Antibiotic Loaded Calcium Sulfate Beads (ABLCB) Prevents Biofilms of Carbapenem-Resistant
Enterobacteriaceae (CRE) and Vancomycin Resistant Enterococci (VRE) in vitro
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Introduction: Carbapenem-resistant Enterobacteriaceae (CRE) and vancomycin resistant Enterococci (VRE) have emerged as multi-drug resistant Gram-negative
pathogens associated with Periprosthetic Joint Infections (PJI)1,2. PJI is one of the most devastating and costly complications following total joint arthroplasty surgeries.
Antibiotic-loaded calcium sulfate beads (ABLC-B) have been used in the management of PJI3. In this study, we evaluated the efficacy of ABLCB to inhibit bacterial growth,
biofilm formation and eradicate preformed biofilms of K. pneumoniae and E. faecalis.

Methods

Results

Bacterial strains and antibiotics

Repeat Zone of Inhibition (ZOI)

CRE and VRE strains
• Klebsiella pneumoniae BAA1705
(Carbapenem-resistant)
• Klebsiella pneumoniae BAA2146 (New Delhi
metallo-beta-lactamase (NDM-1) positive)
• Klebsiella pneumoniae BAA2524
(Carbapenem-resistant)
• Enterococcus faecalis ATCC51299
(Vancomycin-resistant)

Antibiotics used in beads
• Unloaded beads
• Rifampin (R, 600mg/10cc) + Vancomycin
(V, 1000mg/10cc)
• Gentamicin (G, 240mg/10cc) + Vancomycin
(V, 500mg/10cc)
• Vancomycin (V, 1000mg/10cc) +
Tobramycin (T, 240mg/10cc)

Repeat Zone of Inhibition (ZOI)
• ABLCBs (Stimulan Rapid Cure,
Biocomposites) were loaded with antibiotics.
• ABLCBs were placed onto tryptic soy agar
(TSA) plates spread with each of the strain
and incubated for 24 hours at 37°C.

Figure 1. Repeat zone of inhibition (ZOI) using combination of antibiotics (R+V, G+V and V+T) against CRE and VRE strains. ABLCB demonstrated effective initial eluting concentrations depending on the strains. R+V eluted longer than other
combinations against all the strains. E. faecalis ATCC51299 was more susceptible to R+V compared to the K. pneumoniae strains.

• The beads were transferred daily onto
fresh TSA medium spread with the test
cultures.
• The zone of inhibition was recorded until
no inhibition was observed.

Biofilm Prevention

Biofilm Prevention Assay
Repeat Challenge ModelEvery 24 hours:
• Complete media exchanges
• Released antibiotics removed
• Fresh inoculum added
• CFU counts taken after 1, 2, 3
and 7 challenges
Figure 2(A). Reduction in cell counts after treatment of CRE and VRE strains with ABLCBs loaded with R+V, G+V and V+T.
R+V significantly controls biofilm formation of CRE and VRE strains. G+V reduced the biofilms to a lesser extent than other
combinations of antibiotics.

Figure 2(B). Confocal microscopy of 7 day biofilms of CRE and VRE treated with ABLCBs with and
without antibiotics. In repeat challenges, ABLCBs loaded with R+V prevented colonisation and reduced
biofilm formation.

Biofilm Killing

Biofilm Killing Assay
Pre-established biofilm (3 days)
Every 24 hours:
• Complete media exchanges
• Released antibiotics removed
• CFU Counts taken after 1, 3 and
7 days

Figure 3(A). Reduction in preformed biofilm counts of CRE and VRE strains after treatment with ABLCBs loaded with R+V, G+V and
V+T. All combination were effective, however preformed biofilms were more difficult to kill with antibiotics than in prevention assay.
During biofilm killing assay, biofilm regrowth was observed at 1 week of contact with ABLCBs.

Significance/Clinical Relevance
In the management of PJI infected with CRE or VRE, clinical use of absorbable cements could eliminate biofilms as
shown with our in vitro studies. However, in vitro results do not necessarily correlate to clinical results. Further work is
required to correlate the results seen in these in vitro tests with clinical performance.

Figure 3(B). Confocal microscopy of preformed biofilms of CRE and VRE at day 7 treated with
ABLCBs with and without antibiotics showing reduction in biofilms after treatment with combination of
antibiotics. R+V combination reduced the biofilms to a greater extent than other combinations.
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