Al-Qadigiyha Journal For Science Vo00.20 No. 2 Vear 20156

Antimicrobial activities against biofilm formed by bacteria isolated
from patients with Burns in Al-Samawabh city
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Abstract

The present study includes 145 samples collected from (100) patients, who suffered from
burn wound infections, admitted to burn unit of the teaching medical Al-Hussein hospital in
AL-Samawah City with different ages from both sexes. The period of collection were
extended from December 2012 to May 2013. Out of 145 samples, About 315 bacterial
isolates were found in 137 (94.5%) burn wound swabs and only 8 swabs (5.5%) were
negative in bacterial growth. Results revealed the dominance of Staphylococcus aureus
(42.3%) followed by Staphylococcus epidermidis (28.5%), Pseudomonas aeruginosa
(22.6%)), Pseudomonas luteola (20.4%), Acinetobacterlwoffii (16.79%),
Acinetobacterbaumannii(14.6), Raoultellaterrigena (11.6%), Klebsiellapneumoniae (10.2%),
Aeromonashydrophila (9.5%), Proteus mirabilis (8.75%), Escherichia coli(8.75%),
Providenciarettgeri (8%), Bacillus spp. (8%), Corynebacterium spp.(7.3%) and Proteus
vulgaris (6.67%) respectively. In this study, Antimicrobial susceptibility was carried out to
the bacterial isolates against 19 antibiotics, the most of bacterial isolates were multi-drug
resistance and other bacterial species were susceptible to the most antibiotics in this study. In
multi-drug resistance bacteria, Imipenem was found to be the most effective drug against
Staphylococcus epidermidis, Pseudomonas luteola,Raoultellaterrigena,
Aeromonashydrophilaand Proteus mirabilis, while meropenem was the most effective drug
against both Acinetobacterlwoffiand Acinetobacterbaumannii. for Pseudomonas aeruginosa,
Piperacillin/Tazobactam was the most effective drug and Linezolid was the most effective
drug against Staphylococcus aureus. Whereas Ciprofolxacin was the most effective drug
against Klebsiellapneumoniae. The results showed that The capacity of burn wound isolates
to produce biofilms was high with a significant differences between bacterial species and
between the different time periods (P<0.05). Also, The results revealed that 0.5 MIC of the
most effective antibioticshad no significant effect on viable cells within biofilm matrix or on
the total biofilm biomass of most tested bacteria, but there is significant effect of some
antibiotics on biofilm biomass.
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INTRODUCTION
(eschar) that provides a favourable niche
for microbial colonization and

proliferation [9]. Although biofilms are
best known for their role in foreign device-
related infections, recent studies have
confirmed the importance of biofilms in
the pathogenesis of burn wound infections
[10]. More details, Biofilms are complex
communities  of  surface  attached
aggregates of microorganisms embedded
in a self-secreted extracellular
polysaccharide matrix, or slime [11]. Once
formed, biofilms act as efficient barriers
against antimicrobial agents and the host
immune system, resulting in persistent
colonization and/or infection at the site of
biofilm formation [12]. The emergence
worldwide of antimicrobial resistance
among a wide variety of human bacterial
and fungal burn wound pathogens,
particularly nosocomial isolates, limits the
available therapeutic options for effective
treatment of burn wound infections [13].
Recently, It has been observed that
subinhibitory concentrations (sub MICs)
of various antibiotics are able to modify
the molecular architecture of the external
surface of bacteria and some bacterial
functions, such as the ability to adhere to
the host cells or to the biomaterial
surfaces, the ability of biofilm formation,
the ability of bacterial invasion to host
cells, the surface bacterial energy, the
susceptibility to host defense mechanisms,
motility etc., thus influencing bacterial
virulence [14, 15, 16, 17].

MATERIAL AND METHODS

Samples Collection&Bacterial identification

laboratory of Al-Muthanna university for
conduct the rest of tests. According to
Eldere[19], Nosocomial infections were
defined as infections diagnosed > 72 hr
after the start of hospitalization, So only
patients who are admitted for more than 3
days were included in this study.All swabs
obtained were cultured directly on blood
agar and MacConkey agar forisolation of
aerobic bacteria and Identification of
pathogenic bacteria was based on
Microscopic and Morphological
examination [20], biochemical tests[21,

Nosocomial infections are those infections
that develop during hospitalization and are
neither present nor incubating at the time
of patient's admission. It represents a
major problem in health care facilities,
resulting in prolonged hospital stays,
substantial morbidity and mortality, and
excessive  costs  [1].  Nosocomial
infections, even in this modern era of
antibiotics, continue to remain an
important and formidable consequence of
hospitalization. It has been estimated that
about 3.5% of patients leave the hospital
after  having  acquired infections,
depending on the case, hospital size and
multiple other factors [2].Burn injuries by
fire and hot liquids and contact with hot
surfaces have been recognized as a
significant and major public health
problem [3]. Where Burns, are one of the
most common and devastating forms of
trauma. Patients with serious thermal
injury require immediate specialized care
in order to minimize morbidity and
mortality [4]. In patients with severe
Burns, over more than 40 per cent of the
total body surface area (TBSA), 75 per
cent of all deaths are currently related to
sepsis from burn wound infection or other
infection complications and/or inhalation
injury [5,6]. Although burn wound
surfaces are sterile immediately following
thermal injury, these wounds eventually
become colonized with microorganisms
[8]. Where The burn wound surface
provides a protein-rich environment
consisting of avascular necrotic tissue

145 burn wound swabs were taken from
100 burned patients, who presented
invasive burn wound infection and
admitted to burn unit of the teaching
medical Al-Hussein hospital in AL-
Samawah City from December 2012 to
May 2013. burn wound swabs were
collected from burn wounds after the
removal of dressings and topical
antimicrobial agents and cleansing of the
wound surface with 70% alcohol [18]. the
burn wound swabs were transported by the
Amies medium to the college of medicin
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Kit, Masta Staph Kit and VITEK 2
Compact System.

Antimicrobial susceptibility

Cefotaxime (CTX10), Chloramphenicol
(C10), Ciprofloxacin(CIP10), Doxycycline
(DO10), Erythromycin (E15), Gentamicin
(CN 10), Imipenem (IPM10), Linezolid
(LNZ30), Meropenem (MEM10),
Oxacillin  (OX10), Penicillin (P10),
Piperacillin/tazobactam (TPZ100/10),
Rifampin (RAS5), Streptomycin (S10)
andTicarcilin(TIC75).

isolate were measured by using the Broth
Macrodilution Method recommended by
[24].The sub-MIC that used in this study
was % of the lowest MIC value for the
most effective antimicrobial agent of each
bacterial species.

effect on viable bacteria within the biofilm
matrix and on total biofilm biomass.

adherent film; and 200 pl of the particular
antibiotic (0.5 MIC of antimicrobial agent)
dilution in tryptis soy broth was added.
The plates were incubated at 37°C for 24
hr. After exposure to antibiotic 24 hr, the
solutions were discarded and the wells
were filled (200 pl) with PBS. And then
The quantitative determination of biofilm
formation was carried out by using
Microtiter Plate Biofilm Formation Assay.
This assay was repeated in absence of 0.5
MIC of antimicrobials (without exposure
to antibiotic 24 hr) as a control.

eliminate the unbound bacteria, without
disturbing the adherent film; and 200 pl of
the particular antibiotic (0.5 MIC of
antimicrobial agent) dilution in tryptis soy
broth  was added. The plates were
incubated at 37°C for 24 hr.  After
incubation, the wells were Washed six
times With PBS, each time using a
multichannel pipettor to add 200 pl sterile
PBS per well and then vigorously shaking
out the liquid over a waste container to
remove planktonic cells.Scissors were
used to cut each individual well from the
microtiter plate and added 200 pl PBS to
each well.Each well (i.e., the actual
plasticwell plus its contents) was added to
a separate 13-ml tube containing 3.8 ml
PBS (for a final liquid volume of 4 ml).

22] and the final identification was done
by using diagnostic Kits such as API 20 E

In this test, the selection of antibiotics and its
standard inhibition diameters was used as it
recommended by [23]. The procedure of this
test ~was performed according to
MaccFaddin, (2000) by the Kirby-Bauer
standardized method. The antibiotics tested
for bacterial isolates were: Amikacin
(AK10), Amoxicillin (AX25), Ampicillin

(AM10), Azithromycin (AZM15),
Determination of MIC and sub-MIC of
antimicrobials on planktonic
culturesThe Minimum inhibitory

concentrations of the most effective
antimicrobial agent for each bacterial
The effect of antimicrobials on pre-
formed biofilms
The antimicrobial effect on pre-formed
biofilm was determined by examining its
The effect of 0.5 MIC of antimicrobials
on total biofilm biomass
This assay was used according to Tetzet
al.[25] with some of
modifications.Biofilm  formation  was
carried out in a 96-well plate by using
Microtiter Plate Biofilm Formation Assay
[26, 27]. After 24, 48, 72 and 96 hr. of
incubation at 37°C. The supernatant from
each well was gently aspirated with a
micropipette. Each well was washed three
times withPhosphate Buffer Saline(PBS)
under aseptic conditions to eliminate the
unbound bacteria, without disturbing the
The effect of 0.5 MIC of
antimicrobials on viable bacteria
within the biofilm matrix.
The biofilm formed in the microtiter plate
can also be quantitated by directly
enumerating the viable bacteria within the
biofilm matrix. This assay was performed
according to Merritt et al.[28] with some
of modifications in incubation time and in
adding 0.5 MIC of
antimicrobials. WhereBiofilm  formation
was carried out in a 96-well plate by using
Microtiter Plate Biofilm Formation Assay
[26, 27]. After 24, 48, 72 and 96 hr. of
incubation at 37°C.The supernatant from
each well wasgently aspirated with a
micropipette. Each well was washed three
times with PBS under aseptic conditions to
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by plating on agar medium to enumerate
bacteria that were attached to the
microtiter well surface.All steps above
was repeated, but without exposure to
antibiotic 24 hr, as a control.

Statistical analysis

and analyzed by using statistical program
social science (SPSS 20) and the results
were expressed as Mean for three
independent experiments [30].

Raoultellaterrigena (11.6%),
Klebsiellapneumoniae (10.2%),
Aeromonashydrophila (9.5%), Proteus
mirabilis (8.75%), Escherichia

coli(8.75%), Providenciarettgeri (8%),
Bacillus  spp. (8%), Corynebacterium
spp.(7.3%) and Proteus vulgaris (6.67%)
respectively as shown in table (1). There is
a significant difference between different
bacterial genera (p<0.05), but does not
have a significant difference between the
species of the same bacteria (p<0.05).

Caped before and after
addition.Sonicatormicrotip was Inserted
and the contents of each tube were
sonicated for 5 min at 40 KHz. viable
counts were Performed according to
Phelan [29] on the resulting suspensions

Completely Randomized Design (CRD)
was used in the analysis of variance for
data by using one way ANOVA test,
Treatment means were compared using the
least significant difference (LSD) at a 5%
level of significance. Data were processed

RESULTS AND DISCUSSION
Isolation and Identification of Bacteria
About 315 bacterial isolates were found in
137 (94.5%) burn wound swabs, and only
8 swabs (5.5%) were negative in bacterial
growth. Staphylococcus aureus was the
commonest pathogen isolated (42.3%)
followed by Staphylococcus epidermidis
(28.5%), Pseudomonas aeruginosa
(22.6%), Pseudomonas luteola (20.4%),
Acinetobacterlwoffii (16.79%),
Acinetobacterbaumannii(14.6),

Table (1). Distribution of bacteria isolated from burn wounds.

Staphylococcus aureus 58 42.3
Staphylococcus epidermidis 39 28.5
Pseudomonas aeruginosa 31 22.6
Pseudomonas luteola 28 204
Acinetobacterlwoffii 23 16.79
Acinetobacterbaumannii 20 14.6
Raoultellaterrigena 16 11.6
Klebsiellapneumoniae 14 10.2
Aeromonashydrophila 13 9.5
Proteus mirabilis 12 8.75
Escherichia coli 12 8.75
Providenciarettgeri 11 8
Bacillus spp. 11 8
Corynebacterium spp. 10 7.3
Proteus vulgaris 9 6.67
Pantoeasp 3 8 5.8
LSD value 19.2

disagreement with other studies within
Irag such as Mohammed [34], Al-Asadi
[35] and Alwanet al[2011], who found
that the culture positivity is (65.4%),
(67%) and (64.3%) respectively. The high
percentage of positive bacterial cultures of

The culture positivity of this study
(94.5%) in agreement with positive
cultures obtained by Al-Azzawi and Al-
Dulaimi[31], Bnainet al. [3], Al-saadet
al.[32] and Al-kaabi[33] (80.16%, 84%,
89% and 80.59%), but this result in
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Samawah city or even in Iraq, as
Raoultellaterrigena (previously known as
Klebsiellaterrigena), Pseudomonas luteola
(previously known as
Chryseomonasluteola) and Pantoea sp3,
and This may be due to the large number
of people who visits the patients in
hospital, where most of those visitors are
from rural areas. In addition to, they did
not take the conditions of prevention
during the wvisit. As well as, the
contamination of tap water -which used in
washing the patient every day- with new
types of bacteria. However, The reasons
for this high prevalence may be due to
factors associated with the acquisition of
nosocomial pathogens in patients with
recurrent or long-term hospitalization,
complicating illnesses, prior
administration of antimicrobial agents, or
the immunosuppressive effects of burn
trauma. This evidence was consistent with
previous observation mentioned by some
workers. Initially, the immunologic
response to severe burn injury is
proinflammatory but later becomes
predominately anti-inflammatory
responses in an effort to maintain
homeostasis  and  restore  normal
physiology;  cytokines and cellular
response mediate both of these phases
[36].

Antimicrobial susceptibility
Acinetobacterlwottiand
Acinetobacterbaumannil. for
Pseudomonas aeruginosa,
Piperacillin/Tazobactam was the most
effective drug and Linezolid was the most
effective drug against Staphylococcus
aureus. Whereas Ciprofolxacin was the
most effective drug against
Klebsiellapneumoniae. MIC and 0.5 MIC
values of the most effective antibiotics
(for each tested bacterium) were shown in
table (2).

the skin swab may be attributed to the fact
that the burn wound has a much higher
incidence of infections compared with
other forms of trauma because of
extensive skin barrier disruption as well as
alteration of cellular and humoral immune
responses [37]. As described above,
Staphylococcus — aureuswas the most
common pathogen of burn wound
infection of this study, as isolated in
42.3% of burn wound infection cases.
These results bring into line with
Komolafeet al. [38] 37.6%, Also This
pathogen has been reported as a major
cause of nosocomial infection in Europe
[39], but Nasser et al.[40] and Bnainet al.
[3] found that the most common pathogen
of bumn  wound infection  was
Pseudomonas aeruginosa in percentage of
(21.6%) and (66%). In addition, other
researchers reported that the most
predominate pathogen was
Acinetobacterbaumannii, as Keen et al
[41](58%). Meanwhile,Prominence of
Staphylococcus aureus in this study may
be due to thatBurn units have become
major reservoir for S. aureus that has the
special  characteristics for spreading
quickly in a hospital environment.Also,
the results of this study showed that some
of bacterial species were first isolated
from burn wound infection in AL-

The antimicrobial activities of 19
antibiotics were varied between bacterial
isolates, where the most of bacterial
isolates were multi-drug resistance and
other bacterial species were susceptible to
the most antibiotics in this study. In multi-
drug resistance bacteria, Imipenem was
found to be the most effective drug against
Staphylococcus epidermidis, Pseudomonas
Iuteola,Raoultellaterrigena,

Aeromonashydrophilaand Proteus
mirabilis, while meropenem was the most
effective drug against both

Table (2). Minimum inhibitory concentrations (MICs)and Sub-inhibitory
concentration (0.5 MIC) values for bacterial isolates.
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Microorganism Antibiotics MIC Sub-MIC
ul/ml (0.5 MIC)
Staphylococcusaureus Linezolid 4 2
Staphylococcus epidermidis Imipenem 1 0.5
Pseudomonas aeruginosa Piperacillin/Tazobactam 32 16
Pseudomonas luteola Imipenem 64 32
Acinetobacterlwolfii Meropenem 16 8
Acinetobacterbaumannii Meropenem 16 8
Raoultellaterrigena Imipenem 2 1
Klebsiellapneumoniae Ciprofolxacin 16 8
Aeromonashydrophila Imipenem 16 8
Proteus mirabilis Imipenem 16 8

antibiotic) at different biofilm ages (24-h-
old biofilms, 48-h-old biofilms, 72-h-old

4.6.2.1 The effect of 0.5 MIC of
antimicrobials on total biofilm biomass

Effect of 0.5 MIC of Imipenem,
Meropenem, Piperacillin/Tazobactam,
Ciprofolxacin and Linezolid on pre-

biofilms and 96-h-old biofilms) are

summarized n figure

(D). formed biofilm biomass
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Figure (1). Effect of 0.5 MIC of antimicrobials on total biofilm biomass at 24-h-old biofilms

all isolates at the different biofilm biomass
ages, except the 0.5 MIC of Ciprofloxacin
and Imipenem were had a significanteffect
on 48, 72, 96-h-old biofilm biomass of
Klebsiellapneumoniae and Staphylococcus
epidermidis. in addition, 0.5 MIC of
Meropenem  was also had a
significanteffect only on 48-h-old biofilm
biomass for both Acinetobacterlwoffii
and Acinetobacterbaumannii (p<0.05).

The resistance of bacterial species
to 0.5 MIC of antimicrobial agents when
be in biofilm phase that observed in this
study was also observed in other studies
[42, 43, 44, 45]. These results may be due
to that Biofilm formation almost always
leads to a large increase in resistance to
antimicrobial agents (up to 1000-fold
decrease in susceptibility) in comparison
with planktonic cultures grown in
conventional liquid media [46]. The
differences in biofilm resistance to
antibiotics between bacterial species in
this study may be attributed to that

(A), 48-h-old biofilms (B), 72-h-old
biofilms (C) and 96-h-old biofilms (D).
Bars represent the mean of absorbance
(optical density OD at 570nm) in
presence/absence antibiotics (0.5 MIC) for
each tested bacteria. Results are
representative  of  three  independent
experiments and four replicates.

In the absence of 0.5 MIC of
antimicrobials, the results of present study
revealed that there are a significant
differences between the different biofilm
biomass ages (24, 48, 72 and 96-h-old
biofilm) for each tested bacterium at
(p<0.05). also, there is a significant
difference between bacterial species for
biofilm biomass formation in the same
biofilm age (p<0.05). After these bacterial
species in the different biofilm biomass
ages were incubated in the presence of a
sub-MICs (0.5 MIC) of antimicrobial
agents for 24 h, The results of this study
showed that 0.5 MIC of antimicrobials had
no significant effect onbiofilm biomass of
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Ciofuet al.[47] demonstrated that the
resistance of P. aeruginosa biofilms to
Acinetobacterlwottii
andAcinetobacterbaumannii in this study
may be attributed to fact that these sub-
MICs of Ciprofloxacin, Imipenem and
Meropenem was effective in reduction of
biofilm biomass but not effective in
reduction of viable cells within biofilm
matrix (As will explain in the subsequent
test: Effect of 0.5 MIC of antimicrobials
on viable bacteria within the biofilm
matrix), where Merritt et al [28]
mentioned that there is one drawback of
the crystal violet assay (Microtiter plate
assay), this drawback is: crystal violet
stains not only cells, but essentially any
material adhering to the surface of the
plate (e.g., matrix components); therefore,
crystal violet staining may overestimate
the number of adherent bacteria. As well
as, Di Bonaventura et al. [S0] states that
"crystal violet staining assays measure
total biofilm biomass but provide no
information  about cell  viability".
However, this means that these
antimicrobials reduced the thickness of
biofilm by decreasing the adhesion of
some of matrix components to the surface
of the plate well but was not effective on
cell wviability. These result were in
agreement with other results obtained by
Wasfiet al. [17], who reported that The
sub-MICs ofceftriaxone and nitrofurantoin
had no significant effect on viable cells,
while they reduced the bioflm biomass of
Proteus mirabilis.

their antibiotic) at different biofilm ages
(24-h-old biofilms, 48-h-old biofilms, 72-
h-old biofilms and 96-h-old biofilms) are
summarized in figure (2).

mechanisms of biofilm resistance to
antibiotics varied between bacteria, where

antimicrobial treatment is related
to mucoidy. Mucoid biofilms were up to
1000 times more resistant to tobramycin
than nonmucoid biofilms, in spite of
similar ~ planktonic =~ MICs.  Whereas
Rachidet al. [48] and Kuehl et al[49]
reported that Some antimicrobials at
subinhibitory concentrations, such as
tetracycline, erythromycin and
quinupristin-dalfopristin, vancomycin, and
furanone also enhance coagulase-negative
Staphylococci (such as  Staphylococcus
epidermidis)  biofilm  formation by
stimulating icaexpression or withunknown
mechanisms. Moreover, Frank et al. [44]
noted that sub-MIC concentrations of
linezolid and ciprofloxacin, have been
shown to induce S. aureus biofilm
formation by increasing of expression of
the S. aureus fibronectinbinding proteins
(FnBPs). Also, Nucleoet al. [45] showed
that sub-MIC imipenem induced biofilm
formation A. baumannii by inducing
expression of A. baumanniiron uptake
genes and proteins. As described above,
these examples of mechanisms of biofilm
resistance to antibiotics justified The
differences in biofilm biomass resistance
to antibiotics between bacterial species in
this study.

A significanteffects of 0.5 MIC of
Ciprofloxacin and Imipenemon 48, 72, 96-
h-old biofilm biomass of
Klebsiellapneumoniae and Staphylococcus
epidermidis,or 0.5 MIC of Meropenem on
48-h-old biofilm biomass for both
Effect of 0.5 MIC of antimicrobials on
viable bacteria within the biofilm
matrix.

Effect of 0.5 MIC of Imipenem,
Meropenem, Piperacillin/Tazobactam,
Ciprofolxacin and Linezolid on viable
cells within pre-formed biofilm matrix of
bacterial isolates (each bacterium with
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Figure (2). Effect of 0.5 MIC of Imipenem, Meropenem, Piperacillin/Tazobactam,

molecular size to penetrate the pore
structure  of  extracellular  polymer
substance physical barrier; 2) electrostatic

repulsion or sequestration of
antimicrobials by surface polymers of
biofilms, e.g.  positively  charged

antimicrobials, aminoglycoside, binding to
the negatively charged exopolymer; and 3)
the presence of enzymatic substances in
biofilm matrix specifically hydrolyzing the
antimicrobial agents [54].

Moreover, other hypothesizes in
biofilm resistance to sub-MICs, where
Jefferson et al.[55] suggested that even
though the matrix may not inhibit
thepenetration of antibiotics, it may retard
the rate of penetration enough to induce
the expression of genes within the biofilm
that mediates resistance. A second
hypothesis to explain reduced biofilm
susceptibility to antibiotics concernsthe
metabolic state of microorganisms in a
biofilm. Some ofthe cells located deep
inside the biofilm structure
experiencenutrient limitation and therefore
exist in a slow-growingor starved state
[56]. third hypothesis involvesgenetic
adaptation to different conditions. the
mutation frequencyof a biofilm-growing
microorganism is significantlyhigher than
that of its planktonic form; for P.
aeruginosa,up to a 105-fold increase in
mutability has been observed[57].

In toto, studying of Effect of 0.5
MIC of antimicrobials on viable bacteria
within the biofilm matrix was more
accuracy than studying of Effect of 0.5
MIC of antimicrobials on total biofilm
biomass. Also, 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 [58]. Therefore, the
laboratory animals must use in the
prospective studies to help clarify the role
of bacterial biofilms in burn wound
infection and healing, also to explain
biofilm resistance to antimicrobial agents.

10

Ciprofolxacin and Linezolid on viable
cells within pre-formed biofilm matrix of
bacterial isolates (each bacterium with
their antibiotic) at different biofilm ages
24-h-old biofilms (A), 48-h-old biofilms
(B), 72-h-old biofilms (C) and 96-h-old
biofilms (D).Bars represent the mean of
the number of CFU per well in
presence/absence antibiotics (0.5 MIC) for

each tested bacteria. Results are
representative  of  three  independent
experiments.

In the absence of 0.5 MIC of
antimicrobials, the results of present study
showed that there are a significant
differences in the number of viable cells of
tested bacteria between the different
biofilm ages (24, 48, 72 and 96-h-old
biofilm) for each tested bacterium at
(p<0.05). as well as, there are a significant
differences in the number of viable cells
between bacterial species in the same
biofilm age (p<0.05).

After these bacterial species in the
different biofilm ages were incubated in
the presence of a sub-MICs (0.5 MIC) of
antimicrobial agents for 24 h, The results
of this study showed that 0.5 MIC of
antimicrobials had no significant effect
onviolable cells within biofilm matrix of
all tested isolates at the different biofilm
ages (24, 48, 72 and 96-h-old biofilm)
(p<0.05). these results was in agreement
with other studies [51,25,17], who noted
that sub-MICs of some antimicrobials did
not statistically significantly reduce the
numbers of CFU of some bacterial species.
Whereas, previous studies showed that
some of sub-MICs of antimicrobial agent
had a significant effect onviable cells
within biofilm matrix for Pseudomonas
aeruginosa[52] and Staphylococcus
aureus [53]. The differences between this
study and other studies may be due to that
Changes in environmental conditions
between studies can result in switch on/off
of biofilm formation and different biofilm
properties, such as their thickness and
antimicrobial resistance characteristic.

However, Failure of antimicrobial
agents to reach the biofilm-grown cells in
this study and other studies might be due
to: 1) difficulty of antimicrobials of large
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