journal of wound care J m

VOLUME 25. NUMBER 10. OCTOBER 2016

Antibacterial properties and
reduction of MRSA biofilm with a
dressing combining polyabsorbent
fibres and a silver matrix

N. Desroche,' PhD, R&D Manager; C. Dropet,’ MSc, R&D Engineer; P. Janod,2 PhD, Manager Project;
J. Guzzo,? PhD, Professor of Microbiology

E-mail: nicolas.desroche@nexidia.fr
1 Nexidia SAS, 15 Rue de Mayence, F-21000 DIJON.
2 Urgo Recherche Innovation et Développement, 42 rue de Longvic, F-21300 CHENOVE.

3 UMR A, Procédés Alimentaires et Microbiologiques, Université de Bourgogne,
IUVV, rue Claude Ladrey, F-21000 DIJON.

THIS ARTICLE IS REPRINTED FROM THE JOURNAL OF WOUND CARE VOL 25, NO 10, OCTOBER 2016



research

Antibacterial properties and reduction of
MRSA biofilm with a dressing combining
polyabsorbent fibres and a silver matrix

Objective: This study was designed to evaluate the antibacterial activity
of a wound dressing which combines polyacrylate fibres and a silver
lipido-colloid matrix (UrgoClean Ag, silver polyabsorbent dressing),
against biofilm of methicillin-resistant Staphylococcus aureus (MRSA).
Method: Samples of silver polyabsorbent dressing and the neutral
form of this dressing (UrgoClean) were applied to biofilms of MRSA
formed on a collagen I-coated surface, cultured for 24 hours. Different
exposure times were tested (1, 2, 4 and 7 days) without dressing
change. The biofilm reduction was quantified by using culture methods
and by confocal laser scanning microscopy experiments.

Results: The application of the silver polyabsorbent dressing resulted in
a significant decrease of the biofilm population by a log reduction

of 4.6, after 24 hours of exposure. Moreover, the antibiofilm activity was
maintained for 7 days with reduction values up to 4 log (reduction of
biofilm superior to 99.99%). The application of the neutral dressing also

induced a significant reduction of the concentration of sessile cells
after 1 day (about 0.90 log). The results obtained with this neutral form
of the dressing showed that the polyacrylate fibres were able to exert a
mechanical disruption of the biofilm architecture.

Conclusion: These in vitro experiments demonstrated that silver
polyabsorbent dressing was able to strongly reduce the biofilm of MRSA.
The antibiofilm mechanism of this dressing can be explained by a dual
action of the polyabsorbent fibres (based on ammonium polyacrylate
polymer around an acrylic core) which induced a mechanical disruption of
the biofilm matrix and/or a sequestration of sessile cells, and the diffusion
of silver ions which produced bactericidal activity.
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company had no influence on the experimental design and the
interpretation of the results.
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hronic wounds lack an orderly and
predictable process of healing and are an
important global public health problem.
These wounds are often colonised by a
community of microorganisms. Wounds
will heal despite the presence of a large variety of
bacteria encountered in this environment.
Nonetheless, invasive bacteria that are not normal
members of the human skin microflora and/or
opportunistic pathogenic bacteria may cause wound
infections. Among these bacteria, Staphylococcus
aureus is often present and considered a major
pathogenic bacterial species in wound infections.!-*
More particularly, methicillin-resistant Staphylococcus
aureus (MRSA) is a leading cause of colonisation and
infection in chronic soft-tissue wounds and is a
worldwide problem with increasing prevalence.>¢
Historically, bacteria in chronic infections were
considered to be growing in a planktonic state,’
however, studies have demonstrated that biofilm form
(sessile state) is mainly involved in wound infections.
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Studies performed with animal models or in humans
have confirmed the existence of bacterial biofilm in
wounds.”-! In chronic wounds, biofilm is composed of
a multispecies communities held together and attached
to the wound bed. The cells are embedded in
extracellular polymeric substances (EPS) produced by
the bacteria.'>13 Although this matrix shows a great
heterogeneity, the major components are hydrated
polysaccharides, proteins, nucleic acids and lipids.!415
Staphylococcus aureus biofilms play a significant role in
the wound healing process, depending on the strain
ability to form biofilm.6-18

The challenge faced with regard to biofilm in chronic
infections lies in their tolerance to antibiotics
treatments.!® As bacterial cells in biofilm have a specific
physiological state (reduced growth rate and adaptive
stress responses) and the matrix acts as an antimicrobial
barrier; these cells are more resistant to antimicrobial
agents when compared with planktonic cells.?%21
Furthermore, cell-to-cell communication and intercellular
genetic exchange can also contribute to the higher
resistance of biofilm cells to antimicrobial stress, and to
the persistence of biofilm infections.??

Since the demonstration of an association between
wound chronicity and the presence of bacterial biofilm,”
the need to control and reduce biofilm structures has
been recognised. As alternatives to systemic or topical
treatment with antibiotics, a first generation of wound
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dressings incorporating antimicrobial substances, such as
silver or iodine, have been developed to treat chronic
wounds.?3-?7 The bactericidal activities of these silver-
containing dressings have been demonstrated and are
well documented. The majority of these studies were
performed on planktonic cells or using agar diffusion
methods.?’-3¢ Several studies have used in vitro biofilm
models to demonstrate the antibacterial activities of
silver dressing.3”-4> However, when these dressings are
applied on mature biofilms with low growth rates and a
solid matrix, they can only inhibit further growth and do
not resolve the infection.®

Successful treatment of biofilm-related infections
requires novel and more effective strategies. The most
promising strategies concern the degradation
(mechanical, enzymatic or physical) of the biofilm
matrix and the disruption of biofilm.#344 Dressings that
combine the use of silver and agents able to destabilise
the biofilm matrix, facilitating the diffusion of silver
ions, have been developed. For example, a new dressing
which contains two agents that are known to disrupt
biofilms, ethylenediaminetetraacetic acid (EDTA) and
benzethonium chloride, in addition to ionic silver as an
antimicrobial agent,*> has demonstrated in vitro
antibiofilm activity.*> Other technologies use dispersing
agents, such as Dispersin B#® or surfactant** which
disseminate bacterial biofilm by targeting the
extracellular polysaccharides (EPS), destabilising the
biofilm framework. These strategies would be beneficial
in combination with a microbicide agent for managing
bacterial biofilm contamination within the wound.
One other way of disrupting the biofilm concerns the
use of superabsorbent and absorbent dressings, which
remove bacteria from the wound by absorbing and
maintaining the bacteria in the dressing matrix or by
hydrophobic interactions between the wound contact
layer and bacteria.?34” Recently, Cooper and Jenkins®*®
have demonstrated that dialkyl carbamoyl chloride
(DACC)-coated dressings bind MRSA biofilm in vitro.

In this study, we investigated the in vitro ability of a
polyabsorbent silver dressing (UrgoCleanAg, Urgo) which
combines polyacrylate fibres and silver lipido-colloid
matrix (silver sulfate and carboxymethylcellulose
dispersed in a lipophilic layer), to reduce and eliminate
biofilm of MRSA.

Methods

Wound dressings tested

We tested three lipido-colloid non-adhesive dressings:

e An absorbent silver-containing dressing (UrgoClean Ag)

o The same absorbent dressing without silver (UrgoClean,
polyabsorbent dressing)

e A non-absorbent neutral dressing (UrgoTul, non-
absorbent dressing).

The dressings without silver were used as controls.

UrgoTul is composed of CMC dispersed in a lipophilic

layer (TLC technology), coated on a non-occlusive fine

mesh. UrgoClean and UrgoCleanAg are absorbent

dressings which are composed of a soft-adherent
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lipido-colloid matrix (TLC technology) coated on a sterile
compress composed of polyacrylate polymer fibres. In
UrgoCleanAg, the lipido-colloid contact layer is
impregnated with silver sulfate. All the wound dressings
were kindly provided by Laboratoires URGO.

Bacterial strain and culture conditions

MRSA ATCC 43300 was used to evaluate the antibiofilm
activity of the wound dressings. Stock cultures of bacteria
are kept, in cryovials, under glycerol stocks (15% v/v) at
-70°C for long-term storage. Bacteria were cultured at
35£2°C, in Tryptic Soy Broth (TSB; BioKar Diagnostics)
under agitation for 16-24 hours.

In vitro biofilm formation

The model used for the biofilm formation was similar
than those described by Werthen et al.* Briefly, an
overnight culture of MRSA strain was diluted in fresh
sterile TSB to give a final concentration of 107 colonies
forming units (CFU)/ml. An aliquot (0.5ml) of this
suspension was added to each well of a polystyrene
24-well microplate coated with a collagen type I (BD
Biocoat Collagen I). The inoculated plates were
incubated at 35+2 °C for 24 hours in static conditions
to allow biofilm to establish on collagen I-coated
surface. After the incubation, the waste medium was
aspirated gently, and the wells of the plates were washed
twice with 0.5 ml of saline diluent (0.9 % w/v NaCl) to
remove planktonic cells.

Application of wound dressings and evaluation of
antibiofilm activity

Dressing samples were cut under aseptic conditions into
small squares of 1cm? (10mm x 10mm). Absorbent
dressings were pre-wetted with their saturation volume.
A 0.5 ml volume of saline diluent was added to each well
containing mature biofilm to mimic exudative
conditions. Then, a square of each wound dressing was
aseptically introduced in wells containing the biofilm
and pressed down gently to ensure contact between
dressing and biofilm. In each plate, a well containing
only 0.5ml of saline diluent was used as a control for
untreated biofilm. All plates were incubated at 35+2°C
during defined exposure times (1, 2, 4 and 7 days)
without dressing change.

To study the effect of the dressing change, the samples
of wound care dressing were removed using sterile forceps
after 2 days of exposure and the saline diluent was
aspirated gently. Fresh saline diluent (0.5 ml) was added
to each well and a new square of each wound dressing
was added to a corresponding well. The plates were then
incubated at 35+2°C for 2 days.

After the incubation time, the wound dressings were
removed using sterile forceps. The waste saline diluent
was aspirated gently and the non-adherent cells were
eliminated by two washing steps with 0.5ml of saline
diluent. Biofilm were thoroughly scraped with a
micropipette tip and the sessile cells were resuspended
into 1 ml of saline diluent. Serial 10-fold dilutions were
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performed in saline diluent. It should be pointed out that
serial dilution was used to neutralise the antimicrobial
activity of the silver ions. Five drops (10 uL) of each
dilution were plated onto Tryptic Soy Agar plates (TSA,
Biokar Diagnostics). The plates were incubated at
35+2°C for 24-48 hours. After incubation, the number
of CFU were counted. We repeated each experiment
three independent times for each condition. The
antibiofilm activity of the wound dressing was
determined as the decrease in the log concentration of
viable cells compared to the non-treated biofilm. For
each dressing tested, the antibiofilm activity was
calculated using the following formula:

Antibiofilm activity (A) = logl0 of sessile cells
concentration of the untreated biofilm - 1og10 of sessile
cells of the biofilm treated with a wound dressing

Fluorescent labelling and confocal laser scanning
microscopy image acquisition
Biofilm architecture was studied using confocal laser
scanning microscopy (CLSM). After 24 hours in the
presence or absence of the wound dressing, dressing
samples were removed and non-adherent cells were
eliminated as previously described. A volume of 1 ml of
fresh TSB was added in each well and sessile cells were
fluorescently tagged by adding two fluorescent markers,
SYTO9 and propidium iodide (PI), in the fresh medium
(1:500 dilution from Filmtracer LIVEDEAD Biofilm
Viability Kit). Plates were incubated in the dark for
30 minutes to enable the fluorescent labelling of bacteria
cells. After incubation, the plate was then mounted on
the motorised stage of an inverted confocal microscope
(Leica TCS SP8 AOBS, LEICA Microsystems). The
microtiter plates were scanned using a 40x/0.8 N.A.
(LEICA) water immersion objective lens with a 488 nm
argon laser set at 25% intensity. Emitted green
fluorescence was recorded within 493-575nm (gain
750V) to visualise live cells and emitted red fluorescence
collected 630-750nm (gain 750V) to visualise dead cells.
Images were acquired at 600 Hz with a z-step of 1pm
between each xy image for z-stack for each biofilm in
three different areas in each well. For each condition
three independent experiments were performed.
Two-dimensional-projections of biofilm structure were
reconstructed using IMARIS 7.1 software (Bitplane,

Switzerland). Quantitative structural parameters of the
biofilm architecture (biovolume, thickness and
roughness) were also calculated using this software.

Statistical analysis

All data are expressed as mean standard deviation (SD) of
the triplicate experimental data (independent test). Data
were analysed using an unpaired t-test to determine the
differences in sessile cells concentration between the
control and each group. For the biofilm assay, p<0.05 was
taken as significant. The statistical analysis was performed
using XLSTAT version 2015.2.01.17502 (Addinsoft).

Results

Antibiofilm activity

Untreated biofilm remained stable around 108 CFU/cm?
during 2 days and a decrease of about 1 log unit was
observed after 7 days of incubation (Fig 1). This slight
reduction can be explained by a spontaneous detachment
of the bacteria during the biofilm development*° or by
the reduced growth rate of sessile cells. In mature biofilm,
sessile cells have been show to enter a metabolically
inactive, dormant state, and may be viable but
noncultivable.>! The treatment with the non-absorbent
dressing had no significant effect on the viability of
sessile cells.

The application of the absorbent dressing induced a
significant (p<0.05) reduction of the concentration of
sessile cells after 1 and 2 days of exposure (Fig 1). The
concentration of sessile cells was reduced by about 0.9 log
compared with the untreated conditions (Table 1). The
disruption of MRSA biofilm can be explained by the
strong absorbent property and the sequestration of
bacteria on polyabsorbent fibres. Therefore, this
mechanical effect was not maintained after 4 days of
exposure. Loss of mechanical effect can be explained by
the fact that the cell-surface properties can modulate
stress conditions, such as starvation (nutrient stress
conditions). These conditions occur in this in vitro biofilm
model where there may be a paucity of nutrients due to
the non-addition of nutrient broth during the incubation.

Biofilm exposed to the polyabsorbent silver dressing
showed a significant decrease (p<0.05) in the
concentration of sessile cells compared with the untreated
biofilm (Fig 1). This dressing exhibited an antibacterial

Table 1. Antibiofilm activities of the three dressings. The untreated biofilm was used as control condition to calculate the

antibiofilm activity

Antibiofilm activity (average log reduction)

1 day 2 days
Non-absorbent NR NR
Polyabsorbent 0.90+0.15% 0.94+0.24*
Silver polyabsorbent 4.61+0.27f 4.64+0.53*

4 days 7 days
NR NR
0.27+0.32 NR
4.15+0.28* 4.52+0.81*

*p<0.05, Tp<0.01 significant difference between control (untreated biofilm) and treatments; The values represent the mean value + standard deviation of results
from three independent experiments. NR indicates no reduction of the sessile cells concentration
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aCtl,Vlty, against MRSA biofilm after 1 day which was Fig 1. Sessile cells concentration of untreated biofilm and those exposed to
maintained throughout the 7 days of contact. After 1 day the three test dressings

of exposure, the polyabsorbent silver dressing strongly
reduced the concentration of sessile cells by a log
reduction of 4.6 (reduction >99.99%) when compared
with the untreated condition. The antibiofilm activity
was maintained for 7 days with reduction values up to
4.0 log (Table 1). The application of the polyabsorbent
silver dressing was characterised by a bactericidal activity
on biofilm during the first 2 days, followed by a
stabilisation of the effect after 4 days probably due to the
complete diffusion of silver ions.

1.0E+09
1.0E+08
1.0E+07
1.0E+06—
1.0E+05
Effect of the dressing on MRSA biofilm architecture
CLSM is a method of choice for studying biofilms because

it allows a non-destructive analysis at a cell scale of their
hydrated spatial arrangement.>?

1.0E+04

MRSA sessile concentration (CFU/cm?)

1.0E+03
' - . —@— Untreated Polyabsorbent
Representative 24-hour biofilm structures are shown in yansarben

—#— Non-absorbent —#— Polyabsorbent silver

Fig 2. These images are 2D-reconstructions obtained from 1 0E+02 : : : : : : :
confocal stack images. Staphylococcus aureus ATCC 43300 0 1 2 3 4 5 6 7
formed flat and compact structures with multilayered
structures. The MRSA strain produced biofilm structures
that covered the entire surface. These observations
confirmed the results of the quantitative analysis of the

Exposure time (days)

biofilms (Fig 1). The application of non-absorbent Fig 2. CLSM observations of MRSA biofilms exposed to the different
. . . . lipido-colloid non-adhesive dressings tested. These images are examples of
dressing had no impact on biofilm structure (Fig 2). The representative observations of biofilm architecture and those used to quantify
untreated biofilm and the biofilm treated with non-  the structural parameters of biofilms. Untreated biofilm (a), biofilm treated with
absorbent dressing was stained green and no dead or non-aborsobent (b), biofilm treated with polyabsorbent (c) and biofilm treated
damaged cells were detected. The treatment with the with polyabsorbent silver (d). Biofilms were stained with FilmTracer LIVE/DEAD
Biofilm Viability Kit. Green-labelled bacteria represent viable sessile cells and

polyabsorbent dressing induced modifications of the 4 1ov o104 pacteria represent dead or damage sessile cells

biofilm architecture (Fig 2). We noted the presence of
holes of different sizes which may be caused by the
mechanical effect of this dressing. Surprisingly, areas of
red-labelled cells were also observed.

The application of the polyabsorbent silver dressing
had a drastic effect on the biofilm structure (Fig 2). No
biofilm structures were observed in the middle of the well
where the dressing was in close contact with the biofilm
(data not shown). Some biofilm structures were observed
at the periphery area of well. In these areas, the
polyabsorbent silver dressing application significantly
disrupted the structural integrity of the biofilm after
24 hours of exposure. These observations were in
agreement with the decrease of the sessile cells
concentration quantified previously.

Quantitative parameters such as biovolume (um3),
mean thickness (um) and surface area coverage (%) were
extracted from confocal stack images to quantify biofilm
structures with numerical data (Table 2). Analysis showed
that application of the non-absorbent dressing had no
significant effect on the MRSA biofilm architecture.
Significant reduction of the mean thickness of biofilm
was observed after exposure to polyabsorbent dressing
(Table 2), application reduced the surface area coverage
parameter and the biovolume compared with the
untreated biofilm. These differences were not significant.
It is important to underline that biofilm treated with this
dressing demonstrated the highest variability in terms of
surface area coverage and biovolume. >
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Fig 3. Sessile cells concentration of untreated biofilm and biofilms exposed to
the three tested dressings

1.0E+09 B 4 days with out dressing change

B Dressing change after 2 days

*
I ' |
T T T

Untreated

1.0E+08

1.0E+07

1.0E+06

1.0E+05

1.0E+04

1.0E+03

MRSA sessile calls concentration (CFU/cm?)

1.0E+02

Non-absorbent Polyabsorbent Polyabsorbent silver

The treatment with polyabsorbent silver dressing
resulted in a significant reduction for the three structural
parameters of biofilms compared with the non-treated
biofilm. Biofilm exposed to the polyabsorbent silver
dressing demonstrated the lowest biovolumes and
average thickness in accordance with the antibiofilm
activity previously quantified (Table 1). A greater decrease
in biovolume was observed in polyabsorbent silver
dressing-treated biofilm (about 45-50%).

Effect of the wound dressing replacement on the
antibiofilm activities

We found a significant effect (p<0.05) after the dressing
replacement of the polyabsorbent and the polyabsorbent
silver dressing. A decrease of the sessile cells concentration
was observed after the dressing change of polyabsorbent
dresising (from 3.9x107 CFU/ml to 1.6x10° CFU/ml) and
the polyabsorbent silver dressing (from 4.4x103 CFU/ml
to 1.1x103 CFU/ml).

Discussion
The fact that biofilms are especially tolerant to
antibiotics explains why some wounds fail to respond

the biomass
Surface area coverage (%)
Untreated 93.87 +5.69
Non-absorbent 91.71 + 7.37
Polyabsorbent 78.54 + 23.05

Silver polyabsorbent 57.51 + 14.341

positions in each of the biofilm.

to antimicrobial interventions.*®3 Studies have also
shown that higher silver nitrate levels are required to
treat an infection caused by a biofilm-associated
bacteria strain than a culture of planktonic cell of the
same strain.>* Mahami et al. have reported that the
biofilm phenotype of Staphylococcus aureus was found
to be four-times more resistant to silver nitrate than
planktonic cells.>> Moreover, the range of bacterial
cells with differing physiological and functional
variations within a mature biofilm suggests that
multiple inhibitory assaults are likely to be more
effective than a single antimicrobial intervention.>°

In this study, we used an in vitro biofilm model to
evaluate the antibiofilm activity of a polyabsorbent
silver dressing which combines two technologies,
poly-absorbent fibres and a silver lipido-colloid matrix.
Contrary to other silver-containing dressings where
the silver component is part of the dressing structure,
such as silver alginate, silver foam or silver hydrofiber
dressings, the silver sulphate is incorporated in a
lipido-colloid layer coated on one side of the dressing.
Preliminary studies have demonstrated the
antibacterial activity of this dressing against
planktonic cells of Staphylococcus aureus, Pseudomonas
aeruginosa, MRSA and vancomycin-resistant Enterococci
using zone of inhibition assays and/or direct-contact
method (unpublished data). In this model, MRSA
biofilm exhibited a bacterial population about 108-
10° CFU/cm? which was representative of those in
severely infected wounds®’ and the matrix was well
established and conferred a higher level of resistance
towards antimicrobial agents.8

In these in vitro conditions, the neutral form of this
dressing (e.g. polyabsorbent without silver) demonstrated
mechanical disrupting capacities which induce the
reduction of the biofilm after 1 and 2 days of exposure.
We suggest two mechanisms which can explain the
mechanical effect of this dressing. First, the interactions
between the polyabsorbent fibres, which are based on an
ammonium polyacrylate polymer around an acrylic core,
and the sessile cells or the main component of the
biofilm matrix. In a recent study, a DACC-coated dressing
has demonstrated a capacity to bind MRSA biofilm.*® In
this case, hydrophobic interactions between the DACC-
coated fibres and MRSA sessile cells were proposed to

Table 2. Quantitative analysis of confocal data for the biovolume (um?3), average thickness and substratum coverage of

Biovolume (x 105 um?3) Mean thickness (um)

7.96+1.49 12.89+2.23
8.00+1.98 12.49+2.25
6.92+3.77 9.60+3.06*
5.70+1.017 10.35+1.68*

*p<0.05 and Tp<0.01 compared with untreated condition; The results are means of datasets obtained from analysis of nine CLSM images acquired at random
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explain the mechanical effect. In the polyabsorbent
dressing, the fibres have a high density of ionic charges.>°
In the wound environment, the polyacrylate fibres are
negatively charged and attraction can occur between
positively charged molecules and negatively charged
polyacrylate fibres. Bacterial cells have a net negative
charge on the cell wall, although the magnitude of this
charge varies from strain to strain. The cellular surface of
Staphylococcus aureus has a moderately negative net
charge at neutral pH, which is probably due to the fact
that the teichoic acids contain fewer positively charged
D-alanine residues than negatively charged phosphate
groups.®® In particularly, MRSA strains harbour more
positive surface charges.®! For these strains, binding of
sessile cells can be due to electrostatic forces that arise
between their positively charged groups and the
negatively charged carboxyl groups of the polyabsorbent
fibres. However, the biofilm matrix of Staphylococcus
aureus was mainly composed of poly-N-acetyl
glucosamine (PNAG) polymer which is a positively
charged linear homoglycan. The exo-polysaccharides
play a significant role in integrity of the matrix and the
interaction of water molecules with the hygroscopic
components of EPS leads to hydration of the matrix and
biofilm environment required for survival of biofilm
bacteria.*3 Electrostatic interactions may occur between
the negatively charged of polyabsorbent fibres and the
major component of the matrix and lead to disruption of
the biofilm architecture.

Second, the ability of this dressing to trap sessile cells
also can be explained by the gelling properties of the
polyabsorbent fibres. These fibres made of polyacrylate
polymers are highly absorbent. On contact with the
saline solution, they swell resulting in the formation of a
gel. Hence, we can hypothesise that sessile cells can be
trapped and immobilised in the gel. Wiegand et al.
suggested that in salt solution, polyacrylate fibres react
primarily with water, then, bacterial cells can be bound
by the developing electrostatic interactions and are
trapped in the forming gel.%? Similar properties have
been reported with Hydrofiber dressings. Newman et al.
have demonstrated the ability of these dressings to
sequester and immobilise planktonic cells of
Staphylococcus aureus.%3 Similar mechanisms can occur
after application of the polyabsorbent dressing used here.

The polyabsorbent silver dressing exerted an in vitro
antibiofilm activity against mature MRSA biofilm, while
the CLSM pictures of different biofilms have showed the
dressing was quite effective in the destruction and the
removal of MRSA biofilm. The rapid in vitro antibiofilm
activity could be explained by the synergistic activity of
the polyabsorbent fibres and the diffusion of silver ions.
The disruption of the matrix caused by the polyabsorbent
fibres may facilitate the diffusion of silver ions. Alhede et
al. showed that induction of growth, by disrupting the
biofilm mechanically, left the biofilm more sensitive to
high concentrations of tobramycin when compared with
the non-disrupted biofilm.%*

It is important to highlight that polyabsorbent silver
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dressing was not able to completely eradicate biofilm and
that some aggregates of living sessile cells persist in the
well (>10* CFU/cm?). The quantification of sessile cells
showed a stabilisation of the viable cell population after
two days of application. This result could be explained by
the progressive diffusion of silver from dressing. But, in
these in vitro conditions, the replacement of the dressing
after 2 days of application allows an increase of the
antibiofilm activity.

The ability of some wound dressings to sequester and
immobilise bacterial cells into the wound dressing has
already been described.*®%5 This property is now a
recognised benefit to control the wound infection. The
polyabsorbent silver dressing combines the trapping
properties of the polyabsorbent fibres and the
antimicrobial activity of silver. All these results suggest
that polyacrylate fibres can facilitate the disorganisation
of the biofilm structure and improve the antibacterial
effect of silver. The combination of these two
technologies improves the efficiency of this dressing to
remove MRSA biofilms.

Limitations and future works

Due to the difficulties in diagnosing biofilm infections,
in vitro biofilm studies have widely been applied in the
study of antibiofilm treatment strategies as an obvious
alternative to clinical trials.!?%¢ This study was
performed using in vitro biofilm with wound-like
properties. Under these conditions, the biofilm
generated would have behaved differently to if they
had been established in vivo. It would be interesting to
use a medium which simulates the wound bed
environment with a continuous production of exudates
and contains host components such as proteins and
immune cells. Indeed, the level of silver released into
the wound is mainly dependent on the wound
environment.’ Several in vitro models have been
described, but none can accurately reproduce the
complex conditions within a wound. This study is a
first step to demonstrate the antibiofilm activity of the
polyabsorbent silver dressing however, these results
must be confirmed by clinical observations.

Conclusion

This study has demonstrated in vitro antibacterial activity
of the polyabsorbent silver dressing to reduce MRSA
biofilm. The ability of the polyabsorbent fibres to interact
with the biofilm matrix appears to improve the silver
ions diffusion and the bactericidal activity against sessile
cells. The development of this novel synergistic
combination with a mechanical action on biofilm matrix
that enhances the efficacy of silver may have a significant
therapeutic value, its should be considered as a novel
therapeutic approach for the management of biofilm in
wound infections. Jwe
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