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Abstract:
Biofilms of Staphylococcus epidermidis ATCC 35984 were used to simulate the antibiotic resistant
infections that sometimes develop on biomedical implants. Biofilms were grown in continuous flow
reactors and challenged with 0.1 mg/1 rifampin. Bacteria in the biofilm resisted killing by this
antibiotic. It took 4 hours to achieve a 4.48 +0.14 log reduction of planktonic bacteria with this agent,
while treatment of the biofilm realized only a 0.62 + 0.14 log reduction after 48 hours. The goal of this
project was to investigate two hypothesized mechanisms of resistance of S. epidermidis biofilms to
rifampin: 1) incomplete penetration of the antibiotic through the biofilm, and 2) physiological
limitation of antibiotic efficacy due to slow-growing or non-growing bacteria in the biofilm. Rifampin
was shown to completely penetrate colony biofilms of S. epidermidis within 12 hours, while failing to
kill bacteria much in the same period. Transmission electron micrographs of antibiotic-treated colony
biofilms confirmed that the antibiotic was able to penetrate through the colony and affect bacteria at the
opposite side of the colony. These results show that biofilm resistance to killing by the antibiotic was
not due to failure of the agent to penetrate the biofilm. Experiments comparing growth and
susceptibility of exponential phase planktonic cells, stationary phase planktonic cells, intact biofilm,
and resuspended biofilm cells indicated that susceptibility decreased as the growth rate decreased.
Biofilms were more effectively killed when the antibiotic was applied in medium in which dissolved
nutrients were concentrated. On the other hand, treatment of biofilms in gaseous atmospheres ranging
from pure nitrogen to air to pure oxygen showed little difference in susceptibility suggesting that
oxygen did not play an important role in mediating biofilm resistance. Resistance of S. epidermidis
biofilms to rifampin probably stems from the existence of some bacteria in the biofilm in a
slow-growing or non-growing state. 
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