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What is biofilm? BIOFILMS

• Microbial cells grow together attached to a surface/ forming aggregates
• More than 99% of all bacteria live in this way, forming complex microbial 

communities

• Advantages
• Low metabolism

• Low motility
• Improved exchange of nutrients, information, DNA

• Phenotypic diversity
• More resistant than planktonic bacteria due to

sessile cell formation

ZZZZZ…



Biofilms
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Free Attached Established Mature + 
Dissemination

• Some evidence that 
bacteria can sense forces 
such as shear which then 
triggers biofilm formation
• Cooley, B. J., et al 

(2013) The extracellular 
polysaccharide Pel
makes the attachment 
of P. aeruginosa to 
surfaces symmetric and 
short-ranged. Soft 
Matter 9:3871-3876



Early papers concentrated on Wet Areas

• Accumulation of microorganisms embedded in biofilm within the drainage 
pipework leading from individual dialysis monitors in a renal dialysis centre, 
represents a significant threat to the safe operation of the whole centre 
due to blockage of the pipes and overflow of waste water
• Phillips, G., S. Hudson, and W. K. Stewart. 1992. 'Microbial growth and blockage of sub-

floor drains in a renal dialysis centre: a problem highlighted', J Hosp Infect, 21: 193-8.

• Clinically, urinary catheters were the focus of the work
• Followed by pneumonia, metal implants, IV devices

• We did know something about environmental biofilm however we largely 
ignored it
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Things passed us by

• Polymer degradation due to biofilm formation
• Flemming, H-C. 1998. 'Relevance of biofilms for the biodeterioration of surfaces of 

polymeric materials', Polymer Degradation and Stability, 59: 309-15.
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BIOFILMS ARE NOW RECOGNISED AS AN ISSUE



Dry biofilms on 
hospital surfaces 

(DSB)

Wet/hydrated 
biofilms in drain 

systems

ENVIRONMENTAL BIOFILMS IN HOSPITALS



Water as a Source of Carbapenem Resistant 
Organisms

Kizny Gordon, A. E., A. J. Mathers et al (2017) "The Hospital Water Environment as a Reservoir for Carbapenem-Resistant Organisms Causing
Hospital-Acquired Infections - A Systematic Review of the Literature." Clin Infect Dis 64(10): 1435-1444
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Drain biofilm composition work from
University of Cardiff 
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Microbial activity in a Biofilm

• Ideal environment for extrachromasomal DNA exchange through plasmids

• Conjugation occurs frequently; gene transfer induces enhanced stabilisation of 
biofilm structure
• Ghigo J-M. Natural conjugative plasmids induce bacterial biofilm development. Lett Nature 

2001; 412:442–5.

• Clinically significant: ESBL resistance gene transfer demonstrated in 
environmental gram-negatives in waste outlet biofilms
• Muzslay et al, J Hosp Inf (2017) 95(1) 59-64

• Antimicrobial resistance genes can be imported from hospital environmental 
microbiota and be disseminated via conjugation with pathogenic species
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If we do not learn from our history we are 
condemned to repeat it

• Splashing of water from contaminated sinks to fomites suggested as a 
mode of transfer for Pseudomonas infection in a burns unit
• Cross-contamination from patient to patient and spread of infection by nursing 

personnel eliminated as major modes of transmission because hands of nursing 
staff were consistently negative

• Edmonds, P., R. R. et al (1972). "Epidemiology of Pseudomonas aeruginosa in a burns 
hospital: surveillance by a combined typing system." Appl Microbiol 24(2): 219-225

• But back then, we had effective antibiotics and Infection Control was an emerging 
specialty
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What mechanisms are in action?

• Increasing number of reports implicating gram-negatives 
carrying genes of drug resistance from colonised sink 
traps to vulnerable hospitalised patients
• Mechanism of transfer from sink trap to patient poorly 

defined
• Kotay, S., et al (2017). "Spread from the Sink to the Patient: in situ 

Study Using Green Fluorescent Protein (GFP) Expressing-
Escherichia coli to Model Bacterial Dispersion from Hand Washing 
Sink Trap Reservoirs.” Appl Environ Microbiol 83(8)

• Used a hand wash sink model to examine dispersion of 
green fluorescent protein (GFP)-expressing E. coli from 
sink wastewater to the surrounding environment
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Findings

• No dispersal to counter tops or basin on initial priming and if there was just 
water flow from the tap
• If just water was run through the sink intermittently for 14 days the organisms 

remained in the P-trap

• When nutrients were added intermittently, within 7 days E. coli biofilm 
extended upwards to reach the strainer, 8 inches above the liquid in the P-
trap, so approx. 1 inch per day
• This reflects real life, where intravenous fluids, feeding supplements, and left over 

beverages would be disposed of into a sink

• This subsequently resulted in droplet dispersion to the surrounding areas 
(90cm) during tap operation
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Spread between sinks

Affected within Seven Days
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Dispersal is linked with drainage

• Waste traps do become blocked
• Breathnach, A. et al . 2012. 'Multidrug-resistant Pseudomonas aeruginosa 

outbreaks in two hospitals: association with contaminated hospital waste-
water systems', J Hosp Infect, 82: 19-24.

• 391notifications of blocked sinks/toilets/sluices per year

• Blockages mainly due to paper towels

• Significantly fewer bacteria dispersed from sinks that drained 
quickly (P = 0.004) and/or from rear-draining sinks (P = 0.002)

• If drainage slow, dispersal from rear-draining sinks almost 30x 
less than sinks with drains underneath the tap (P < 0.001)
• Aranega-Bou, P. et al 2019. J Hosp Infect, 102: 63-69
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Poor design may contribute

• 36 patients exposed to the intensive care unit or transplant units of a tertiary 
care hospital were infected with a multidrug-resistant strain of P. aeruginosa

• 33% died with this organism directly implicated

• Hota, S., at al (2009). "Outbreak of multidrug-resistant Pseudomonas aeruginosa colonization 
and infection secondary to imperfect intensive care unit room design." Infect Control Hosp 
Epidemiol 30(1): 25-33

• source of outbreak was traced to hand hygiene sink drains, where biofilms 
containing viable organisms were found

• Testing by use of a commercial fluorescent marker demonstrated that when the sink 
was used for hand washing, drain contents splashed at least 1m from the sink, which 
was placed by an area used to prepare medications and equipment
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Were IC Specialists able to Influence Design?
19



Sink Contamination

• Every hand wash sink will become contaminated with pathogens; It is the 
purpose of them after all
• They may even be a good indicator of effective infection prevention

• The potential for re-contamination of the environment is there

• After discharge of an infected patient the environment is decontaminated
• But almost never the drainage, meaning that a potential source remains

• But what could we do?
• Remove them all
• Hopman, J., et al . 2017. 'Reduced rate of intensive care unit acquired gram-negative bacilli after 

removal of sinks and introduction of 'water-free' patient care’, ARIC, 6: 59

• Or try and decontaminate?
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TRAP MODEL
(COURTESY OF DR K LEDWOCH, CARDIFF UNIVERSITY)
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DISINFECTION TESTS: TRAP MODEL
(COURTESY OF DR K LEDWOCH, CARDIFF UNIVERSITY)



Front 
sections

Back 
sections

Middle 
sections

Regrowth
(Courtesy of Dr K Ledwoch, Cardiff University)

• After NaDCC, NaOCl and Non-ionic 
surfactant treatments, the drain biofilm 
recovers within one day (>5 log10 

recovered)

• Front section takes longer to regrow 
(>4 log10 reached after 4 days)

• Only PAA treatment prevented the 
regrowth for more than 4 days (<1 log10 

recovered)



SEM image of DSB containing mixed hospital culture grown on stainless steel disc

DRY SURFACE BIOFILMS

• Much less attention has been paid 
to dry biofilms compared to most 
commonly researched 
wet/hydrated biofilm
• Colonize various materials from 

textiles, hard surfaces including plastic 
(PVC, PP), lacquered wood, wood, 
metal (stainless steel) to many others

• Have been isolated from diverse 
environmental conditions: low 
moisture, varying temperature and 
nutrients levels



Dry Surface Biofilm detection by swabbing

Ledwoch, K., S. J. Dancer, J. A. Otter, K. Kerr, D. Roposte, and J. Y. Maillard. 2018. 'Beware 
Biofilm! Dry biofilms containing bacterial pathogens on multiple healthcare surfaces; a 

multicentre study', J Hosp Infect. 100:3:47-56



Species %
S. aureus 34.6
S. epidermidis 24.6
B. licheniformis 20.4
S. lugdenensis 5.9
B. subtilis 3.8
B. cereus 3.0
B. thuringiensis 2.3
B. amyloliquefaciens 1.0

Species %
S. epidermidis 24.2
S. aureus 23.8
B. cereus 9.7
B. licheniformis 9.5
B. thuringiensis 9.1
A. flavithermus 6.3
B. anthracis 3.5
B. subtilis 3.1

Species %
S. saprophyticus 20.6
B. subtilis 19.1
B. amyloliquefaciens 17.9
B. pumilus 17.6
S. epidermidis 5.7
B. cereus 5.2
S. aureus 4.5
B. thuringiensis 3.5

DSB abundance – recovery in broth

COMPOSITION OF DRY BIOFILMS IN THREE HOSPITALS
LEDWOCH ET AL (2018) J HOSP INFECT 100:3:47-56

Multi-species 
dry biofilms 

recovered from 
95% of 61 
samples

Communities 
of 11-27 
species



Prevalent Species in Dry Biofilms
Hu, H. et al. (2015) J Hosp Infect , 91: 35-44
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Think before you buy
Ali et al . J  Hosp Infect 2012;80:192-8
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• 6 hospital bedrails
• very different surfaces

• ease of cleaning inversely 
proportional to transfer of S. 
aureus from surfaces

• Surfaces become rapidly 
contaminated and biofilm forms



Disinfectants and dry biofilm

• Transferability and recovery of DSB post treatment are essential to 
describe biocide efficacy

• High log10 reduction does not correlate to better overall performance of a 
product

• Most disinfectants tested cannot  prevent DSB transferability and regrowth
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Biofilm survival

• Intensive Care Unit decommissioned when a hospital closed
• Hu, H., et 1 (2015) 'Intensive care unit environmental surfaces are contaminated by 

multidrug-resistant bacteria in biofilms: combined results of conventional culture, 
pyrosequencing, scanning electron microscopy, and confocal laser microscopy', J Hosp 
Infect, 91: 35-44.

• Two terminal cleans with
Chlorine at 1000 ppm

• Parts of ITU stored and
tested

• >1 MDRO grew from 52%
of cultures a year later
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Item N Biofilm Live at 12 
months

Mattress 6 6 5

Pillow 5 5 3

Curtain 9 8 4



S. aureus biofilms not killed by Sodium hypochlorite

• Hypochlorite exposure reduced plate counts by a factor of 7 log10, and 
reduced biofilm biomass by a factor of 100; however, staining of residual 
biofilm showed that live S. aureus cells remained regardless of the 
concentration of Chlorine (up to 20,000 ppm)

• Organism grew from the biofilm
• Whole Genome Sequencing demonstrated the identical organism

• Resistance did not increase

• Almatroudi, A. et al 2016. 'Staphylococcus aureus dry-surface biofilms are not killed by 
sodium hypochlorite: implications for infection control', J Hosp Infect, 93: 263-70.



DAYS REQUIRED FOR RECOVERY OF BIOFILM BACTERIA AFTER 
HYPOCHLORITE EXPOSURE

32



Cleaning helps – a bit
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UK WORK ALSO EXAMINED TRANSFER FROM DRY BIOFILM

34

• Dry biofilms harboring pathogenic bacteria in healthcare settings provide an 
explanation for the persistence of bacterial pathogens despite the use chlorine

• Sampling the effectiveness of surface disinfectant with swabbing does not reflect 
the presence of dry-biofilm on surface before & after surface disinfection

• Said, J., A. Poole, K. Johan, R. Pritchard, N. N. Mustapha Shapri, and J-Y. Maillard. 2017. "Dry Biofilms on 
Healthcare Surfaces: an Explanation for the Persistence of Bacterial Pathogens Despite Cleaning and 
Disinfection?" Abstract, Society for Applied Microbiology. London, UK.



Significant Pathogens form Environmental Biofilm

• Klebsiella pneumonia, a Gram-negative opportunistic pathogen, has been 
reported to express type 3 fimbriae that act as appendages for the cellular 
attachment to a surface
• Murphy CN, Clegg S. Klebsiella pneumoniae and type 3 fimbriae: nosocomial 

infection, regulation and biofilm formation. Future Microbiol 2012;7(8):991–1002
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Acinetobacter baumanii Biofilms

• Biofilm-producing strains survive more than 
twice as long in the environment
• Electron microscopy showed a polysaccharide 

layer and appendages in the biofilm-forming 
strains, not in the non-biofilm forming ones
• Espinal, P., et al . 2012. 'Effect of biofilm formation 

on the survival of Acinetobacter baumannii on dry 
surfaces', J Hosp Infect, 80: 56-60

• ICU strains producing biofilm are XDR
• Zeighami, H et al . 2019. 'Virulence characteristics 

of multidrug resistant biofilm forming 
Acinetobacter baumannii isolated from intensive 
care unit patients', BMC Infect Dis, 19: 629.

3
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Acinetobacter resistance transfer
Poirel , L . et  a l  (2008) Ant imicrob Agents Chemother 52(4) : 1252-1256
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• Acinetobacter radioresistens
• rarely a clinical pathogen but is a Carbapenemase blaOXA-23 gene donor

• Shares reservoirs with A. baumannii isolates (frequently found on skin of patients)

• Seifert, H., et al (1997). "Distribution of Acinetobacter species on human skin: comparison 
of phenotypic and genotypic identification methods." J Clin Microbiol 35(11): 2819-2825

• Studies have shown this to be the most common environmental isolate
• Webster, C. A. et al (1998) Eur J Clin Microbiol Infect Dis 17(3): 171-176.



Biofilms in Hospitals

• Widespread on surfaces and drainage systems in hospitals and contribute to 
pathogen survival despite cleaning and disinfection

• Cannot be detected by swabbing or contact plates

• Regrow within one day when provided with nutrients

• “current cleaning practices are inadequate to control biofilm development.”

• Vickery et al. (2012) J Hosp Infect 80: 52-55

• Bacteria from biofilm are transferred by hands from one fomite to multiple 
fomites, suggesting a persistent environmental source of pathogens
• Chowdhary, D., et al 2018. 'Transfer of dry surface biofilm in healthcare environment: the role of 

healthcare worker's hands as vehicles', J Hosp Infect.



Times have changed
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