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Overview

• Rationale	for	chlorhexidine	(CHX)	bathing	in	
healthcare	settings

• Potential	unintended	consequences	of	routine	CHX	
bathing
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Chlorhexidine	(CHX)

• Biocide
• In	use	since	1954	for	skin	antisepsis	and	other	
medical	indications
• Binds	to	negatively	charged	microbial	membrane
• Low	concentrations:	Alteration	of	bacterial	
membrane	integrity	and	cell	osmotic	equilibrium
• High	concentrations:	Precipitation	of	cell	contents	
and	cell	death

• Active	against	most	bacteria	and	yeast
• Activity	varies	by	genera	and	species
• Not	active	against	mycobacteria,	spores,	viruses CHG
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Rationale	for	Routine	CHX	Bathing
• Potentially	pathogenic	microbes	commonly	
contaminate/colonize	skin	of	hospital	patients
• MRSA,	C.	difficile,	C.	auris,	MDR-A.	baumannii,	carbapenemase-
producing	K.	pneumoniae

• CHX	binds	to	stratum	corneum,	prolonging	effectiveness	of	
antisepsis
• Reducing	burden	of	these	microbes	on	skin	by	CHX	bathing	
has	beneficial	effects:
• Fewer	central-line	associated	bloodstream	infections	(CLABSIs)
• Fewer	contaminated	blood	cultures
• Reduction	in	cross-transmission	of	MDROs

• Most	studies	conducted	in	ICUs
• Best	data	for	MRSA,	VRE
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• Survey	of	4,000	US	
hospitals	and	long-term	
care	facilities	
participating	in	NHSN
• 63%	of	acute	care	
hospitals	and	49%	of	
long-term	care	facilities	
used	routine	CHG	
bathing	to	reduce	
transmission	of	MDROs
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Babiker A	et	al	Clinical	Infect	Dis	2020

Are	there	unintended	
microbial	consequences	
of	routine	chlorhexidine	
bathing?
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Defining	CHX	Resistance
• Antibiotic	resistance:	Focus	on	inhibition	of	
microorganism
• Biocide	resistance:	Focus	on	activity	of	drug
• Post-exposure	colony	counts

• CHX	resistance:	Ability	to	survive	exposure	that	kills	
rest	of	population
• 1%	- 4%	CHG	=10,000	- 40,000	mg	CHX/L

Horner	C	et	al	JAC	2012,	67:2547.
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No	established,	standardized	method	of	
testing	for	CHX	resistance

• Phenotypic	methods
• Agar	or	broth	macro/microdilution MICs/MBCs
• Time	kill	assays
• Post-exposure	colony	counts
• Efflux	over-expression
• Epidemiologic	cutoff

• Genotypic	methods
• Detection	of	efflux	pump	genes	by	PCR
• qacA/B,	smr,	norA/B,	cepA,	qacE
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CHX	susceptibility	of	clinical	bacterial	isolates	and	
concentrations	of	CHX	detected	on	patients’	skin	after	
routine	CHX	bathing

• CHX	concentrations	
applied	to	skin	in	clinical	
use	= 2- 4%																														
=	20,000- 40,000	μg /mL
• Concentration	of	CHX	
detected	on	patients’	skin	
after	routine	bathing	
dependent	on	time	since	
bathing	and	anatomic	site
• Median	after	bath,	
312.5	μg/mL*

• Range,	0	– 1250	μg/mL

Huang	SS	et	al	Lancet	2019 *Lin	MY	et	al	ICHE	2014
Rhee	Y	et	al	ICHE	2018
Proctor	DM	et	al	Nature	Med	2021
Nadimalli G	et	al	ICHE	2019 10
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Secondary	analyses	of	clinical	trials	data	to	evaluate	
the	microbial	effects	of	routine	CHX	bathing
Study	Design Population Period	of	

CHG	
exposure

Microbes	
Studied

Change	in	CHG	
Susceptibility?

Referenc
e

Multicenter,	cluster-
randomized,	nonblinded	
crossover	study	of	CHX-
impregnated	washcloths	
vs	soap	&	water	bathing

7,727	
patients	in	9	
ICUs	and	
BMTUs	in	6	
US	hospitals

6	
months

713	MRSA	
393	VRE

No	change	in	CHX	
MIC90 for	MRSA	or	
VRE

Climo
2013

Multicenter,	cluster-
randomized	trial	
comparing	universal	vs	
targeted	vs	screening	&	
isolation

74,256	
patients	in	
74	ICUs	in	43	
hospitals

18	
months

3,123	
MRSA

No	change	in	CHX	
MIC50/MIC90	or	in	
qacA/B	carriage

Hayden	
2016

Community-based,	
cluster-randomized	trial	
of	every-other-day	CHX	
cloth	bathing	vs	soap	&	
water	bathing

10,030	
soldiers	

20	
months 615	MRSA No	difference	in	

qacA/B carriage
Schlett
2014

11

Distribution	of	CHX	MICs	among	MRSA	isolates	from	
the	REDUCE	MRSA	Trial	(N=3173)

• Narrow	distribution	of	CHX	MICs
• No	differences	between	arms	or	across	time

Hayden	MK	et	al	JCM	2016

Screening	&	Isolation																								Targeted	Decolonization																						Universal	Decolonization
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Characteristics	of	MRSA	isolates	that	carried	qacA or	qacB
genes
Hospital	
location

Interventio
n	group

Study	
period

Culture	
type

qac
identity

MLST CHX	
MIC	

(mg/L)

CHX	
MBC	
(mg/L)

Mupirocin	
susceptibility	

profile

Florida 1 baseline screen qacA ST8 4 4 S

Florida 1 intervention screen qacB ST8 4 8 S

Florida 1 intervention screen qacA ST2484 8 8 S

Texas 1 intervention clinical qacA ST8 8 8 LL

Florida 3 intervention clinical qacA ST450 4 16 HL

• 814	MRSA	isolates	tested	for	qacA/B	by	PCR
• 5	(0.6%)	positive	isolates

Hayden	MK	et	al	JCM	2016
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Non-linear	increase	in	qacA/B	in	MRSA	isolates	from	anterior	
nares	screening	after	introduction	of	routine	CHX	bathing

• Retrospective,	single	surgical	ICU	cohort	
• 2005-2012
• Daily	CHX	bathing
• Non-linear	increase	in	qacA/B	detection	in	colonizing	MRSA	isolates	over	time
Warren	D	et	al	Infect	Control	and	Hosp	Epidemiol	2016 14
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Reduction	in	CHG	susceptibility	after	introduction	of	a	
bundled	intervention	to	control	XDR	A.	baumannii that	
included	daily	CHX	bathing

Apisarnthanarak A	et	al	Infect	Control	Hosp	Epidemiol	2014

• Bundled	intervention	that	included	daily	CHG	bathing
• ICUs,	general	medical	&	surgical	wards
• 12-month	exposure
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Reduction	in	CHG	susceptibility	after	introduction	of	a	
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Is	CHX	resistance	associated	with	antibiotic	
resistance?

Schlett C	et	al	AAC	2014
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Is	reduced	CHX	susceptibility	associated	with	
decolonization	failure?

• Report	of	CHX	decolonization	failure	associated	with	qacA+	
epidemic	MRSA	strain	ST239
• Mean	CHG	MBC	of	epidemic	strain	3X	that	of	non-epidemic	
strains
• Mean	MBC	epidemic	MRSA	strain:		78	mg/L
• Mean	MBC	non-epidemic	MRSA	strains:	26	mg/L	

• Case-control	study	found	combination	of	qacA/B	and	LL-
mupirocin	resistance	independent	risk	factor	for	MRSA	
decolonization	failure.
• OR	3.4	[95%	CI,	1.5-7.8]

Batra	R	et	al	CID	2010	50:210
Lee	AS	CID	2011,	52:1422
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Is	CHX	resistance	associated	with	antibiotic	
resistance?

Royer	G	et	al	JAC	2021
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Is	CHX	resistance	associated	with	antibiotic	
resistance?

Royer	G	et	al	JAC	2021
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Is	CHX	resistance	associated	with	antibiotic	
resistance?

Royer	G	et	al	JAC	2021

Royer	G	et	al	JAC	2021
21

Grice	EA	&	Segre	JA	Nature	Rev	Microbiol 2011

Does	CHX	bathing	harm	the	indigenous,	health-
associated	skin	microbiota?
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Change	in	skin	condition	from	admission	to	discharge	
after	daily	CHX	bathing	(N=1,088	MICU	patients)

No	change	
n (%)

Worsening
n (%)

Improvement
n (%)

Soap	&	Water	
Bathing

250	(88) 18	(6.4) 17 (6)

CHG	Cloth	Bathing 340	(86) 10	(2.3) 43	(10.8)

P=0.02

Vernon,	M.	O.	et	al.	Arch	Intern	Med	2006;166:306-312.
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Microbial	Colonization	on	Inguinal	Skin	of	MICU	
Patients

Vernon,	M.	O.	et	al.	Arch	Intern	Med	2006;166:306.
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Differential	association	of	bacterial	and	fungal	taxa	with	
CHX	concentrations on	of	skilled	nursing	facility	patients

Proctor	DM	et	al	Nature	Med	2021

• No	association	
between	CHX	
concentration	and	
detection	of	C.	auris
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Conclusions
• Routine	patient	bathing	with	CHX	has	many	demonstrated	
benefits

• The	likelihood	of	clinically	relevant	reductions	in	microbial	
susceptibility	to	CHX	resulting	from	routine	CHX	bathing	is	
low

• Concerns	for	unintended	microbial	consequences	of	CHX	
bathing	should	not	be	a	barrier	to	its	use	on	patients	for	
whom	there	is	strong	evidence	for	benefits	of	routine	CHX	
bathing

• Gaps	in	knowledge	remain,	including	how	best	to	measure	
and	monitor	the	effect	of	CHX	on	skin	microbiota
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Thank	you!
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