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Think skin first.

Think skin deeper.
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A Comprehensive Framework for 
Infection Prevention & Management

• Develop highly trained teams 

(and continue education) 

• Drive change facility-wide with 

standards and process

• Select proven technologies 
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Chlorhexidine

• A critical component, life-saver,  in the prevention, control and 

management of infection

• Returning to previous practices ill-advised

• Hospital acquired infections

• Multi-drug resistant organisms
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Chlorhexidine & Alcohol
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Chlorhexidine & Alcohol
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The overall rate of hospital-acquired bloodstream 

infections was 4.78 cases per 1000 patient-days 

with chlorhexidine bathing versus 6.60 cases per 

1000 patient-days with nonantimicrobial 

washcloths (P = 0.007), a 28% lower rate with 

chlorhexidine-impregnated washcloths.

2% Chlorhexidine gluconate bathing reduces healthcare 
acquired infections

New Engl J Med (2013) 386: 533-542

Event Measure
: CHG

Measure
: Control

P
value

Number of central 
catheter associated 
bloodstream 
infections

21 43 0.004

Incidence rate 
(#/1000 catheter 
days)

1.55 3.30
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Chlorhexidine gluconate containing dressings reduce infection 
risk by ~50%
Safdar N, O’Horo JC, Ghufran A., Bearden, A. Didier MA, Chateau D, Maki DG. Chlorhexidine-impregnated dressing for prevention of
catheter-related bloodstream infection: A meta-analysis. Critical Care Medicine (2014) 42: 1703-1713.

The CHG-impregnated dressing: RR of 0.52 (95% CI, 0.43–0.64; p < 0.001)

Prevalence of CRBSI:
64 of 5,639 patients (1.1%) in the CHG group

120 of 5,608 (2.1%) in the comparator group.
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January 2017 Volume 61 Issue 1 e01162-16 

Antimicrobial Agents and Chemotherapy

Chlorhexidine can induce resistance to colistin
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Use of CHG gel pad does NOT lead to resistance

Gram Positive 
Cocci

Gram Positive 
Rods

Gram negatives

Yeast



21. All Rights Reserved.5 April 2019© 3M 3M Confidential.

Chlorhexidine & “Resistance”

• Not “Resistance” as per antibiotics

• Biocide vs. Antibiotic (Think: )tissue levels)

• MIC is not MBC

• Even with increased MIC, MBC not necessarily changed

• No standardized definition of biocide resistance

• No standard to assess clinical significance/correlate with therapeutic failure

• Bacterial populations are changing

• Increase in qac A/B in Staph

• Other genetic phenotypic changes noted

• Correlation with “Resistance” inconsistent

• Mechanisms

• Efflux pumps (e.g., SmvA in K. pneumoniae)

• Other intracytoplasmic actions 
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Chlorhexidine & “Resistance” - 2

• Mechanisms (cont.)

• Need for greater understanding of how mechanisms are changing the 
susceptibility of disease causing bacteria to biocides and antibiotics

• Acquired (horizontal) and vertical (genetic) communication

• Plasmid, chromosomal mutations, etc.

• Other agents

• Octenidine – changes in bacterial populations and current measures reported

• “Adaptation” = “Resistance”

• Identified Research Gaps

• Relationship of genetics phenotypic markers to decreases in susceptibility

• How to best utilize biocides given these considerations

• Role of chlorhexidine in biofilm formation – if any
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Chlorhexidine & Octenidine & PHMB

• Commonalities: cationic; variously lipophilic +/- hydrophobic

• Similar mechanisms of action: disruption of cell wall & cytoplasmic 
membrane
• PHMB – chromosomal condensation

• Criticality of exposed concentrations in terms of “Resistance”

• Octenidine 
• Effective at lower concentrations  
• Sensitization, skin sensitivity and bullous reactions reported

• Local irritation, aseptic necrosis, chronic inflammation
• Reported cytotoxicity in wound applications 
• Has fueled Adaptation (=“Resistance)
• “Must be used correctly”
• GMP issues
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Chlorhexidine & Octenidine & PHMB - 2

• PHMB 
• Strong antimicrobial effect
• Chlorhexidine developed when unable to rationalize/standardize 

PHMB – i.e. difficulty in stabilization of formulations for clinical use
• GMP issues
• Anaphylaxis reported
• Classified as low grade carcinogen in U.K.



Cationic antiseptics: diversity of action under a common epithet

Journal of Applied Microbiology, Volume: 99, Issue: 4, Pages: 703-715, First published: 25 July 2005, DOI: (10.1111/j.1365-2672.2005.02664.x) 

Generalize structure for polyhexamethylene biguanide (PHMB*)

*Classified as low grade carcinogen in UK



Cationic antiseptics: diversity of action under a common epithet

Journal of Applied Microbiology, Volume: 99, Issue: 4, Pages: 703-715, First published: 25 July 2005, DOI: (10.1111/j.1365-2672.2005.02664.x) 

Chemical structures of bisbiguanides chlorhexidine (a) and alexidine (b)



Cationic antiseptics: diversity of action under a common epithet

Journal of Applied Microbiology, Volume: 99, Issue: 4, Pages: 703-715, First published: 25 July 2005, DOI: (10.1111/j.1365-2672.2005.02664.x) 

Representation of interaction of chlorhexidine with bacterial cytoplasmic membrane



Cationic antiseptics: diversity of action under a common epithet

Journal of Applied Microbiology, Volume: 99, Issue: 4, Pages: 703-715, First published: 25 July 2005, DOI: (10.1111/j.1365-2672.2005.02664.x) 

Representation of mechanism of action of PHMB with bacterial cytoplasmic membrane
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Chlorhexidine Summary

• A stalwart of the modern prevention, control and 

management of infection

• “Resistance” to chlorhexidine is not the same as for antibiotics

• Laboratory measures vs. clinical significance

• Potentially competitive biocides have similar mechanisms of action, 
sensitization, skin reactions, and impact on bacterial populations

• Gaps in knowledge exist
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Chlorhexidine Summary - 2

• Exposure to non-lethal concentrations of biocides (all) may contribute 
to development of decreased susceptibility

• Concentration and Contact Time critical

• “Better stewardship, regulation, and restriction of biocidal active 
ingredients in non-health care settings would limit exposure to 
antiseptics and may decrease selection of bacteria with reduced 
susceptibility to these agents.” (Harbath et al 2014) 
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3M Technology Advancing Every Company

3M Products Enhancing Every Home

3M Innovation Improving Every Life

Thank you!


