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Biofilms  formed  by Pseudomonas aeruginosa strains isolated from biomaterial of patients 
with implant-associated infection are characterized by much higher resistance to antibiotics 
of various classes  than plankton cultures of  these  strains. The concentrations of  antibiotics 
causing the death of 90% of P. aeruginosa biofilm (MIC90) was 2-6 µg/ml for fluoroquino-
lones, 267-356 µg/ml for cephalosporins, and 92-215 µg/ml for amikacin, which significantly 
(p<0.05) differed from MIC90 for plankton cultures that did not exceed 0.8 µg/ml for fluoroqui-
nolones, 19 µg/ml for cephalosporins, and 3 µg/ml for amikacin. The degree of the microbial 
biofilm maturity also affected antibiotic resistance.
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Treatment  of  infectious  inflammatory  complications 
after total replacements of large joints remains a chal-
lenging issue due to the severity of state in these pa-
tients, complexity of bacteria diagnosis in this pathol-
ogy, and empiric etiotropic treatment [4]. Implant-
associated infections (IAI) caused by gram-negative 
bacteria including Pseudomonas aeruginosa that ex-
hibits high resistance to antibiotics and liability to 
biofilm  formation  are  still  a  problem  in  orthopedic 
surgery [5]. In a biofilm formed by gram-negative bac-
teria, virulence factors can be activated due to quorum 
sensing [7]. P. aeruginosa can form biofilms within 24-
48 h, which makes etiotropic treatment inefficient and 
often leads to the development of chronic IAI [5,7]. It 
was established that some antibiotics in concentrations 
used in clinical practice can stimulate biofilm growth 

[1,2]. Some features of IAI pathoge nesis require new 
approaches to its diagnostics, changes in antibiotic 
treatment tactics, search for alternative methods of de-
struction, and inactivation of microbic biofilms [1,2,8].

Here we studied the effect of antibiotics with dif-
ferent mechanisms of  action on plankton  and  sessile 
P. aeruginosa strains isolated from patients with IAI.

MATERIALS AND METHODS

We  analyzed  antibiotic  resistance  of  plankton  and 
sessile forms of 10 P. aeruginosa strains harvested 
from various biological materials of patients with in-
fectious complications after primary replacements of 
large joints.

The minimum inhibition concentrations inducing 
death of 90% bacterial cells (MIC90) of cephalospo-
rins, fluoroquinolones, and amikacin were compared. 
For  plankton  cultures,  antibiotic MIC90  was  deter-
mined according to clinical recommendations using 
the method of serial dilutions: a suspension of 24-h 
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bacterial culture with optical density of 1 McFarland 
standard corresponding to 3×108 CFU/ml was prepared 
using Densi-La-Meter densitometer (Lachema) and 
then  diluted with fish  hydrolysate  to  a  concentration 
of 103 CFU/ml. Different concentrations of antibiotics 
in sterile distilled water and bacterial suspension were 
mixed 1:1 in wells of cultural plates and incubated for 
24 h at 37°С. The culture fluid with the plankton form 
of bacteria was collected in a sterile plate. MIC90 cor-
responded to the concentration of antibiotic ensuring 
the absence of visible bacterial growth in a well. Inoc-
ulation on solid culture media resulted  in  the growth 
of single colonies in 10% isolates.

The biofilms were formed in sterile 96-well plates: 
200 μl bacterial suspension (103 CFU/ml) was added 
to each well and the plates were incubated for 24 and 
48 h at 37°С. The culture fluid was then aspirated and 
200 μl antibiotic of a certain concentration was added 
to fish hydrolysate. The plates were incubated for 24 h 
at 37°С and then rinsed with 0.9% NaCl. The biofilm 
was  destructed  by  ultrasound  (37  kHz  for  30 min). 
After  resuspending,  100  μl  cultures were  inoculated 
on Endo agar and the bacterial growth was evaluated. 
The plates with bacterial biofilms preformed over 24 
and 48 h without antibiotics served as the control.

The data were processed with using Statistica 12.0 
software (StatSoft, Inc.). The median (Me), and quar-
tiles  (Q1; Q3) were  calculated  using  nonparametric 
methods; for multiple comparisons, the Kruskal—Wal-
lis  test was  applied. The differences were  significant 
at p<0.05.

RESULTS

The sensitivity to analyzed antibiotics in the plankton 
forms of P. aeruginosa  clinical  strains was  signifi-

cantly (p<0.05) higher than in biofilms. Levofloxacin 
was most efficient against P. aeruginosa biofilms;  its 
MIC90 did not exceed the concentrations used in clini-
cal  practice with  significant  (p<0.05)  differences  in 
concentrations for plankton and biofilm forms.

For another fluoroquinolone, ciprofloxacin, MIC90 
was 25-74 µg/ml with significant (p<0.05) differences 
in the concentrations for plankton and biofilm forms, 
which  considerably  surpassed  the  permissible  thera-
peutic concentrations. The use of this drug in clinical 
practice is therefore limited.

The comparison of MIC90 for cephalosporins 
(cef triaxone, cefoperazone) for P. aeruginosa biofilm 
showed that resistance biofilm to this group of antibi-
otics increased by 19 and 14 times in 24-h preformed 
biofilm  and  by  23  and  18  times  in  48  h  biofilm,  re-
spectively, in comparison to bacteria in their plankton 
form  turning  the  use  of  cephalosporins  inefficient  in 
infections associated with biofilms.

Aminoglycoside  representative  amikacin  com-
monly used for infectious complications caused by 
P. aeruginosa  showed  high  efficiency  for  plankton 
forms,  but  the  resistance  of  24-  and  48-h  biofilms 
was  higher  than  that  of  the  plankton  form  by  30.6 
and 71.6 times, respectively, which also suggests that 
amikacin is inefficient in inflammatory complications 
associated with biofilm formation.

Comparative analysis of  the efficiency of antibi-
otics against biofilms depending on  the  time of  their 
formation  revealed  significant  (p<0.05)  increase  in 
the resistance with increasing the time of biofilm for-
mation for all analyzed antibiotics, except ceftriaxone 
(Fig. 1).

Thus,  the  analyzed P. aeruginosa strains isola-
ted  from  patients with  infectious  complications  af-
ter  large  joint  replacements  were  resistant  to  high  

TABLE 1. Susceptibility of Clinical P. aeruginosa Strains (MIC90, µg/ml) in Biofilm and Plankton Form (Me (Q1; Q3))

Drug Plankton forms (n=10)
Biofilms

24-h incubation (n=10) 48-h incubation (n=10)

Levofloxacin 0.3 (0.2; 0.4) 2 (1; 3) 6 (5; 6)

*p=0.003 +p=0.012566

Ciprofloxacin 0.8 (0.7; 1.0) 25 (23; 27) 74 (67; 85)

*p=0.005 +p=0.00001

Ceftriaxone 14 (11; 15) 293 (256; 315) 327 (295; 378)

*p=0.0002 +p=0.42

Cefoperazone 19 (11; 27) 267 (185; 314) 356 (312; 396)

*p=0.0016 +p=0.04

Amikacin 3 (1; 3) 92 (78; 110) 215 (185; 283)

*p=0.0003 +p=0.01 

Note. Significance of differences from *plankton forms, +24-h incubation. n is number of strains.
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concentrations  of  antibiotics  if  they  form  a  biofilm, 
which  confirms  high  protective  functions  of  biofilm 
matrix  [5,9].  It was established  that  the  resistance of 
sessile P. aeruginosa  strains was  higher  than  that  of 
their plankton form by 20-920 times for fluoroquino-
lones, 18-23 times for cephalosporins, and 71 times 
for amikacin.

Analysis of  the effect of antibiotic on preformed 
biofilms brings  the experimental  conditions closer  to 
the conditions of IAI in the body, because gram-nega-
tive nonfermentable bacteria including P. aeruginosa 
form biofilm within 24-48 h, and antibiotics are pre-
scribed  to  the patients, when  the biofilm has  already 
formed in the body [5,10].

The analyzed antibiotics in therapeutic concentra-
tions,  except  levofloxacin,  produced  no  antibacterial 
effect  on  preformed  biofilms. Therefore,  new  drugs 
are needed to treat infections associated with biofilms. 
These drugs should have various mechanisms of action 
and  be  able  to  destroy  the  biofilm matrix  and  affect 
quorum sensing and virulence factors associated with 
it [3,6].

The methodical errors in evaluation of antibio-
tics sensitivity by common bacteriological methods 
are  related  to  the  formation  of microbial  biofilms  in 
IAI  that  protects microorganisms  from  the  effect  of 
antibacterial drugs and immune system factors due to 
the selective permeability of the matrix, the presence 
of enzyme systems that inactivate antibiotics, and the 
exchange of resistance determinants within the biofilm 
[2,4,5].

The  study was  performed within  the  framework 
of State Assignment on theme “The Development of 
Medicines Efficient against Biofilm-Forming Microor-
ganisms in Treatment of Infectious Complications of 
Articular Replacement”.
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Fig. 1. Antibiotic resistance in plankton and sessile P. aerugi-
nosa strains to levofloxacin (1), ciprofloxacin (2), ceftriaxone (3), 
cefoperazone (4), and amikacin (5).
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