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Anti-Planktonic Bacterial Therapy 

       1940         1950           1960          1970           1980         1990           2000          2010

    

-lactam antibacterials 

Other antibacterials 

Penicillin Penicillin V Carbenicillin Ticarcillin 

Cefaclor Cefazolin Methicillin 

Ampicillin 

Cloxacillin 

Cephalothin 

Cephaloridine 

Cephalexin Cefamandole 

Amoxicillin 

Ceftizoxime 

Ceftriaxone 

Meropenem 

Piperacillin 

Cefoperazone 

Cefoxitin 
Cefuroxime 

Azlocillin 

Mezlocilllin 

Cefotaxime 

Moxalactam 

Ceftazidime 

Cefixime 

Cefprozil 

Cefpodoxime 

Cefepime 

Loracarbef 

Ceftibutin 

Cephradine 

Imipenem 

Ciprofloxacin 

Azithromycin 
Clarithromycin 

Amikacin 

Rifampin 

Clindamycin 

Gentamicin 

Doxycycline 

Lincomycin 

Tobramycin 
Kanamycin 

Polymyxins/Colistin 

Erythromycin 
Chloramphenicol 

Tetracyclines 

Streptomycin 

Netilmicin 

Levofloxacin 

Gatifloxacin 

Ertapenem 

Linezolid 

Quinupristin/dalfopristin 

Moxifloxacin 

Gemifloxacin 

Daptomycin 

CP1160090-5 

Telithromycin 

Tigecycline 

Rifaximin 

Dalbavancin 

Doripenem 

Ceftaroline 

Telavancin 
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Should CLSI Try to Develop Biofilm-
Related Standard Methods? 

• Yes (my opinion) 

• Rationale 

• Improve patient care 

• Prevent emergence of resistance 

• Guide development anti-biofilm 
agents 

• Pharma 

• Regulatory 

 



Criteria for Ideal Biofilm Antimicrobial 
Susceptibility Testing Methods 

• Reproducible 

• Cover range antibiotic concentrations 

• Avoids contamination 

• Easy to perform 

• Applicable to numerous organism types 

• Predictive of clinical outcome 

• Inexpensive 

• “Rapid” turnaround time 



Systems for Experimental 
Investigation of Biofilms 

• Flow Systems: 

•Flow cell 

•Drip flow reactor 

•CDC biofilm reactor 

•Rotating disk reactor 

•Sorbarod filter 

• Static Systems: 

•Colony/membrane 

filter 

•Agar-entrapment  

•Microtiter plate 

•Coupons/disks 

•Peg lid microtiter plate 

Harrison et al. Nature Protocols. 2010:5:1236. 



Flow Cell Biofilm Assay 

Stovall Life Science, Inc. 
http://cde.dentalaegis.com/courses/760-supragingival-

and-subgingival-plaque-paradigm-biofilms 



Drip Flow Reactor Biofilm Assay 

http://www.astm.org/SNE

WS/MJ_2008/biofilm_mj08

.html http://cde.dentalaegis.com/courses/760-

supragingival-and-subgingival-plaque-paradigm-

biofilms 



CDC Biofilm Reactor 

http://cde.dentalaegis.com/courses/760-supragingival-and-subgingival-plaque-paradigm-biofilms 



Rotating Disk Reactor Biofilm Assay 

http://www.google.com/imgres?imgurl=http://www.jysco.com/data/item/1218001082_m&imgrefurl=http://www.jysco.com/product/item.php%3Fit_id%3D1218001082&

usg=__G_LBNJH9uIIODFjN8SFarX7gIfY=&h=300&w=300&sz=14&hl=en&start=9&zoom=1&tbnid=537yPWhsAGx8QM:&tbnh=116&tbnw=116&ei=gl4ET9-

RIpK_gAe-yd2CAg&prev=/images%3Fq%3Drotating%2Bdisk%2Breactor%26hl%3Den%26sa%3DX%26rls%3Dcom.microsoft:en-us%26tbm%3Disch&itbs=1 

Garo et al. Antimicrob Ag Chemother 2007;51:1813 



Sorbarod Filter Plug Biofilm Assay 

Gander S et al. J. Antimicrob. Chemother. 2005;56:337-343 
Struthers Methods in Molecular Medicine 2001;48:215-25 

Rubber seal 

Tubing 

Syringe 

Needle 

Media inlet tubing 

Sorbarod filter 



Colony/Membrane Filter Biofilm Assay 

http://cde.dentalaegis.com/courses/760-supragingival-and-subgingival-plaque-paradigm-biofilms 



Agar-Entrapped Biofilm Assay 
Escherichia coli 

Jouenne et al. FEMS Microbiology Letters 1994;119:237 

Control 

Planktonic 

3 week-old, untreated 

3 week-old, Latamoxef, 64 g/ml 

2 day-old, Latamoxef, 64 g/ml 



Stain adherent (biofilm) cells 

Wash away planktonic cells 

~106 cells 

Incubate 

Biofilm 

forming strain 

Non-biofilm 

forming strain 

Spectrophotometric quantitation 

Microtiter Plate Biofilm Assay 



Six-Well Plate Biofilm Assay 
MRSA-295 

Olson et al. Antimicrob Ag Chemother 2011;55:3691 

MIC (µg/ml) Concentration 
(µg/ml) 

Log10 CFU/biofilm 
(mean ±SD) 

Inoculum 8.24 ±0.16 

Untreated 9.32 ±0.07 

Daptomycin 2 8 7.92 ±0.16 

16 5.38 ±0.28 

Linezolid 2 >64 8.51 ±0.07 

Gentamicin 2 4 7.97 ±0.14 

8 6.11 ±0.21 

TMP/SMX 1 >64 8.83 ±0.01 

Vancomycin 1 4 9.07 ±0.09 

8 6.02 ±0.30 



Cerca et al. J Antimicrob Chemother 2005:56:331 

Microtiter Plate Biofilm Assay 
Quantitative Culture vs. XTT Colorimetry 

Coagulase Negative Staphylococci 

Cefazolin       Vancomycin   Dicloxacillin   Tetracycline     Rifampin 



Microtiter Plate Biofilm Assay - Alamar Blue 
Planktonic MIC (µg/ml) MBEC (µg/ml) 

Staphylococcus epidermidis 

Gentamicin 16 >4,096 

Bacitracin 32 >4,096 

Vancomycin 2 >4,096 

Ceftriaxone 32 >4,096 

Oxacillin 8 >4,096 

Rifampin 4 >1,024 

Staphylococcus aureus 

Gentamicin 0.25 >2,048 

Clindamycin 16 >2,048 

Vancomycin 0.5 >2,048 

Ciprofloxacin 0.25 >128 

Cefriaxone 2 >2,048 

Penicillin 0.5 >2,048 

Oxacillin 0.0625 >2,048 

Rifampin >0.0008 >2,048 

Pettit et al. Ann Clin Microbiol Antimicrob 2009;8:28 

Pettit et al. Antimicrob Ag Chemother, 2005;49:2612 

Naves et al. J Chemother 2010:22:312 

Pearson’s correlation coefficients with: 

Lysostaphin Alamar blue vs. 

S. aureus XTT CFU/ml 

ATCC 2913 0.96 0.96 

520009 0.99 0.98 

520016 0.99 0.93 

520020 0.95 0.97 



Microtiter Plate Biofilm Assay 
Laser Confocal Microscopy Viability Staining 

Müsken et al. Nature Protocols 2010;5:1460 



Coupon/Disk Biofilm Assay 

• Silicone elastomer 

• Cellulose nitrate membrane filter 

• Polyvinyl chloride 

• Stainless steel washers 

• Contact lenses 

• Hydroxyapatite 

• Suture 

• Polymethylmethacrylate 

• Polyethylene 

• etc. 

 



Suture-Associated Biofilms, S. aureus 

Wells et al. Surgical Infections 2011;12:297 



Microtiter Plate Biofilm Assay 
BioFilm Ring Test® 

http://www.biofilmcontrol.com/ 



Modified Robbins Device 

http://www.ugent.be/fw/en/research/pharmaceutical-

analysis/micro/equipment/mrd http://www.advancesinpd.com/adv87/pt3i

nvitro87.html 



Peg Lid Microtiter Plate Biofilm Assay 

http://cde.dentalaegis.com/courses/760-supragingival-and-subgingival-plaque-paradigm-biofilms 



Peg Lid Microtiter Plate Biofilm Assay 
Pegged lid 

Antibiotic dilutions in CAMHB 

22-24 h incubation, 37ºC 

22-24 h incubation, 37ºC 

Bacterial inoculum 

CAMHB 

Sonicate 

Rinse lid 

Rinse solution (e.g., PBS) 

Rinse lid 

Rinse lid 

Replace pegged lid with standard lid; 

Measure OD600 

Remove pegged lid 

22-24 h incubation, 37ºC; 

Measure OD600 

Rinse solution (e.g., PBS) 

Rinse solution (e.g., PBS) 



Peg Lid Microtiter Plate Biofilm Assay 

Harrison et al. Nature Protocols. 2010:5:1236. 



Ceri et al. J. Clin. Microbiol. 1999, 37(6):1771. 

Planktonic and Biofilm Susceptibility 
 Peg Lid Microtiter Plate Biofilm Assay 

MIC (µg/ml)  MBEC (µg/ml) 

CLSI Peg lid 

Staphylococcus aureus 

Cefazolin 0.5 0.5 >1,024 

Ciprofloxacin 0.25 0.5 512 

Clindamycin 0.12 0.25 128 

Gentamicin 0.5 0.5 2 

Oxacillin 0.12 0.25 >1,024 

Vancomycin 1 1 >1,024 

Pseudomonas aeruginosa 

Amikacin 2 4 16 

Ceftazidime 1 2 >1,024 

Ciprofloxacin 0.25 0.25 4 

Gentamicin 2 4 128 

Imipenem 1 4 >1,024 

Piperacillin 2 16 >1,024 

Tobramycin 0.5 1 2 



Planktonic and Biofilm Susceptibility 
 Peg Lid Microtiter Plate Biofilm Assay 

Staphylococcus lugdunensis (n=15) 

Antimicrobial Agent MIC range 
(μg/ml) 

MBEC range 
(μg/ml) 

Cefazolin ≤0.125 - 0.5 1 - >128 

Daptomycin 0.06 - 1 1 - >128 

Linezolid 0.5 - 1 4 - >128 

Moxifloxacin 0.125 - 0.25 ≤0.125 – 2 

Nafcillin 0.25 - 0.5 0.5 - >128 

Quinupristin-dalfopristin 0.06 - 2 ≤0.125 - >128 

Rifampin ≤0.03 ≤0.125 – 64 

Tetracycline 0.06 - 1 1 – 128 

Trimethoprim-sulfamethoxazole 0.125/2.4 - 16/304 0.125/2.4 - >8/152 

Vancomycin 0.5 - 2 4 - >128 

Frank et al. Antimicrob. Agents Chemother. 2007, 51(3):888. 



Planktonic and Biofilm Susceptibility 
 Peg Lid Microtiter Plate Biofilm Assay 

Cystic Fibrosis Pseudomonas aeruginosa 
(n=40) 

Ferreira et al. APMIS 2010:118:606 

MIC (µg/ml) MBEC (µg/ml) 

MIC50 MIC90 Range MBEC50 MBEC90 Range 

Amikacin 0.5 4 0.25-8 32 512 2-1024 

Cefazidime 2 8 0.25-64 64 1024 2-1024 

Ciprofloxacin 0.125 1 0.06-2 16 128 0.5-1024 

Gentamicin 0.5 1 0.125-4 32 128 0.5-1024 

Tobramycin 0.25 0.5 0.06-1 64 128 2-512 



Planktonic and Biofilm Susceptibility 
 Peg Lid Microtiter Plate Biofilm Assay 

Chronic Periodontitis Enterococcus faecalis (n=23) 

Sun and Song. Periodontol 2011;82:626 

MIC (µg/ml) MBIC (µg/ml) MBEC (µg/ml) 

ATCC 

29212 

Range MIC90 ATCC 

29212 

Range MBIC90 ATCC 

29212 

Range MBEC90 

Ampicillin 0.5 0.12 to 

0.5 

0.5 2 1 to 2 2 >8,192 2,048 to 

>8,192 

>8,192 

Erythromycin 2 0.25 to 

1,024 

64 4 1 to 512 64 1,024 512 to 

2,048 

2,048 

Gentamicin 8 4 to 1,024 32 16 8 to 8,192 32 32 16 to 

>8,192 

256 

Tetracycline 16 0.5 to 64 64 16 4 to 256 64 64 32 to 1,024 1,024 

Vancomycin 2 1 to 4 2 4 2 to 8 4 >8,192 8,192 to 

>8,192 

>8,192 



Peg Lid Microtiter Plate Biofilm Assay Batch 
Parameters for Growth on Peg Lids 

Genus and species 
Lid 

surface 

Motion 

(rpm) 

T 

(°C) 

Time 

(h) 

Inoculum 

(CFU/ml)  
Growth Medium Atmospheric gases 

Mean cell count 

(log10CFU/peg) 

Acinetobacter baumannii M O (110) 37 20 1.0 × 107 TSB ambient 6.8 ± 0.1 

Alcaligenes xylosoxidans M O (110) 37 20 1.0 × 107 TSB ambient 6.9 ± 0.4 

Arcanobacterium pyogenes M  R (10) 37 24 1.0 × 107 TSB + 2% FCS air/CO2, 90:10 5.0 

Burkholderia cenocepacia M O (125) 37 24 1.0 × 107 CA-MHB ambient ~4.3 ± 0.4 

Enterococcus faecalis M R (NR) 35 72 1.0 × 107 artificial test soil ambient ~6.0 ± 0.4 

Escherichia coli M O (110) 37 24 1.0 × 107 TSB ambient 5.7 ± 0.2 

Haemophilus influenzae N R (3.5) 35 16 1.5 × 108 HTM ambient ~6.0 ± 0.6 

Listeria monocytogenes M R (3.5) 37 24 1.0 × 107 BHI ambient 7.2 ± 0.1 

Moraxella catarrhalis M O (110) 37 20 1.0 × 107 TSB ambient 6.7 ± 0.3 

Pasteurella multocida M R (10) 37 7 1.0 × 107 TSB + 2% FCS air/CO2, 90:10 5.0 

Proteus mirabilis M O (125) 37 24 1.0 × 107 artificial urine ambient 
5.2 ± 0.4 – 5.4 ± 

0.4 

Pseudomonas aeruginosa M O (125) 35 24 1.0 × 107 LB ambient 6.8 ± 0.6 

Pseudomonas fluorescens M O (100) 27 48 1.0 × 107 LB ambient 6.0 ± 0.8 

Salmonella enterica N static 16 48 1.0 × 107 5% TSB ambient NR (CV) 

Staphylococcus 

aureus 
N R (3.5) 35 24 1.0 × 107 LB ambient 6.2 ± 0.9 

Staphylococcus epidermidis M O (125) 37 24 1.0 × 107 CA-MHB ambient ~5.6 ± 0.1 

Staphylococcus lugdunensis N static 37 24 4.0 × 106 TSB + 1% glucose ambient NR (OD) 

Stenotrophomonas maltophilia M O (110) 37 20 1.0 × 107 NB ambient 6.4 ± 0.2 

Streptococcus agalactiae M R (10) 37 7 1.0 × 107 TSB air/CO2, 90:10 5.2 

Streptococcus pneumoniae M O (110) 37 20 1.0 × 107 M260 ambient 4.6 ± 0.2 

Harrison et al. Nature Protocols. 2010:5:1236. 



Peg Lid Microtiter Plate Biofilm Assay 
Staphylococcus aureus Biofilm Formation 

Trypticase Soy Broth (with glucose) vs. CAMHB 

Melchior et al. J. Vet. Med. B 53, 326–332 (2006) 



Peg Lid Microtiter Plate Biofilm Assay 
Pseudomonas aeruginosa Biofilm Formation 

Sheer Stress versus Static Culture 

Moskowitz et al. J Clin Microbiol 2003:42:1915. 



Peg Lid Microtiter Plate Biofilm Assay 
Interpretation 

Harrison et al. Nature Protocols. 2010:5:1236. 



Peg Lid Microtiter Plate Biofilm Assay 
Correlation with Rabbit 

Escherichia coli Catheter-Associated UTI 

Morck et al. Int J Antimicro Ag 1994;4:S21 

MIC MBC MBEC Bladder 
mucosa 

Urethra 

µg/ml Mean log10 CFU/g tissue 

Fleroxacin 0.16 0.32 2 0 0 

Ampicillin 2 4.0 >16 1.42 1.49 

TMP-SMX 1 >128 >256 4.39 4.55 

Gentamicin 0.5 1 >32 1.42 1.46 

No treatment 4.21 3.89 



Peg Lid Microtiter Plate Biofilm Assay 
Correlation with Clinical Outcome 

Keays et al. J Cystic Fibrosis 2009:8;122 

       At least 

one 

biofilm-

grown 

isolate 

susceptible 

(n=61) 

       No biofilm-

grown 

isolates 

susceptible 

(n=49) 

P-value 

Mean change in sputum 

bacterial density 

from day 0 to 14 in 

CFU/ml 

-6.26 x 107 -1.50 x 107 0.02 

Changes in FEV1 in L, 

day 0 to 14 

0.26 (0.38) 0.23 (0.35) 0.73 

Treatment failure (%) 2/61 (3.2) 6/49 (12.2) 0.14 

Mean hospital length of 

stay in days 

13.3 (6.9) 17.4 (11.3) 0.04 



Peg Lid Microtiter Plate Biofilm Assay 
bioFILM PA™ (innovotech, Edmonton, Canada) 

Pegged lid 

Antibiotic dilutions 

5-6 h incubation, 150 µl TSB, 35ºC 

16-24 h incubation, 200 µl CAMHB, 35ºC 

Bacterial inoculum 

CAMHB 

Rinse lid, distilled water 30 sec 

Rinse solution 

16-24 h incubation, 200 µl CAMHB, 35ºC 



bioFILM PA™ 
Reproducibility, Quality Control 

• Guidance Document: Class II Special Controls Guidance 
Document: Antimicrobial Susceptibility Test (AST) Systems; 
Guidance for Industry and FDA 
• Pseudomonas aeruginosa ATCC 27853, 4 replicates, 3 separate days 

• Reproducibility MICs 99.5% 

• Reproducibility MBECs 92.3% 

• 10 P. aeruginosa (ATCC 27853 and 9 clinical isolates), triplicate, 3 
separate days 

• Reproducibility MICs 99.9% 

• Reproducibility MBECs 95.0% 

• Preliminary quality control limits established 

• ASTM Standard method E2799-11 

• Testing disinfectant efficacy against P. aeruginosa biofilms 

Information and data courtesy of innovotech, Edmonton, Canada (with permission) 



Conclusions 

• Bacterial biofilms less susceptible to many antibiotics 
than planktonic counterparts 

• However, planktonic susceptibly is typically 
assessed based in inhibition and biofilm 
susceptibility based on killing 

• Multiple methods used to assess MBEC (BBC) 

• Some may meet criteria for development of 
standards 

• Limited data indicates that MBEC (BBC) correlates with 
clinical outcome 

• However, MBEC (BBC) values vary between methods 

• NEED standards! 



Moving Forward… 

•Method 

• Starting inoculum 

• Biofilm age 

• Target organism(s) 

• Target antimicrobics 

•QC strain(s) 

• Interlaboratory multicenter study 
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