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Abstract 

Pseudomonas aeruginosa, Staphylococcus aureus and Candida albicans are opportunistic 
nosocomial pathogens responsible for a wide range of acute or chronic infections. The use of 
indwelling medical devices increases the risk of emergence and progression of infections and worsen 
the prognostic for patient, in part due to biofilm developed by these species on inert surfaces. Thus, 
infections with bacterial or fungal biofilms represent a major public health concern because biofilm-
growing cells are highly resistant to antibiotics, disinfectants and host immune defenses.  In the last 
years, researcher focused on the development of new materials for biomedical use, with better physico-
chemical properties, capable to reduce microbial colonisation in order to decrease the risk of biofilm 
formed on their surface. Objective of this study was to determine the antimicrobial activity of some new 
PVC and polyethylene based biomaterials. The study was realized on some strains from patients with 
different infections hospitalized in Cardiovascular Diseases "CC Iliescu" Fundeni - Intensive Care 
Unit, Department of Public Health – Bucharest. The strains were selected based on their multi- 
resistance to antibiotics and their ability to develop biofilms in experimental conditions. The results 
proved that proposed materials were biocompatible  and had the capacity to inhibit microbial 
adherence to inert substrate, being a good option in case of  their use for medical surfaces and design 
of novel prosthetic devices. 
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1. Introduction 

The association of biofilms and medical device-related infections is well recognized, 
biofilms being commonly associated with a wide range of polymeric medical devices, such as 
catheters and cardiac pacemakers (DONGARI-BAGTZOGLOU [1], PERCIVAL& al. [2]). The 
presence of implanted medical devices temporarily or permanently in the body increase the risk 
of infections in these patients(COTAR & al., [3]). It is estimated that biofilms are involved in 
80% of chronic human infections, in about half of these infections a medical device being 
present. The emergence of biofilm-related infections due to the widespread use of medical 
devices in healthcare settings has given rise to the term ‘polymer associated infection’. The 
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gravity of infections was amplified by the properties of microorganism growth in biofilms: 
increased resistance to antibiotics and chemical disinfectants and also to phagocytosis and any 
components of the immune system (STOODLEY & al. [4]). 

 In fact, more than 60% of nosocomial infections and up to 80% of infection associated 
deaths are due to biofilm infections (VAN KLEEF & al. [5]). Many known pathogenic bacteria 
have been implicated in device-related infections (RUELLAN& al. [6]), such as intravenous 
and urinary catheters, cardiovascular and biliary stents, joint prostheses, contact lenses, fracture 
fixation devices, or pacemakers (STICKLER, [7]). The most device-associated infections 
originate from material surface contamination at time of implantation. Biofilms on these 
devices act as source of infection and represent a reservoir of microorganism, so only their 
replacements from the body determine the eradication of infection (RAMASAMY&LEE, [8]).   

The organism response to a biomedical device is related with the structure of the material 
used. Surface engineering of materials could increase device biocompatibility and functionality, 
reduce risk of microbial contamination and prevent biofilm infections by modifying material 
properties and surfaces. More methods were used for this purpose as (1) antifouling coatings 
(BANERJEE& al. [9]) (2) antiadhesive surface modifications, (3) addition of antimicrobials to 
the surfaces of medical devices (SODHI & al. [10], KWOK& al.[11]).   

In this study the materials with modified surfaces were proposed, (PVC materials and 
polyethylene)  these materials being  some of the most used  for surfaces in medical field.   

 
2. Experimental procedure 

Materials and methods 
Microbial strains. The study was conducted on 4 clinical microbial strains, S. aureus 

17pl, Ps. aeruginosa 262, C. albicans 64 and C. albicans 45. Microbial strains have been 
selected based on their multi-resistance to antibiotics and their ability to develop biofilms 
under experimental conditions. The strains were initially isolated from infections of various 
aetiologies (Cardiovascular Disease Institute "C.C.Iliescu", Fundeni Plant Clinic - Public 
Health Directorate - Bucharest). Two reference strains Staphylococcus aureus ATCC 25923, 
and Pseudomonas aeruginosa ATCC27853 were also used as control. For the experiment, 
overnight cultures of microbial strains inoculated on    simple agar in case of bacterial strains 
and YPG (Yeast Peptone Glucose) in case of yeast strains were used. 

Sterilization of biomaterials. To avoid the impact of other contaminants, the samples 
of biomaterials RB1, RB3, RB3p (PVC materials for medical use) and PE (polyethylene), 
were prior sterilized by UV for 30 minutes on each side of the sample. 

The microbial biofilm set-up. In the experiment were used the 6 well sterile 
polystyrene plates. In each well were added 2 ml nutrient broth or 2 ml YPG liquid over each 
type of sterile biopolymer with an area of 1 cm2, the media being then inoculated with 100 μl 
microbial suspension (standard density 0.5 McFarland). The plates were incubated for 24h, at 
37°C, as microbial cells initially multiply in suspension, and after reaching a threshold density 
to adhere to the biomaterial. After the first 24 hours each biopolymer sample was extracted 
from the media, gently washed 3 times with sterile physiological water to remove non-
adherent cells, placed into fresh culture media and incubated for another 24 hours (set 1), 48 h 
(set 2) and 72 hours (set 3) respectively.  

The quantitative evaluation of the selected strains ability to form biofilms on the 
surface of biomaterials tested. After the incubation period, the polymer samples were 
washed gently with sterile saline solution to remove non-adherent cells and placed in 2 ml 
centrifuge tubes containing 1ml of sterile saline solution. The samples were mixed by 
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vortexing vigorously for 1 min. and sonicated for 10 seconds (ANGHEL& al., [12]). Serial 
dilutions obtained in sterile saline solution of each sample were inoculated in triplicate on LB 
agar and respectively solid YPG (for yeast strains)plates and incubated 24 hours at 37 °C. The 
number of viable cells was assessed and CFU / mL was established. 

The study of epithelial cell adhesion to different surfaces. To study epithelial cell 
adhesion to various biomaterials, HEp-2 cell line (represented by tumor epithelial cells 
cultivated on DMEM media with addition of gentamicin, 1 mg / mL) was used.  In 6-well 
plates, 3 ml EK cell suspension were added over various biomaterials.  Subsequently, the 
plates were incubated for 24h at 37°C, in 5% CO2 and a humid atmosphere. In this time the 
epithelial cells adhered to the surface of the bio-materials. The adhesion capacity of epithelial 
cells was further assessed by inverted microscopy with a 20X objective, after the samples 
were washed, fixed with absolute methanol (5 min) and stained with Giemsa solution 10% 
(15 minutes). 
 
3. Results and discussion 

After implantation, medical devices are bombarded by certain molecules from the 
environment which fast attaches to their surface in a process called, conditioning step, by 
generating a thin layer of protein molecules and other extracellular circulating products from 
body fluids (COOPER, [13]). Thus a favourable environment for microbial cell adhesion to 
the surface of the devices was formed. The bacterial cells adhesion rate depends on the cell 
density and bacterial species involved, the flow rate of the fluid that wash the device and the 
physico-chemical properties of the biomaterial from which the medical device is made 
(DONLAN, [14]). Inert surfaces present physico-chemical properties characterized by micro 
electrostatic forces of attraction or repulsion   that influence the bacterial adhesion stage. 
Also, the exposure time of the medical devices to microbial cells should be sufficient for the 
adhesion reach in irreversible stage.  

Pseudomonas (Ps.) aeruginosa is one of the most resistant bacterial species both to 
antibiotics and disinfectants.  The resistance mechanisms are multiple, being represented by 
its intrinsic resistance to antimicrobial agents due to a decreased permeability of the cell wall 
and also by acquired resistance resulted by some mutations in chromosomal genes, 
acquisition of some resistance genes by horizontal transfer mediated by transposons, 
bacteriophages and plasmids and growth in biofilms that contribute to the development of 
phenotypic resistance (LAMBERT[15], SMILEY & HASSETT[16]). 

The most resistant biopolymer to Ps. aeruginosa colonization was RB1 because the 
CFU/mL/cm2 values were maintained at low level and relatively constant throughout all 
experimental phases (figure 1) up to 72 h. These results suggest that on the surface of such a 
polymer, the bacterial biofilm do not reach the maturation (figure 2), characterized by a more 
complex structure, where the connections between the bacterial cells and polymer surface 
(that ensure initial adhesion of the bacterial cells) are more stable, allowing the biofilm 
persistence. 

Both Ps. aeruginosa strains showed low ability to form 24 hours’ biofilm at the surface 
of RB3p biopolymer, property that was not maintained at 48 and 72 h respectively (figure 3). 

It was proved that PE material was most contaminated, this material not being a valid 
option for medical device in case of a possible contamination with P. aeruginosa (figure 2, 4). 
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Figure1. Graphical representation of Ps. aeruginosa ability to form biofilm on the surface  

of tested polymers 

 

 
 

Figure 2. Microscopic aspects of RB1 biomaterial before (left) and after (right) induction  
of Ps. aeruginosabiofilm(inverted microscope, 400X). 

 

 
 

Figure 3. Microscopic aspects of RB3p biomaterial before (left) and after (right) induction  
of Ps. aeruginosabiofilm (inverted microscope, 400X). 
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Figure 4. Microscopic aspects of PE biomaterial before (left) and after (right) induction 
of Ps. Aeruginosa biofilm (inverted microscope, 400X). 

 
Staphylococcus (S.) aureus is the major pathogen of community acquired infections and 

nosocomial ones. Adherence to eukaryotic cells or to implanted medical devices is an 
important step in initiating S. aureus infections.  The process is mediated by adhesins that are 
involved in colonization and persistence of S. aureus in different sites of the human body.  
The ability of S. aureus to adhere to plasma proteins and to extracellular matrix proteins 
deposited on the biomaterials is an important factor in the pathogenesis of infections 
associated with medical devices (CHIFIRIUC & al. [17]). 

All tested biomaterial presented similar level of contamination with S. aureus strains, 
RB1 biopolymer being also in this case the most resistant to colonization, even after 72 h of 
incubation (figure 5). 

 
Figure 5. Graphical representation of S. aureus ability to form biofilm  

on the surface of  tested polymers 
 

Candida (C.)albicans is the most common fungus involved in fungal infections in humans. 
C. albicans is an opportunistic pathogen, component of normal microbiota of the oropharynx, 
gastrointestinal tract, skin, oral and vaginal cavities. The ability to form biofilms has clinical 
importance, C. albicans strains being able to generate recurrent infections (SOLL & al. [18]).  

It is well-known the ability of C. albicans strains to colonize the various biomedical 
devices made of metal or silicon, and also to persist in the body, generating recurrent 
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infections (Nobile & Johnson, [19]; Popa & al. [20]; Bertesteanu & al. [21]). Nevertheless 
clinical isolates strains used in the experiment presented a low adhesion capacity, especially at 
the surface of biopolymers with PVC structure (figure 6, 7). 

 
Figure 6. Graphical representation of C. albicansability to form biofilm on the surface of tested polymers 

 

 
 

Figure 7. Microscopic aspects of RB 3 biomaterial before (left) and after (right) induction 
of C. albicans biofilm (inverted microscope, 400X). 

  
The study of epithelial cells adhesion to different polymeric surfaces 
The ability of the epithelial cells adhesion to the surface of tested biomaterials was 

assessed by inverted microscope (figure 8).Tested eukaryotic cells adhered to all types of 
polymers, maintaining the normal morphology and multiplication rate, fact that prove a high 
biocompatibility of these materials with potential use in biomedicine. 
 

 
 

Figure 8. Microscopic aspects of the epithelial cells adhered to the surfaces of biomaterials 
(inverted microscope, 200x) 
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4. Conclusions 
Bacterial colonization of the medical devices, in the form of biofilms, causes persistent 

infections generating serious problems for patient health. Despite the efforts to develop 
technologies for obtaining new polymeric biomaterials with anti-biofilm properties, the 
complex interactions between the pathogens, human body and medical devices, limits the 
possibility to use these biomaterials in vivo conditions. This is one of the reasons why it is 
need to be find new biofilm treatment strategies. In the present study, the PVC biopolymers 
proved a high resistance to microbial colonization. The best results were obtained for RB1 
polymer, which significantly inhibited Ps. aeruginosa, S. aureus and C. albicans adherence 
and biofilms formation for up to 72 h. These results have great relevance for research and 
applicative fields, opening new perspectives in engineering improved surfaces with anti-
microbial activity which may be used in the design of novel prosthetic devices and medical 
surfaces of wide use within biomedical field. 
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