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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
N>LN NJ(:H NH

* Active against most bacteria and yeast .
* Activity varies by genera and species e IR

* Not active against mycobacteria, spores, viruses ®
Cl Cl

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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multidrug-resistant organisms and all-cause bloodstream
infections in general medical and surgical units
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Chlorhexidine Bathing and Health Care-Associated Infections
A Randomized Clinical Trial
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We examined reported policies for the control of common |0ng‘term care fac”ities

multidrug-resistant organisms (MDROs) in US healthcare facilities

using data from the National Healthcare Safety Network Annual used ro ut' ne CHG

Facility Survey. Policies for the use of Contact Precautions were

commonly reported. Chlorhexidine bathing for preventing MDRO bat h i n g to red uce

transmission was also common among acute care hospitals.
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Reduced susceptibility to CHG or

acquistion of antiseptic resistance genes, Are t h e re U n i nte n d ed

Potential Unintended g @ % mlcrObIal Consequences
Consequences of Routine £ . .« qe
Chlorhexidine Gluconate Of rOUtIne Ch|0rheXIdIne

Bathing

Antibiotic cross-resistance b a t h i n g ?

!
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Decolonization failure

- i g

Unhealthy alteration in
health-associated skin microbiome
D
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Babiker A et al Clinical Infect Dis 2020
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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
* gacA/B, smr, norA/B, cepA, gacE

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 pg /mL
;~ SMAL (n-35) L]

= o Concentration of CHX
detected on patients’ skin
e after routine bathing
dependent on time since
bathing and anatomic site
* Median after bath,
312.5 pg/mL*
* Range, 0— 1250 ug/mL

£coL (w105

Burkholdaria spp. exchudeddus to small sample size (n=2)

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

Hosted by Prof. Jean-Yves Maillard, Cardiff University, Wales
A Webber Training Teleclass
www.webbertraining.com



Unintended Microbial Consequences of Routine Chlorhexidine Bathing
Dr. Mary Hayden, Rush University Medical Center, Chicago
The Denver Russel Memorial Teleclass Lecture

Secondary analyses of clinical trials data to evaluate
the microbial effects of routine CHX bathing
Study Design Population | Period of | Microbes | Change in CHG Referenc
CHG Studied Susceptibility? e
exposure
Multicenter, cluster- 7,727
randomized, nonblinded  patientsin 9 No change in CHX .
crossover study of CHX- ICUs and months ;;g {\//IRTESA MIC,, for MRSA or (2:32;0
impregnated washcloths  BMTUs in 6 VRE
vs soap & water bathing  US hospitals
Multicenter, cluster-
randomized trial 74’.256 . No change in CHX
comparing universal vs patients in & S MIC5,/MICy, Or in el
. 741CUsin43 months  MRSA o 2016
targeted vs screening & . qacA/B carriage
. . hospitals
isolation
Community-based,
cluster-randomized trial . .
Gl TSI ISP G (E S :gllt(:l)iz?s rzr?onths DL N:czl/ffBe::g:‘:i: I: %T: :
cloth bathing vs soap & 9 8
water bathing
11

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

Screening & Isolation Targeted Decolonization Universal Decolonization

5 ,
B
:
|

: 1
CHG MIC (pg/mi) CHG MIC (ug/mi)
mGroup 1baseline (n=221)  #Group 1intervention (n=1082)  Group 2 baseline (n=305) rvention (n=1155) W Group 3 baseline (n=209)  # Group 3 intervention (n=201)

No. of isolates, %
LR

No. of isolates, %
No. of isolates, %

1 2
CHG MIC (ug/mi)
#Group 2inte

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

Hayden MK et al JCM 2016
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Characteristics of MRSA isolates that carried gacA or gacB

genes
Hospital Interventio Study Culture qac MLST CHX CHX Mupirocin
location n group period type identity MiIC MBC susceptibility
(mg/L) (mg/L) profile
Florida 1 baseline screen qgacA ST8 4 4 S
Florida 1 intervention  screen gacB ST8 4 8 S
Florida 1 intervention  screen qgacA ST2484 8 8 S
Texas 1 intervention  clinical gacA ST8 8 8 LL
Florida 3 intervention  clinical qgacA ST450 4 16 HL

* 814 MRSA isolates tested for gacA/B by PCR
* 5(0.6%) positive isolates

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

14 4 mgacA/B+ p =0.02 for qac A/B*

12 4 16.9% 16.9%

# Positive MRSA isolates

ORNWARUOON®
P S S S S S R

2005 2006 2007 2008 2009 2010 2011 2012
Year

* Retrospective, single surgical ICU cohort

¢ 2005-2012

¢ Daily CHX bathing

* Non-linear increase in gacA/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

TABLE 1. Comparison of the Epidemiology of Chlorhexidine Minimum Inhibitory Concentrations (MICs) among Extensively Drug-

Resi (XDR) Acinetobacter b ii Clinical Isolates before and after Implementation of Advanced Source Control
Prechlorhexidine (n = 50) Postchlorhexidine (n = 50)

Chlorhexidine Incidence of XDR  Chlorhexidine Incidence of XDR
consumption | Chlorhexidine | A. b ii per ption | Chlorhexidine | A. baumannii per

Hospital unit n (L/unit/month) MIC 50/90 1,000 patient-days  (L/unit/month) MIC 50/90 1,000 patient-days

Intensive care 70 24 32/32 12.5 15.5 64/128 29

General medicine 15 0.9 32/32 11.4 9.8 64/128 6.3

General surgical 10 0.5 16/32 9.6 4.5 64/128 4.6

Other* 5 0.1 16/32 1.2 25 64/128 0.6

¢ Bundled intervention that included daily CHG bathing
* ICUs, general medical & surgical wards
¢ 12-month exposure

Apisarnthanarak A et al Infect Control Hosp Epidemiol 2014
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Reduction in CHG susceptibility after introduction of a
bundled intervention to control XDR A. baumannii that
included daily CHX bathing

TABLE 1. Comparison of the Epidemiology of Chlorhexidine Minimum Inhibitory Concentrations (MICs) among Extensively Drug-

Resi (XDR) Acinetobacter b ii Clinical Isolates before and after Implementation of Advanced Source Control
Prechlorhexidine (7 = 50) Postchlorhexidine (n = 50)
Chlorhexidine Incidence of XDR | Chlorhexidine Incidence of XDR
<l ption  Chlorhexidi A b ii per | consumption  Chlorhexidine | A. baumannii per
Hospital unit n  (L/unit/month) MIC 50/90 1,000 patient-days | (L/unit/month) MIC 50/90 1,000 patient-days
Intensive care 70 24 32/32 12,5 15.5 64/128 29
General medicine 15 0.9 32/32 11.4 9.8 64/128 6.3
General surgical 10 0.5 16/32 9.6 4.5 64/128 4.6
Other* 5 0.1 16/32 1.2 2.5 64/128 0.6

* Bundled intervention that included daily CHG bathing
* |CUs, general medical & surgical wards
* 12-month exposure

Apisarnthanarak A et al Infect Control Hosp Epidemiol 2014
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Is CHX resistance associated with antibiotic
resistance?

TABLE 3 Genotypic chlorhexidine resistance by antimicrobial resistance
No. (%)

Clinical isolates (n = 341) Colonizing isolates (1 = 274)
qacA/B negative qacA/B positive qacA/B negative qacA/B positive
Antibiotic and phenotvpe (n = 336) (n=15) (1= 269) (n=15)
Ciprofloxacin®
Susceptible 216 (100.0) 0(0) 179 (100.0) 0(0)
Resistant 120 (96.0) 5 (4.0) 90 (94.7) 5(5.3)
Clindamycin®
Susceptible 302 (98.4) 5(1.6) 225(97.9) 5(2.1)
Resistant 34 (100.0) 0(0) 44 (100.0) 0(0)
Daptomycin
Susceptible 335(98.5) 5(1.5) 269 (98.2) 5(1.8)
Resistant 0(0) 0(0) 0(0) 0(0)
Erythromycin
Susceptible 35 (100.0) 0(0) 32(100.0) 0(0)
Resistant 301 (98.4) 5(1.6) 237 (97.9) 5(2.0)
Gentamicin
Susceptible 334 (98.5) 5(1.5) 268 (98.2) 5(1.8)
Resistant 1(100.0) 0(0) 1 (100.0) 0(0)

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 gacA+
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 gacA/B and LL-
mupirocin resistance independent risk factor for MRSA
decolonization failure.

* OR3.4[95% Cl, 1.5-7.8]

Batra R et al CID 2010 50:210

Lee AS CID 2011, 52:1422
18
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Is CHX resistance associated with antibiotic
resistance?

Journal of Hospital Infection 93 (2016) 4248

Available online at www.sciencedirect.com y—
Journal of Hospital Infection } ‘l‘{
journal homepage: www.elsevierhealth.com/journals/jhin ) - '
Varying activity of chlorhexidine-based disinfectants
against Klebsiella pneumoniae clinical isolates and
adapted strains
L.J. Bock®, M.E. Wand, J.M. Sutton

National Infection Service, Public Health England, Porton Down, Salisbury, UK

19

s CHX resistance associated with antibiotic
resistance?

Joumal of Hospital Infection 93 (2016) 42-48

Available online at www.sciencedirect.com —
Journal of Hospital Infection S
journal www. th.com, i ‘ -
Varying activity of chlorhexidine-based disinfectants
against Klebsiella pneumoniae clinical isolates and

adapted strains
L.J. Bock®, M.E. Wand, J.M. Sutton

National Infection Service, Public Health England, Porton Down, Salisbury, UK

] W Antimicrobial Agents
L maonower and Chemotherapy®

Mechanisms of Increased Resistance to
Chlorhexidine and Cross-Resistance to
Colistin following Exposure of Klebsiella
pneumoniae Clinical Isolates to
Chlorhexidine

Matthew E. Wand, Lucy J. Bock, Laura C. Bonney, J. Mark Sutton

Public Health England, National Ifection Service, Porton Down, Salisbury, Wiltsire, United Kingdorr 20
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s CHX resistance associated with antibiotic
resistance?
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Royer G et al JAC 2021
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Does CHX bathing harm the indigenous, health-
associated skin microbiota?

Skin
surface

Epidermis

Dermis

Grice EA & Segre JA Nature Rev Microbiol 2011 22
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Change in skin condition from admission to discharge
after daily CHX bathing (N=1,088 MICU patients)

No change Worsening Improvement
n (%) n (%) n (%)

Soap & Water 250 (88) 18 (6.4) 17 (6)

Bathing

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
‘ = Soap and water = K= Chlorhexidine cloths —#- Non-medicated cloths ‘
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| Vancomycin-resistant Other gram-positive bacteria** Gram-negative bacteria** Yeast**
‘ enterococci** |
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

128 Providencia stuartii

Proteus mirabilis

10.0
Staphylococcus pettenkoferi

3 Candida tropicalis ° NO aSSOCiation

$ 75 Anaerococcus octavius

o between CHX

B concentration and

) . :
.C—’U, il Mialasseziaisiootfian Saccharomyces cerevisiae deteCtlon Of C auris
g >

1

o' Campylobacter ureolyticus Morganella morganii

%2

0.0

-1.0 -0.5 0.0 05 1.0
Regression Coefficient

Proctor DM et al Nature Med 2021
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Conclusions

* Routine patient bathing with CHX has many demonstrated
benefits

* The likelihood of clinically relevant reductions in microbial
Isusceptibility to CHX resulting from routine CHX bathing is
ow

* Concerns for unintended microbial consequences of CHX
bathing should not be a barrier to its use on patients for
\k/)vh%m there is strong evidence for benefits of routine CHX

athing

* Gaps in knowledge remain, including how best to measure
and monitor the effect of CHX on skin microbiota

26
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Thank you!
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