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Introduction:  Catheter-related bacteraemia (CRB) originates from the development of a microbial biofilm on the luminal catheter surfaces.  The antibiotic lock technique has been developed as a method of preventing and eradicating biofilm on haemodialysis catheters.  In this study we examine the effects of heparin on the bactericidal activity of the antibiotic lock technique using vancomycin on planktonic and biofilm models of staphylococcal infection.  

Methods: Eight separate staphylococcal strains were assessed (NCTCs 1, 51, 55, 62, 100, 546, 6571 and RP62).  The minimum inhibitory concentration (MIC) of heparin, vancomycin and heparin-vancomycin in combination was assessed for planktonic and biofilm models of staphylococcal infection.  Planktonic growth was assessed by measurement of the optical density of the incubated solution at 590nm.  The development of biofilm on 96-peg plates was assessed by staining with 0.1% crystal violet and measuring the optical density at 590nm.  All experiments were carried out in duplicate.
Statistical analysis was performed by SPSSTM version 14.0. Parametric testing with student’s t-test and non-parametric testing with the Wilcoxon-sign rank test were used where appropriate.  All reported p-values were based on two-sided testing with a significance level set at ( < 0.05.

Results: When considering planktonic staphylococci, heparin alone had variable effects on bacterial growth.  There was no significant difference in optical density between heparin culture media of varied concentrations for isolates of NCTC 51, 55 and 100.  There was a significant increase in optical density of heparin-containing culture media with NCTC 6571 compared to the MH control (p=0.001).  There was a significant decrease in optical density with heparin culture media with NCTC 1 (p<0.001), 62 (p<0.001) and 546 (p<0.001) compared to control.

When considering planktonic staphylococci, the addition of heparin to vancomycin inoculated plates lowered the MIC in all cases.

When assessing the effect of heparin in the MIC of vancomycin in biofilm embedded staphylococci, biofilm production in MH-heparin 500iu/ml broth reduced the MIC to <0.25mg/L for NCTC 1 and decreased to 2mg/L for NCTC 546.  When assessing biofilm production in MH-heparin 1000iu/ml broth the MIC decreased to less than 0.25mg/L for Staphylococcus aureus 100, 51, 55, 62 and 6571 compared to heparin-free controls.  

Conclusion: This study demonstrated that planktonic staphylococci behave differently to biofilm embedded staphylococci when exposed to vancomycin-heparin antibiotic lock solutions.  Specifically, varied, dose-dependent responses to the addition of heparin to vancomycin incubation solution were seen amongst planktonic staphylococci.  Alternatively, addition of heparin to vancomycin incubation solution consistently lowered the MIC when all of the staphylococcal sub-species were studied in a biofilm model.  

We suggest that future in-vitro assessment of antibiotic-lock solutions should be based uniformly on biofilm models rather than planktonic models. 


