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Should	we	be	interested	in	this	issue?

• A	definite	increase	in	the	prevalence	of	MDRO	colonization

• Increased	risk	of	hospital	acquisition

• In	case	of	acquisition	a	risk	of	secondary	infection	and	a	higher	risk	of	
mortality
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How	does	the	environment	contribute	to	the	acquisition	
of	MDRO	?

Artasensi A, Mazzotta S, Fumagalli L. Back to Basics: Choosing the Appropriate Surface Disinfectant. Antibiotics (Basel). 2021 May 21;10(6):613. 3
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Classification	of	biological agents	

Artasensi A, Mazzotta S, Fumagalli L. Back to Basics: Choosing the Appropriate Surface Disinfectant. Antibiotics (Basel). 2021 May 21;10(6):613. 5

MDRO	:	what are	the	questions	being asked?	

• What	is	the	importance	or	magnitude	of	the	problem	?

• Does	this	problem	specific	to	a	particular	situation?	

• Does	this	problem	concern	all	patients?	
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Epidemiology of	contaminated surfaces

• Surface	contamination	contributes	to	the	risk	of	transmission	both	
directly	and	indirectly

• It	is	difficult	to	predict	the	frequency	of	contamination	of	surfaces	
according	to	the	species	concerned,	it	depends	of	

• The	volume	of	the	reservoir	
• The	specificity	of	the	species	concerned	its	ability	to	survive	outside	its	host,	its	ability	to	
sporulate

• The	quality	of	biocleaning
• The	outbreak	situation	

7

All	patients	do	not	spread	in	the	same way

Bonten MJ, Hayden MK, Nathan C, van Voorhis J, Matushek M, Slaughter S, Rice T, Weinstein RA. Epidemiology of colonisation of patients and environment
with vancomycin-resistant enterococci. Lancet. 1996 Dec 14;348(9042):1615-9. Lerner A, Adler A, Abu-Hanna J, Cohen Percia S, Kazma Matalon M, Carmeli Y.
Spread of KPC-producing carbapenem-resistant Enterobacteriaceae: the importance of super-spreaders and rectal KPC concentration. Clin Microbiol Infect.
2015 May;21(5):470.e1-7. 8
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Different species =	different risk ?	

Guet-Revillet H, Le Monnier A, Breton N, Descamps P, Lecuyer H, Alaabouche I, Bureau C, Nassif X, Zahar JR. Environmental contamination with extended-spectrum
β-lactamases: is there any difference between Escherichia coli and Klebsiella spp? Am J Infect Control. 2012 Nov;40(9):845-8.
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Which patients	disseminate more	(infected or	colonized)	?

Asymptomatic carriers are a potential source for transmission of epidemic and nonepidemic Clostridium difficile strains among long-term care facility residents. Clin
Infect Dis. 2007 Oct 15;45(8):992-8. Mayer RA, Geha RC, Helfand MS, Hoyen CK, Salata RA, Donskey CJ. Role of fecal incontinence in contamination of the
environment with vancomycin-resistant enterococci. Am J Infect Control. 2003 Jun;31(4):221-5.
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Survival	in	the	environment	is	variable	depending	on	the	
microbial	species

% of site contamination Study

MRSA 24 – 89% Otter et al, JHI 2007
Dryden et al, JHI 2008
French et al, JHI 2004

C difficile 25% - 75% Barbut et al, ICGE 2009
Boyce et al, ICHE 2008
Weber et al, AJIC 2010

Serratia (GNB) ~8% Bates et al, JHI 2005
Otter et al, JHI 2007

Acinetobacter baumannii ~50% Weber et al, AJIC 2010

VRE 94% Eckenstein et al, BMC Inf dis 2007
11

Survival	in	the	environment	is	variable	depending	on	the	
microbial	species

Saliba R, Ghelfenstein-Ferreira T, Lomont A, Pilmis B, Carbonnelle E, Seytre D, Nasser-Ayoub E, Zahar JR, Karam-Sarkis D. Risk factors for the environmental spread of
different multidrug-resistant organisms: a prospective cohort study. J Hosp Infect. 2021 May;111:155-161. Kramer A, Schwebke I, Kampf G. How long do nosocomial
pathogens persist on inanimate surfaces? A systematic review. BMC Infect Dis. 2006 Aug 16;6:130. 12
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Is	the	frequency	of	contamination	the	same	during	non	
outbreaks	period?

Pilmis B,	Billard-Pomares T,	Martin	M,	Clarempuy C,	Lemezo C,	Saint-Marc	C,	Bourlon	N,	Seytre D,	Carbonnelle E,	Zahar	JR.	Can	environmental contamination	be
explained by	particular traits	associated with patients?	J	Hosp Infect.	2020	Mar;104(3):293-297.	 13

Other factors involved in	survival

• Many	factors	are	associated	with	survival	in	the	environment	including	
• The	initial	inoculum	

• The	presence	of	biological	material

• Sensitivity	to	ultraviolet	light

• Heat	resistance

• Type	of	surfaces	

Dai R, Liu S, Li Q, Wu H, Wu L, Ji C. A systematic review and meta-analysis of indoor bioaerosols in hospitals: The influence of heating, ventilation, and air conditioning.
PLoS One. 2021 Dec 23;16(12):e0259996. 14
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What are	other variables	need to	be considered ?

• Are	there	differences	depending	on	the	ward	concerned	?

• Could	we	define	a	“high	risk	surfaces”	?	

• What	about	other	environmental	reservoirs	?

15

Are	there	differences	depending	on	the	ward	concerned	?

Ward	concerned Risk	of	
acquisition

Risk	of	sustained
colonisation

Risk	of	secondary
infection

Risk	of	
mortality

ICU	 ++	(workload) ++	(Colonisation	pressure) +(invasive	procedures) ++

Hematological ++	(workload) ++	(Colonisation	pressure) ++	(neutropenia) +++(40%)

Neonatology ++	(dependency) +/- ++	(immaturity) ++

LTCF ++	(dependency) +/- +/- ++

Others ++

Huang SS, Datta R, Platt R. Risk of acquiring antibiotic-resistant bacteria from prior room occupants. Arch Intern Med. 2006 Oct 9;166(18):1945-51. Drees M,
Snydman DR, Schmid CH, Barefoot L, Hansjosten K, Vue PM, Cronin M, Nasraway SA, Golan Y. Prior environmental contamination increases the risk of acquisition of
vancomycin-resistant enterococci. Clin Infect Dis. 2008 Mar 1;46(5):678-85. seir S, Blazejewski C, Lubret R, Wallet F, Courcol R, Durocher A. Risk of acquiring
multidrug-resistant Gram-negative bacilli from prior room occupants in the intensive care unit. Clin Microbiol Infect. 2011 Aug;17(8):1201-8. 16
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Mitchell BG, Dancer SJ, Anderson M, Dehn E. Risk of organism acquisition from prior room occupants: a systematic review and meta-analysis. J Hosp Infect. 2015
Nov;91(3):211-7. 17

Could we define a	« high	risk surfaces »	?

• Frequently	touched	items	such	as	telephones,	handles,	taps,	light	switches,	levers,	knobs,	
buttons,	keyboards,	push	plates

Smith	SJ,	Young	V,	Robertson	C,	Dancer	SJ.	Where	do	hands	go?	An	audit	of	sequential	hand-touch	events	on	a	hospital	ward.	J	Hosp	Infect.	2012	Mar;80(3):206-11.	
18
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Could we define a	« high	risk surfaces »	?

Lerner A, Adler A, Abu-Hanna J, Meitus I, Navon-Venezia S, Carmeli Y. Environmental contamination by carbapenem-resistant Enterobacteriaceae. J Clin Microbiol.
2013 Jan;51(1):177-81. 19

What	about	other	environmental	reservoirs	?

• Several studies suggested a	high	rate	of	tap water	and	sink contamination

• Several studies suggested the	role of	contaminated sink as	the	source	of	
outbreak

Leitner E, Zarfel G, Luxner J, Herzog K, Pekard-Amenitsch S, Hoenigl M, Valentin T, Feierl G, Grisold AJ, Högenauer C, Sill H, Krause R, Zollner-Schwetz I. Contaminated
handwashing sinks as the source of a clonal outbreak of KPC-2-producing Klebsiella oxytoca on a hematology ward. Antimicrob Agents Chemother. 2015
Jan;59(1):714-6. Umezawa K, Asai S, Ohshima T, Iwashita H, Ohashi M, Sasaki M, Kaneko A, Inokuchi S, Miyachi H. Outbreak of drug-resistant Acinetobacter baumannii
ST219 caused by oral care using tap water from contaminated hand hygiene sinks as a reservoir. Am J Infect Control. 2015 Nov;43(11):1249-51. Clarivet B, Grau D,
Jumas-Bilak E, Jean-Pierre H, Pantel A, Parer S, Lotthé A. Persisting transmission of carbapenemase-producing Klebsiella pneumoniae due to an environmental
reservoir in a university hospital, France, 2012 to 2014. Euro Surveill. 2016 Apr 28;21(17). 20
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Risk	related to	sink
73	ICUs
3	months follow-up
51%	contaminated sink
Ris	k	of	acquisition	associated with :

Frequency	of	contamination
Proximity	to	the	patient	
Frequency	of	the	cleaning	
Frequency	of	"splachs”	

Valentin AS, Santos SD, Goube F, Gimenes R, Decalonne M, Mereghetti L, Daniau C, van der Mee-Marquet N; SPIADI ICU group. A prospective multicentre
surveillance study to investigate the risk associated with contaminated sinks in the intensive care unit. Clin Microbiol Infect. 2021 Feb 25:S1198-743X(21)00100-2.

21

Do	we	have	enough	arguments	?

Carling	PC.	Optimizing	Health	Care	Environmental	Hygiene.	Infect	Dis	Clin	North	Am.	2016	Sep;30(3):639-60.	
22
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What are	the	questions	at	this point	?

• What	is	the	amount	of	direct	transmission	from	the	environment	?

• Improving	environmental	hygiene	is	associated	with	decrease	of	
Health	acquired	infections	(HAI)	?

• Are	there	any	risks	in	improving	the	cleaning	of	the	environment	?	

23

What	is	the	amount	of	direct	transmission	from	the	
environment	?

• Difficult	to	answer	this	question

• There	are	many	risk	factors	and	confounding	factors
• The	patient's	profile
• The	workload	
• Exposure	to	and	duration	of	invasive	procedures	
• The	antibiotic	selective	pressure
• The	colonization	pressure

• Improving Environmental hygiene is associated with improving hand	
hygiene

24
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Valencia-Martín R, Gonzalez-Galan V, Alvarez-Marín R, Cazalla-Foncueva AM, Aldabó T, Gil-Navarro MV, Alonso-Araujo I, Martin C, Gordon R, García-Nuñez EJ, Perez R,
Peñalva G, Aznar J, Conde M, Cisneros JM; In representation of A. baumannii eradication program. A multimodal intervention program to control a long-term
Acinetobacter baumannii endemic in a tertiary care hospital. Antimicrob Resist Infect Control. 2019 Dec 4;8:199.

Environmental decontamination
Hand	hygiene
Antimicrobial stewardship
Contacts	precautions
Active	surveillance
Weekly	reports
Regular	meetings

25

Carling	P.	Methods	for	assessing	the	adequacy	of	practice	and	improving	room	disinfection.	Am	J	Infect	Control.	2013	May;41(5 Suppl):S20-5.

Improving	environmental	hygiene	is	associated	with	
decrease	of	Health	acquired	infections	(HAI)	?

26
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Hayden MK, Bonten MJ, Blom DW, Lyle EA, van de Vijver DA, Weinstein RA. Reduction in acquisition of vancomycin-resistant enterococcus after enforcement of
routine environmental cleaning measures. Clin Infect Dis. 2006 Jun 1;42(11):1552-60. Datta R, Platt R, Yokoe DS, Huang SS. Environmental cleaning intervention and
risk of acquiring multidrug-resistant organisms from prior room occupants. Arch Intern Med. 2011 Mar 28;171(6):491-4.

Improving	environmental	hygiene	is	associated	with	
decrease	of	Health	acquired	infections	(HAI)	?

27

Barnes SL, Morgan DJ, Harris AD, Carling PC, Thom KA. Preventing the transmission of multidrug-resistant organisms: modeling the relative importance of hand
hygiene and environmental cleaning interventions. Infect Control Hosp Epidemiol. 2014 Sep;35(9):1156-62. 28
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Improving	environmental	hygiene	is	associated	with	
decrease	of	Health	acquired	infections	(HAI)	?

• A large number of reports include cleaning as an important control component for
outbreak

Donskey CJ. Does improving surface cleaning and disinfection reduce health care-associated infections? Am J Infect Control. 2013 May;41(5 Suppl):S12-9. Carling PC.
Health Care Environmental Hygiene: New Insights and Centers for Disease Control and Prevention Guidance. Infect Dis Clin North Am. 2021 Sep;35(3):609-629.

29

Are	there	any	risks	in	improving	the	cleaning	of	the	
environment	?	

Samreen, Ahmad I, Malak HA, Abulreesh HH. Environmental antimicrobial resistance and its drivers: a potential threat to public health.
J Glob Antimicrob Resist. 2021 Dec;27:101-111.

30
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Vijayakumar R, Sandle T. A review on biocide reduced susceptibility due to plasmid-borne antiseptic-resistant genes-special notes on
pharmaceutical environmental isolates. J Appl Microbiol. 2019 Apr;126(4):1011-1022.

31

Carling	PC.	Health	Care	Environmental	Hygiene:	New	Insights	and	Centers	for	Disease	Control	and	Prevention	
Guidance.	Infect	Dis	Clin	North	Am.	2021	Sep;35(3):609-629.	

Can	we	reduce	the	consumption	of	biocides	?

32
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Can	we	reduce	the	consumption	of	biocides	?

33
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Conclusion	

• The	risk	of	surface	contamination	is	real	
• The	relationship	between	environmental	contamination	and	acquisition	is	
certain	(in	intensive	care)	
• The	relation	between	environmental	contamination	and	HAI	is	more	
questionable
• Reducing	the	risk	need	a	bundle	of	actions	including	improving	hand	
hygiene	and	decreasing	invasive	procedures
• Reducing	the	consumption	of	biocides	is	needed,	we	need	to	redefine	
which	situations	are	at	risk	and	which	are	not	

35
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