European Cells and Materials Vol. 10. Suppl. 5, 2005 (page 17)

ISSN 1473-2262

Bacterial Reactions to Modified Biomaterial Surfaces
L.G. Harris

AO Research Institute, AO Foundation, Davos, Switzerland

INTRODUCTION: Infections are serious
complications associated with osteosynthesis
implants [1-3]. Prolonged hospitalisation with
systemic antibiotic therapy, several revision
procedures, possible amputation, or even death
may occur with implant associated infections.
Staphylococcus aureus and S. epidermidis are both
associated with implant infections, and have
increasing resistance to various antibiotics [4-5].
The need to minimize their initial adhesion is
great. A possible solution may be to modify the
implant surface topography and/or chemistry, or
by using an antimicrobial or protein resistant
coating. This study describes the visualization and
quantification of S. aureus and S. epidermidis
adhering to a variety of different treated/coated
titanium surfaces, including polymer coatings
impregnated with an antiseptic.

MATERIALS AND METHODS: To visualize S.
aureus and S. epidermidis adherence on the
different surfaces, the bacteria were cultured on the
surfaces in brain heart infusion broth (BHI) for 1h
at 37°C. For SEM study, samples were fixed with
2.5% glutaraldehyde in PIPES buffer for 5 min,
post-stained with 1% OsO, in PIPES for 1h,
dehydrated, critical point dried, and coated with
Au/Pd, and visualized with an SEM. To quantify
the amount of bacterial adherence on surfaces,
bacteria were cultured as before, then stained with
fluorescent  redox  dye,  5-cyano,2-ditolyl
tetrazolium chloride (CTC) for 1h, and visualized
with a Zeiss Axioplan 2 Epifluorescence
microscope fitted with a Axiocam camera [6]. The
density of live bacteria adhering to the surfaces
were counted using KS400 software. On surfaces
that autofluoresce, adherent bacteria were detached
by sonication in Tween 80, then stained with a
live/dead assay (Molecular Probes). The amount of
bacteria present were counted using a Partec PAS
flow cytometer. Statistical analysis was performed
using a one-way ANOVA with Tukey test.

RESULTS: SEM showed S. aureus adhering to all
standard metal osteosynthesis surfaces, and
significantly less to the hydrophilic coatings, PLL-
g-PEG and hyaluronic acid (Fig. 1). Fluorescence
microscopy confirmed the SEM results (Fig. 2).
Electropolishing the TAN surface also had a
significant effect on S. aureus adhesion compared
to the standard TAN surface. Coatings
impregnated with an antiseptic also decreased

bacterial adhesion (Fig 2), but the antiseptic was
found to be cytotoxic to host cells.

Figure 1: SEM
images of

S. aureus on
different
surfaces.

Figure 2: Graphs showing the density of S. aureus

O0E+08 4

60000

Amount of bacteria per ml media

adhering to standard surfaces(left), and S. aureus
(SA) and S. epidermidis (SE) on different coated
surfaces impregnated with antiseptic (right).

DISCUSSION & CONCLUSIONS: S. aureus
adhered to all standard biomaterials, although
electropolishing TAN had a significant effect in
decreasing adhesion compared to standard TAN.
Hyaluronic acid & PLL-g-PEG coated titanium
surfaces also significantly decreased the density of
S. aureus & S. epidermidis, and hence have
potential use as coatings for orthopaedic implants.
The polymeric coatings impregnated with
antiseptic studied have potential to be used as
drug-delivery  systems in association with
implantable biomaterials, however using an
antiseptic is not recommended due to host cell
cytotoxicity.

REFERENCES: 'Clifford RP (2000) Chapter 5.1
AO Principles of Fracture Management, Thieme-
Verlag,; 2Mahan J, Seligson D, Henry SL, et al
(1991) Orthopedics 14:305-308; ®Khatod M, Botte
MJ, Hoyt DB, et al (2003) J Trauma 55:949-954;
*Lowy FD (1998) New Eng J Med 339:520-532;
*Johnson AP, Henwood C, Mushtaq S, et al (2003)
J Hosp Infect 54:179-187; ®Harris LG, Tosatti S,
Wieland M, Textor M, Richards RG (2004)
Biomaterials 25:4135-4148.

ACKNOWLEDGEMENTS: Thanks to John
Disegi, Benno Schmidhauser, Falko Schlottig
(Synthes Inc.), Lukas Eschbach, Vinz Frauchiger
(RMS, Bettlach), Samuele Tosatti (ETH Zurich)
and Kati Gorna, (AO Research Institute) for the
test surfaces.



