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Research project 

The presence of biofilms in urinary catheters, and their tolerance to antibiotics treatments with 
the potential development and dissemination of multi-drugs resistant (MDR) bacteria is well admitted. 
Even with the progress in the development of these medical devices, Catheter-Associated Urinary Tract 
Infections (CAUTI) are still the most common type (30%) of healthcare-associated infection reported. 
Alternative strategies are therefore necessary, as this is a real public health problem. Considering that 
16 to 25% of hospitalized patients worldwide will have a urinary catheter inserted at least once during 
their stay [1–3], this highlights the urgent need to find more efficient antibiofilm coatings to prevent 
CAUTI, especially in the case of long-term catheters’ insertion. 

The SM2ViE team of ICMMO has been working for years on the functionalization of different 
material surfaces by grafting bio-sourced molecules [4–8]. Modification of polymeric surfaces in 
biomedical-oriented research has attracted attention, specifically in order to introduce chosen 
functional groups onto surfaces [9]. As it is currently developing greener chemistry methods, SM2ViE 
has been exploring the possibility of using plasma-activated surfaces to functionalize the catheters. 
Indeed, instead of using a chemical way for grafting antibacterial molecules, plasma activation is a 
good and green alternative [10]. The originality of the present research project is the association of 
the knowledge of a research team (SM2ViE) on the chemical and polymer functionalization with that 
of another research group (LPGP / DIREBIO), which develops nanosecond pulsed plasma jets [11, 12]. 
Indeed, this kind of plasma has the advantages of being cold (gas temperature < 40°C), working at 
atmospheric pressure and, above all, being able to propagate through a several centimetre-long tube 
[13] such as the urinary catheters (that can reach a length of 40 cm) and thus, generate active 
functional groups directly in the inner surface of a long tube. The cold atmospheric pressure plasma 
treatment is a soft surface activation technology used in different industries since it is environment-
friendly, easy to generate and control, and is suitable for in-line processing. A third associated research 
team (I2BC / MBCM) will conduct the microbiological tests on the modified surfaces in order to 
evaluate their antibacterial properties.  
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In this project, we will consider the PDMS surface modification by means of plasma activation 
and further chemical functionalization with bio-sourced molecules, extracted from natural sources. 
The ICMMO group has so far shown the feasibility to graft chemical species after plasma treatment on 
PDMS [14]. The generation of the plasma in catheters will be then studied and intensified camera 
imaging (ICCD) will be used to monitor the spatio-temporal dynamics of the plasma. The LPGP group 
is equipped with a high resolution mass spectrometer (FT ICR system) [15], which could be useful to 
have access to information on the action of the plasma on the tube surface, through the detection of 
organic species resulting from this action and coming out of the catheter in the gas flow. The goal is to 
identify and quantify those molecular species to get insight into the physico-chemical processes 
involved in the plasma-tube interaction. If we succeed in this task, we will have a better idea of the 
grafting mechanism of our bio-sourced molecules and we will then be better able to adapt the grafting, 
which will be done by filling the freshly plasma-treated catheters with the solutions of geraniol oxide 
(GO). The analysis of the grafting process will be conducted through analytical tools available at the 
ICMMO (ATR-FTIR, XPS, AFM, SEM, contact angle measurements, NMR,…) or through collaborations 
(ToF SIM, confocal laser-scanning microscopy,…).  
The candidate will provide a detailed CV, a letter of motivation for the research project and all the 
transcripts of marks from the baccalaureate to M2. The file is to be submitted online on ADUM website. 
https://www.adum.fr/as/ed/voirproposition.pl?print=oui&matricule_prop=45852 
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