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Abstract

Aim: The goal of this research is to examine the biofilm forming ability of Staphylococcus aureus and
Pseudomonas aeruginosa clinical isolates in different in vitro conditions using Meuller-Hinton and
Luria-Bertani broths.

Material and methods: 30 strains of Pseudomonas aeruginosa and 30 strains of Staphylococcus
aureus obtained from clinical specimens were used. After preparing the suspensions of bacteria
inoculated on broths, they were set on microtiter plates and the biofilm production was measured
using the spectrophotometric reader on 550 nm. Strains were classified into four categories: non-
producing, weak producers, moderate and strong producers, based on the comparison of optical
density of samples and negative control.

Results: Both tested species successfully formed a biofilm in both broths (p<0.01). P. aeruginosa
strains had a higher percentage of strong producers in both in vitro conditions, in comparison with S.
aureus strains (3.3% vs 50%). Nevertheless, there is no statistically significant difference in biofilm
formation between the strains, regardless the used broths, and there is no statistically significant
difference between the biofilm forming ability of both species observed separately regarding in vitro
conditions either.

Conclusion: Both species have an ability to produce biofilm, which likely contributes to the
pathogenicity and virulence of these bacteria and also leads to a better understanding of their in vivo
characteristics to cause infections related to biofilm.
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Introduction

Biofilm formation is one of the additional
bacteria virulence factors which is still an
interesting subject for numerous researches.
Biofilm infections are becoming a major health
problem in chronic infections and implants.
Biofilm is a multicellular structure that protects
bacteria from adverse environmental factors,
making them highly resistant to different
antibiotics. It also stores nutrients, which serve
the bacteria to survive, protects them from
phagocytosis, and secures survival in the host
organism. Resistance to disinfectants is a very
important characteristic of biofilm because it
prevents removing bacteria from the surface,
enabling such microorganisms to permanently
colonize the human organism with pathological
consequences. Biofilm should be considered as
a mobile functional community with the features
of a complete microorganism because, among
other things, they have homeostasis, circulatory
system, genetic material exchange and
metabolic activity, which ensure their further
development (1). In addition, biofilm-protected
bacteria are capable to disperse individual
bacterial cells and decomposing parts of biofilm
into the surrounding tissues and circulation
system. But most importantly, on the surfaces of
medical devices or in the human body, biofilm is
made by microorganisms with the ability to
produce an extracellular polymeric substance.
These polymeric substances have an ability to
incorporate a large amount of water into their
structure and become highly hydrated (2). These
solid-liquid barriers between the surface and the
aqueous environment allow the community of
biofilms optimal conditions for the growth and
survival of microorganisms. Also, biofilm is
formed exclusively by the cells that produce
polysaccharides in sufficient quantity (3). Several
environmental and genetic signals control each
step of biofilm development and dispersal.
Accumulation of signal molecules in the
environment allows each bacterial cell to
estimate cell density or the total number of
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bacteria at that time - the quorum detection or
quorum sensing phenomenon.

Colonization of medical devices is proportionally
increased by surface irregularity and
microorganisms bond more rapidly to
hydrophobic surfaces such as plastic, rather
than hydrophilic ones. (2,4). The appearance of
biofilm on implants and various surgical
implantable devices causes chronic infections,
rejection of implants, ineffectiveness of the
embedded device, organ damage, and
sometimes even lethal outcome for the patient.

The aim of this research is to examine the biofilm
forming ability of Staphylococcus aureus and
Pseudomonas aeruginosa clinical isolates in
different in vitro conditions using Mueller-Hinton
and Luria-Bertani broths.

Material and methods

Sample preparation

This study included 60 bacterial strains, 30
Pseudomonas aeruginosa and 30
Staphylococcus aureus strains, obtained from
different clinical specimens from 2007 to 2015
and isolated in microbiological laboratories at
University Hospital Center Osijek, Croatia and in
the General Hospital Slavonski Brod, Croatia. All
bacterial strains are part of the collection of
microbial strains kept at the Department of
Microbiology and Parasitology, Faculty of
Medicine, University of Osijek. Microorganisms
were identified according to standard
microbiological methods and biochemical tests
to the species level (5). After the bacteria had
been grown on the blood agar plate during 18-
24 hours incubation, two to three individual
colonies of bacterial cultures were taken and
inoculated into vials with 3 ml of Mueller-Hinton
(MH) (Becton Dickinson and Co., Cockeysville
MD, USA) and Luria-Bertani (LB) (Difco R Luria-
Bertani broth, Becton Dickinson, USA) broth. The
suspensions were incubated in the thermostat at
37°C for another 18-24 hours. After incubation,
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the tubes were well mixed (vortexed) and 20 u L
from each suspension was transferred into new
tubes with 2 ml MH and LB broth, which yielded
suspensions of approximately 5x105 CFU/ml
concentrations. After the preparation,
suspensions were planted on flat bottom
polyester microtiter plates (Copan, Brescia, Italy).
Wells with 100 u L of uninoculated MH and LB
were used as the negative control and the
remaining wells had 50 ul MH or LB broths
which were planted with 50 u | of the prepared
suspensions. The biofilm-producing strain
Acinetobacter baumannii ATCC 19606 was used
as a positive control. The microtiter plate was
incubated in the thermostat for 18-24 hours at
37°C. After the incubation, the broth was shaken
out and wells were washed three times with
distilled water. At the end of the experiment,
coloring with 01% crystal violet and
solubilization with 95% ethanol was done (6). All
measurements were done in triplicate.

Quantification of biofilm

The final step was a spectrophotometric
measurement of biofilm production on an
enzyme immunoassays plate reader (BioRad
93200 PR3100 TSC Microplate Reader) at 550
nm. The optical density (OD) values were
measured in every well of the plate and they
represent biofilm production. The final results
were reported as the optical density cut-off
value (ODc), which was calculated as average
OD for each sample made in triplicate increased
by three standard deviations of negative
controls. The results were classified into the
following categories: non-producers, weak,
moderate and strong biofilm producers (6,7)
according to the criteria presented in Table 1.

14

Table 1. The criteria for evaluating biofilm production

OD < ODc Non-producers

ODc < 0D < 2 X ODc | Weak producers

2 X 0Dc< 0D Moderate producers
<4 X 0Dc
4 x0Dc < O0D Strong producers

OD = average optical density value of biofilm production in a
single well; ODc = limit value of biofilm production (at least
some biofilm produced)

Statistical Analysis

The results were processed using the statistical
software package SPSS 19.0 (IBM Corp., Armonk,
NY, USA), and the data processing was carried
out by checking normality distribution and
calculation of descriptive data, including the
frequencies, percentages, median  and
interquartile ranges. Wilcoxon test of equivalent
pairs, x2 test with Fisher's exact test and
Cramer's V (¢ ) coefficient were utilized for the
statistical significance testing of the differences
between two or more independent groups.

Results

The biofilm production ability data for both
bacterial species regarding the in vitro nutrient
condition (incubation in Mueller-Hinton and
Luria-Bertani broths) are shown in Table 2. Data
are presented as the average of triplicate
measurement of optical density and includes
medians and interquartile ranges for each
variable used.
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Table 2. The amount of biofilm formed, presented as the average optical density for S. aureus and P. aeruginosa
using Luria-Bertani and Mueller-Hinton broths, in comparison to control

Staphylococcus aureus C Q

Luria-Bertani broth control 0.059 0.014
OD (AR) 0.085 0.031

Mueller-Hinton broth control 0.076 0.011
OD (AR) 0.097 0.043

Pseudomonas aeruginosa

Luria-Bertani broth control 0.032 0.017
OD (AR) 0.318 0.481

Mueller-Hinton broth control 0.070 0.07
OD (AR) 0.330 0.602

Legend: C = median; Q = interquartile range; OD (AR) = average optical density

By comparing the data for both bacteria and
cultivation media (Table 2), it can be seen that
interquartile  dispersal is greater for P.
aeruginosa than for S. aureus strains.

Table 3. Distribution of biofilm production in S. aureus and P. aeruginosa strains using Luria-Bertani and Mueller-
Hinton broth (p<0.01, Wilcoxon's Equivalent Pair Test)

RarlyieccEEts non-producers weak producers moderate producers S
aureus producers
f (%) f (%) f (%) f (%)
LB 17 (56.7) 13(43.3) 0 (0) 0 (0)
MH 19 (63.4) 9 (30) 1(3.3) 1(3.3)
Pseudemonas non-producers weak producers moderate producers strong
aeruginosa producers
f (%) f (%) f (%) f (%)
LB 0 (0) 8 (26.7) 4 (13.3) 18 (60)
MH 4(13.3) 6 (20) 5(16.7) 15 (50)
Legend: LB = Luria-Bertani broth; MH = Mueller-Hinton broth; f = frequency
It has been found that both bacterial species, S. both cultivation media (p<0.01, Wilcoxon's

aureus and P. aeruginosa successfully (to a Equivalent Pair Test)
statistically significant degree) created biofilm in
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Table 4. The contingency table for biofilm production of P. aeruginosa and S. aureus strains in Luria-Bertani and

Mueller-Hinton broth.

Pseudomonas aeruginosa

Luria-Bertani broth

weak moderate strong
Total
producers producers producers
2 2 13 17
non-producers 6.7% 6.7% 43.3% 56.7%
Staphylococcus
aureus 6 2 5 13
weak producers
20.0% 6.7% 16.7% 43.3%
8 4 18 30
total 26.7% 13.3% 60.0% 100.0%
Pseudomonas aeruginosa Mueller-Hinton broth
non- weak moderate  strong
Total
producers producers producers producers
non- 3 3 3 10 19
producers 10% 10.0% 10.0% 33.3% 63.3%
weak ° 2 2 5 9
producers g9 6.7% 6.7% 16.7% 30.0%
Staphylococcus
aureus moderate © = © = =
producers g9 0% 0% 0% 0%
strong ° & = e e
producers g9 3.3% 0% 0% 3.3%
4 6 5 15 30
total 13.3% 20.0% 16.7% 50.0% 100.0%

The correlation between the tested bacterial
species according to their biofilm production
ability is shown in Table 4. There is no statistically
significant difference in biofilm formation
between S. aureus and P. aeruginosa strains in
Luria-Bertani (Fischer's exact test, p=0.075) or in
Mueller-Hinton broth (Fischer's exact test,
p=0.359).

The ability to produce biofilm depending on
different cultivation conditions is shown in
Figures 1 and 2. Staphylococcus aureus strains
had very modest biofilm production in both
broths: 43.3% of the strains seem to be weak
producers and the remaining are non-producers
in Luria-Bertani broth. There is even a smaller
number of biofilm weak producers (30%) in
Mueller-Hinton broth, and almost all remaining
ones are biofilm non-producers, with the
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exception of one moderate (3.3%) and one strong
(3.3%) producer. P. aeruginosa strains belong to
strong biofilm producers in both in vitro
conditions. In Luria-Bertani broth, all tested
strains were shown as biofilm producers. Weak
producers accounted for 26.7% of the strains,
moderate ones accounted for 13.3%, and 60.0%
were strong producers. There was 20.0% of
weak producers, 16.7% of moderate producers
and 50.0% of strong producers in Mueller-Hinton
broth, and 13.3% of the strains were biofilm non-
producers.

There was no statistically significant difference
between cultivation conditions and the ability to
form biofilm either in S. aureus or in P.
aeruginosa strains.
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Figure 1. Biofilm production ability of S. aureus in Luria-
Bertani and Mueller-Hinton broths (Fischer's exact test,
p=0.664).
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Figure 2. Biofilm production ability of P. aeruginosa in Luria-
Bertani and Mueller-Hinton broths (Fischer's exact test,
p=0.476).
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Discussion

The main observation which arises from this
study is that both bacterial species, gram-
positive S. aureus and gram-negative P.
aeruginosa, successfully and to a statistically
significant degree form biofilm in both tested
broths (Table 4). Another important observation
is that interquartile dispersal is greater in P.
aeruginosa compared to S. aureus strains. P.
aeruginosa strains have a higher incidence of
extreme values and thus a greater range of
results.
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However, no statistical difference was observed
with regard to the medium in which biofilm
production was measured. Both species showed
that biofilm production is more pronounced in
Luria-Bertani medium by comparing the
percentage, but no statistical significance has
been established in statistical tests. Although
Luria-Bertani medium is a medium in which
higher production is expected, other authors
have also pointed out the possibility that biofilm
production may be unexpectedly expressed
depending on the conditions of bacterial growth.
Biofilm formation can be strongly affected both
by growth media and by temperature (8,9).
Another study (10) has also shown that both of
these bacterial species are biofilm producers,
independently of the clinical specimen isolation
origin (sputum, urine, urine catheter, etc.). In this
study, which involved the application of Congo
agar and Tube method, influence of the different
in vitro conditions on biofilm forming ability of
these two bacterial species was visible. (10) Both
of the bacterial species have been shown to be
strong producers of biofilm, with more than 80%
of strong producers found (10). In our study, P.
aeruginosa strains were strong producers in 55%
cases, equally in both broths, whereas S. aureus
strains had only one strong producer (3.3%). By
comparing the results of this small series of
experiments, it is reasonable to assume that the
biofilm forming ability is greatly influenced by
cultivation conditions, that it is nutrient
dependent and also has a significant role in
antimicrobial susceptibility of biofilms. (11,12,13)

Also, it is very important to emphasize that the
role of biofilm in the genesis of infections
associated with medical devices is indisputable.
Microorganisms isolated from the samples of
patients with these infections often exhibit the
apparent ability to generate biofilms, as has
been shown in many studies. (14,15) Additionally,
it is known that multiple bacterial species can
cooperate and form complex networks with
many defending mechanisms and built-in
sophisticated protection against the human
immune system and antimicrobials as well. (16)
Such polymicrobial biofilms are nowadays
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recognized as a significant factor in the
pathogenesis of multiple infections in humans.

Conclusion

The obtained results are in agreement with
previous medical  and microbiological
knowledge of biofilm formation, which plays a
pivotal role in numerous infections such as
periodontitis, chronic  prostatitis, bacterial
vaginosis, chronic otitis media, osteomyelitis,
chronic pulmonary infections in cystic fibrosis
patients, and chronic wound infection,
considering that the investigated bacterial
species, S. aureus and P. aeruginosa, are the
most common etiological pathogens of these
infections.
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