more than the standard strain (Table 4). The
negative control of these tests corresponded to a microscopic
observation of 2,100 epithelial cells, with a mean of 2.24 adhered
bacteria per cell.

Discussion

In recent decades, bacteria of the Acinetobacter genus
have become important all over the world, including Brazil,
because of their multi-drug resistance to antimicrobial agents
and their increasing involvement in hospital infections
[2,24,26]. These microorganisms are responsible for infectious
processes at different sites, the bloodstream being one of the
most frequently attacked [10,11]. Thus, materials that come
into direct contact with the patients’ circulatory bloodstream,
such as intravascular catheters, should be investigated for
this bacterium [27].

The increasing participation of A. baumannii in the etiology
of nosocomial infections has stimulated studies of this bacterium
pathogenicity mechanisms. Hydrophobicity has been associated

Figure 1. Comparative Dendrogram of the profile presented by the five strains of Acinetobacter baumannii based on DNA
analysis carried out with the ERIC PCR test.

Figure 2. Molecular profile of the strains of Acinetobacter
baumannii in 1.5% agarose gel obtained by ERIC-PCR
methodology.

between them was over 90% (Clone B). Clones A and B had
lower similarity with each other (77%), and both were distinct
from the clone of strain 06T (Clone C), with just 65% similarity.

Two strains (06T, 15T) were highly hydrophobic, two (10T,
16T) showed medium hydrophobicity, and one (09T) was
hydrophilic. A lack of significant differences in the mean
hydrophobicity index was only found between strains 10T
and 16T (P = 0.09, Table 1).

The adhesion test with different materials gave variable
adhesion pattern results. All the strains adhered to latex,
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Table 4. Bacterial adhesion to the surface of epithelial cells
from human buccal mucosa

with pathogenicity, because it is also involved in bacterial adhesion
to cellular and inert surfaces [28]. We evaluated the
hydrophobicity of the strains’ cellular surfaces by quantitative
tests of affinity to xylene. Strains 06T and 15T gave the highest
values, higher than that of the control strain (A. baumannii ATCC
14606). Strains 10T and 16T gave intermediate hydrophobicity
values, whereas strain 09T had hydrophilic behavior. A wide
variation in the degree of hydrophobicity was also noted in
previous studies, in which the investigators suggested that clinical
strains had higher hydrophobicity than did strains isolated from
the environment [29].

In our study, tests for adhesion to latex, polystyrene,
formica and glass surfaces were carried out because these
materials are present in all hospital environments. The strains

Adherence on Abiotic and Cellular Surfaces of Acinetobacter baumannii

Strain Buccal cells adhesion

Mean1 ± Standard deviation1

06T 38.57 ± 20.16
09T 39.78 ± 23.96
10T 30.78 ± 18.79
15T 24.36 ± 11.81
16T 10.13 ± 7.55
A. baumannii2 11.10 ± 7.70
1 Mean and standard deviation of the number of A. baumannii adhered/
epithelial cells. 2 ATCC 14606.

Table 1. Hydrophobicity Index (mean ± standard deviation) of the cellular surface of five strains of Acinetobacter baumannii,
determined by the microbial adhesion method to hydrocarbonates (xylene)

Strain Optical density A1 Optical density B2 Hydrophobicity index3

06T 0.3895 ± 0.0090 0.0589 ± 0.0349 84.7626 ± 9.2809
09T 0.4006 ± 0.0054 0.2963 ± 0.0289 26.0679 ± 6.5886
10T 0.4044 ± 0.0131 0.2587 ± 0.0387 36.0511 ± 9.0790
15T 0.3935 ± 0.0073 0.0393 ± 0.0009 90.0006 ± 0.2949
16T 0.4051 ± 0.0068 0.2787 ± 0.0271 31.2933 ± 5.8756
A. baumannii4 0.4143 ± 0.0269 0.2843 ± 0.0251 32.3608 ± 5.2772
E. coli Hb1015 0.4088 ± 0.0216 0.3724 ± 0.0156 8.78 ± 4.1305
1 A = Optical density (A

660
) of the bacterial suspension before treatment with xylene.2 B = Optical density (A

660
) of the

aqueous phase after treatment of the bacterial suspension with xylene.3 Hydrophobicity Index = (A
660

-B
660

) x 100/
A

660
4ATCC 14606.

Table 2. The results of bacterial adhesion tests to the surfaces of different materials

Strain Adherence1 to

Latex Polystyrene Formica Glass

06T ++++ ++++ ++++ +
09T ++ ++ ++ +
10T +++ +++ +++ +
15T ++++ ++++ ++++ -
16T ++ + + -
Acinetobacter baumannii2 ++++ ++++ ++++ +
E. coli Hb1013 - - - -
1 Criteria: (-) non-adherent strains; (+) weak adhesion; (++) moderate adhesion; (+++) good adhesion; (++++) strong
adhesion. 2ATCC 14606. Positive Control. 3 Negative Control.

Table 3. Log
10

 of the number of Acinetobacter baumannii adhered to catheter sections, and the logarithm reduction factor (LRF)
of the strains treated with ¼ and ½ of MIC of meropenem

Strain Control Culture ¼ MIC Culture ½ MIC

Mean ± SD Mean ± SD LRF ± SD Mean ± SD LRF ± SD

06T 3.44 ± 0.03 2.37 ± 0.05 1.07 ± 0.02 2.11 ± 0.04 1.33 ± 0.01
09T 3.36 ± 0.08 3.11 ± 0.05 0.25 ± 0.03 2.72 ± 0.16 0.64 ± 0.08
10T 3.61 ± 0.02 3.11 ± 0.03 0.50 ± 0.01 2.38 ± 0.04 1.23 ± 0.02
15T 3.67 ± 0.07 3.36 ± 0.23 0.31 ± 0.16 2.62 ± 0.21 1.05 ± 0.05
16T 3.31 ± 0.02 2.79 ± 0.07 0.52 ± 0.05 2.41 ± 0.03 0.90 ± 0.01

SD = standard deviation.
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had similar adhesion patterns to the various materials, with
the exception of glass, to which the bacteria adhered more
weakly or did not adhere at all. We found that the strains had
different adhesion patterns. These observations are in
accordance with those of other investigators [30], who
observed weaker adhesion to glass than to other materials, in
a study of Gram-negative and Gram-positive bacteria. This
adhesion pattern can be explained by the composition of the
materials that were tested. Glass, for example, has a high
concentration of silica, which makes it highly hydrophilic.
The other materials are polymers; latex is a composite derived
from isoprene [31], formica is composed of layers of paper
covered with resin, phenol-formaldehyde polymers and urea-
formaldehyde [32], and polystyrene is a styrene polymer [33].
All these materials have hydrophobic characteristics. The free
energy of the materials may also account for their adhesion
capacity [34]. Thus,  the weak bacterial adhesion we found to
glass could be due to its high free energy.

Previously, in vitro studies revealed that A. baumannii
can survive more than four months on dry surfaces [35];
adequate  hygiene and disinfection methods are necessary to
remove these bacteria from dry surfaces in hospital
environments [7]. The association between their adhesion to
different materials and their survival ability on dry surfaces
make these microorganisms important infectious agents.
Knowledge of their adhesion properties to inanimate surfaces
is of extreme importance in the hospital environment, since
this bacterium has been found not only on the hands of staff
but also on gloves, hospital instruments, stretchers, bed frames
and bed linen [35,36].

Bacterial adhesion to intravascular catheters is a factor in
the propensity for the development of bacteremias and
septicemias [27]. Independent of the clinical situation, the
catheterized patient is often medicated with antimicrobial
agents. Consequently, we evaluated in vitro the adhesion
ability of A. baumanni to a catheter after treatment of the
bacterial strains with sub-minimum inhibitory doses of
meropenem, because these concentrations are incapable of
killing bacteria, but they can affect properties associated with
bacterial virulence [37]. We noted significant reductions in
the number of bacteria adhered to the catheter when treated
with sub-minimum inhibitory concentrations of antibiotics,
confirming that meropenem interferes with the adhesion
properties of the bacterial strains.

We found variations in the pattern of adhesion to the
buccal epithelium cells that did not relate to any of the other
parameters evaluated. These results are due to a phenomenon
that is independent of the strain’s hydrophobic phenotype.
We should also consider other factors, such as the load on
the surface and surface tension [23]. Sechi et al. [38] suggested
that a genetic relationship would explain why some strains of
A. baumannii had greater adhesion to cells. It is possible that
the strains’ genetic relationships are also associated with the
adhesion phenomenon [38]. The identification of various

adhesins on the cellular surface of A. baumannii suggests
that these structures participate in the cellular adhesion
process [39,40].

Through molecular typing, we found three different clones
of Acinetobacter baumannii. However, there was no
association between the strains’ clone and its hydrophobicity
degree and adhesion to abiotic and cellular surfaces.

In conclusion, there was a direct relationship between the
cellular surface hydrophobicity level of the strains and
adhesion to the abiotic surfaces. On the other hand, there
was no direct relationship between adhesion to the abiotic
surfaces and adhesion to the buccal epithelium cells,
suggesting that different mechanisms are involved in
adherence to the different surfaces. However, our study
should be expanded, using more strains from different origins
and possibly other bacterial species to help understand the
success of specific Acinetobacter baumannii strains in the
hospital environment.
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