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In vitro synergy of antibiotic combinations against
planktonic and biofilm Pseudomonas aeruginosa

In-vitro-Synergismus antibiotischer Kombinationen gegen klinische
Isolate multiresistenter P. aeruginosa-Stamme in planktonischer Form

und als Biofilm

Abstract

Aim: The combination of different antimicrobial agents and subsequent
synergetic effects may be beneficial in treatment of P. aeruginosa infec-
tions. The aim of the present study was to determine antibiotic suscep-
tibility patterns of clinical isolates of P. aeruginosa and the effect of
different antibiotic combinations against the multidrug-resistant (MDR),
biofilm-producing bacterium P. aeruginosa.

Methods: Thirty-six P. aeruginosa clinical isolates were evaluated. The
disk diffusion method was performed to determine antibiotic suscepti-
bility patterns according to the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines. The minimum inhibitory concentration of antimi-
crobial agents for the test organisms was determined by the broth mi-
crodilution method. To determine synergetic effects of the combinations
of agents, the checkerboard assay and the fractional inhibitory concen-
tration were used. The biofilm inhibitory concentration was determined
to detect any inhibitory effect of antibiotics against the biofilm.
Results: High levels of resistance were detected against most antibiotics,
except colistin and polymyxin. According to the disk diffusion method,
58.3% of isolates were MDR. A synergetic effect between amika-
cin/ceftazidime, tobramycin/colistin and ceftazidime/colistin was found
in 55.6%, 58.3% and 52.8% of isolates, respectively. A significant syn-
ergetic effect against biofilm-producing isolates was observed for the
combination of tobramycin (0.5-1 ug/ml) and clarithromycin (256-512
ug/ml).

Conclusion: Combinations of antibiotics have a different activity on the
biofilm and planktonic forms of P. aeruginosa. Consequently, separate
detection of antibacterial and antibiofilm effects of the antibiotic com-
binations may be useful in guiding the antibiotic therapy.

Keywords: antibiofilm, combination therapy, Pseudomonas aeruginosa,
synergetic effects

Zusammenfassung

Zielsetzung: Die Kombination verschiedener Antibiotika zur Erzielung
eines Synergismus kann vorteilhaft zur Behandlung von P. aerugino-
sa-Infektionen sein. Ziel der Studie war die Bestimmung der Antibiotika-
empfindlichkeit klinischer P. aeruginosa-lsolate und die Wirkung ver-
schiedener Antibiotikakombinationen gegen multiresistente und biofilm-
bildene P. aeruginosa-Stdmme

Methode: Es wurden 36 klinische P. aeruginosa-Isolate untersucht. Zur
Bestimmung der Antibiotikaempfindlichkeit wurde die Plattchendiffusi-
onsmethode gemaf der Richtlinie des Clinical and Laboratory Standards
Institute (CLSI) eingesetzt. Die minimale Hemmkonzentration der Anti-
biotika wurde mit der Bouillon-Mikroverdinnungsmethode bestimmt.
Zur Bestimmung synergistischer Kombinationseffekte wurde der Che-
ckerboard Assay durchgefiihrt und die fraktionierte Hemmkonzentration
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ermittelt. Die Biofilm-Hemmkonzentration der Antibiotika wurde gegen
in Mikrotiterplatten kultivierte Biofilme ermittelt.

Ergebnisse: Aufer bei Colistin und Polymyxin war bei den Antibiotika
eine High-Level-Resistenz nachweisbar, wobei 58,3% der Isolate multi-
resistent waren. Synergismus wurde flir die Kombinationen Amika-
cin/Ceftazidim, Tobramycin/Colistin und Ceftazidim/Colistin in 55,6%,
58,3% bzw. 52,8% der Isolate nachgewiesen. Gegen Biofilm bildende
Isolate wurde eine signifikante synergistische Wirkung fur die Kombina-
tion Tobramycin (0.5-1 yg/ml) und Clarithromycin (256-512 pg/ml)
nachgewiesen.

Schlussfolgerung: Die Kombination von je zwei Antibiotika hat unter-
schiedliche Wirkungen gegen biofilmbildende und planktonische
P. aeruginosa-Isolate. Daher kann die separate Bestimmung der anti-
bakteriellen und Antibiofilmwirksamkeit von Antibiotikakombinationen
fUr die antibiotische Therapie hilfreich sein.

Schliisselworter: Pseudomonas aeruginosa, multiresistente Stamme,
Antibiotikakombinationen, Synergismus, planktonisch, Biofilmbildner,

Kombinationstherapie

Introduction

Antimicrobial resistance has emerged as a significant
challenge in the treatment of infections [1]. Biofilms,
which can be described as surface-attached layers of
microbial cells with self-produced extracellular polymeric
compounds, are a critical source of morbidity and mortal-
ity in medical practice. Biofilms may develop on human
tissues as well as on a diversity of surfaces, such as
prosthetic devices, venous catheters, and cardiac pace-
makers; their management can be complicated and costly
because they are often intrinsically resistant to high levels
of antimicrobial drugs [2]. Pseudomonas aeruginosa is
accepted as a model biofilm-forming pathogenic microor-
ganism and is considered to be the most threatening
pathogen causing biofilm in a human host [3]. P. aeru-
ginosa causes urinary tract infections, kidney infections,
cystic fibrosis, surgical site infection and sepsis [3], [4],
[5], [6]. Bacteria in biofilm form present different behavi-
ors than do their planktonic forms [3]. Biofilm is a protect-
ed form of cell growth that permits bacteria to endure in
aggressive conditions and also separate to inhabit novel
niches [7]. Further, it is important to be aware of what
makes biofilm growth distinct from planktonic growth, as
it is vital to expanding therapeutic interventions to treat
biofilm infections [8]. Eliminating biofilm usually requires
higher and continued antibiotic doses, and this often
does not successfully eradicate biofilm infections. In many
cases, a combination of antimicrobial therapies is neces-
sary to eradicate the biofilm infection [9]. Methods of
producing synergy against biofilms primarily involve a
combination of two antibiotics, as well as antibiotics with
a considerable diversity of probable anti-biofilm com-
pounds [10]. The aim of the present study was to evaluate
in vitro the synergy between routinely used antibiotics for
inhibition of the planktonic and biofilm forms of clinical
isolates P. aeruginosa.

Materials and methods

Bacterial isolates: Thirty-six non-duplicated P. aeruginosa
isolates were obtained from clinical specimens and
identified by colony morphology, Gram staining and
standard biochemical tests [11] at the Microbiology De-
partment of Tabriz University of Medical Sciences during
2014-2015.

Antibiotic susceptibility testing: Disk-diffusion suscepti-
bility testing was performed according to the Clinical and
Laboratory Standards Institute (CLSI) guidelines [12]. The
antibiotic disks (MAST, England) used were aztreonam
(30 pg), imipenem (10 pg), meropenem (10 pg), colistin
(10 pg), amikacin (30 pg), cefepime (30 ug) ceftazidime
(30 pg), tobramycin (30 pg), gentamicin (30 pg), cipro-
floxacin (5 ug), polymyxin B (300 units), gatifloxacin (5 ug)
and piperacillin/tazobactam (100/10 pg). The quality of
susceptibility testing was validated using the American
Type Culture Collection quality-control strain P. aeruginosa
ATCC 27853 [13].

Quantitative detection of biofilm: The microtiter plate
assay was employed to quantitatively detect biofilm. Three
to five colonies were suspended in 5 mL of TSB and incu-
bated for 18 h at 37 °C without shaking. The stationary
phase culture was vortexed and then diluted 1:100 in
TSB with 1% glucose. 200 pL of this solution was incu-
bated in 96 well plates for 18 h at 37°C. Medium with
suspended bacteria was then removed. The plates were
carefully washed 4 times with water and air dried before
staining with 200 pL of 0.9% crystal violet solution for 15
min. After removing the dye solution and washing with
water, the attached dye was solubilized with 95% ethanol
and the optical density of the adherent biofilm was de-
termined twice by microtiter plate reader at OD of
450-630. In the present study, we used TSB containing
1% glucose as a negative control [14].
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MIC determination: The MICs of colistin, ceftazidime,
clarithromycin, amikacin, and tobramycin were determ-
ined by the broth microdilution technique using cation-
adjusted Mueller-Hinton broth (CAMHB). Stock solutions,
adjusted for potency, were prepared immediately prior
to testing. The MICs were determined according to the
CLSI guidelines for broth microdilution. The MIC was
defined as the lowest concentration of antibiotic that
completely inhibited the growth of the organism as detect-
ed by the unaided eye [13].

FIC determination: The antibacterial effects of combina-
tions of amikacin plus ceftazidime, tobramycin plus col-
istin, tobramycin plus clarithromycin and ceftazidime plus
colistin were detected with the checkerboard assay and
determination of FICI (Fractional Inhibitory Concentration
Index). For the checkerboard test, the MIC of each antibi-
otic was determined alone and in combinations against
each isolate in one 96-well plate. Positive growth controls
were performed in wells without antibiotic to check for
the existence of turbidity. The concentration ranges of
each antimicrobial agent in combination ranged from 1
to 32 times the MIC. Dilutions of drugs A and B were
prepared with a twofold dilution. The FICI was determined
as follows:

MIC of drug A in combination = MIC of drug B in combination
FICA+FICs =
MIC of drug A alone MIC of drug B alone

Synergy was defined as an FICI <0.5, additivity/indiffer-
ence was defined as an FICI >0.5 to 4, and antagonism
was defined as an FICI >4 [15], [16].

BIC determination: The biofilm inhibitory concentration
(BIC) was determined to determine the antibiofilm activity
of drugs. About 100 ug of microbial suspension equal to
0.5 McFarland in nutrient broth were transferred to the
wells of a flat-bottomed 96-well microtiter plate. Biofilm
formation was induced by dipping the pegs of a modified
polystyrene microtiter lid into this biofilm growth plate
and incubating at 37°C for 20 h. Peg lids were rinsed
three times in sterile water, placed onto flat-bottomed
microtiter plates containing serial concentrations of
amikacin, tobramycin, colistin, ceftazidime and clarithro-
mycin only and also in combination with each other in
CAMHB per well, and incubated for 20 h at 37°C. The
peg lids in sterile water placed into antibiotic-free CAMHB
in a flat-bottomed microtiter plate. To transfer biofilms
from the pegs to wells, each plate was centrifuged at
805 g for 20 min. The peg lid was changed by a usual
cover. The Optic Density (OD) at 650 nm was determined
on a microtiter plate colorimeter before and after incuba-
tion at 37°C for 6 h. The BIC was defined as the lowest
concentration of an antimicrobial that lid in an OD650
variation at or below 10% of the mean of two positive
control well readings [17].

colistin and polymyxin. Resistance rates were 44.4% and
50% for meropenem and imipenem, respectively. A high
frequency of resistance (above 60%) was observed for
other tested antibiotics. Figure 1 displays the frequency
of resistance to tested antibiotics. According to the disk
diffusion method, 58.3% of isolates were MDR. According
to the microbroth dilution assay, the range of colistin MIC
was 0.5-4 yg/ml. The MIC,, and MIC,, of colistin were
found to be 1 and 2 pyg/ml, respectively. As expected, all
isolates were resistant to clarithromycin (the MIC of isol-
ates were 512 and 1024 yg/ml). The MIC ranges, MIC,
and MIC,, of other antibiotics are shown in Table 1.

Table 1: The MIC ranges, MIC,,, and MIC,, of antibiotics against
the planktonic form of isolates

Agents MICs range  MICso MICso
(ng/mL) (vg/mL)  (pg/imlL)
Amikacin 4-256 64 256
Ceftazidime 4-128 32 64
Colistin 0.54 1 2
Tobramycin 2-64 4 32
Clarithromycin 5012—-1024 512 1024

The synergetic effects between amikacin/ceftazidime,
tobramycin/colistin and ceftazidime/colistin were ob-
served in 55.6%, 58.3% and 52.8% of isolates, respect-
ively. The FICI, FICL,, and FICI,, for each combination are
presented in Table 2.

According to the microtiter plate assay, 26 isolates
(72.2%) were biofilm producers. Of these, 2 isolates
(5.6%) were strong biofilm producers; the frequency of
moderate and weak biofilm-producing isolates was 22.2%
(8 isolates) and 44.4% (16 isolates), respectively. The
antibiofilm effect of antibiotics was tested alone or in
combinations against biofilm-producing isolates. A syner-
getic effect was found between tobramycin and clarithro-
mycin on the preformed biofilm. However, tested individu-
ally, amikacin, tobramycin, colistin, ceftazidime, and
clarithromycin did not show a significant antibiofilm effect.
Although clarithromycin alone did not show any significant
effect at a high concentration on the planktonic or biofilm
form, we observed considerable synergetic activity when
the biofilm was co-treated with tobramycin at 0.5-1 pg/mi
and clarithromycin at a concentration of 256-512 pg/ml.
This combination in these concentrations produced an
0OD650 difference at or below 10% of the mean of two
positive controls. This effect observed in 18 of 26 (69.2%)
biofilm-producing isolates (Figure 2). Clarithromycin in
combination with amikacin, colistin or ceftazidime did
not show an antibiofilm effect. Amikacin/colistin, amika-

cin/ceftazidime, tobramycin/colistin and tobramy-
cin/ceftazidime were ineffective on biofilm.
Results
We evaluated 36 clinical isolates of Pseudomonas aeru-
ginosa obtained from different infections sources. The
highest rate of resistance was against gentamicin, 86%,
while the highest sensitivity rates were discovered for
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Figure 1: Antibiotic non-susceptibility patterns of bacterial isolates
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Table 2: The FIC ranges, FICI,,, and FICI,, of antibiotic combinations against the planktonic form of isolates

Isolate numbers

Agents Frequency of isolates FIC range FIClso FICloo
combination with a synergetic effect (%)

AMI/ICZ 55.6 0.18-1.25 0.5 1
TOB/COL 58.3% 0.25-1.125 0.5 0.625
czicoL 52.8% 0.25-1.5 0.5 1

AMI = amikacin, CZ = ceftazidime, TOB = tobramycin, COL = colistin,

FICI range = the lowest and highest FICI determined for all tested isolates.

FIClso and FIClgo were defined as FICI observed in 50% and 90% of tested isolates.

S

5

B
=

TOB (0.5 pg/ml)+ TOB(1pg/ml)+ TOB (0.5ug/ml)+ TOB (1pug/ml)+
CLA (256 ug/ml) CLA (256 pg/ml)  CLA (512 pg/ml) CLA (512 pg/ml)

Concentrations of drugs

Figure 2: Antibiofilm effects of the combination of tobramycin (TOB) and clarithromycin (CLA)
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Discussion

Hospital-acquired infections caused by P. aeruginosa are
generally life-threatening and pose a great challenging
to treat. Selection for resistant strains during antimicrobial
therapy among initially susceptible isolates often happens
with this organism, resulting in the emergence of mul-
tidrug resistance especially in health care settings [18].
In the present study, similar to other studies carried out
by Memar et al. (2016) and Gill et al. (2011), a high fre-
quency of resistance was found to B-lactams, amino-
glycosides, and quinolones [19], [20]. An emergence of
MDR strains decreases the effectiveness of routine anti-
biotics in empirical therapy. In this study, 58.3% of tested
isolates were identified as MDR and unsusceptible to at
least one agent in three or more antimicrobial categories.
Different prevalences of MDR P. aeruginosa (from 20%
to 100%) have been reported by others researchers [21],
[22]. Some factors, such as geographic diversity, patient’s
demographical factors, or access and exposure to antimi-
crobial agents play important roles in the frequency and
acquisition of MDR P. aeruginosa isolates [19]. The range
of effective therapeutic options has become severely
limited in recent years, in healthcare most commonly for
MDR P. aeruginosa isolates. Combination therapy is one
of the most effective strategies for managing this prob-
lem. Therefore, a widespread interest exists in adminis-
trating conventional antibiotics in combination in order
to enhance antimicrobial effects and improve patient
condition. Combination therapy may expand the antibac-
terial spectrum, prevent the spread of resistant isolates,
decrease side effects and offer a synergetic effect. Syn-
ergy testing has shown evidence of an interaction of two
antibiotics in combination against bacterial isolates [23].
A synergetic effect between amikacin/ceftazidime, tobra-
mycin/colistin and ceftazidime/colistin was observed in
55.6%, 58.3% and 52.8% of isolates, respectively. Similar
to a study by Gunderson et al. that reported a synergetic
effect between ceftazidime and colistin, we observed
significant synergetic effects of this combination in 52.8%
of isolates [24]. In agreement with our results, Berlana
et al. reported that patients treated with both colistin and
tobramycin had a shorter duration of hospitalization and
fewer periods of antibiotic administration than patients
treated with one of these drugs alone [25]. Other research-
ers have reported a synergetic effect between colistin
and other antibiotics, such as rifampin and carbapenems
[26], [27]. Due to its significant in vitro antibacterial ef-
fects against MDR P. aeruginosa, colistin is frequently
the only therapeutic option appropriate for the treatment
of infections with this pathogen; therefore, its use has
increased significantly in recent years, especially in hos-
pital-acquired infections [19], [27]. Unfortunately, increas-
ing the daily dose may not be a good choice, because
nephrotoxicity is a dose-limiting side effect and arises in
30 to 50% of cases. It is consequently not surprising that
suboptimal applications incite the development of resist-
ance to colistin, which seriously limits colistin therapy. In
vivo and in vitro evaluation yielded evidence of the poten-

tial for the rapid development of colistin resistance during
mono-therapy [27]. This study showed that the combina-
tion of colistin with an anti-pseudomonas agent such as
ceftazidime or amikacin enhances the antibacterial effect
against MDR P. aeruginosa [19]. P. aeruginosa can form
biofilms, which could significantly inhibit its eradication
during antibiotic therapy and stimulate recurrent infec-
tions. Conventional antibiotic susceptibility testing surveys
the efficiency of antibiotics against the planktonic form
of organisms under aerobic conditions [28]. Thus, the
determination of an antibiotic’s BIC may be advantageous
in the treatment of infections with biofilm-producing
P. aeruginosa. Clarithromycin has been reported to
provide potential inhibition of P. aeruginosa biofilm with
a decrease in bacterial virulence factor expression when
used at sub-MIC [29]. We detected a synergetic effect
between tobramycin and clarithromycin on the preformed
biofilm. Lutz et al. reported a macrolide decrease at the
MIC of other antimicrobial agents against P. aeruginosa
in a biofilm. Hardy et al. reported synergetic activity for
the combination of tobramycin (0.2 pg/ml) and clarithro-
mycin (300 pg/mL, 400 yg/mL and 500 pg/mL) against
biofilm [30].

In conclusion, P. aeruginosa clinical isolates are highly
susceptible to the combination of antibiotics. The admin-
istration of these combinations may enhance the antibac-
terial and antibiofilm activity of conventional antibiotics.
Further investigations of isolates in a clinical setting are
necessary to assess the efficacy of these combinations
against P. aeruginosa infections. The results of this study
show that the combination of antibiotics has different
effects on biofilm and planktonic forms. Therefore, sep-
arate detection of antibacterial and antibiofilm effects of
the antibiotic in the combinations is useful for guiding
antibiotic therapy.
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