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Rods of the Proteus genus are commonly isolated from patients, especially from the urinary tracts of the catheterised patients.
�e infections associated with biomaterials are crucial therapeutic obstacles, due to the bactericidal resistance of the bio�lm. �e
aim of this study was to assess the susceptibility of P. mirabilis planktonic forms to ciprooxacin and ce�azidime, the ability to
form bio�lm, and the impact of chosen sub-MIC concentrations of these antibiotics on bio�lm at di�erent stages of its formation.
�e research included 50 P. mirabilis strains isolated from wounds and the urinary tracts from patients of the University Hospital
No. 1 in Bydgoszcz. �e assessment of susceptibility to ciprooxacin and ce�azidime was conducted using micromethods. �e
impact of sub-MIC concentrations of the chosen antibiotics on the bio�lm was measured using the TTC method. �e resistance
to ciprooxacin was con�rmed for 20 strains (40.0%) while to ce�azidime for 32 (64.0%) of the tested P. mirabilis strains. All of
the tested strains formed bio�lm: 24.0% weakly, 26.0% moderately, and 50.0% strongly. It was determined that ciprooxacin and
ce�azidime caused eradication of the bio�lm. Moreover, the connection between origin of the strains, bio�lm maturity level, and
resistance to antibiotics was proved.

1. Introduction

Bacteria from the Proteus genus are ciliated, Gram-negative
rods, members of the Enterobacteriaceae family [1]. �ey
were �rst characterised by Hauser in 1885 [2]. Currently, the
genus Proteus consists of �ve species: P. mirabilis, P. vulgaris,
P. penneri, P. hauseri, and P. myxofaciens and three genomic
species of P. genomospecies: 4, 5, and 6 [1, 2].

P. mirabilis is the thirdmost commonly isolated pathogen
(a�er Escherichia coli and Klebsiella pneumoniae) of urinary
tract infections [3, 4]. �ey are mostly ascending infections,
more common among patients with anatomical or physio-
logical malformations of the urinary tract, as well as among
catheterised patients or due to medical care mistakes [3, 4].

Bacteria of this genus can cause infections of the respira-
tory system, wounds, bones, joints, digestive tract, and as well
as, meningitis or bacteremia [5].

�e therapeutic obstacles during P. mirabilis treatment
can be connectedwith its ability to formbio�lm [6, 7]. Bio�lm
is a formation of communicating microorganisms, adhering
to certain surfaces and to neighboring cells, covered with
an extracellular matrix [8]. It may consist of one or various
species. Bio�lmwas �rst described in 17th century byAntonie
van Leeuwenhoek, who observed bacteria from dental plates
using an optical microscope [8, 9].

�e ability to form bio�lm promotes the development
and persistence of infections connected with the use of
biomaterials such as vascular and urinary catheters, ureteral
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or prostatic stents, penis and testicles implants, and heart
valves or tracheal prosthesis [8, 10–12].

Bio�lm-living bacteria exhibit di�erent behaviour com-
pared to their planktonic forms; moreover, they alter phe-
notypically [10, 13]. Di�erent susceptibility to antibiotics of
the bio�lm forming cells compared to their planktonic forms
is the main therapeutic problem. Antibiotic resistance of
the bio�lm can be caused by various coexisting mechanisms
[13], such as mucus and glycocalyx, which reduce antibiotic
distribution into the deeper layers of the bio�lm [10]. �ese
bacteria can also change their transcription and activate genes
responsible for antibiotic resistance. Due to the nearness of
cells, the transfer of genetic information is enhanced, even
between di�erent species or genera.�is kind of information
can be transferred via plasmids coding virulence factors
and the mechanisms of antibiotic resistance. Furthermore,
bio�lm forming cells have the ability to communicate by the
means of quorum sensing (QS) [9, 10, 13]. �is enables the
transferring of information connected with biocidal agents’
resistance and the mechanisms of their activation [14].

�e presence of antibiotics in the microorganisms’ envi-
ronment can additionally alter their genotype and phe-
notype [9, 10]. During antibiotic therapy, microorganisms
are a�ected mostly by their concentrations being lower
than the minimal inhibitory concentration (MIC), which
is called subinhibitory concentration MIC (sub-MIC) [10].
�e antibiotics at this concentration pose no lethal e�ect
but can cause di�erentiation of the bacteria’s surface and
induce modi�cations of cellular functions like adhesion,
hydrophobicity of the surface, and mobility of bacteria and
also interfere with the interactions between host and bacteria,
such as phagocytosis or reactive oxygen species production
by the phagocytes [10, 13].

�e aim of this study was the in vitro assessment of P.
mirabilis planktonic forms’ susceptibility to ce�azidime and
ciprooxacin, the determination of the ability to form bio�lm
among these strains, and the evaluation of the impact of
chosen antibiotics on bio�lm at di�erent stages of its forming.

2. Materials and Methods

Fi�y P. mirabilis strains were used in this study. �ey were
isolated from urine (25; 50.0%) and wound swabs (25; 50.0%)
and derived from 19 women (38.0%) and 31 men (62.0%)
treated in the clinics of the Dr. Antoni Jurasz, University Hos-
pitalNo. 1 in Bydgoszcz (SU1). Identi�cation of the strainswas
conducted using one of the following tests: API 20E/ID32E
(BioMerieux) and VITEK GN cards (BioMerieux) according
to the manufacturers’ recommendations.

Strainswere stored in a brain-heart infusion (BHI, Becton
Dickinson) with 20.0% glycerol (POCH) at −70∘C. For the
current uses, strains were stored in cysteine-triptose agar
(CTA; Becton Dickinson) for up to four weeks.

2.1. Assessment of MIC for Planktonic Forms. �e assessment
of the minimal inhibitory concentration (MIC) of ciproox-
acin (Sigma Aldrich) and ce�azidime (Sigma Aldrich) was
conducted using themicromethod according to the EUCAST
recommendations [15].

�e ESBL resistance mechanism was determined with
the disc di�usion method, using two discs, according to the
National Reference Centre for Antimicrobial Susceptibility in
Poland recommendations.

2.2. Bio	lm Forming. Tested strains of P. mirabiliswere prop-
agated on the cystine lactose electrolyte de�cient medium
(CLED, Becton Dickinson) while the reference strains of
Staphylococcus aureus 209P and Escherichia coli 35218 were
obtained from American Type Culture Collection (ATCC),
on 5.0% sheep blood agar (Becton Dickinson). Strains were
cultured at 37∘C for 18 hours. Next, the single colonies were
inoculated into tryptic soy bullion (TSB, Bio-Rad) at 37∘C.
A�er 18 hours, cultures were centrifuged for 15 minutes at
4 000 rpm; then the supernatant was discarded and the pellet
was rinsed with 3.0mL of phosphate bu�ered saline solution
(pH = 7.2) (PBS, POCH). Next, the bacterial suspension
was centrifuged at 4 000 rpm for 10 minutes and the pellet
was used tomake the suspension of 0.5MacFarland turbidity,
using sterile Mueller-Hinton bouillon (MHB, Becton Dick-
son).�en, 20�L of every suspension was placed in the wells
of polystyrene 96-well plate, in three repetitions. �e wells
were �lled with 180 �L of a sterile MHB medium, creating a
10-fold dilution. A sterility control was made of 200�LMHB
medium in three repetitions. �e culture was incubated in a
humid chamber at 37∘C for 24 hours.�en, the solutionswere
removed and the wells rinsed with sterile distilled water and
le� to dry at 37∘C. Twenty minutes later, 200�L of methanol
(POCH) was added to each well. �e plates were placed on a
shaker for 20 minutes at 400 rpm at room temperature. Next,
the methanol was removed and the plates le� to dry at 37∘C
for 20 minutes. In the next step, 200�L of 0.1% crystal violet
(CV, POCH) were added to each well and placed in a shaker
at 400 rpm for 10 minutes at room temperature. Next, the CV
was removed by rinsing the wells with water thoroughly until
the control wells became colorless. �e plates were le� for 20
minutes at 37∘C for the water to evaporate. Finally, 200�L of
methanol was added to each well and le� on a shaker for 5
minutes at 400 rpm at room temperature.

Absorbance readings were conducted with a spectropho-
tometer at a wavelength of 570 nm, using KC4 v3.4 and KC4
Signature programs. To assess bio�lm forming for each strain
and negative control, the arithmetic mean of absorbance
and standard deviation were used. �e threshold value of
absorbance (T) was proof of the bio�lm forming and was
de�ned as the sum of the arithmetic mean of negative control
and a triple value of its standard deviation (� = �nc + 3�).
A value below the calculated sum was recognized as, lack of
bio�lm. Mild bio�lm was determined when the value of sum
was between T and 2T, moderate bio�lm—between 2T and
4T, and strong for a value higher than 4T (Figure 1).

2.3. Assessment the Impact of Tested Antibiotics on Proteus
mirabilis Bio	lm. �e 12- and 24-hour bio�lms were formed
according to the given methodology. A�er removing the
medium containing the planktonic forms, 100�L of sterile
MHB medium and 100 �L of antibiotic were added to each
well coated with the bio�lm. �e antibiotic concentrations
were equivalent to 0.125, 0.25, 0.5, and 1.0 of MIC values,
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Table 1: Susceptibility of Proteus mirabilis (� = 50) strains to ciprooxacin and ce�azidime.

Antimicrobial
susceptibility

Ciprooxacin Ce�azidime

Urine
(� (%))

Wound swab
(� (%))

Total
(� (%))

Urine
(� (%))

Wound swab
(� (%))

Total
(� (%))

Susceptible 9 (36.0%) 11 (44.0%) 20 (40.0%) 13 (52.0%) 19 (76.0%) 32 (64.0%)

Intermediate 8 (32.0%) 7 (28.0%) 15 (30.0%) 1 (4.0%) 1 (4.0%) 2 (4.0%)

Resistant 8 (32.0%) 7 (28.0%) 15 (30.0%) 11 (44.0%) 5 (20.0%) 16 (32.0%)

Weak bio�lm

Strong bio�lm
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Figure 1: Visual diversity of Proteus mirabilis bio�lm formation
intensity.

determined using three repetitions for planktonic forms of
the tested strains.

�e plates were placed in a humid chamber and incubated
at 37∘C. A�er 18 hours the cellular suspensions were removed
and the bio�lm rinsed three times with sterile distilled water.
A�er that, the plates were le� to dry for 20 minutes at 37∘C.
Next, 100 �L of sterile TSBmedium and 100 �L of sterile 0.1%
TTC solution (POCH) were added to each well.

�e plates were incubated for two hours at 37∘C.�en, the
suspensions were removed and the plates rinsed three times.
�iswas followed by the adding of 200�L ofmethanol to each
well. �en, the plates were placed on shaker for 5 minutes at
400 rpm at room temperature.�e read-outs were conducted
with a spectrophotometer at 470 nm (Figure 2).

2.4. Statistical Analysis. Statistical analysis was conducted
using the program STATISTICA 10 ENG (StatSo� Inc.). �e
normality of distribution was assessed. �e signi�cant di�er-
ences between medians at � ≤ 0.05, which depended on the
stage of bio�lm forming, type of antibiotic, clinical samples
origin, and the subinhibitory concentration of ciprooxacin
or ce�azidime and was determined according to the Kruskal-
Wallis test. �e detailed comparisons were conducted using
the nonparametric Bonferroni’s post hoc test.

3. Results

3.1. Antibiotic Susceptibility. Resistance to ce�azidime was
determined for 32 (64.0%) while to ciprooxacin for 20
(40.0%) of the tested P. mirabilis strains. �e number of
ciprooxacin and ce�azidime resistant strains was higher
among strains isolated from urine than those from wound
swabs (Table 1).

0.5 MIC

0.25 MIC

0.125 MIC

1 MIC

1 2 3 4 5 6 7 8 9 10 11 12

Figure 2: Evaluation of Proteus mirabilis bio�lm eradication with
examined antibiotics in selected sub-MIC concentrations.

Among the tested strains, 11 (22.0%) produced extended-
spectrum beta-lactamases (ESBLs). From 11 of the P. mirabilis
ESBL(+) strains, 7 (63.6%) were isolated from urine and 4
(36.7%) from wound swabs. Out of the 15 strains resistant to
ciprooxacin, the presence of ESBL was determined among
9 (60.0%) strains (Table 2). One of the ESBL(+) strains was
ce�azidime susceptible.

�e conducted research determined that 11, out of 50
P. mirabilis strains, were resistant either to ciprooxacin or
ce�azidime, and 16 to both antibiotics (Table 3). On the other
hand, amongst strains resistant to ciprooxacin, three were
susceptible to ce�azidime, and among those ce�azidime-
resistant strains, three were also ciprooxacin susceptible.

3.2. Bio	lm Forming. All tested P. mirabilis strains formed
bio�lm. A weak bio�lm was formed by 12 (24.0%), moderate
by 13 (26.0%), and strong by 25 (50.0%) of the tested
strains (Figure 3). Strong bio�lm forming was con�rmed for
14 (56.0%) strains isolated from urine and 11 (44.0%) for
strains isolated from wound swabs (Figure 3). No statistically
signi�cant di�erences (� > 0.05) of bio�lm forming were
determined in terms of the strains’ origin.

Among the 32 strains susceptible to ciprooxacin, 16
(50.0%) formed strong bio�lm, and out of 20 ce�azidime-
susceptible strains, 9 (45.0%) strains were found to form
strong bio�lm (Table 4).

3.3. �e Impact of Subinhibitory Concentrations of Cipro�ox-
acin and Ceazidime on 12- and 24-Hour Proteus mirabilis
Bio	lm. �e obtained results led to the statement that both
ciprooxacin and ce�azidime eradicate P. mirabilis bio�lm,
which reects the decrease of the absorbance median with
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Table 2: Contribution of Proteus mirabilis strains producing beta-
lactamase with extended spectrum of activity depending on the
degree of susceptibility to examined antibiotics.

Antimicrobial
susceptibility

Ciprooxacin Ce�azidime

ESBL(−)
(� (%))

ESBL(+)
(� (%))

ESBL(−)
(� (%))

ESBL(+)
(� (%))

Susceptible 20 (51.3%) 0 31 (79.5%) 1 (9.1%)

Intermediate 13 (33.3%) 2 (18.2%) 2 (5.1%) 0

Resistant 6 (15.4%) 9 (81.8%) 6 (15.4%) 10 (90.9%)

Table 3: �e intensity of the Proteus mirabilis bio�lm formation
depending on the degree of susceptibility to the examined antibi-
otics.

Ce�azidime
Total

Susceptible Intermediate Resistant

Ciprooxacin

Susceptible 16 1 3 20

Intermediate 13 0 2 15

Resistant 3 1 11 15

Total 32 2 16 50

Table 4: �e intensity of the Proteus mirabilis bio�lm formation
depending on the degree of susceptibility to the examined antibi-
otics.

Ciprooxacin Ce�azidime

S I R Total S I R Total

�e intensity
of bio�lm
formation

Weak 8 0 4 12 5 2 5 12

Moderate 8 0 5 13 6 4 3 13

Strong 16 2 7 25 9 9 7 25

Total 32 2 16 50 20 15 15 50

S: susceptible
I: intermediate
R: resistant.

increasing concentration of the antimicrobiological agent
(Figure 4). �e impact of bio�lm maturity and the type of
material, from which strains were isolated, were determined
(Figure 4). �e conducted research determined that both
tested antibiotics varied in their inuence.

�e higher absorbance medians were stated (0.8029 and
0.4634 for strains from urine, 0.6292 and 0.3407 for strains
from wound swabs) for ciprooxacin than for ce�azidime
(0.4548 and 0.2753, 0.5236 and 0.3703, resp.) using 0.125 and
0.250 sub-MICs to treat 12-hour bio�lm (Figure 4). On the
contrary, using 0.5 and 1.0 sub-MICs antibiotic values, the
results were inverted. In both cases no statistically signi�cant
di�erences were determined (� > 0.05) (Figure 4).

In the case of 24-hour bio�lm, ciprooxacin was more
e�ective in bio�lm eradication than ce�azidime at all tested
subinhibitory concentrations (Figure 4). For strains isolated
from urine, the absorbance median varied from 0.0269 to
0.1384 relatively for 1.0 and 0.250 MIC, and for the strains

isolated from wound swabs it varied from 0.0729 to 0.2206 at
1.0 and 0.128 MIC of ciprooxacin (Figure 4). In case of cef-
tazidime, the absorbance medians were signi�cantly higher
and varied from 0.3873 to 0.6871 for strains isolated from
urine and 0.5588 to 1.0616 for wound swabs-derived strains,
correspondingly, at 0.250 and 0.128 MIC values (Figure 4).
For both sources of isolates, a statistically signi�cant higher
e�ectiveness (� ≤ 0.05) of ciprooxacin (compared to
ce�azidime) against P. mirabilis bio�lm in all concentrations
was a�rmed, excluding 0.250 MIC (Figure 4).

Regardless of the bio�lm’s maturity and the strains origin,
the lowest absorbance medians were noticed at the concen-
tration equal to 1.0 MIC for ciprooxacin and 0.250 MIC for
ce�azidime (Figure 4).

For 12-hour bio�lm at 0.125 and 0.250 MIC ciprooxacin
concentration, lower absorbance medians were noticed in
the cases of strains isolated from urine (absorbance medians
were correspondingly 0.8029 and 0.4634) than in those of the
strains isolated fromwound swabs (absorbancemedianswere
correspondingly 0.6292 and 0.3407) (Figure 4). In contrast,
for the 0.5 and 1.0, the MIC results were inverted (Figure 4).
No statistically signi�cant di�erenceswere noticed (� > 0.05)
(Figure 4). For 24-hour bio�lm, lower absorbance medians,
regardless of the concentration, were determined for strains
isolated from urine, which proves higher susceptibility of the
formed bio�lm to ciprooxacin, compared to the strains iso-
lated from wound swabs (Figure 4). �e di�erences were not
statistically signi�cant (� > 0.05) at the given concentration
(Figure 4).

In case of ce�azidime, a higher susceptibility of bio�lm
was noted for strains isolated from urine, regardless of the
bio�lm’smaturity and antibiotic concentration (Figure 4). No
statistically signi�cant di�erences were determined for given
subinhibitory concentration (� > 0.05) (Figure 4).

�e use of ciprooxacin caused signi�cantly higher erad-
ication of 24-hour bio�lm compared to the 12-hour one,
regardless of antibiotic concentration and sample origin
(Figure 4). �e determined absorbance medians for 12-hour
bio�lm treated with ciprooxacin varied between 0.0589
and 0.8029 and for 24-hour bio�lm between 0.0269 and
0.2206, depending on the sub-MIC value and sample origin
(Figure 4). Statistically signi�cant di�erence (� ≤ 0.05),
caused by the bio�lm’s maturity, was determined only for the
lowest ciprooxacin concentration, regardless of the strains’
origin.

Ce�azidime eradicated the 12-hour bio�lm more e�-
ciently than the 24-hour counterpart, which is reected by the
absorbance median values (0.2753–0.5236) noticed for the
“younger” bio�lm than by these of the 24-hour one (0.3873–
1.0616) (Figure 4). At the given sub-inhibitory concentration
for strains isolated from the same source, no statistically
signi�cant di�erences were determined (� > 0.05) in terms
of the bio�lm’s maturity (Figure 4).

4. Discussion

According to the studies presented, 40.0% of the P. mirabilis
strains were resistant to ciprooxacin. �is percentage is
higher when compared to that of the results obtained by
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Figure 3: �e intensity of Proteus mirabilis bio�lm formation
depending on the strains origin.

Hernández et al. [16], who indicated that 16.2% of strains
are resistant to this uoroquinolone. According to Ko et al.
[17], only 13.6% of P. mirabilis strains were resistant to that
antibiotic.

Kanayama et al. [18] found that among 46 ESBL(−)
P. mirabilis strains, 23.9% were resistant to ciprooxacin,
while among ESBL(+), the corresponding value reached
89.3%. �ese results correspond with data obtained by Ho
et al. [19], who determined that among ESBL(−) P. mirabilis
strains, 14.0% exhibit resistance to ciprooxacin, while the
corresponding value for ESBL(+) strains reaches 76.9%.
Moreover, Saito et al. [20] obtained similar results. From
80 of the ESBL(−) P. mirabilis strains, 13 (16.0%) were
resistant to ciprooxacin. �e results of the current research
con�rm the trend mentioned above. Among ESBL(−) and
ESBL(+) strains, accordingly 15.4% and 81.82% were resis-
tant to ciprooxacin. Compared to these numbers, a lower
percentage of P. mirabilis resistant strains was obtained by
Luzzaro et al. [21], which were 56.0% for ESBL(+) and 2.5%
for ESBL(−). Both, own study and results of other authors,
prove high contribution of strains resistant to ciprooxacin
among those producing extended spectrum beta-lactamase.

�e studies presented determined that strains isolated
from urine are more resistant to the ciprooxacin than those
from the wound swabs.�ese results are comparable to those
of other authors’ works. Guggenheim et al. [22] proved that
100% of wound swab-derived strains were susceptible to
ciprooxacin. Yah et al. [23] obtained a lower percentage
(5.2%) of P. mirabilis strains from wound smears which were
resistant to that antibiotic. According to Gales et al. [24],
81.5% of P. mirabilis strains isolated from urine were suscep-
tible to ciprooxacin. Saito et al. [20] showed that among 80
strains, 13 were resistant to the antibiotic mentioned above.
On the other hand, Wagenlehner et al. [25] determined that
0 to 11.6% of Proteus spp. strains isolated from urine, between
1994 and 2000, exhibited resistance to ciprooxacin.

In the current study 32 (64.0%) of P. mirabilis strains were
resistant to ce�azidime.�ese results are comparable to those
of Cao et al. [26], who determined that 99 (70.2%) strains
were susceptible among 141 tested strains. A signi�cantly
higher contribution of susceptible strains was noticed by Ko
et al. [17], Nijssen et al. [27], andWang et al. [28].�e authors

noted accordingly 90.9% [17], 95.3% [27], and 93.3% [28]
ce�azidime-susceptible Proteus spp. strains.

Cao et al. [26] indicated �ve (38.4%) ce�azidime-resistant
strains out of 13 ESBL(+). Kanayama et al. [18] did not detect
ce�azidime-resistant strains while testing 28 ESBL(+) and
46 ESBL(−) strains. �ese results di�er from the results of
this study, where 90.9% of ESBL(+) strains were resistant to
the previously mentioned antibiotic. Among ESBL(−), 15.4%
were resistant, 79.5% susceptible, and 5.1% intermediate.

�e results of the study presented proved that strains
isolated from urine were more resistant to ce�azidime than
their wound swab-derived counterparts.�e determined low
contribution of ce�azidime-susceptible strains conicts with
Gales et al. results [24], which proved that among 74 of
P. mirabilis strains isolated from urine in the years 1997–
1999, 97.3% were susceptible to ce�azidime and in the year
2000, all 27 tested strains isolated from the same source
were susceptible to the tested antibiotic. �e results obtained
by Lautenbach et al. [29] are similar; of P. mirabilis strains
isolated from urine 91–100% were marked as ce�azidime
susceptible. Wagenlehner et al. [25] proved that 0–4.5% of
Proteus spp. strains isolated from urine were resistant to
ce�azidime. Lockhart et al. [30] obtained similar results,
according to which 5.2% of the strains isolated from urine
were resistant. Moreover, Anguzu and Olila [31] determined
a high percent (87.5%) of ce�azidime-susceptible P. mirabilis
strains isolated from wound swabs.

In the current study we also found that ce�azidime and
ciprooxacin sub-MIC had an impact on 12- and 24-hour
bio�lm formed by P. mirabilis at four antibiotic concentra-
tions, corresponding to 0.125 MIC, 0.25 MIC, 0.5 MIC and
1 MIC values. �e absorbance exhibited reverse correlation
with the ciprooxacin and ce�azidime concentration in all of
the tested sub-MICs in both 12- and 24-hour bio�lms.

Nucleo et al. [32] noticed that ESBL(+) P. mirabilis strains
exhibited a greater ability to form bio�lmwithin a wide range
of its growth intensity, compared to the ESBL(−) strains.
However, the study presented did not show such correlation.
Both ESBL(+) and ESBL(−) formed bio�lm at the comparable
level.

Was� et al. [7] determined the inhibiting e�ect of the
antibiotics against the bio�lm. �e inuences of ciproox-
acin, ce�riaxone, nitrofurantoin and gentamycin sub-MICs
were tested in the cases of adhesion of four P.mirabilis strains.
It was proved that 0.5 MIC of all tested antibiotics reduces
bio�lm forming and that depletion accounted for 85.0% to
90.0%. Ciprooxacin exhibited the highest reduction level:
from 64.0% to 93.0% at 0.5 MIC and from 28.0% to 91.0%
at 0.25 MIC [7].

Nucleo et al. [32] proved the inductive inuence of
antibiotics on bio�lm forming capacity. �ey determined
that an increase of imipenem and tazobactam concentrations
leads to enhance the bio�lm forming in all of the 10 tested P.
mirabilis strains. �e highest increase of bio�lm forming was
determined at 0.25 MIC for most of the strains, and only one
exhibited the most intensive bio�lm growth at 0.125 MIC.

In the current literature there is a lack of information on
antibiotic impact on P.mirabilis bio�lm at a di�erentmaturity
stage. In the current study it was found that ciprooxacin,
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Figure 4: E�ect of selected subinhibition concentrations of ciprooxacin and ce�azidime on 12- and 24-hour P. mirabilis bio�lm. a, b, c,. . .:
statistically signi�cant di�erences (� ≤ 0.05) between the elements marked with di�erent letters (analysis covers both parts of diagram).

regardless of its concentration and strain origin, eradicated
the bio�lm forming cells more e�ciently in the case of 24-
hour bio�lmwhen compared to the 12-hour one. Ce�azidime
exhibited higher bio�lm eliminatory e�ectiveness for the 12-
hour counterpart.

5. Conclusions

Knowledge of sub-MIC antibiotic concentration formicroor-
ganisms forming bio�lm can be useful for rational antibiotic
therapy. �e presented results, and those of other authors,
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prove that di�erent microorganisms exhibit diverse feedback
to sub-inhibitory concentrations of various antibiotics. Dur-
ing antibiotic therapy, part of the microorganisms is a�ected
by sub-inhibitory doses of drugs. Detailed knowledge of their
impact on bio�lm formed by various microorganisms, and
also the pharmacodynamic indicators of medicines, can be
useful at treating infections caused by the bio�lm. Hence,
further research to determine interactions between bio�lm
and biocidal agents is justi�ed and necessary.

�e conducted research proved that the e�ciency of
antibiotics against P.mirabilis bio�lm depends on itsmaturity
and strains’ origin. Moreover, a concentration of ce�azidime
signi�cantly lower than the recommended MIC may be the
most useful in the eradication of the bio�lm. In most of the
tested concentrations, ciprooxacin was more e�cient than
ce�azidime against the P. mirabilis bio�lm.
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