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Chryseobacterium spp., while being isolated predominantly from the environment, are often associated with 
biofilms in clinical or industrial settings. In the aquaculture setting, Chryseobacterium spp. are regarded as 
spoilage organisms or opportunistic pathogens.  Their ability to form biofilms would enable them to cause 
recurrent outbreaks of disease in aquaculture systems and/or increase the difficulty in controlling an outbreak due 
to the increased resistance phenotype displayed by biofilm-associated cells.  The minimum inhibitory 
concentration (MIC) and minimum biofilm inhibitory concentration (MBIC) of 10 Chryseobacterium spp. 
isolates from fish were thus determined using the broth microdilution and modified microtiter plate assays, 
respectively. Eleven two-fold dilutions of five antimicrobial agents (azithromycin, ceftazidime, chloramphenicol, 
gentamicin and tetracycline), ranging from 0.008 - 128 µg/ml were used. The effect of MIC, sub-MIC and supra-
MIC exposure of five antimicrobial agents at the time of adhesion and after 24 h biofilm formation was 
determined using modified microtitre plate assays. MBICs were 1 – 5 fold higher compared to the MICs of 
planktonic cells. However, these increases appeared to be both isolate-specific and antimicrobial agent-specific. 
MIC, sub-MIC and supra-MIC exposure at the time of adhesion caused significant decreases in bacterial 
adherence. However, 0.5 MIC exposure resulted in less significant decrease in adhesion. Isolate CH5, a 
Chryseobacterium indologenes strain, displayed increased adherence following 0.5 MIC exposure to all five 
antimicrobial agents.  Similarly, exposure of 24 h biofilms to MIC, sub-MIC and supra-MIC resulted in increased 
detachment of cells from the pre-formed biofilm. Isolate CH2B, a Chryseobacterium meningosepticum strain, 
however displayed statistically significant increases in adherence for all five antimicrobial agents tested at MIC, 
sub-MIC and supra-MIC. Other isolates showed increased adherence with 0.5 MIC exposure to azithromycin 
and/or gentamicin.  The degree of detachment for each of the antimicrobial agents was isolate-specific. Exposure 
of Chryseobacterium spp. isolates to antimicrobial agents at the time of adhesion is more effective in decreasing 
biofilm formation than attempting to break down mature Chryseobacterium spp. biofilms using antimicrobial 
agent exposure.  
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Several aspects of human infections within a clinical arena are related to biofilm development. Various surfaces, 
like indwelling devices and medical equipments, are prone to biofilm formation, causing subsequent 
pathogenesis. The application of antimicrobial agents is one of the main strategies to eradicate biofilms. 
However, the action of antibiotics could be inefficient duo to the high tolerance of biofilmes comparatively to the 
bacteria in planktonic state. Thus, it is of upmost importance the use of suitable antimicrobials with high 
efficacies to eradicate biofilms and to control nosocomial infections. Ciprofloxacin (CIP) is a broad spectrum 
fluoroquinolone antibiotic, often use against both Gram-positive and Gram-negative bacteria, that causes 
inhibition of bacterial cell division by the inhibition of DNA gyrase and topoisomerase IV. 

With this study it was aimed to analyze the antimicrobial efficacy of CIP against S. aureus, E. coli K-12, and P. 

aeruginosa PAO1, in planktonic cultures and in biofilm state, and also to characterize the time–kill kinetics of 
ciprofloxacin in pre-established 1-day-old biofilms. 

In planktonic cultures, the CIP susceptibility patterns were achieved by the broth microdilution method and by 
the determination of the number of viable cells. In sessile bacteria, the anti-biofilm activity of CIP was assessed 
using a standardized biofilm assay, quantifying the biofilm mass, through crystal violet, the respiratory activity, 
using the XTT reduction assay, and the number of viable cells. The time-kill kinetics of CIP were attained 
exposing 24-hour-old biofilms of each bacteria to ciprofloxacin (6 ug/ml) over time (until 24 h), and determining 
biofilm metabolic activity, biomass and cellular viability at regular time intervals.  

Ciprofloxacin displayed dose-dependent activity against both bacteria in planktonic and biofilm states. The MIC 
values ranged between 0.185 ug/ml for S. aureus, 0.5 ug/ml for E. coli and 0.75 ug/ml for P. aeruginosa. These 
values revealed that it was needed a 4-fold increase in CIP dose to cause growth inhibition of Gram- bacteria 
comparatively to the Gram+ strain. The presence of CIP during biofilm formation did not kill totally the biofilm-
associated cells neither eradicated the biomass adhered. CIP exhibited only a bacteriostatic effect for all strains 
studied emphasizing that this antibiotic is more effective on suspended than on biofilm cells. 

The application of a constant dose of 6 ug/ml of CIP against pre-formed biofilms revealed an evident time-
dependent effect in the antibiotic action, since a gradual reduction of biofilm activity, biomass and cell number 
occurred over time. However, the time of CIP exposure needed to reduce the biofilm characteristics varied from 
each bacterial species. In fact, the antibacterial effect was evident after 4 h of exposure of the antibiotic with the 
S. aureus, around 8 h of exposure with the E. coli and 6 h of exposure with the P. aeruginosa pre-formed 
biofilms. Once more, ciprofloxacin only presented bacteriostatical activity against all the bacterial biofilms, even 
when the exposure time reached 24 h. 

In the range of experimental concentrations and exposure times tested, CIP didn´t reveal to be effective against 
bacteria cells neither in the pre-established biofilm nor during the process of biofilm development, in spite of the 
improved reduction of the metabolic activity, biofilm biomass and in the number of viable cells of S. aureus, E. 

coli and P. aeruginosa biofilms. Alternative treatments or combination of antibiotic therapies should be studied 
for the implementation of more effective ways of eradication biofilm-associated infections. 
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