= "Sonaba que se hacia invisible: verlo todo, escucharlo todo,

2 I""aprenderlo todo, sin que nada palpable senalara su existencia.”
"Nada se opone a Ia noche (2011), De|phlﬁ De Vigan
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Una bonita (demasiado) historia
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Pero nos tememos que NO es tan facil...
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¢Qué es el biofilm?

“El biofilm se compone de microorganismos vivos y viables, como bacterias, que existen
en forma de colonia o comunidad. En otras palabras, los biofilms estan vivos y tienen
una estructura social compleja que cientificos e ingenieros estan tratando aun de

desvelar. Una estructura que, al mismo tiempo, les protege y les permite crecer.”
Chapter 1: Introduction to Biofilms

Section 2: A Brief Introduction to Biofilms
www.cs.montana.edu/webworks/projects/stevesbook/contents/chapters/chapter001/section002/green/page001.html

aci

Associackd catalana d'infermeres de
control dinfeccia



http://www.cs.montana.edu/webworks/projects/stevesbook/contents/chapters/chapter001/section002/green/page001.html

Health

El biofilm YA esta presente en nuestras vidas
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Adherencia, agregacion y formacion
de una matriz polimérica extracelular

(Stoodley et al., 2002)
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El tiempo importa: cada paso en su momento

GROWTH & EXOPOLYHER ATTACHHENT
DIVISION FRODULCTION UOF OTHEE
UF & BIOFILA OEGANISHS TO
BACTERIA FORHMATION BIOFILM
{hrs.-doays) (hrs.-days) (days-months)

REVERSIBLE IRREVERSIBLE

ADSORPTION ATTACHMENT

OF BACTER|A OF BACTERIA
(sec.) (sec.-min.)

Iﬁ!r

ASM Biofilms Collection. Wiencek
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Los microorganismos bentdnicos modifican su fenotipo
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¢Como lo hacen?: Quorum Sensing

“El Quorum Sensing (QS, “percepcion de cuérum” o “autoinduccidon”) es un sistema de
comunicacion molecular gue permite a multiples formas de vida, y en especial a bacterias,
modular su comportamiento fisioldgico en funcion de la densidad de poblacidon. Entre otros
factores, modula su motilidad, la expresidon de factores de virulencia y la formacion de

biofilms. Las bacterias Gram Negativas comparten un mismo sistema QS.”
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-

formacion-de-biofilms/#more-2651
g Y
| Low Population density High

harmless type aggressivelype

QS receptor QS regulated genes

e.g. biofilm formation, toxin production
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¢Como lo hacen?: Quorum Sensing

“El Quorum Sensing (QS) es un sistema de comunicacién molecular que permite a multiples
formas de vida, y en especial a bacterias, modular su comportamiento fisioldgico en
funcion de la densidad de poblacion. Entre otros factores, modula su motilidad, la
expresion de factores de virulencia y la formacion de biofilms. Las bacterias Gram Negativas

comparten un mismo sistema QS.”
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-
formacion-de-biofilms/#more-2651

' ™
| Low Population density High B

harmless type aggressivelype

Q5 receptor Q5 regulated genes Q5 signal-receptor Virulence genes
complex up-regulated

l

e.g. biofilm fermation, toxin production

- J

.
Associacid catalana d'infermeres de
control dinfeccio



https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/

Vesismin
Health

¢Como lo hacen?: Quorum Sensing

“El Quorum Sensing (QS) es un sistema de comunicacion molecular que permite a multiples
formas de vida, y en especial a bacterias, modular su comportamiento fisiolégico en
funcion de la densidad de poblacién. Entre otros factores, modula su motilidad, la
expresion de factores de virulencia y la formacion de biofilms. Las bacterias Gram

Negativas comparten un mismo sistema QS.”
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-
formacion-de-biofilms/#more-2651

aci

Associacid catalana d'infermeres de
control dinfeccio



https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/

Vesismin
Health

¢Como lo hacen?: Quorum Sensing

“El Quorum Sensing (QS) es un sistema de comunicacion molecular que permite a multiples
formas de vida, y en especial a bacterias, modular su comportamiento fisiolégico en
funcion de la densidad de poblacién. Entre otros factores, modula su motilidad, la
expresion de factores de virulencia y la formacion de biofilms. Las bacterias Gram

Negativas comparten un mismo sistema QS.”
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-
formacion-de-biofilms/#more-2651

aci

Associacid catalana d'infermeres de
control dinfeccio



https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/

Health

Un problema anadido:
transferencia de resistencias en el seno del biofilm

“Las bacterias Gram Negativas comparten un mismo sistema QS.”
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-
formacion-de-biofilms/#more-2651

aci

Associackd catalana d'infermeres de
control dinfeccia



https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-formacion-de-biofilms/

Health

Un problema anadido:
transferencia de resistencias en el seno del biofilm

“Las bacterias Gram Negativas comparten un mismo sistema QS.”
https://solucionesdesinfeccion.com/2018/11/05/cinamaldehido-y-quorum-sensing-una-clave-para-inhibir-la-
formacion-de-biofilms/#more-2651

REVIEW ARTICLE
Molecular mechanisms of biofilm-based antibiotic

resistance and tolerance in pathogenic bacteria
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A lo que hay que anadir una baja penetracion
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Reprocesamiento de endoscopios: el reto constante

| Top 10
ECR Iinstitute Health Technology Hazards

2010. #1: Cross-contamination of endoscopes

2011. #3: Cross-contamination of endoscopes

2012. #4: Cross-contamination from flex. endoscopes

2013. #8: Inadequate reprocessing of endoscopes and surgical instruments

2014. #6: Inadequate reprocessing of endoscopic devices and surgical instruments

2015. #8: Inadequate reprocessing of endoscopes and surgical instruments

2016. #1: Inadequate cleaning of flexible endoscopes before disinfection can spread deadly pathogens
2017. #2: Inadequate Cleaning of Complex Reusable Instruments Can Lead to Infections

2018. #2: Endoscope Reprocessing Failures Continue to Expose Patients to Infection Risk

2019. #5: Mishandling Flexible Endoscopes after Disinfection Can Lead to Patient Infections
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La clave: la complejidad de los endoscopios

Clin Microbiol Rev. 2013 Apr;26(2):231-54.
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El biofilm se impone a la Desinfeccion de Alto Nivel
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La procrastinacion, el mejor amigo del biofilm ()

“Reusable medical devices like
flexible endoscopes that are
promptly cleaned and
disinfected, rinsed and dried
pose little risk to patients.
However, bacterial biofilms can
develop inside endoscope
channels if established
reprocessing protocols are not
met and these biofilms can be
difficult to remove.”
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La procrastinacion, el mejor amigo del biofilm (ll)

cﬂmmuﬂique REPRINTED WITH PERMISSION FROM THE INTERNATIONAL ASSOCIATION OF HEALTHCARE CENTRAL SERVICE MATERIEL MANAGEMENT www.iahcsmm.org
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La procrastinacion, el mejor amigo del biofilm (lll)

“Lapses in reprocessing can result in chronic colonization by adherent biofilm that cannot be
eradicated by repeated and thorough cleaning and HLD. The aggregation of biofilm permits
otherwise susceptible microorganisms to defy HLD.”

(...)

“Evidence supports that there are several important aspects to endoscope reprocessing that
combine to reduce the risk of biofilm accumulation and colonization and are worthy of
reinforcement here. Routine post-procedure manual cleaning of the endoscope—wiping the
exterior, flushing the channels, and brushing the elevator lever immediately after use

and before the surfaces have become dried—is most effective.”
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La procrastinacion, el mejor amigo del biofilm (I1V)

“We propose that immediately after every procedure, pre-cleaning of the endoscope be
performed in the procedure room (in accordance with the endoscope manufacturer’s
instructions) followed by prompt leak testing and mechanical cleaning (detergent use,

channel brushings, channel reprocessing, cleaning accessories, water rinsing) in the
reprocessing area.”

Delayed reprocessing of endoscopes
Letters to the Editor
Volume 73, No. 4 : 2011 GASTROINTESTINAL ENDOSCOPY 853
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iEl frotar NO se va a acabar!

Gastrointest Endosc. 2018 May;87(5):1167-1179.

Manual cleaning

“The first, and one of the most important, steps in the
prevention of transmission of infection by endoscopy, is
manual cleaning of the endoscope with detergent solution
and brushes. (...) This should be performed as soon as possible
on removal of the endoscope from the patient to prevent
drying of material on the surface of the endoscope and within
the channels. Manual cleaning minimizes the chances of
bacterial biofilm developing within the endoscope channels.”

o.cu
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iEl frotar NO se va a acabar!

Gastrointest Endosc. 2018 May;87(5):1167-1179.

Manual cleaning

“The first, and one of the most important, steps in the
prevention of transmission of infection by endoscopy, is
manual cleaning of the endoscope with detergent solution
and brushes. (...) This should be performed as soon as possible
on removal of the endoscope from the patient to prevent
drying of material on the surface of the endoscope and within
the channels. Manual cleaning minimizes the chances of
bacterial biofilm developing within the endoscope channels.”
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Algunas guias internacionales mas (l)

Essential Elements of a Reprocessing Program for
Flexible Endoscopes - Recommendations of the
Healthcare Infection Control Practices Advisory

Committee

Last update: January 25, 2017
From: https://www.cdc.gov/hicpac/recommendations/flexible-endoscope-reprocessing.html

Recommendations

Essential Steps for Flexible Endoscope Reprocessing
To ensure flexible endoscopes are safe for patient use, all staff involved in reprocessing this equipment must

understand and consistently follow a number of steps which have been distilled down to seven essential steps.
Ensuring adherence to these steps requires a complete and effective reprocessing program. These
recommendations apply to all settings where endoscopic procedures are performed and where endoscopes

are I'E'pI'DCE!SSE'd.

1. Pre-cleaning
a. Pre-clean flexible endoscopes and reusable accessories by following the device manufacturer’s

instructions for use (IFU). Perform pre-cleaning immediately following completion of the

endoscope procedure to help prevent the formation of biofilm.
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Algunas guias internacionales mas (ll)

Guideline for Use of High-Level Disinfectants &
Sterilants in the Gastroenterology Setting SQ\NA‘/

* * . . Society of Gastroenterol Nurses and Associates, Inc.
SGNA Practice Committee 2016 - 17 =

D. Biofilm
Biofilm can torm on endoscopes, within water supply lines, and in automated endoscope
reprocessors (AERs). Biofilm forms when bacteria group together on a wet surtace and secrete
large amounts of polysaccharide, which create a protective mass that cannot be removed with
high level disinfection (Muscarella, 2010). Therefore, prompt, meticulous manual cleaning to
remove biologic material and strict adherence to reprocessing guidelines is the best approach to
preventing biofilms (Alta & Howie, 2009; Fang et al., 2010; Ren et al., 2013).

Meticulous manual cleaning of all instruments must precede exposure to any high-level
disintectant or sterilant (Petersen et al., 2011; SGNA, 2015a). Inadequate cleaning of instruments
has been reported as one factor responsible for transmission of infection by tlexible endoscopes
(ASGE Standards of Practice Committee et al., 2008; Rutala et al., 2008). This process significantly
reduces the organic and microbial challenge to the high-level disinfectant or sterilant and is a
vital step in preventing biofilm (Alta & Howie, 2009).

Simethicone, often used during endoscopy procedures, may foster microbial growth and biofilm
development despite proper reprocessing because it contains sugars and thickeners. Minimize
use of simethicone pending further studies (Ofstead et al., 2016).
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Algunas guias internacionales mas (lll)

Reprocessing of flexible endoscopes and endoscopic accessories
used in gastrointestinal endoscopy: Position Statement of the
European Society of Gastrointestinal Endoscopy (ESGE) and
European Society of Gastroenterology Nurses and Associates
(ESGENA) - Update 2018

“Microorganisms embedded in biofilms are 10 to 100 times more resistant to process
chemicals than planktonic (free-floating) microorganisms and are frequently released
from biofilms. Therefore it is important to follow the IFU of the endoscope manufacturer
and the national guidelines. Some national guidelines recommend performance of all
manual reprocessing steps within 30 minutes after completion of the patient
examination. If endoscope reprocessing is delayed, augmented cleaning steps

may be considered.

Bedside cleaning
rinsing and flushing of all channels

In the endoscopy

rocedure room .
P function control

Transport from endoscopy room to reprocessing area
and start of manual cleaning steps within approximately 30 minutes
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Reprocessing of flexible endoscopes and endoscopic accessories

used in gastrointestinal endoscopy: Position Statement of the

European Society of Gastrointestinal Endoscopy (ESGE) and

European Society of Gastroenterology Nurses and Associates
(ESGENA) - Update 2018

Position Statement # Thieme

»Table1 Spaulding classification and reprocessing of medical devices.

Spaulding Examples in Gl endoscopy Reprocessing
classification




. Vesismin

o _ ) Health
Algunas guias internacionales mas (lll)
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European Society of Gastrointestinal Endoscopy (ESGE) and
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éDe qué se compone la matriz extracelular?

Table 1. Biofilm chemical composition 241

1 Microbial cells 2-5%

2 DMNA and RNA <1-2%

3 Polysaccharides 1-2%

4 Proteins <1-2% ( including enzymes)
5 Water Up to 97%

Research & Reviews: Journal of Microbiology and Biotechnology (2015)
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¢Y con qué se solubilizan las proteinas y polisacaridos?

Antimicrob Agents Chemother. 2016 May 23,60(6):3647-52

“The addition of enzymes to the base formulation had a clear beneficial effect on the
efficiency of biofilm removal. The S. aureus biofilm was removed efficiently if an active
protease was present, whereas for P. aeruginosa, single enzymes added to the
formulation were not sufficient. An optimized enzyme mixture including protease,
polysaccharidases, and other enzymes in a selected base formulation was required to
achieve efficient removal of P. aeruginosa.”
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¢Y con qué se solubilizan las proteinas y polisacaridos?

Antimicrob Agents Chemother. 2016 May 23;60(6):37/ A43€DS Sy
e

“The addition of enzymes to the base form t‘ ﬁae“:ro ae Y% effect on the
efficiency of biofilm remova/ Th O“Y ““eS .wuved efficiently if an active
protease was prespr'* t‘e L >mgle enzymes added to the
formulatio: “e coY ﬂ‘ umlzed enzyme mixture including protease,
C-Xel’“ qvo(‘,ﬁ“ ..aer enzymes in a selected base formulation was required to

g ! . removal of P. aeruginosa.”
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é¢Bastan las condiciones normales de incubacion para detectar biofilm?

o.cu

Iaal ermer
ontrol dlinf

Endoscopy. 2016 Aug;48(8):704-10

“Sampling of channels should be done using
solutions that are able to pick up biofilms,
neutralize the peracetic acid, and enable the
growth of bacteria. Moreover, samples should
be incubated for at least 1 week in order to
identify all microorganisms surviving in the
endoscope after disinfection. In some published
studies, endoscopes were released for use as
soon as cultures from channels were negative at
48 hours after plating [8], but this time is
definitely too short according to our results. The
risk is to underestimate endoscope
contamination and to expose patients to
pathogens.

We also found that particular attention should be
paid to endoscopes that are older than 2 years
and those that are not.stored in storage cabinets
for heat-sensitive endoscopes.”
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La causa: bacterias VBNC y células “persistentes”

Las bacterias VBNC (Viable But Non Culturable ) son aquellas que, sometidas a estrés ambiental, entran
en un estado de actividad metabdlica muy baja, y dejan de dividirse, pero permanecen vivas y pueden
revertir a un estado cultivable tras ser “resucitadas”, normalmente en medios enriquecidos y condiciones

favorables.
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é¢Conclusiones? (o algo asi...)
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é¢Conclusiones? (o algo asi...)

Lo que sabemos que NO sabemos...
* La naturaleza y fisiologia del biofilm son aiin muy desconocidas.
e Nisiquiera hay métodos bien determinados y fiables para su deteccion.

* Los escasos y recientes modelos de laboratorio disponibles son mono-especie, algo
gue seguramente nunca encontraremos en un biofilm maduro real.

e A pesar de la publicidad, no sélo no hay detergentes ni desinfectantes con auténticas
garantias anti-biofilm: es que ni siquiera existen ensayos normalizados para testar

esos efectos.
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é¢Conclusiones? (o algo asi...)

Lo que CREEMOS saber (l) ...

e La remocion MECANICA de los residuos es imprescindible y fundamental (énfasis en el
cepillado MANUAL de canales internos).

* El timing es critico, porque la formacion de biofilm puede ser rapida: LAVADO
MANUAL o, en su defecto, PRE-PROCESAMENTO INMEDIATOS.

e La matriz extracelular del biofilm es basicamente glicoproteica, asi que el uso de
detergentes enzimaticos CON ALTA CONCENTRACION Y ACTIVIDAD DE PROTEASAS Y

AMILASAS parece una buena apuesta.
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é¢Conclusiones? (o algo asi...)

Lo que CREEMOS saber (lI) ...

 El reprocesamiento automatico reduce errores, pero JAMAS SUSTITUYE NI COMPENSA
UN LAVADO MANUAL DEFICIENTE EN FORMA Y/O TIEMPO.

e Tras el reprocesamiento, es fundamental el SECADO DE LOS CANALES INTERNOS. A
falta de un armario de secado con inyeccion de aire filtrado, la inyeccion de alcohol
(de rapida y total evaporacion) puede ser aceptable.

* La naturaleza misma del biofilm lo hace dificilmente detectable en canales internos.
Parece inteligente priorizar los muestreos con remocidon mecanica (swabbing, mejor
que flushing), e incrementar los tiempos de cultivo de los muestreos microbiolégicos
(VBNC).
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é¢Conclusiones? (o algo asi...)

Lo que esta por venir...

* Se estan desarrollando modelos de laboratorio para la creacion y ensayo de biofilms,
gue algun dia podran dar lugar a ensayos de eficacia normalizados.

* Se estan estudiando distintos medios de remocion/destruccion de biofilm:
» Materiales de limpieza (ej. cepillos) con mayor capacidad abrasiva
» Formulaciones enzimaticas optimizadas para la matriz polimérica del biofilm
» Desinfectantes y pre-desinfectantes con mayor penetracion a través de la matriz polimérica
» Ingredientes (ej. cinamaldehido) que interfieran con el Quorum Sensing
(idejando al biofilm sin WiFi!)

.
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¢Charlamos un rato?
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Consultas:

Web:
WWwWw.vesismin.com

Blog:
https://solucionesdesinfeccion.com

Direccion Cientifica:
egomez@vesismin.com
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