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Bacterial Phases
Planktonic or free-swimming phase

Biofilm
Complex, highly differentiated, multicultural community 
of cells growing on a surface and enclosed within a self 
developed extracellular polysaccharide matrix
Level of activity similar to ‘bustling city’
Protected microenvironment with water-filled channels 
allowing transport of nutrients, waste products and 
interbacterial communication 



Initial phase
• Reversible adherence to surface

Second phase
• Intercellular adhesion
→ microcolony formation 
• Exopolysaccaride formation 
→ biofilm formation





Genetic Basis Of Biofilm Formation
Surface colonisation

Pili and flagellar (P. aeruginosa)
Extracellular polymeric substances (EPS) production

Colanic acid (E. coli)
Alginate (P. aeruginosa)

Polysaccharide intercellular adhesin (PIA) (CNS, S. aureus)
Extracellular matrix binding protein (embp) (CNS)
Chitinase and chitin binding genes (Vibrio spp.)

Specific co-aggregation of bacteria
Heterogenous environment
Bacteria distribution according to survival needs



Intercellular Communication
Quorum-sensing molecules
Single species biofilms

Acyl-homoserine lactones (acyl-HSLs)
Pseudomonas spp.

Mediators of surface attachment 
Define separations between bacterial pillars

Multispecies biofilms
Less well defined

Alter distribution of specific species in biofilms
Alter protein expression in neighbouring cells
Introduce new genetic traits into neighbouring cells



Advantages Of Biofilm Living
Ability to acquire transmissable, genetic elements at accelerated rates

Emergence of new pathogens by acquisition of antibiotic resistance, virulence 
factors and environmental survival capabilities

Protection from host defences

Resistance to toxic substances (eg antibiotics, chlorine, detergents)
Decreased diffusion into biofilm
Decreased bacterial growth rate in biofilm
Biofilm-specific substances eg exopolysaccharide
Quorum-sensing specific effects

“Bacterial biofilms reported to be up to 500 x more resistant to antibiotics than planktonic cells”



Infections Caused By Biofilms
>60% of all infections are caused by biofilms

Examples:
Urinary tract infections
Otitis media
Dental plaque and gingivitis
Wound infections
Tonsillitis
Infections involving foreign bodies – catheter-related 
infections, prosthetic joints, prosthetic heart valves
Pulmonary infections in cystic fibrosis patients 
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Indwelling Medical Devices
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Why Does Antibiotic Therapy Fail?

Restricted penetration
Exopolymer matrix (negatively charged)

Restricts large molecules eg antimicrobial proteins 
and smaller antimicrobial peptides
Restricts positively charged antibiotics eg 
aminoglycosides
Synergistic relationship between restricted diffusion 
and degradation eg beta-lactamase

Pseudomonas aeruginosa



Why Does Antibiotic Therapy Fail?

Reduced growth rate
Slower growth probably because of limited 
nutrients and oxygen depletion
Antimicrobials are more effective in killing 
rapidly growing cells

Rate of killing proportional to rate of growth



Why Does Antibiotic Therapy Fail?

Acquired resistance
Plasmid transfer between different bacteria
Plasmids may encode resistance to a number of 
different antimicrobials



Why Does Antibiotic Therapy Fail?

Presence of ‘persisters’
Slow-growing subpopulation of cells
Restricted access of bacteria to the immune 
system

Relapsing nature of biofilm infections

‘Persister genes’ identified 







Susceptibility Testing

Standard testing performed on planktonic 
cells
Not accurately predicting efficacy of an 
antibiotic against a biofilm associated 
organism



WOUNDS
Significance Of Bacteria And Biofilms



Bacterial Profiles Of Chronic Wounds

Microflora of wounds usually polymicrobial
Mean number of bacterial species per wound 
range from 1.6-4.4
86% of wounds with no clinical signs of 
infection contain >1 bacterial species

A review of the microbiology, antibiotic usage and resistance in

chronic skin wounds.
Howell-Jones et al. Journal of Antimicrobial Chemotherapy 2005;55:143-149



Aerobic Bacteria

Staphylococcus 
aureus
Coagulase-negative 
staphylococci
Enterobacteriaceae
Pseudomonas 
aeruginosa
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Anaerobic Bacteria
“Invisible Villains”
38-48% of total number 
of microbial isolates

Often overlooked
Specimen collection and 
transport

Critical for viability
Culture, isolation and 
identification

Time-consuming, labour 
intensive and $$

http://de.wikipedia.org/wiki/Bacteroides_fragilis
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Aerobic and facultative anaerobic organisms Anaerobic bacteria

Coagulase negative staphylococci Peptostreptococcus spp.

Micrococcus spp. Clostridium spp.

Staphylococcus aureus Eubacterium limosum

Beta-haemolytic streptococcus (group C and G) Propionibacterium acnes

Viridans streptococci Bacteroides spp.

Corynebacterium spp. Prevotella spp.

Bacillus spp. Porphyromonas spp.

E. coli Fusobacterium necrophorum

Serratia spp. Veillonella spp.

Klebsiella spp.

Enterobacter spp.

Citrobacter spp.

Proteus spp.

Providencia spp.

Morganella spp.

Acinetobacter spp.

P. aeruginosa

Stenotrophomonas maltophilia

Candida spp.

Bacterial Isolates From Acute And Chronic Wounds

Adapted from Table 2. Bowler et al. Clin Microbiol Rev 14;244-269





Bacteria And Chronic Wounds
Microbial load correlates 
with delay in wound healing 
and wound infection

Decubitus ulcer healing
Skin graft survival
Pressure ulcer healing
Delayed closure of 
surgical wounds

Acute or chronic wound 
infection exists when the 
microbial load >105 CFU/g 
tissue
Bacteria ≥ 104 CFU/g tissue 
must be present to cause 
infection in complex 
extremity wounds





No correlation between 
organisms identified in 
wound swab and biopsy

Wound swab may miss 
bacteria embedded in 
biofilms – P. aeruginosa

Bacteria play a major role in the lack of healing for otherwise optimally treated chronic wounds.
Novel diagnostic and therapeutic approaches required.



Eradication Of Biofilms
Prevention of bacterial attachment

Incorporation of antimicrobials into the material of indwelling catheters
Prevention of biofilm formation

Deficiency of iron (P. aeruginosa)
Lactoferrin (iron sequestration)
Iron chelator – EDTA, citrate
Gallium

Disruption of biofilms to allow penetration of topical antimicrobial agents
Interference with quorum sensing

Quorum-sensing blocker eg garlic-based compounds
Enhancement of bacteria dispersion from biofilms to planktonic state

‘Biofilm-dispersing activity’ – P. aeruginosa
Predatory/parasitic bacteria

Bdellovibrio bacteriovorus – E. coli, P. aeruginosa
Micavibrio aeruginosavorus – P.aeruginosa

Block ‘persister genes’
Physical approach – electromagnetic field, ultrasound
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