Journal of American Science, 2010;6(12) http://www.americanscience.org

In vitro and in vivo Activity of some Antibiotics against
Staphylococcal Biofilm and Planktonic Cells Isolated from Diabetic
Foot Infections.

A. Abd El-Aziz', T. EI-Banna’, A. Abo-Kamar', A. Ghazal’, and R. AboZahra™

'Microbiology Department, Faculty of Pharmacy, Tanta University, Tanta, Egypt
Microbiology Department, Medical Research Institute, Alexandria University, Alexandria, Egypt.
*Microbiology Department, Faculty of Pharmacy, Pharos University, Alexandria, Egypt
“rania_abozahra@yahoo.com

Abstract: The diabetic foot syndrome is clearly one of the most important complications of diabetes and is the most
common cause of hospitalization among diabetic patients. Staphylococcus aureus is found to be the commonest
pathogen present in diabetic foot infections. The aim of the present study is to determine activities of three kinds of
antibiotics against Staphylococcal biofilm and planktonic cultures in vitro, and to indicate the difference in wound
healing between staphylococcal planktonic and biofilm stage of colonization in vivo by using diabetic rat models.
Biofilm forming staphylococci were identified by using the modified microtiter plate method. And the effect of
different concentrations of several antibiotics (including ciprofloxacin, gentamycin and amoxicillin-clavulanic acid)
on eight isolates was determined. The result showed that out of 86 Staphylococcal isolates, eight strains were found
to be strong biofilm forming. It was found that the preformed biofilm was very difficult to remove with most isolates
even with multiples of the MIC and that the biofilm MBC reached 46 times the planktonic MBC in some isolates.
This was also noticed in case of the diabetic foot infection of the rat model, as the treatment was more efficient
when it started immediately after infection, before the formation of the biofilm, as the bacterial infection was
eliminated within 3-4 days, while it could not be completely eliminated when treatment started after the biofilm
formation. This was also observed from the rate of healing and confirmed by histological examination.
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1. Introduction: infectious disease because of the resistance to a wide
The diabetic foot syndrome is clearly one of range of antibiotics (Amorena et al., 1999).
the most important complications of diabetes and is Therefore, a better understanding of bacterial
the most common cause of hospitalization among biofilms is needed, and this may ultimately result in
diabetic patients (Wrobel et al., 2001), people with development of novel therapeutics for the prevention
diabetes are 25 times more likely to have a leg and treatment of wound infections (Davis et al.,
amputated than those without the condition, 2006).
according to the International Diabetes Federation Biofilm formation occurs upon initial rapid
(Lau et al., 2008). The combination of peripheral attachment of staphylococci to the surface, followed
neuropathy, peripheral arterial disease and infections by multilayered cellular proliferation and intercellular
would result in unhealing ulcers, gangrene and adhesion in an extracellular polysaccharide matrix
amputation (Aulivola et al., 2004). Kandemir et al. excreted by the bacteria (Gotz, 2002). Cell adhesion
(2007) found that the most frequent etiological agent between staphylococci is mediated by polysaccharide
for diabetic foot infections was staphylococci. In intercellular adhesin (P1A), a linear homopolymer of
tissues removed from patients with recurrent B-1,6-linked N-acetylglucosamine residues (Arciola et
staphylococcal infections, the cells are frequently al., 2001).
organized in confluent colonies with a biofilm-like Biofilm infections are difficult to treat due to
appearance. The pathogenesis of staphylococcal their  inherent  antibiotic  resistance. = Once
infection begins with primary bacterial adhesion and staphylococcal biofilm has formed on damaged
colonization of the host tissues (Morikawa et al., tissue, it is difficult to disrupt. Most antimicrobial
2005). Once a biofilm has been established, it is a therapies for biofilms have largely proven
major concern for clinicians in the treatment of unsuccessful. The mechanism of biofilm-associated
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antibiotic resistance is uncertain and likely
multifactorial. A number of factors have been
postulated, including binding of antibiotic to the
slime, poor penetration of antibiotic into the biofilm,
slow growth rate of organisms in the biofilm, high
bacterial density, and changes in gene expression in
biofilm bacteria. Bacteria released from biofilms
retain susceptibility to antibiotics characteristic of
free-growing bacteria rather than biofilms, implying
that the mechanism of resistance is not genetic
change (Saginur et al., 2006).

The objective of this study was to determine
the effect of different antibiotics on biofilm removal,
also to compare the planktonic and biofilm MBC of
staphylococcal isolates retrieved from diabetic ulcers
to these antibiotics, and then to study the effect of
planktonic and biofilm stage of colonization on an in
vivo diabetic rat model.

2. Materials and methods

Bacterial strains: In this study 140 clinical
swab form foot ulcers of diabetic inpatients in the
university hospital (Alexandria, Egypt) were
collected. Out of 197 isolate 86 isolates were
identified as Gram positive bacteria (Staphylococi).
Identification of the staphylococcal strains was done
by Gram staining, catalase, coagulase tests, and
cultivation on mannitol salt agar, further confirmation
was carried out by using the API Staph system. Out
of the 86 staphylococci isolated 62 (70.4%) were
Staphylococcus aureus and 25 (29.6%) were
Coagulase negative staphylococci (CONS).

Quantification of biofilm formation: This
was done by using the modified microtiter plate
method (Stepanovic et al., 2000), where the strains
were grown in TSB supplemented with 2.5% glucose
(Christensen et al.,, 1985). All strains were
categorized as non, weakly, moderately, or strongly
adherent, based upon the ODs of bacterial films as
described by Stepanovic et al. (2000).

Antimicrobial agents used: Gentamycin (CN)
(Alexandria Co., Egypt), Ciprofloxacin (CIP) (Amriya,
Egypt), and Amoxicillin-Clavulanic acid (AMC)
(GlaxoWellcome) were used.

MIC and MBC determination: Susceptibility
testing to each drug was performed on planktonic
cultures using the two-fold dilution method according
to Clinical and Laboratory Standards Institute
guidelines (CLSI, 2003). MICs were performed in
96-well microplates (Greiner, Wemmel, Belgium)
and results were recorded after incubation at 35 °C
for 18 h. For MBC determination, 10ul aliquots were
removed from the wells after incubation and spread
onto Mueller-Hinton agar in Petri dishes and
incubated overnight at 35°C (Tre-Hardy et al.,
2008).
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Effect of antimicrobial drugs on pre-formed biofilms:

Biofilms were allowed to form as described
above. The content of the wells was then aspirated
and the wells were washed and fresh TSB containing
two fold serial dilution of the antimicrobial agent was
added to the wells as described above. The plate was
then incubated at 35°C for 24h. The content of the
wells was aspirated then washed and stained by using
crystal violet as described above. The optical
densities were determined after elution as before.
Biofilm persistence in the presence of antimicrobial
agents was calculated using the following formula
(Tre-Hardy et al., 2008).

Percentage of biofilm persistence = [(Asgox —
A590negative control)/ (ASQO positive control — A590negative control )]
# 100, where x corresponds to the antimicrobial

agent used.

Animal model
Alloxan-induced diabetes model:
Diabetes was induced by a single

intraperitoneal injection of 130 mg/kg monohydrated
alloxan (Sigma, St. Louis, MO, USA) dissolved in
sterile 0.9% saline. Rats were made to fast prior to
alloxan administration. After 12 h, a 10% glucose
solution was offered to the animals to prevent
hypoglycemia (Diniz et al., 2008). After 72 h, blood
samples were collected from the eye of the animals
for evaluation of plasma glucose levels by the
glucose-oxidase enzymatic colorimetric method
(Biomedical Systems, Spain). Animals presenting
glucose levels above 300 mg/dL were included in the
diabetic group.

Diabetic foot ulcer study:

The adult diabetic rats (>300 mg/dl) were
used for wound induction. On the day of wound
induction (defined as day 0) each rat was anesthetized
with an intraperitoneal injection of 50 mg/kg
thiopental sodium. A rectangular pattern was marked
on the dorsal surface of the foot using a flexible
transparent plastic template, and then a layer of skin
in full thickness with standard area of 2 mm x 5 mm
was removed as shown in Figure 1. The initial wound
size was measured on day 1 (Lau et al., 2009).

Treatment groups:

A total of 16 rats were used in this study,
they were divided into control and treatment groups,
each group was composed of three rats and one rat
was sacrificed on day 2 for the histological studies to
confirm the formation of the bacterial biofilm within
the wound bed. The treatment groups included two
groups, the first received ciprofloxacin and the
second received amoxicillin clavulanic acid. Half the
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number of rats in each group started the treatment 15
minutes after inoculation (representing the planktonic
stage), the other half started the treatment after 48
hours (representing the colonized bacteria forming
the biofilm). Antimicrobial agents were administered

orally by gavages. This experiment was made once
with the S. aureus isolate (25S), and another time
with the S. epidermides (78S).

Figure 1: Wound formation in the dorsal surface of the rat hind paw.

Preparation of bacterial inoculums:

Overnight cultures of the staphylococcal
isolate were used to inoculate the wounds. The
wounds representing the planktonic stage of bacterial
colonization started the antimicrobial treatment
15min. after inoculation, while the wounds
representing the biofilm-associated cells were
inoculated with the initial inoculum and left for 48
hours to allow wounds to be colonized (Davis et al.,
2008a)

Sampling and Wound area measurement:

In this study we selected the one-point
sampling method because of the relatively small size
of wounds that can be induced in rats and to better
avoid contamination with peri-wound flora. In this
method the swab cultures were taken from the center
of each surgical wound by rotating the swab three
times clockwise. Ulcer digital photographs and swabs
were taken on days 1, 3, 5 and 9. Ulcer area
measurement were made by using the digital
photographs of the wounds perpendicular to a metric
reference scale (Sullivan et al., 2004), which allowed
us to enlarge the photograph in order to increase the
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accuracy of wound area measurement and the
photographs were processed by using Microsoft
Word where the wound area was traced and measured
on the scale present in the same photograph as shown
in Figure 2.

Antimicrobial therapy:

Antimicrobial doses were chosen to
approximate, in the rat, the serum or tissue AUCs
achieved in humans. The doses were 350/87.5 mg/kg
and 200 mg/kg for amoxicillin/clavulanic acid and
ciprofloxacin respectively (Berry et al., 2000). Rats
receive the antimicrobial treatment twice daily for 7
days (Cagni et al., 1995).

Histological examination:

Biopsy specimens were obtained 48 hours
after inoculation and colonization and at the end of
the treatment for evaluation with light microscope.
Specimens were placed in 10% formaldehyde and
stained with hematoxylin and eosin and with Gram
crystal violet (Kugelberg etal., 2005)
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3. Results
Quantification of biofilm formation:

The experiment performed was carried out
to measure the degree of adherence and subsequent
biofilm formation of all staphylococcal isolates. Out
of the 86 staphylococcal isolates 4 (4.65%) were non-
adherent, 35 (40.7%) were weakly adherent, 39
(45.35%) were moderately adherent and 8(9.3%)
were strongly adherent. The eight strong biofilm
forming strains (16S, 17S, 18S, 25S, 45S, 78S, 90S
and 108S) were selected for further investigations.
Three of which (16S, 25S and 45S) were S. aureus,
while 178, 18S, 78S, 90S and 108S were CONS.
MIC and MBC determination: MICs and MBCs
recorded for the tested antimicrobial agents against
the eight staphylococcal isolates are summarised in
Tablel.The biofilm MBCs were found to be much
higher than the planktonic MBCs. These results are
shown in Figure 3.

In case of ciprofloxacin, the biofilm MBC
was 2 to 512 times higher than the planktonic MBC.
Also, the biofilm MBC for gentamycin was 2 to 256
times higher than that of the planktonic culture.

Whereas, the biofilm MBC in case of amoxicillin-
clavulanic acid was 4 to 64 times higher than that of
the planktonic culture.

Variable behavior in biofilm formation for
the 8 staphylococcal isolates was observed in biofilm
and planktonic cultures; no fixed increase was
noticed for all strains with the different antibiotics
used.

Detachment of established staphylococcal biofilms
after antibiotics exposure:

The effect of MIC and its multiples on the
pre-formed biofilm was tested in order to determine
the biofilm removing capacity of the studied
antibiotics. It was found that ciprofloxacin showed
relatively the best results in biofilm detachment as it
removed from 40-80% of an already formed biofilm
in five (62.5%) of tested isolates. However,

amoxicillin-clavulanic acid showed the lowest ability
for biofilm detachment. On the other hand, two
strains (25S, 45S) showed increase in the biofilm
formation by the addition of antibiotics (Figure 4).

Figure 2: Wound area measurement in the diabetic rat model.
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Table 1: MIC and MBC values for the tested antibiotics against the 8 staphylococcal isolates. The equivalent
MIC breakpoints for staphylococcus spp. (CSLI 2005) were R: >4, S:< 1 for ciprofloxacin; R: >8,
S:< 4 for gentamycin and R: > 8/4, S: 4/2 for amoxicillin-clavulanic acid.

Ciprofloxacin Gentamycin Amoxicillin-clavulanic acid
Strain MIC MBC MIC MBC MIC MBC
(ug/ml) | (ug/ml) (Hg/ml) | (ug/ml) | (ug/ml) (Hg/ml)
16S 0.5 1 2 4 8 32
25S 0.5 1 4 8 8 32
45S 128 512 128 256 64 256
18S 32 128 128 256 32 32
175 8 8 64 128 8 8
78S 0.5 0.5 0.25 0.5 0.25 0.25
108S 0.125 0.5 1 2 0.25 1
90S 8 16 128 128 8 32
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Figure 3: Comparison between planktonic and biofilm MBC of ciprofloxacin (a), gentamycin (b), and amoxicillin-
clavulanic acid (c) for the 8 staphylococcal isolates.
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Figure 4: Effect of the MIC of each antibiotic on the
removal of a pre-formed biofilm

165 905 1088

Animal model:
Wound area measurement:

The wound healing effect of ciprofloxacin
and amoxicillin clavulanic acid in case of planktonic
stage of bacterial infection was compared with that
after biofilm formation on days 1, 3, 5 and 9 in the
diabetic rat foot infection model.
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In case of the S. aureus isolate 25S, a trend
of greater reduction of the ulcer area was observed in
case of planktonic bacterial colonization treated with
the antibiotic than that after the biofilm formation,
where the average ulcer area in the control untreated
groups decreased from 9mm? (100%) on day 1 to 3
mm? (33.33%) on day 9, whereas that treated with
ciprofloxacin decreased from 13 mm? (100%) on day
1 to complete healing on day 9 (Figure 9), and that of
the group treated with amoxicillin-clavulanic acid
decreased from 14 mm? (100%) on day 1 to 1 mm?
(7%) onday 9.

Similar results were obtained in case of the
wound inoculation with the isolate 78S, where the
wound area started with 9, 18and 17 mm? (100%) on
day 1 and was reduced to 3 mm? (33.33%), 1 mm?
(5%) and 1 mm? (5.8%) in case of the control,
ciprofloxacin and amoxicillin  clavulanic acid
treatment groups respectively.

It was noticed from the wound swab samples
taken that complete eradication of the staphylococcal
infection was achieved after four days in case of the
isolate 25S when treated with either of the antibiotics,
and three days for the isolate 78S in case of both

editor@americanscience.org




Journal of American Science, 2010;6(12)

http://www.americanscience.org

antibiotics. Whereas, after the formation of a biofilm
it was difficult to completely eradicate the bacterial
infection throughout the nine days of the experiment.

Histopathological studies:

Histopathological examination of rat skin
sections of different treatment groups was made.
Figures 6, 7 shows a wound made 48 hours before the
examination, with the bacteria forming biofilm, this
section was stained with H&E (Figure 6), and with
Gram Stain (Figure 7) to visualize the Gram positive
bacteria. Figure 8 showed complete healing and
recovery from bacteria which was achieved with the
ciprofloxacin treatment in case of the planktonic cells
infection with the S. aureus isolate 25S. Whereas
treatment after the biofilm formation with
amoxicillin-clavulanic acid showed the persistence of
bacterial infection with bacteria found around the hair
follicles (Figure 9).

4. Discussion:

Biofilms, products of bacterial adherence,
are structured communities of bacterial cells enclosed
in a self-produced exopolysaccharide matrix and
adherent to an inert or living surface. Establishment
of a biofilm is the prelude to the development of
various chronic, intractable infections, such as
biomaterial-associated infections and pulmonary
infection in patients with cystic fibrosis (Bonaventura
et al., 2004). Despite various efforts, treatment of an
infection after biofilm is established is frequently
futile because of the reduced susceptibility of biofilm
to antibiotics. At least three mechanisms have been
proposed to account for recalcitrance of biofilms to
antimicrobial agents: (i) failure of the antimicrobial
to penetrate the biofilm, (ii) slow growth and the
stress response, and (iii) induction of a biofilm
phenotype (Bonaventura et al., 2004).

Figure 5: Effect of the treatment with ciprofloxacin on planktonic infection (on the left), compared to the control
(untreated) (on the right) on wound healing of diabetic rat foot infection with S. aureus 25S.
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Figure 6: H & E stained section in diabetic rat skin 48
hours after wound formation and infection at X400
magnification using light microscopy. In the wound
bed there are circular basophilic granular structures,
which are multiple bacteria joined together living in
biofilm-like structure (B) in the wound bed in the
epidermis while the dermis shows lytic necrosis (L)
and mononuclear cellular infiltrate (I). There is also
hyalinizatrion and vaculation of the epithelial cells,
and pathological changes in the epidermal cells was
observed with mononuclear cellular infiltrate,
hemorrhagic areas.

Darel

Figure 7: Section of 48 hours untreated wound
stained with Gram stain showing Gram positive
bacteria (B), cellular infiltrate (1), and reduced
epidermis (E) (X100).

Figure 8: High power view of the epithelium showing
normal skin, where complete healing was achieved in
case of treatment of S. aureus 25S infection as
planktonic cells with ciprofloxacin. (H&E stain
X400)
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a4 F j
Figure 9: Another section in rat skin showing bacteria

around transversely cut hair follicles with
mononuclear inflammatory infiltrate. (H&E stain
X400)

Microtiter plate systems for quantifying
adherence and biofilm formation were used in this
study, these techniques have been investigated with
many different organisms and stains (Christensen et
al., 1985) and they have been widely used because
they are simple, reproducible, and quantitative
methods. However, the staining measurements reflect
the total amount of biofilm (sessile cells plus
exopolysaccharide matrix) but do not give any
information about its viability (Griffis et al., 2009).
Thus, in this study, cell viability was also measured
by determination of biofilm MBC, which was found
to be very high (512 x planktonic MBC) in case of
the isolates 25S, 78S and 108S when tested with
ciprofloxacin. However, in other cases the difference
between biofilm and planktonic MBC is much less (2
x planktonic MBC) in case of the isolate 18S when
tested with ciprofloxacin also. These results was also
noticed by other investigators who found that 4x
MBC of the antibiotics used is not sufficient for
killing S. aureus in biofilm (Amorena, et al., 1999).
Also Pseudomonas aeruginosa in biofilm showed a
4-fold greater resistance against ciprofloxacin and
gentamycin compared with free-living forms
(Agarwal et al., 2005).

In the present study, the effects of several
antibiotics on Staphylococcal adherence were tested.
The studied antibiotics were chosen for several
reasons. Amoxicillin-clavulanic acid was tested
because it is frequently used in the therapy of
Staphylococcal infections. Quinolone (ciprofloxacin)
was chosen because of their interesting activity
against gram-negative (Baskin et al., 2002) and gram-
positive (Wilcox et al., 1991) bacterial biofilms.
Currently there are no antibiotics on the market
specifically indicated for the prevention of diabetic
foot infections. Furthermore, diabetic ulcers are often
associated with vascular disease and restricted
peripheral blood flow, which may render

editor@americanscience.org




Journal of American Science, 2010;6(12)

http://www.americanscience.org

systemically acting antibiotics less effective. By
achieving very high localized concentrations of
antibiotic, gentamycin may be used to overcome
these concerns if used locally.

In case of the preformed biofilm,
ciprofloxacin showed the best results in biofilm
removal. Concentrations ranging from 0.5-2 MIC
caused removal of 50% of an already formed biofilm
in five (62.5 %) of the tested isolates, followed by
gentamycin where the MIC caused the removal of
50% of an already formed biofilm in only four (50%)
of the tested isolates. However, amoxicillin-
clavulanic acid showed the least results in biofilm
removal (Figure 4). In addition, the effect of MIC of
the tested antibiotics on a preformed biofilm showed
that there is no fixed pattern for the effect of
antibiotics on this preformed biofilm but it was
noticed that the bacterial behavior in response to the
different antibiotics applied is strain dependant,
which requires further investigations. These results
suggest that ciprofloxacin is able to penetrate
staphylococcal biofilm with a strain-specific
efficiency, as suggested by the high strain-to-strain
variation, probably due to chemical and physical
heterogeneity of staphylococcal biofilms. This
difficulty in biofim removal with antibiotics alone led
Krespi YP et al. (2010) to use ciprofloxacin in
combination with different types of lasers to remove
more than 80% of Staphylococcal biofilm cells. Other
investigators used other approaches to treat biofilm-
associated staphylococcal infections such as cell-wall
degrading enzymes (Son J et al. 2009).

From this study we can conclude that once
biofilms are formed they are very difficult to be
removed even by applying multiples of the MIC of
the tested antibiotics. And it was found that there is a
high strain-to-strain variation in the behavior towards
the tested antibiotics, so it is advised to study each
strain separately.

The majority of skin pathogenic and non
pathogenic biofilm research is performed in vitro.
Although in vitro assays have several advantages,
including lower cost, and the ability to control the
number of bacteria, they do not take into
consideration the effect of wound fluid, growth
factors, proteases, and antimicrobial peptides (Davis
et al., 2008a). In this study the rat model used was
anticipated to help clarify the role of bacterial
biofilms in diabetic wound infection and healing.

In in vivo studies of ulcer healing, surgical
ulcers were usually induced on the chest or back of a
rat or a mouse. With the aim of mimicking more
closely the clinical condition of diabetic foot ulcers,
the ulcers were created on the feet of alloxan-diabetic
rats. The animal model was probably suitable for in
vivo studies of ulcers in response to different
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medications. In this study, the diabetic rat foot ulcer
model was created by removal of full-thickness skin.
This artificially created ulcer is different from the
ulcer in the human diabetic foot which usually results
from local pressure. Human diabetic foot ulcers
usually extend beyond the surface boundaries and
this subcutaneous extension does not occur in this
animal model (Lau et al., 2008).

The authors previously demonstrated that
pathogenic wound bacteria in vitro can form a mature
biofilm within 10 hours. Results of an in vivo study
have shown that occluding wounds following
inoculation with pathogenic bacteria facilitates the
development of biofilms after 24 hours. The authors
believe that biofilms are likely to be present in
chronic wounds and additional strategies to disturb or
eliminate them are sorely needed (Davis et al.,
2008b).

Studies made by Dr. Akiyama’s group
demonstrate biofilm-like structures in a mouse wound
model and one in human skin. Using confocal laser
scanning microscopy they showed colonies of
bacteria surrounded by glycocalyx. These studies
firmly established that biofilm-like structures are
present in the murine wound infection model
(Akiyama et al., 2004)

The management of chronic wounds such as
those found in diabetic feet or leg ulcers is placing an
increasing burden on health service systems
(Krouskop, 2002). Chronic wounds, however, have
an unfortunate tendency of healing very slowly. Any
measurement technique used for the purpose of
establishing healing progress therefore has to be very
precise in order to capture small changes in a wound's
dimensions.

The ‘gold standard’ for area measurement is
the practice of tracing the perimeter of a wound
through a double layer of a flexible transparent sheet
material (Keast, 2004). While the layer in contact
with the wounds is discarded, the upper layer with the
tracing is then measured by either placing it on metric
graph paper, planimeters or by a second round of
tracing using a digitizing tablet (Thawer, 2002). This
contact making method can be painful to the patient
and may risk infection. In practice the use of
unsuitably thick or exhausted marker pens and the
high degree of dexterity required by the clinician
performing the tracing significantly reduce the
theoretical precision of the method and errors up to
25% have been reported (Lagan, 2000).

Photography has the advantage of avoiding
contact with the patient (Smith, 1992; Stacey, 1991).
Wound pictures are usually measured on a computer
screen where they can also be enlarged so that the
tracing process is freed from time restrictions and
physical demands. Although area measurements
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produced this way tend to be more precise than those
obtained by transparency tracings the method
depends on the photography skills of the clinician
who has to combine a frame-filling wound picture
together with a reference scale in a single image
taken perpendicular to the wound site (Solomon,
1995).

Digital photography was the way used in the
wound area measurement in this study, where the
wound and the metric reference scale were included
in the same picture as shown in Figure (2). This gave
us the advantage of avoiding direct contact with the
wound and allowed us to enlarge the wound picture
together with scale on the computer screen in order to
increase the accuracy of wound area measurement.

In this study bacterial biofilm colonization
in an animal model was obtained, where the wounds
were inoculated with the selected isolate and left
untreated, swabs were taken to ensure the presence of
the bacteria in the wound of the control group
through out the study period. This was also made by
Davis et al. (2008a) who observed colonies of
bacteria firmly attached to and on the wound surface,
encased in an amorphous substance; they also
observed the polymorphnuclear cells on the surface
of the biofilm, but not within the biofilm.
Histologically, bacterial biofilms are tissue-like
structures resembling multicellular eukaryotic tissues.
According to the histology text book edited by Leon
Weiss (1988) a tissue is a multicellular aggregate of
similar cells. In line with this definition bacterial
biofilm can be described as a “bacterial tissue” within
the host tissue.

In order to show a physiological difference
between the planktonic and biofilm bacteria in vivo,
we studied the efficacy of two antibiotics on two
bacterial isolates in the rat model. The treatment with
ciprofloxacin or amoxicillin-clavulanic acid was
extremely effective in eradicating the organisms that
were not attached to the wound surface (3-4 days).
However, after allowing the biofilm formation, this
treatment was not able to eradicate the staphylococcal
infection at such a short time because the biofilm
bacteria were more persistent, fulfilling one of the
criteria for biofilm-associated diseases, which is
reduced susceptibility. These results were also
demonstrated by Davis et al. (2008a) who studied the
effect of two topical antibiotics on S. aureus infected
wound healing, where the antibiotics were not able to
eradicate bacteria that were allowed to form biofilm.
The concordance of in vitro and in vivo findings
observed in the staphylococcal isolates tested using
this biofilm test methodology is encouraging. This
concordance suggests that the test could be useful in
clinical practice and extensive studies especially
needed to eradicate the increasingly frequent chronic
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staphylococcal infections and in particular those
associated with the diabetic foot ulcers.

The use of an in vivo model in this study
supports the hypothesis that staphylococcal biofilm
are more difficult to eradicate and may play an
important role in acute and chronic diabetic foot
infections. We have provided evidence that biofilms
play a role in diabetic foot infections. A new
paradigm has arisen; it is not sufficient to think of
bacteria in infections as unicellular independent
pathogens, rather it is now important to understand
that they form multicellular tissue like structures
(Davis et al., 2008a).
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