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The solution to all our problems, or time bomb?  



Infection Prevention and  
Control Unit 

Antiseptics and 
Disinfectants 

Essentials… 
 
… but a little boring!!! 
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Can we spend 40 minutes focusing only on Chlorhexidine? 
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Antiseptic: definition 

Chemical (germicide) that reduces the microbial 
load of the skin or mucous membranes 

 

A "disinfectant" for living tissue 

Mayhall CG Hospital Epidemiology and Infection Control, 3rd Ed. LWW 
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Joseph Lister (1827-1912) 

 

•Surgeon in Edinburg 

 

• Develops Surgical 
Antisepsis 
 

•Carbolic Acid Paste 
 

•Aerosolized Carbolic 
Acid 
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Antiseptic vs Antibiotic 
Antibiotic Antiseptic 

Mode of action Unique 
Very specific (ex. ribosome, 
paroi, ADN gyrase) 

Multiples 
Non specific (ex. Destruction 
membranes, non-specific reaction 
with proteins) 

Safety for humans High Low 

“resistance” Mutation simple Phenotypical adaptation 
(tolerance rather than resistance) 
(disapears if insult removed) 
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Antiseptiques 

• Main classes antiseptics 
 
– Iodophors 

 
– Alcohols 

 
– Chlorhexidine 
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Chlorhexidine 
• Biguanide 

– Ex. Metformine, proguanil 
 

• Discovered 1954 
– ICI ltd (England) when developing anti-malaria tx 

 
• 3 formes 

– Actetate (ex. Bactigras) 
– Gluconate (ex. Hibitane) 
– Digluconate (ex. Flamazine) 

 
• Colorless, odorless 
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Chlorhexidine 
• Bacteriostatic at low concentrations 

 
• Bactericidal at higher [  ] 

 
• Wide spectrum: Gram +/- virus, fungi but  sporicidal 

 
• Mec Action 

 
– Not well understood, probably multiple 

• No receptor common to bacteria, viruses and fungi 
 

– Bacterial wall destruction? 
 
• Pores leading to depolarisation of bacteria 

 
– Precipitation in cytoplasm? 

 
• Concentrations 

– 0.12% to 4%  
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Antifungal effect 
Organism No. samples Ave. CMI (mg/L) 

Filameuteux 

Aspergillus flavus 1 64 

Aspergillus fumigatus 1 32 

Aspergillus niger 1 16 

Penicillium notatum 1 16 

Rhizopus 1 8 

Scopulariopsis spp. 1 8 

Levures 

Candida albicans 2 9 

Candida guillermondii 1 4 

Candida parapsilosis 2 4 

Candida pseudotropicalis 1 3 

Cryptococcus neoformans 1 1 

Saccharomyces cerevesiae 1 1 

Candida glabrata 1 6 

DErmatophytes 

Epidermophyton floccosum 1 4 

Microsporum canis 2 4 

Trychophyton equinum 1 4 

Trichophyton mentagrophytes 1 3 

Trichophyton tonsurans 1 3 

Hibiscrub 2%: 20’000 mg/L 
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Virucidal effect 
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Availability 
• Widely available 

 
– Mouth wash 

 
– Contact lenses cleaners 

• [ ] insufficient against Acanthamoeba? 
 

– Skin disinfectant 
• Hibiscrib; Hibiclens 
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Veterinary use 

http://www.vetone.net/images/pdf/ChlorhexidineScrubs_sellsheet.pdf
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Contra-indications 

• Meninges 
 

• Anatomic cavities 
 

• Eyes and ears 
 

• At> 2% can cause permanent damage to eyes and 
ears 
 

• At 0.02%, safe and effective against keratitis 
Acanthamoeba (CDC) 

 
• Topical application in babies <2 months 
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Chlorhexidine and pediatrics 
• Topical chlorinexidine not recommended for children <2 months 

– Systemic absorption 
 

• However 
– Animal model studies = Pregnancy risk category B 

• No effect on rabbit fetus despite dosing of up to 40mg/kg/jour 
 

– Not carcinogenic 
– Rat model ingestion of 38mg/kg/j CHG 

 

– Used +++ in developping countries without overt adverse effects 
 

• Topical application  4% CHG umbilical cord <24h birth decreases 75% omphalitis 
(n=4934) and ↓ trend in mortality  

 Mullany LC et al. Lancet 2006; 367(9514): 910-918  



Infection Prevention and  
Control Unit 

Residual effect 
• In general, CHG is attributed a  

strong residual effect 
 

– Bacteriostatic effect following  
application of CHG 
 

– Protects against subsequent  
contamination 

 
• Eg. Presence of CHG on skin would protect even after CHG has dried off 

 
– Also debated 

 
• Some experts beleive R.E. is artificial and due to insufficient neutralization 

of product in lab studies  2aire à neutralization (carry over of CHG in cultures) 
 

Kampf G. Infect Control Hospit Epidemiol 2009; 30; 8 
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Adverse Effects 

Rare, in general… 
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Dermatitis 

• Dermatite de contact 
– Fréquent 

• 4% >> 2% 
 

– Pas toujours due uniquement à la CHG 
• Autres « ingrédients » aussi responsables 

 

– Parfois pas plus fréquent que savon ordinaire 
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Dermatitis 
• Dermatitis 

– Relatively frequent 
• 4% >> 2% 

 
– Not only due to CHG 

• Other « ingredients » also implicated 
– Nicoletti G et al. J Hospit Infect 1990; 15: 323-337 

 
– Sometimes not any more frequent than regular 

soap 
• Larson E et al. Am J Infect Control 14:51-59 
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Allergy 
•  0.5 to 5% of population have a reactive patch test to 

CHG  
 
– Worse if patch 1% rather than 0.5% 

 
– Worse if atopic patient 

 
– Sensitization is an issue (ad 50% of individuals) 

• Ex. patients exposed ++; mouth wash; cosmetics 
 

Osmundsen PE Contact Dermatitis 1982; 8: 81-83 
Liipo J Contact Dermatitis 2011; 64: 229-234 
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Allergy 
 

• Anaphylaxis 
 
– 2 cases reported in literature 

Krautheim AB et al. Contact Dermatitis 2004; 50(3): 113-6 



Infection Prevention and  
Control Unit 

Chlorhexidine – too much of a 
good thing? 
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CHG and Hand Hygiene 
• CHG often included in HH products 

 
– Soaps 

 
– ABHRS 

 
– Surgical hand products 

 
• Residual effect = popularity 
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CHG and Hand Hygiene 

• Currently little evidence of 
clinical benefits of CHG for 
HH 
 

• WHO recommends NOT to use 
CHG in ABHRS given lack of 
evidence and risk of AE 
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Chlorhexidine to interrupt  
transmission of MDROs 
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Multiple ecosystems 

http://en.wikipedia.org/wiki/Skin_flora#/media/File:Skin_Microbiome20169-300.jpg 

>1000 different species 
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Community vs. Hospital Flora 

Hospitalized patients more likely to be colonized  
by GNB (including pseudo) and yeasts  

Larson EL et al. J Clin Microbiol. 1986 Mar;23(3):604-8. 
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Community vs. Hospital Flora 

• Gram+ cocci more resistant against multiple antimicrobials 

Larson EL et al. J Clin Microbiol. 1986 Mar;23(3):604-8  
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Kernodle DS et al. AAC 1988 

Abx Prophylaxis 
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Bacterial Transmission 
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Microbial transmission – healthy 
skin 

Or not effective? 

3 log 

Dry skin to Dry Skin Transmission: effective…   
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Figure 1. Total aerobic colony count recovered from physicians’ gloved hands (grey boxes) and stethoscopes (black 
boxes) following a single physical examination.  
  
Results are presented on a logarithmic scale. The top and bottom of the box plots represent the interquartile ranges 
and the horizontal lines represent the median values. The error bars extend to the maximum and minimum values.   
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MRSA Patient contagiousness 

Absence Sous- 
culture 

1+ 2+ 3+ 

Croissance MRSA inguinal 
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Predictors of HCWs’ hands and 
stethoscope contamination 

  
Variable 

 Total 
 

Predictors of heavy stethoscope diaphragm contamination 

No heavy 
growth 
N= 42 

Heavy 
growth 
N=14 

OR 95% CI P value 

BMI, median (IQR) 24.6 (21.7-
28.9) 

23.9 28.9 1.20 1.04-1.40 0.01 

Humidity of patient’s skin              

   Dry (%) 12 (21.4%) 12 (28.6%) 0 (0%) n/aa n/aa 0.02b 

   Slightly humid (%) 32 (57.1%) 24 (57.1%) 8 (57.1%) n/aa n/aa 1.00 

   Very humid (%) 12 (21.4%) 6 (14.3%) 6 (42.9%) n/aa n/aa 0.02c 

Median CFU count on 
patient’s skin per 25cm2 

(IQR) 

1037 (255-
3000) 

629 (107-
3000) 

3000 (3000-
3000) 

1.001 1.001-
1.002 

0.002 

Tschopp C. 2014 

Tschopp C et al. Infect Control Hosp Epidemiol. 2016 Jun;37(6):673-9. 
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Figure 2. Panel A. Bar chart showing the frequency of recovery of various microorganisms from stethoscopes and physicians’ hands 
following 56 standardized physical examinations. Panel B. Scatterplot showing the relation between frequency of recovery of various 
microorganisms from stethoscopes and physicians’ hands.  
 
Abbreviation: MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; EB, 
Enterobacteriaceae; ESBL, extended-spectrum beta-lactamase-producing Enterobacteriaceae; NFB, nonfermenting gram-negative bacilli. 
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Tschopp C et al. Infect Control Hosp Epidemiol. 2016 Jun;37(6):673-9. 
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Decreasing contagiousness 
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• 21 bed ICU 
 

• Sequential study 
– Soap + water x 6 months, then 
– CHG wipes 2% without rincing x 6 months, then 
– Wipes  without CHG x 6 months 
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CHG 2% wipes vs. Soap+water 
 Compared with soap and water, CHG 
wipes:  
 
↓ Skin contam,  
↓ Environmental Contam. 
↓ Contam HCWs’ hands 
↓ Acquisition ERV  

Vernon MO et al. Arch Intern Med 2006 

RR=0.4;  
95%CI 0.2-0.9;  
p=0.02 

Compared with soap and water, 
non-CHG wipes:  
 ↓ Contam. skin,  
     Contam. environment(?!) 
 ↓ Contam HCWs’ hands 
 ↓ Acquisition ERV  
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CHG 2% skin vs soap + water 

• ↓ contamination 
environment 

Vernon MO et al. Arch Intern Med 2006 
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• Multicenter study (6 ICU) 
 

• Before-and-after study 
 

• Interventions:  
– Soap + water baths 

or 
– Daily CHG bath (bottle CHG 4% in water) 

Climo MW et al. Crit Care Med 2009; 37:1858 
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CHG baths, MRSA and VRE 
• ↓ 32% acquisition MRSA 

 
• 5.04 vs. 3.44 cases/1000 

patient-days; p=0.046 
 

• Effect mainly when stay 
>14-21d 

Climo MW et al. Crit Care Med 2009; 37:1858 
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CHG baths, MRSA and VRE 

• ↓ 50% acquisition ERV 
 

• 4.35 vs. 2.19 cases/1000 
patient-days; p=0.008 
 

Climo MW et al. Crit Care Med 2009; 37:1858 
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CHG baths, MRSA and VRE 

 
• Diminution VRE BSI 73% 

– 2.13 vs 0.59/1000 PD; p=0.0006 
 

– Protects VRE+ patients against VRE BSI 
• RR, 0.30; p=0.035 

Climo MW et al. Crit Care Med 2009; 37:1858 

i.e. bed 
bath soap 
and water! 
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Climo MW et al. Crit Care Med 2009; 37:1858 

i.e. bed 
bath soap 
and water! 
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Bain CHG, SARM et VRE 

• ↓ colonisation in 
most centers 
 
– More 

pronounced if 
pre-intervetion 
rates are higher 

Climo MW et al. Crit Care Med 2009; 37:1858 
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NB Principal investigator switched to CHG 
wipes 2% pre-impregnated for subsequent 
study: 
 N Engl J Med. 2013 Feb 7;368(6):533-42 

PSSSST! Home recipe=  
CHG 4%, 4oz. In half basin warm 
water 
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• Multicenter cluster-randomized nonblinded crossover 
• 9 USI et centres de GMO; 7727 patients 

 
• 2 arms:  

– Washcloth CHG 2% vs. nonantimicrobial die 
 

• Acquisition MRSA or VRE 
 
– 5.1 vs. 6.6/ 1000pd ( ↓ 23%; p=0.03) 

 
– BSI 4.78 vs. 6.60/1000pd ( ↓ 28%; p=0.007) 
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• Cluster-randomized trial, 43 CH, 72 ICUs 
 

• 3 strategies compared 
1. MRSA screening and isolation 
2. MRSA screening and isolation and decolonisation 
3. No screening; decolonize everyone 

 
• Decolonisation: mupirocin intra-nasal + 2% CHG wipes pre-impregnated 

 
Huang SS N Engl J Med. 2013 Jun 13;368(24):2255-65.  
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• NNT = 99 
• Adverse effects rare 

Huang SS N Engl J Med. 2013 Jun 13;368(24):2255-65.  
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Chlorhexidine and HAI 



Infection Prevention and  
Control Unit 

Bartolomeu Velho, 1568 Bibliothèque Nationale, Paris 
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Endogenous 
flora 

Bartolomeu Velho, 1568 Bibliothèque Nationale, Paris 

http://upload.wikimedia.org/wikipedia/commons/7/7b/Bartolomeu_Velho_1568.jpg
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Endogenous 
flora HH 

ATB 

CHG 

Envi- 
ronmt 
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Urinaires
33%

Autres
26%

Bactériémies 
primaires

13%

Site chirurgical
15%

Pneumonies
16%

Main HAIs 

Our mission: to introduce measures to prevent nosocomial infections 
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CHG and CLABSI 
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• Crossover study; 52 weeks, 2 
ICUs of same center 
 

• Chlorhexidine 2% (CHG) 
wipes vs. soap+water 
 

• Primary BSI 
– CHG: 4.1 infections/1000 PD 
– Soap: 10.4 infections/1000 PD 
– Difference incidence 

• 6.3 infections/1000pd (95% 
CI 1.2-11.0) 

Bleasdale SC et al. Arch Intern Med. 2007;167:2073. 

CHG and CLABSI 
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CHG-impregnated sponges 
• Theory: Decolonization of the catheter insertion site 

would reduce the risk of extra-luminal colonization and 
catheter infections 
 

• Keep in mind 
– Insertion site not visible 
– No effect on endoluminal  

colonization 

 

https://vpn-externe1.ulaval.ca/+CSCO+dh756767633A2F2F6A6A6A2E61706F762E61797A2E6176752E746269++/pubmed?term=%22Loo%20VG%22%5BAuthor%5D
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CHG-impregnated sponges 
• RCT Compare Biopatch vs. standard dressing 

 
• Types of catheters:  

– Arterial 
– CVC (non-impregnated ATB) 

 
• Outcomes:  

– CR-BSI 
• ≥ 1 positive peripheral blood culture, a quantitative catheter tip 

culture growing the same organism or differential time to positivity 
of blood cultures ≥ 2 hours, and no other source  
 

– Catheter-related clinical sepsis without bloodstream infection 
• Fever, positive cath tip, pus at line site, and no other source 

 
Timsit JF et al. JAMA. 2009;301:1231-41. 
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CHG-impregnated sponges 
• 1636 catheters 

 
• Ave. duration insertion: 6d 

 
• Major infection rates (CR-

BSI or KT sepsis) 
 

– Sponge-CHG: 0.6 
infections/1000 JKT 
 

– Standard dressing: 1.4 
infections/1000 JKT 
 

– Hazard ratio 0.39 (95% CI 
0.16-0.93) 
 
NNT: 117 
 

• 8 episodes contact 
dermatitis in intervention 
arm (5.3/1000 catheters) 
 

Timsit JF et al. JAMA. 2009;301:1231-41. 
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Chlorhexidine and SSI 
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Methods 

• Multicenter RCT 
 

• Goal: evaluate efficacy of CHG-EtOH 2% 
compared with Povidone Iodine to prevent 
SSI  

• Outcome 
– SSI < 30d post-ops 

Darouiche RO et al. N Engl J Med. 2010; 362:18-26 
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Methods 

• Population 
– 849 patients; randomization 1:1 

 
– Clean-contaminated Surgeries (colo-rectal, GI, 

thoracic, Gyne, Uro) 
 

– 2 comparable groups (demographics, 
patho…)s_ 

Darouiche RO et al. N Engl J Med. 2010; 362:18-26 
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SSI Incidence 

Darouiche RO et al. N Engl J Med. 2010; 362:18-26 
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SSI Incidence 

Darouiche RO et al. N Engl J Med. 2010; 362:18-26 
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Adverse Events 

 

Darouiche RO et al. N Engl J Med. 2010; 362:18-26 
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• Rational: Decolonization to prevent SSI 
 

• Design: Double-blind placebo-controlled RCT 
 

• Single center, 2 yeats 
– 991 patients 
– SDD if intubated >48h 

 
• Intervention:  

– Mouth wash and nasal application CHG 0.12% 
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CHG nasopharynx and SSI 
• Intervention 

– 0.12% CHG 
• 10mL mounth wash QID 
• Intra-nasal gel QID 

 

– Start on admission (i.e. prior to surgery)  
• Average, 1.9 day prior to surgery 

 

– End: upon removal of NG tube 

Segers P et al. JAMA 2006; 296 (20) 
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Nasopharyx/ Oral CHG decontamination 

Segers P et al. JAMA 2006; 296 (20) 
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Nasopharyx/ Oral CHG decontamination 

Segers P et al. JAMA 2006; 296 (20) 
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Chlorhexidine and pneumonia 
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Physiopathology of VAP? 
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Physiopathology of VAP? 

 
 

“Aspiration of 
oropharyngeal 

pathogens or leakage 
of bacteria around the 
endotracheal tube cuff 
is the primary route of 
bacterial entry into the 

trachea.” 
 

American Thoracic Society [ATS]/Infectious Diseases Society of America [IDSA] Guidelines for Management of Adults with VAP. 2005. Am 
J Respir Crit Care Med. 171: 388-416. 
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Studies CHG-VAP  

2 metanalyses shown benefit of CHG  
mouthwash to prevent VAP  

Chan, E. Y., Ruest, A., Meade, M. O., and Cook, D. J. Oral decontamination for 
prevention of pneumonia in mechanically ventilated adults: systematic review and 
meta-analysis. BMJ 2007;334(7599):889-900. 
  
Pineda, L. A., Saliba, R. G., and El Solh, A. A. Effect of oral decontamination with 
chlorhexidine on the incidence of nosocomial pneumonia: a meta-analysis. Crit Care 
2006. 10;1;R35-R41.1 

1 4% vs 7%; OR 0.42; 95% CI, 0.16-1.06; p=0.07 
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Metanalysis 
• Objective: evaluate the impact of oral 

decontamination of VAP incidence  
 

• 11 studies included 
 

• Results 
– No impact of oral antibiotic decontamination  
– Decrease VAP with antiseptic decontamination D 

•RR, 0.61; 95% CI, 0.45-0.82 
 

Chan EY et al. BMJ, March 26, 2007 



Infection Prevention and  
Control Unit 

Metanalysis 

 

Chan EY et al. BMJ, March 26, 2007 

5/6 studies  
included  
CHG 
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Chlorhexidine bathing outside 
of ICU 

• Most studies done in ICU and BMT 
 
 
 
 
 

• Few data on impact of CHG in non-ICU 
 

 

Vernon MO et al. Arch Intern Med 2006 
Climo MW et al. Crit Care Med 2009; 37:1858 
Climo MW et al. N Engl J Med. 2013 Feb 7;368(6):533-42. 
Huang SS N Engl J Med. 2013 Jun 13;368(24):2255-65.  
Noto MJ et al. JAMA. 2015 Jan 27;313(4):369-78. (-) 
Chen W et al. J Thorac Dis. 2013 Aug;5(4):518-24. meta-analyse; 11/12 studies in ICU 
Derde LP et al. Lancet Infect Dis. 2014;14(1):31-39.  

Kassakian Sz et al. Infect Control Hosp Epidemiol. 2011Mar;32(3):238-43. 
Medical ward single center 
No impact on VRE infections (p=0.2) 
Lower rate of infection – higher cost per averted infection? 
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• Crossover study 4 medical wards, 7 months 
 

• Soap and water vs. CHG wipes 
 

• Results 
– Compliance CHG wipes = 58% 
– Decrease in MRSA acquisition by 55% 
– Decrease in VRE acquisition by 36% 
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- I want to do research in infection control…  

- If a positive result you want, the 
Chlorhexidine you must use 
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CHG and Urinary Tract 
Infections 

• Noto MJ, Domenico HJ, Byrne DW, et al. Chlorhexidine bathing and healthcare-associated 
infections. A randomized clinical trial. JAMA 2015; 313: 369–78. 
 

• Rupp ME, Cavalieri RJ, Lyden E, et al. Eff ect of hospital-wide chlorhexidine patient bathing on 
healthcare-associated infections. Infect Control Hosp Epidemiol 2012; 33: 1094–100. 
 

• Evans HL, Dellit TH, Chan J, Nathans AB, Maier RV, Cuschieri J. Effect of chlorhexidine 
whole-body bathing on hospital-acquired infections among trauma patients. Arch Surg 2010; 
145: 240–46. 
 

• Bleasdale SC, Trick WE, Gonzalez IM, Lyles RD, Hayden MK, Weinstein RA. Effectiveness of 
chlorhexidine bathing to reduce catheter-associated bloodstream infections in medical 
intensive care unit patients. Arch Intern Med 2007; 167: 2073–79. 
 

• Popovich KJ, Hota B, Hayes R, Weinstein RA, Hayden MK. Eff ectiveness of routine cleansing 
with chlorhexidine gluconate for infection prevention in the medical intensive care unit. Infect 
Control Hosp Epidemiol 2009; 30: 959–63. 

Numerous Studies Have Failed to Detect any Benefit 
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• Secondary analysis  
of Cluster RCT  
 

• CHG decolonization  
including perineum and 6 inches of 
urinary catheters 

Huang SS et al. Lancet Infect Dis 2016; 16: 70–79 
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• Results 
– NO impact on high-level bacteriruria 

 (>50,000 CFU/mL of a recognized pathogen) 
 

• Slight decrease in candiduria in men and in bacteriruria due 
to a uropathogen of any CFU/mL (p=0.05) 
 
– Uncertain significance (colonization more probable) 
– NB. No clinical assessment of CAUTI made (difficult to 

document symptoms in ICU patients) 
Huang SS et al. Lancet Infect Dis 2016; 16: 70–79 
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Huang SS et al. Infect Control Hosp Epidemiol 2014;35(S3):S23-S31  
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Cost-benefit analysis in the 
ICU 

Strategy No. of 
BSI 

Total Cost 
per 

admission 

Difference in 
cost per 

admission 

Difference cost 
per 1000 adm 

(including costs 
of BSI) 

Screening and 
isolation 

20 19,400.00$ ref ref 

Screening and 
targeted 
decolonization 

15 19,330.00$ 4.00$ -71,000.00$ 

Universal 
decolonization 

11 19,230.00$ -17.00$ -171,000.00$ 

Huang SS et al. Infect Control Hosp Epidemiol 2014;35(S3):S23-S31  
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• OK… 
 

– Considerable evidence 
suggests that CHG is 
effective in reducing 
patient contagiousness 
 

– Why is it not used more 
frequently? 
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Conflicting Data 1 
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Noto MJ et al. JAMA. 2015 Jan 27;313(4):369-78. 

• 5 USI USA (Tennessee) 
 

• Cluster randomized crossover (n=9340) 
 

• Durée: 12 mois 
 

• 2% CHG wipes ou non-medicated wipes 
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Noto MJ et al. JAMA. 2015 Jan 27;313(4):369-78. 

(VAP, CAUTI, CDI or CLABSI) 

Effect CHG = ? 

Effect CHG = ? 

No monitoring of compliance with measure 
No Active Monitoring of MDRO Transmission 

Low incidence of HAI 
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MICROBES  

2 
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Generation time 

1 log = 10 times more 
A bacteria only needs to multiply 3-4 times to become 10x more numerous 

Limiting factor = competition for nutrients… 

1 2 4 8 16 

20’ 20’ 20’ 20’ 
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Popovich KJ et al. Infect Control Hosp Epidemiol. 2012 Sep;33(9):889-96. 
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RESISTANCE? 

3 
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Resistance vs adaptation 
• Resistance to chlorhexidine 

– Genetically determined 
– Intrinsic 

 

• Adaptation phenotypical 
– Not genetically determined 
– Not transferable 
– Disappear with removal of selective pressure 
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Resistance to CHG 
• Definition 

 
– Not as straightforward as with ATB 

 
• ATB: R = capacity to grow at [ ] that is reached by the  ATB at site 

of infection 
 
 

– Definition for CHG 
 
• CHG R: Increase of MIC above wild-type levels 

 
• MIC> 50mg/l = resistance to CHG? 

 
– Based on P.aeruginosa 
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Resistance to CHG 

– It would be more appropriate to speak of 
an "increase in MIC" rather than "low-
level resistance". 

Meyer B, Cookson B. J Hospit Infect 2010; 76:200-5 

Clinical relevance=?  
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Mechanism of resistance 
• Exact mechanisms Misunderstood  

 
– Considering multiple mechanisms of action, probably 

multiple resistance mechanisms 
 
• Efflux pumps (qacA/B, smr) most commonly described 

 
• Tolerance easier to develop when exposed to low 

concentrations 
 
– Ex. contact lenses cleaner (0.001%) 
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Resistance genes 
• Genes qacA/B et smr 

 
– Efflux pumps (multidrug) 

 
– Geographic variation 

• qacA/B 
– 10-20% MRSA UK 
– 30-40% MRSA Asia 
– 80% MRSA Brasil 

• Smr 
– 3% des SARM Asie 
– 31% des SARM Inde 

 
– Impact on CHG 

 
• ↑ 2-4x BMC 
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Prevalence in Canada 
• Toronto 

 
– 334 MRSA strains ICU 2005-2009 

 
• 2% qacA/B + 

 
• 7% smr + 

 
• No significant impact on MIC or MBC 

 

Longtin J. et al. Antimicrob Agents Chemother 2011 Mar 14 
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Clinical impact 

• In UK, qacA/B + strains had higher MBC than 
wild strains  
 
– 73 μg/mL vs. 18 μg/mL; p=0.04 

 

Smith, K. 2008. J Antimicrob Chemother 2010 61:78-84. 
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Let’s keep numbers in 
perspective 

0

4000

8000

12000

16000

20000

MRSA CHG S MRSA CHG R CHG 0,12% CHG 2%

[CHG] 
µg/mL 

18 73 
1200 

20’000 
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HOWEVER… 
 
Could our love for CHG 
induce a new set of 
problems? 
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• Exposure of E. coli to sub-
MIC (200x below MIC) 
concentrations of CHG can 
stimulate horizontal transfer 
of antibiotic-resistance genes 

Jutkina J et al. Sci Total Environ. 2018 Mar;616-617:172-178.  

CHG Facilitating Resistance Gene Propagation? 



Infection Prevention and  
Control Unit 

Cross-resistance CHG and ATB 
• Greatest “fear” of 

unintended 
consequence 
 
– Resistance 

mechanisms to CHG 
could be used to 
develop resistance to 
other antibiotics 
 
• Ex. Efflux pumps 
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Cross-resistance CHG-ATB? 
S.aureus and MRSA exposed x 5 minutes to  

low [CHG] (2.5 to 40mg/ml) causes ↑ MIC ATB 

Vali L et al. J Antimicrob Chemother 2008; 61: 524-32 

Unlcear if effect would persist after removal of CHG 

48 H CHG EXPOSURE 

48 H CHG EXPOSURE 
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• K. pneumoniae can “adapt” to CHG 
 

• Study of the phenotypic consequences of 
adaptation mechanism on various ATB 
 
 

Wand ME et al. Antimicrob Agents Chemother. 2016 Dec 27;61(1). pii: e01162-16. 
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• 5 of 6 strains that adapted to CHG became R to Colistin 
 

• BUT: Did not induce Resistance to Aztreonam, Cefepime (FEP) and Teicoplanin (TEC) 
 
 

Wand ME et al. Antimicrob Agents Chemother. 2016 Dec 27;61(1). pii: e01162-16. 

Impact de l’adaptation à la CHG  
sur la Colistine (CST) WT:  Wild Type 

CA: CHG adapted 
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• Whole genome sequencing identified multiple mutations 
 

• Main mutation seems to be a mutation in a repressor gene 
(smvR) that leads to upregulation of smvA (encodes an 
efflux pump) 

– Genes present in Klebsiella, Pseudomonas and Acinetobacter, but not in 
E.coli 

Wand ME et al. Antimicrob Agents Chemother. 2016 Dec 27;61(1). pii: e01162-16. 
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• Fitness: 
 
– CHG-adapted strains were less fit 

 
– Lower capacity to infect the wax moth (Galleria mellonella) 

 
– Lower growth rate 

 
– Some CHG adapted strains got rid of plasmids… One strain even reverted to 

sensitivity to meropenem! 
 

Wand ME et al. Antimicrob Agents Chemother. 2016 Dec 27;61(1). pii: e01162-16. 
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DAPTO and CHG cross-
resistance 

• Exposure of VRE to small doses of CHG leads to 4-fold increase in CHG MIC 
and also to a decrease in Daptomycin susceptility (MIC from 2 ug/ml [wild 
type] to 4-6 ug/ml) 
 

• Multiple Dapto resistance mechanisms implicated (complex) 

Bhadwaj P et al. Antimicrob Agents Chemother. 2017 Dec 21;62(1).  
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Still, some experts and worried… 

J Hosp Infect. 2016 Nov;94(3):213-227. 
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