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Objectives

 Hydrated biofilms and antimicrobial resistance

 Sink drain and hospital acquired infection

 Sink usage in healthcare settings

 Interventions to decrease contamination  from 

sinks

 Impact of drain disinfectants on complex biofilms
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Microbial biofilms

J-Y Maillard- TELECLASS 2023



4

BiofilmsHydrated Biofilms
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Biofilms

Venetian blind cord MRSA +ve

Curtain – MRSA +ve

Desiccation resistance

Courtesy of K Vickery, Macquarie 
University, Sydney, Australia 

Dry surface Biofilms
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 Dry surface biofilms are complex microbial 

communities formed and grown in dry 

habitats.  

 DSB colonize various materials from textile 

(chair), hard surfaces including plastic 

(PVC, PP), lacquered wood, wood, metal 

(stainless steel) …

 Dry biofilms are widespread on healthcare 

surface settings 
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Dry surface Biofilms
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BiofilmsBiofilms

Olivares E et al. Front Microbiol 2020;10:2894.
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 Bacterial species – diversity
o Bacterial nature (presence of endospores)
o Protection mechanisms

 Low metabolism
o Nutrient/ O2 gradients
o Persister cells

 Resistance mechanisms
o Catalase + other enzymes
o Efflux

 Barrier to penetration
o Diffusion gradient
o Neutralisation

Biofilm resistance to antimicrobials

 Gene exchange & mutations
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Biofilm  & persister cells

 Phenotypic variants of the wild type whose function is 
survival. 

 Dormant, non-dividing cells exhibiting multidrug 
tolerance and survive antibiotic treatment, but also 
biocides (disinfectants).

 Dormancy for some but not all cells might be a 
response to sensing detrimental environment

 Persisters that are produced in biofilms might confer 
antimicrobial (antibiotics & biocides) tolerance to 
biofilms.
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Biofilm  & persister cells

 Antibiotic treatment kills normal 
cells () in both planktonic and 
biofilm populations

 The immune system kills planktonic 
persisters (), but not biofilm 
persister cells ()

 Biofilm resistance to killing 
based on persister survival

 Persisters resuscitate and 
repopulate the biofilm
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Biofilms of a Bacillus subtilis endoscope 
WD isolate that protect Staphylococcus. 

aureus from peracetic acid 

11

Biofilm resistance to antimicrobials

Visualization of Chemchrome V6 fluorescence loss (membrane 
permeabilisation) following treatment with PAA 500 ppm

Biofilms of a Bacillus subtilis Hospital Isolate Protect
Staphylococcus aureus from Biocide Action
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Abstract

The development of a biofilm constitutes a survival strategy by providing bacteria a protective environment safe from
stresses such as microbicide action and can thus lead to important health-care problems. In this study, biofilm resistance of
a Bacillus subtilis strain (called hereafter NDmedical) recently isolated from endoscope washer-disinfectors to peracetic acid
was investigated and its ability to protect the pathogen Staphylococcus aureus in mixed biofilms was evaluated. Biocide
action within Bacillus subtilis biofilms was visualised in real time using a non-invasive 4D confocal imaging method. The
resistance of single species and mixed biofilms to peracetic acid was quantified using standard plate counting methods and
their architecture was explored using confocal imaging and electronic microscopy. The results showed that the NDmedical

strain demonstrates the ability to make very large amount of biofilm together with hyper-resistance to the concentration of
PAA used in many formulations (3500 ppm). Evidences strongly suggest that the enhanced resistance of the NDmedical strain
was related to the specific three-dimensional structure of the biofilm and the large amount of the extracellular matrix
produced which can hinder the penetration of peracetic acid. When grown in mixed biofilm with Staphylococcus aureus, the
NDmedical strain demonstrated the ability to protect the pathogen from PAA action, thus enabling its persistence in the
environment. This work points out the ability of bacteria to adapt to an extremely hostile environment, and the necessity of
considering multi-organism ecosystems instead of single species model to decipher the mechanisms of biofilm resistance to
antimicrobials agents.
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Introduction

In response to environmental conditions, bacteria have de-
veloped different strategies to adapt and survive. The formation of
multicellular communities known as biofilms is one such strategy,
which is associated with increased bacterial resistance to environ-
mental stress accompanying antimicrobial treatments [1,2]. It has
indeed been shown that non-lethal concentrations of antibiotics or
disinfectants can stimulate biofilm formation [3,4] which consti-
tutes a defensive response to the toxic effects of the biocides.
Mechanisms involved in the resistance of biofilms remain unclear
but appear to result from multifactorial processes related to the
architecture of the edifice and the phenotypic features of the cells.
The presence of a protective extracellular matrix via the
expression of specific genes in the biofilm, the metabolic state of
cells due to microenvironmental conditions have all been identified
as playing a role in biofilm resistance to antimicrobial agents [5].
In the clinical settings, biofilms promote infection through, for
example, the persistence of bacteria on medical devices and thus
can act as reservoir for pathogens [6,7]. It has been estimated that

65% of nosocomial infections directly involve biofilms [8]. Of all
medical devices used, flexible endoscopes are among the most
frequently associated with outbreaks of infectious organisms
[9,10,11,12,13]. Indeed, some studies have reported the presence
of persistent bacteria on endoscopes despite cleaning and
disinfection procedures [14,15]. Interestingly, a viable strain of
B. subtilis was recently isolated from an endoscope washer-
disinfector after high level disinfection with chlorine dioxide
[16]. The authors showed that this isolate had developed cross-
resistance against other oxidising agents using a standard suspen-
sion test. Recently, we showed that this stable isolate was able to
produce a thick immersed biofilm with specific protruding
structures [17]. In this work, we have now investigated the
resistance of this strain in biofilm to peracetic acid (PAA), an
oxidizing agent commonly used in formulations used for
endoscope disinfection. In addition, we examined the ability of
the NDmedical strain to protect Staphylococcus aureus, a pathogen
responsible of a large number of hospital acquired infections [18],
from biocidal action in a mixed biofilm.

PLOS ONE | www.plosone.org 1 September 2012 | Volume 7 | Issue 9 | e44506
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Architecture of B. subtilis (vegetative) 
communities

Susceptibility of B. subtilis (vegetative) to 
peracetic acid (500 ppm)
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Introduction

In response to environmental conditions, bacteria have de-
veloped different strategies to adapt and survive. The formation of
multicellular communities known as biofilms is one such strategy,
which is associated with increased bacterial resistance to environ-
mental stress accompanying antimicrobial treatments [1,2]. It has
indeed been shown that non-lethal concentrations of antibiotics or
disinfectants can stimulate biofilm formation [3,4] which consti-
tutes a defensive response to the toxic effects of the biocides.
Mechanisms involved in the resistance of biofilms remain unclear
but appear to result from multifactorial processes related to the
architecture of the edifice and the phenotypic features of the cells.
The presence of a protective extracellular matrix via the
expression of specific genes in the biofilm, the metabolic state of
cells due to microenvironmental conditions have all been identified
as playing a role in biofilm resistance to antimicrobial agents [5].
In the clinical settings, biofilms promote infection through, for
example, the persistence of bacteria on medical devices and thus
can act as reservoir for pathogens [6,7]. It has been estimated that

65% of nosocomial infections directly involve biofilms [8]. Of all
medical devices used, flexible endoscopes are among the most
frequently associated with outbreaks of infectious organisms
[9,10,11,12,13]. Indeed, some studies have reported the presence
of persistent bacteria on endoscopes despite cleaning and
disinfection procedures [14,15]. Interestingly, a viable strain of
B. subtilis was recently isolated from an endoscope washer-
disinfector after high level disinfection with chlorine dioxide
[16]. The authors showed that this isolate had developed cross-
resistance against other oxidising agents using a standard suspen-
sion test. Recently, we showed that this stable isolate was able to
produce a thick immersed biofilm with specific protruding
structures [17]. In this work, we have now investigated the
resistance of this strain in biofilm to peracetic acid (PAA), an
oxidizing agent commonly used in formulations used for
endoscope disinfection. In addition, we examined the ability of
the NDmedical strain to protect Staphylococcus aureus, a pathogen
responsible of a large number of hospital acquired infections [18],
from biocidal action in a mixed biofilm.

PLOS ONE | www.plosone.org 1 September 2012 | Volume 7 | Issue 9 | e44506
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Biofilm resistance to antimicrobials
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“For many years, patient-area wastewater drains (ie, 
sink and shower drains) have been considered a 
potential source of bacterial pathogens that can be 
transmitted to patients.”

Carling (2018) Infect Control Hosp Epidemiol 39:972–979

“(…) hospital sink drains can accumulate 
strains with resistance genes and become a 
potential source of - carbapenemase-
producing Enterobacteriaceae - CPE.”

De Geyter et al. (2017) Antimicrob Resist In 6:24

“Many recent reports demonstrate that sink drain 
pipes become colonized with highly consequential 
multidrug-resistant bacteria, which then results in 
hospital-acquired infections.”

Kotay et al. (2017) Appl Environ Microbiol 83(8)

14

Sink, drain and infection

J-Y Maillard- TELECLASS 2023



15

Sink, drain and infection

 Aerosols and splash water have been detected up to two 
metres away from sinks

 Gram negative bacteria found in aerosols produced by running 
water in up to 93% of sink

 Contamination of the critical care environment via 
handwashing sinks has been linked to patient infections 

 Sub-optimal room and sink designs put patients/staff at risk.

 Hand hygiene is a vital IPC practices

 Long campaign to promote hand hygiene led to increased 
installation of handwashing sinks
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Sink, drain and infection

 Enterobacteriaceae detected at all sites except for soap and 
alcohol dispenser

 Staphylococcal species were detected at all sites.

 Number of handwashing episodes increased with increased sink 
visibility

 Increased usage positively correlated with increased 
contamination within the bowl of the sink. 

 Contamination of sink lips and soap/alcohol dispensers inversely 
related to sink usage 
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Sink usage

 Hand washing by healthcare personnel, patients, and 

visitors. 

 Disposal of body fluids (e.g. dialysate, urine, gastric 

residuals) or unused medications or tube feeds

 Commonly used during perineal care (both routine care 

and after bowel movements) and for patient bathing

 Soaking and initial cleaning of equipment that will 

undergo sterilization or high-level disinfection.
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Sink usage

Infection prevention principles dictate separation of 
clean and dirty areas and tasks.

 Clinical sinks are not present in all acute-care hospital rooms

 Common practice for clean and dirty activities, including hand hygiene 
and waste disposal, to occur in the same in-room sink. 

 High-risk situation:  enhance biofilm formation + sink proximity to patient 
care equipment and room surfaces

J-Y Maillard- TELECLASS 2023
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Sink, drain and infection

 290 environmental samples analysed over 2 years 

 P. aeruginosa was repeatedly isolated from:

o sinks (10 times)

o the taps’ biofilm (16 times)

o showers and bedside tables (two times). 

 Contamination level of the different taps correlated with 

contamination level of the hand gels support, soaps and sinks. 

“The environment may act as a reservoir 

for at least some of the pathogens 

implicated in nosocomial infections.”
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Sink, drain and infection

 P. aeruginosa outbreak strain found in 5/16 
sinks patient rooms

 Stay in a room with a colonized sink (Odds 
Ratio[OR] 11.2, p = 0.007) and hemofiltration 
(OR 21.9, p = 0.020) independently associated 
with elevated risk for colonization or infection

 Ultra-filtrate bags emptied in sinks on average 
five times per day

Change  traps 
Eliminated work procedures involving sinks 
in Implementation of single use bags
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 73 ICUs
 606/1191 (50.9%)  sinks contaminated by MDR 

bacteria
 41.0% used only for handwashing
 55.3% used for waste disposal
 38.5% showed visible splashes 
 30.5% close to the bed (<2 m) with no barrier around 

the sink

Co
nt

am
in

at
io

n 
ra

te
s

MDR-associated bloodstream infection incidence rates 0.70/1000 
patient days associated with 3-4 of the following:
 sink contamination rate
 prevalence of sinks with visible splashes 
 prevalence of sinks close to the patient's bed  
 No daily bleach disinfection

J-Y Maillard- TELECLASS 2023
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 38.4% reported lack of sink disinfection

 When sink disinfection was implemented, 68.9% disinfection 
mostly performed daily using bleach (57.8%) or QAC (42.2%)
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N
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 57 sinks (31%) contaminated with ESBLE

(Klebsiella and Enterobacter)

 81 sinks (44%) were used for handwashing as well 

as the disposal of body fluids

J-Y Maillard- TELECLASS 2023
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 Splash risk  identified for 67 sinks (36%) - 23 
contaminated by ESBLE. 

 Routine sink disinfection frequent (85%), 
mostly daily (75%), QAC (41%) or bleach 
(21%)

 Lower sink contamination rate significantly 
associated with sink restricted to 
handwashing only and daily sink disinfection 
using bleach

J-Y Maillard- TELECLASS 2023
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Reducing infections from sink & drain

Intervention studies targeting 

elements of sinks used in response to 

outbreaks in critical care units (n=30).

 Sink removal

 Use of physical barriers or design modification to protect 

patients from sinks

 Engineering controls to mitigate bacterial dispersal

 Administrative controls

J-Y Maillard- TELECLASS 2023
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 Remove handwashing sinks from critical care units. 

o Implementation of wipes + alcohol hand gel

o In the long term as new washbasins and pipework 

rapidly become recolonized

 Physical barriers or room modification to protect patients 

from sinks.

o Splash screen

o Sink away from patients (area around sink still 

prone to contamination)

SI
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Reducing infections from sink & drain
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 Engineering controls: Physical design modifications to 
prevent or minimise dispersal of bacteria

o Novel drain covers

o Waste disposal and use of heating and vibration 
units, to remove drain contamination

o Automated trap disinfection devices

o Novel sink design (reducing splashes)

o Self-disinfecting siphons

EN
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N
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N

G

Reducing infections from sink & drain
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 Administrative controls - policy making
o Laboratory facilities
o Hygiene services
o Staff training supported by guidelines

Staff education is vital for patient and occupational safety

“Implementing changes to workflow may not result in changes if 

staff cannot embed new processes in everyday practice”

PO
LI

CI
ES

 Disinfection
o Bleach / PAA vs. QAC
o Frequency (daily/ weekly)
o Compliance
o Temporary solution (rapid recolonisation)CO

N
TR

O
L

Reducing infections from sink & drain
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Reducing infections from sink & drain
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Understanding the impact of 

interventions on sink drain biofilms
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Understanding the impact of interventions

 Wet/hydrated biofilm in sink u-bent (P-trap) or trap

 Partially dry biofilm at the front and back sections of 

drainage system; occasionally wetted

 Mainly in situ evidence for effectiveness of products in 

controlling drain biofilms

 Lack of information on biofilm regrowth

o Observation : rapid recolonisation
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 Impact of strainer

o Increases splashes - droplets

o Strainer contamination

o Not always considered

o Difficult to clean/disinfect

J-Y Maillard- TELECLASS 2023
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 Dispersal of Gram-negative bacteria from a conventional, rear-draining clinical 
handwash basin (CHWB) and a ‘splash-reducing’ CHWB with and/or without impaired 
drainage. 

J-Y Maillard- TELECLASS 2023
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 “splash-reducing” basin includes
o hydrofin combined with the larger surface area of the basin reducing droplet 

production
o a hydrophilic glaze.
o design of the drainage pipe allowing fast drainage of water (eliminating dip 

that could retain water)
o narrow rim of the basin (reducing occurrence of personal and patient care item 

placed around the basin

 ‘splash-reducing’ CHWB had significantly lower odds of spreading contamination 
than the conventional CHWB.

Understanding the impact of interventions
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 Mixed species drain culture collected 
from a communal sink

 A peristaltic pump perfuse diluent, 
diluted growth medium, or biocidal 
products through the tube

 1:10 TSB for growth promotion

J-Y Maillard- TELECLASS 2023
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Sink drain biofilm trap model



Example of biofilm composition from the 
small-scale drain model
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Sink drain biofilm trap model



 Disinfection test

o Drain biofilm bacteria recovered following 

product treatment (3x 15 min doses)

39

Sink drain biofilm trap model

J-Y Maillard- TELECLASS 2023



 Regrowth test

o Drain biofilm bacteria recovered 4 days after 

the product treatment (3x 15 min doses)

40

Sink drain biofilm trap model
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Biofilm composition from 
the small-scale drain 

model after treatment & 
regrowth
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Sink drain biofilm trap model
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 The drain biofilm recovers quickly even after effective 

treatment

 Biofilm in trap very difficult to control/ eradicate

 Composition of the drain unchanged after NaOCl 

treatment

 Trap is a perfect environment for microbial growth
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Sink drain biofilm trap model
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 Impossibility of eradicating sink contamination

 Most outbreaks can be controlled with a series 
of measures:

o sink replacement
o room design modifications
o preventing splashing 
o repeated and frequent use of bleach 

 Prevention of outbreak recurrence by 
implementing routine disinfection of the sinks 

 Sinks and drains responsible for pathogens transmission 
during outbreaks 

Sink, drain and infection
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