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QUESTION 4: What is the minimum biofi lm eradication concentration (MBEC) of anti-infective 
agents?

RESPONSE/RECOMMENDATION: The MBEC of antimicrobial agents is a measure of in vitro antibiotic susceptibility of biofi lm producing infec-
tive organisms. It is dependent on the surface, medium and the exposure period to an antimicrobial agent. There are no standardized measure-
ment parameters for MBEC. MBEC is currently a research laboratory value and lacks clinical availability. In the group’s opinion, there is value in 
developing a clinically-validated MBEC assay.

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

PRE-MEETING RATIONALE

A Medline query on the item “minimum biofi lm eradication concen-
tration” retrieved 149 references. For the most part, these references 
relate to bacteria with litt le or no involvement in infection on 
orthopaedic devices. A query about “minimum biofi lm eradication 
concentration of infective agents” retrieved 18 references; none 
of them clearly related to bone infection on material. The Medline 
request “minimum biofi lm eradication concentration and implant 
associated infection” retrieves only three references [1–3].

The work of Coraça-Huber et al. [1] focuses on the evaluation 
of a study model of the minimum bacterial concentration (MBC) 
in infections on material, using strains of Staphylococcus aureus (S. 
aureus) and collection Staphylococcus epidermidis (S. epidermids). 
Biofi lm formation is supported by Innovotech, Inc.’s MBEC-HTP 
(high throughput plates) system (Edmonton, Alberta, Canada). The 
formation of biofi lm is documented by electron microscopic study. 
The comparison of the minimum inhibitory concentration (MIC) 
and MBEC was made in this model for daptomycin, gentamicin, 
vancomycin, rifampicin, fosfomycin, clindamycin and linezolide. 
Biofi lms generated by S. epidermidis show less resistance to antibi-
otics than those generated by S. aureus. The MBEC is much higher 
than the MIC of all antibiotics. Daptomycin and rifampicin are 
the most eff ective antibiotics against S. aureus embedded within a 
biofi lm without obtaining their complete eradication.

Brady et al. [2] raised a question about the validity of the MBEC 
to replace the IJC in situations of infection on equipment. Twenty 
staphylococcal isolates from catheter infections were studied (17 
CNS, 3 MSSA) and ten antibiotics were tested (penicillin, oxacillin, 
erythromycin, clindamycin, fucidine, tetracycline, gentamicin, 

vancomycin, teicoplanin and ciprofl oxacin). The quantifi cation of 
biofi lm formation on microtiter plates and Tryptic Soy Broth (TSB) 
is obtained by crystal violet method. Detection of the biofi lm forma-
tion mechanism (protein or polysaccharide) is obtained by treat-
ment of sodium metaperiodate and protein kinase plates. The search 
for the ica operon (code in staphylococci for the production of 
enzymes necessary for adhesion) is done by polymerase chain reac-
tion. Sixteen of the 20 strains (80%) tested produce biofi lm; low for 
8 strains, moderate for 2 strains, and high for 6 strains, all carriers of 
ica operons. The MBEC was 10 to 1,000 times higher than the MIC for 
bacteria producing biofi lm. In practice, the MBC is > 256 μg /ml for all 
strains studied, whether or not biofi lm production is proven by the 
techniques used, raising the question of strains forming a protein 
biofi lm that cannot be quantifi ed by the crystal violet method.

Zaborowska et al. [3] analyzed the sensitivity of staphylococci 
and enterococci from bone infections on material according to their 
biofi lm production. The 13 strains studied were derived from infec-
tions on percutaneous bone anchoring material, on femoral amputa-
tion stumps for fi tt ing. This technique involves a permanent protru-
sion of a titanium implant through the skin, a potential entry point 
for bacteria from the cutaneous and fecal fl ora. The bacteria studied 
were obtained from bone and material samples obtained from 11 
infected patients. These are four strains of S. aureus, three strains 
of coagulase-negative staphylococci and six strains of Enterococcus 
faecalis. Ten antibiotics are tested in MIC and MBEC (clindamycin, 
gentamicin, vancomycin, linezolide, ciprofl oxacin, oxacillin, fucidic 
acid, ampicillin, trimethoprim/sulfamethoxazole and rifampicin). 
The microtiter plate culture in TSB is used to evaluate the biofi lm 
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production capacity of the bacteria analyzed. The total mass of the 
biofi lm formed is measured by the crystal violet technique to deter-
mine a biofi lm score (absent, low, moderate, high production). The 
production of exopolysaccharide (slime) is measured by the Congo 
red technique. The search for the ica operon for staphylococci is 
obtained by PCR test. The determination of the MBEC is obtained 
by the Calgary Biofi lm Device (CBD). Eleven of the 13 strains studied 
produce biofi lm, the quantity of biofi lm is heterogeneous according 
to bacterial species. The MBEC is signifi cantly higher than the MIC 
for the 10 antibiotics studied. The ratio MBEC/MIC is variable with 
marked diff erences between bacterial species. The MBEC is high and 
homogeneous for all strains of Enterococcus faecalis: MBEC/MIC from 
64 to 2048, median 512, for vancomycin, ciprofl oxacin, linezolide, 
ampicillin and rifampicin. In comparison, Staphylococcus strains 
show signifi cant inter strain variability; for S. aureus MBEC/MIC 
ranges from 1 to 2048, median to 9, for the 10 antibiotics tested. For 
S. epidermidis the ratio ranges from 0.0038 to 64, median to 1. The ica 
operon is isolated for all staphylococci; however, two strains do not 
produce slime by referring to the Congo red technique, expressing 
variability in gene expression. For these two strains, the biofi lm score 
assessed by the crystal violet method was strongly positive, indi-
cating that this biofi lm consisted mainly of aggregated cells without 
slime production.

The clinical follow-up of the 11 patients was correlated to the 
results expressed in MBEC. Failure was correlated with a high MBEC 
value without statistical evidence. Two patients did not present 
any complications (recurrence, reinfection or need for material 
removal). For one, the strain did not produce biofi lm; for the other, 
biofi lm production was low. For other strains with low to moderate 
biofi lm production, patients experienced one or two complications. 
One patient developed all three complications and the infecting 
strain was highly biofi lm producing.

Of these three studies, only Zaborowska et al.’s [3] corresponds 
to a clinical situation of infection on an orthopaedic device. As in 
the other two studies, the work presented here only tests antibiotics 
as monotherapy, whereas clinical use is readily with dual therapy, 
particularly when rifampicin is prescribed. The work of Saginur et al. 
[4] on 17 strains of S. epidermidis, 11 strains of methicillin-susceptible 
Staphylococcus aureus (MSSA) and 12 strains of methicillin-resistant 
Staphylococcus aureus (MRSA), isolated from infections on material 
tested in MIC and MBEC (CBD device) 9 antibiotics in monotherapy 
and 94 combinations of antibiotics in bi or tritherapy. The MBEC 
is signifi cantly higher than the MIC, but a signifi cant heteroge-
neity between strains is also found in monotherapy. Among the 94 
antibiotic combinations tested, 11 are bactericidal on more than 
90% of MSSA strains growing in biofi lm and 9 are for S. epidermidis. 
Rifampicin is the antibiotic most often present in these combina-
tions.

The effi  cacy of antibiotics against bacteria growing in a biofi lm, 
is generally explored in vitro under standardized, brief conditions 
of exposure of the bacterial strain to the antibiotic tested. In clin-
ical practice, exposure to antibiotics is prolonged [5]. In this work, 
bacterial strains (MSSA, MRSA, S. epidermidis, E. coli, Pseudomonas 
aeruginosa) are tested for growth in a biofi lm at varying antibiotic 
concentrations for three antibiotic exposure durations of one, three 
and fi ve days. For most strains and antibiotics tested, the MBEC is 
signifi cantly lower after 5 days of exposure to antibiotics than that 
measured after 24 hours of exposure.

It is commonly accepted that bacterial adhesion and bacterial 
growth within a biofi lm, are the determinants of infection on mate-
rial. It is also commonly accepted that the eff ectiveness of antibi-

otics within a biofi lm is greatly diminished. Measurement of in vitro 
antibiotic activity by the MIC determined on planktonic bacteria 
is not predictive of in vivo antibiotic activity on bacteria growing 
in a biofi lm. The MBEC is the supposedly most appropriate param-
eter for predicting the effi  cacy of antibiotics in vivo. The literature 
review shows that this parameter is over the last few years increas-
ingly studied and taken into account to test antibiotics or various 
molecules against multiple microorganisms. 

While the in vitro MBEC determination method itself is not 
problematic, the measurement of biofi lm production is more 
random. Biofi lm is made up of both bacterial cells and a substance 
of either a polysaccharide (slime) or protein nature. Not all bacteria 
produce biofi lm. For staphylococci, the production of biofi lm is 
linked to the existence of an operon (ica), detectable by PCR but 
whose expression is variable, and the highlighting of the operon 
does not mean slime production. The measurement of the overall 
mass of biofi lm, generally by the crystal violet technique, which 
potentially defi nes biofi lm scores (absent, weak, moderate, strong), 
does not necessarily account for the composition of this biofi lm, 
likely to modify the MBC of antibiotics.

The capacity to produce biofi lm is heterogeneous depending on 
the bacterial species. On the available data, the capacity to produce 
biofi lm is strong for Enterococcus faecalis without inter-strain vari-
ability. For staphylococci, the capacity to produce biofi lm seems 
more marked in Staphylococcus aureus than in staphylococcus epider-
midis, but inter-strain variability is important for staphylococci. 
Rifampicin appears to be a more active antibiotic in biofi lm than 
average. However, the rule is by no means absolute. The effi  cacy of 
antibiotic combinations is signifi cantly superior to that of mono-
therapy molecules.

In a clinical situation, for a given strain, the MBEC cannot be esti-
mated a priori, at least for staphylococci. Of the few published data, 
the MBEC still appears to be higher than at least 64 times the MIC 
for antibiotics active against Enterococcus fecalis (ampicillin, vanco-
mycin, linezolide, rifampicin). For other bacteria, the MBEC of active 
antibiotics is not known. 

There is no antibiotic combination that guarantees bacte-
rial eradication in the biofi lm for a given strain of staphylococcus, 
although antibiotic combinations are generally more eff ective than 
monotherapy treatments. The in vitro measurement of the MBEC is 
not a routine use for the moment. The research fi eld needs to defi ne a 
standardized methodology for possible use in clinical practice. High 
biofi lm production appears to correlate with a higher complication 
or failure rate than low or absent biofi lm production without statis-
tical demonstration at this time.
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