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ABSTRACT

Catheter-associated urinary tract infection (CAUTI) is the most common
nosocomial infection and comprises the largest reservoir of nosocomial antibiotic-
resistant pathogens. For prevention of this infection, bacterial resistant urinary
catheters needed to be designed and developed. To address this problem, this thesis
was directed toward designing and engineering novel bacterial resistant surfaces
using chitosan surfactant polymers as surface modifying agents. Prior to design the
surfactant polymer, the antibacterial properties of chitosan films were preliminarily
studied against Escherichia coli under various physiological conditions using the
optical density (OD) method. The results showed that chitosan could effectively
inhibit bacterial growth in all testing media except alkaline urine.

A novel design for a bacterial resistant surface was proposed. Based on the
results from antibacterial studies of chitosan, a series of comb-like chitosan
surfactant polymers consisting of a low molecular weight chitosan backbone with
hydrophilic poly(ethylene glycol) (PEG) and hydrophobic hexanal ligands were
synthesized and characterized by Fourier transform infrared spectroscopy (FTIR),
proton nuclear magnetic resonance spectroscopy (‘*H-NMR). The surface active
properties at the air-water interface were demonstrated using the Langmuir films
balance measurement. A model of chitosan surfactant polymers at the air-water
interface was proposed based on the surface activity of PEG, the rigidity of chitosan
and the hydrophobicity of hexanal. In phosphate buffered saline (PBS)and artificial

urine (AU), E coli to silicone surface was reduced by all surfactant polymers, with
the exception of that with the lowest PEG. These anti-adhesion properties against

bacteria depend on packing density of hydrated PEG layer and a complete PEG
coverage over the biomaterial is required for preventing electrostatic attraction
between bacteria and chitosan. Inhibitory effect of the growth of the E. coli, that
can overcome the PEG repulsive forces and adhere to the biomaterial surface, was
observed only in PBS. In AU, such antibacterial properties of the surfactant
polymers were suppressed, due to ammonia produced during the metabolism of the
adherent bacteria.
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