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USES OF GERMICIDES:
OVERWHELMING EVIDENCE OF EFFICACY

 Water purification (chlorine compounds)
 Sterilization of critical medical equipment
 High-level disinfection of semicritical medical equipment
 Hand hygiene
 Skin antisepsis



BACKGROUND



DISINFECTANT RESISTANCE: IS THERE A RELATONSHIP 
BETWEEN USE AND ANTIMICROBIAL RESISTANCE

 Antibiotic use and overuse is the main driving force of antibiotic 
resistance

 Does the use of disinfectants/antiseptics result in antiseptic 
and/or disinfectant resistance?

 Do antibiotic resistant bacteria exhibit altered susceptibility to 
disinfectants/antiseptics?

 Do disinfectants/antiseptics precipitate antibiotic resistance?



CLASSIFICATION OF GERMICIDES

 Antisepsis (antiseptics = germicides used on skin or mucous membranes)
 Hand hygiene
 Skin antisepsis (e.g., surgical site preparation, IV site)
 Patient treatment (bathing) to reduce HAIs in ICU
 Surgical  scrub of HCP

 Disinfection and Sterilization (Spaulding) (disinfectants = germicides 
used on equipment or inanimate environment)
 Critical items (sterile tissue): Sterilants
 Semi-critical items (mucous membranes): High-level disinfectants
 Non-critical items (intact skin): Low-level disinfectants



ANTISEPTIC AGENTS

 Alcohols
 Usual use concentrations:  70-90%

 Chlorhexidine gluconate
 Usual use concentrations:  Oral rinse, 0.12% (1,200 mg/L), 2% (20,000 

mg/L), 4% (40,000 mg/L)
 Iodine and iodophors
 Parachlorometaxylenol (PSMX)
 Hexachlorophene
 Benzalkonium chloride
 Triclosan



CHEMICAL STERILANTS &
HIGH-LEVEL DISINFECTANTS

 Peracetic acid plus hydrogen peroxide
 Glutaraldehyde
 Hydrogen peroxide
 Ortho-phthalaldehyde
 Peracetic acid
 Improved hydrogen peroxide



DISINFECTANTS: LOW-LEVEL

 Quaternary ammonium compounds
 Hypochlorites
 Phenolics
 Alcohol:  Ethyl or isopropyl (70-90%)
 Improved hydrogen peroxide
 Hydrogen peroxide plus peracetic acid



CHARACTERIZING “RESISTANCE”

 Assessment
 Phenotypic:  Growth patterns when exposed to antimicrobial
 Genotypic:  Presence and/or expression of genes

 Origin
 Intrinsic:  Inherent in the pathogen (e.g., impermeability; spores, cell wall -

efflux); 
 Acquired:  Acquisition of a genetic elements that results in “resistance” (e.g., 

altered target site, enyzmatic inactivation, efflux, overproduction of target)
 Mechanism(s)

 Altered target site, enyzmatic inactivation, efflux, overproduction of target, 
absence of enzyme/metabolic pathway)



MICROBIAL RESISTANCE TO BIOCIDES

Expert Report
Comprehensive
Rev Food Sci Food
Safety
2006;5:71



INTRINSIC RESISTANCE

Mallard J-Y.  J Appl Microbiol 2002;92:16S



COMMON REASONS
FOR BIOCIDE FAILURE

 Use of an inappropriate product (i.e., pathogens if intrinsically resistant)
 Application of the product improperly (i.e., incorrect duration, concentration, pH, 

temperature)
 Failure to remove inorganic debris (i.e., improper cleaning) prior to disinfection
 Insufficient contact of the disinfectant with the surface to be treated
 Insufficient availability of active product

Weber DJ, Rutala WA.  ICHE 2006;27:1107-1119



MICROBIAL RESISTANCE TO ANTIBIOTICS

Zhou G, et al
Int J Mol Sci
2015;16:21711-21733



SIMILARITIES AND DIFFERENCES BETWEEN 
ANTIBIOTIC AND BIOCIDE RESISTANCE

 Similarities
 Intrinsic (e.g., spores resistant to alcohols) and extrinsic resistance (e.g., 

efflux pumps for heavy metals) well described
 Similar mechanisms of resistance (e.g., impermeability, efflux pumps)
 Biofilms impair inactivation/killing
 Inactivation dependent of concentration and duration of contact

 Differences
 Most antibiotics inhibit a specific target in a biosynthetic process
 Most biocides have multiple concentration-dependent targets, with subtle 

effects occurring at low concentration and more damaging ones at higher 
concentrations



DEFINITIONS:
ANTIMICROBIAL RESISTANCE

 Antibiotic resistance 
 Objective is to predict clinical outcome (i.e., success or failure) of treatment
 Measured in vitro by determining the MIC (minimum inhibitory 

concentration). Resistant strains are not inhibited by the usual achievable 
systemic concentrations of the agents.

 NCCLS 2002 (now CLSI): The implication of the “susceptible” category 
implies that an infection due to the strain may be appropriately treated with 
the dosage of the antimicrobial agent recommended for the type of 
infection and infecting species. 



QUATERNARY AMMONIUM BIOCIDES

 Resistance mechanism = Qac A/B gene
 May be plasmid or chromosomal mediated
 Found in S. aureus (MSSA, MRSA); detection rate has varied from <2% (US) to >80% 

(Asia)
 Also found in Gram negative  bacilli
 Level of resistance conferred is below use concentrations of CHG and Quats

 Cross-resistance between CHG and Quats, and antimicrobials not c-nvincingly
demonstrated (some studies have shown a correlation between qac A/B presence 
and increased frequency of antimicrobial resistance)

 Gerba:  “Nonspecific action of Quats makes the development of resistance 
unlikely; multi-target nature of Quats means that mutation within a single target 
unlikely to result in treatment failure.

Kampf G. JHI 2016;94:213-227; Gerba CP.  Appl Environ Microbiol 2015;81:646-469



QUESTION 1

Does the use of disinfectants/antiseptics 
result in disinfectant/antiseptic resistance?



LAB DEVELOPED STRAINS WITH REDUCED SUSCEPTIBILITY
TO GERMICIDE THAT DEMONSTRATED DECREASED 

SUSCEPTIBILITY TO ANTIBIOTICS 

Bacteria (gene) Germicide Decreased Susceptibility Reference
E. coli (Mar) Pine oil Amp, Tet, Chloro* Moken 1997
P. stutzeri Chlorhexidine Triclosan, Polymyxin B^, 

Gent*, Erythro^, Amp^
Russell 1998

MRSA Benzalkonium 
chloride

Ox, Amp, Cefazolin, Oflox, 
Tet, Kana, Chloro

Akimitsu 1999

P. aeruginosa 
(NfxB)

Triclosan Tet*, Cipro, Trimeth^, 
Erythro^, Gent

Chaunchuen 2001

* Clinically significant based on NCCLS, ^ No standard

Clinically relevant resistance was only occasionally  demonstrated and involved 
antibiotics of limited current use (e.g., chloramphenicol resistance in E. coli). 
Multidrug resistance was not demonstrated.



LAB DEVELOPED STRAINS WITH REDUCED SUSCEPTIBILITY
TO GERMICIDE THAT DEMONSTRATED DECREASED 

SUSCEPTIBILITY TO ANTIBIOTICS 

Bacteria (gene) Germicide Ab Resistance Reference
P. stutzeri Chlorhexidine Triclosan, Gent*, Rif^, 

Erythro^, Amp^
Tattawasart 1999

P. aeruginosa Chlorhexidine Triclosan, Gent, Rif, 
Erythro, Amp

Tattawasart 1999

M. smegmatis
(InhA)

Triclosan INH McMurray 1999

* Clinically significant based on NCCLS, ^ No standard

Clinically relevant resistance was only occasionally  demonstrated and involved 
antibiotics of limited current use (e.g., gentamicin resistance to P. stutzeri).  
Multidrug resistance not demonstrated.



DOES HOME USE OF GERMICIDES LEAD TO ANTIBIOTIC 
RESISTANT PATHOGENS IN THE ENVIRONMENT

 Aim:  To describe the relationship 
between antibiotic resistance in 
environmental isolates relative to the 
use of germicides

 Methods:  Bacterial isolated collected 
from homes of 30 uses and non-users 
of germicides (Quats, triclosan, PCMX, 
pine oil)

 Results:  In general isolates from the 
homes of germicide users were not 
more antibiotic resistant

Cole EC, et al.  J Appl Microbiol 2003;95:664-676



DEVELOPMENT OF DISINFECTANT 
TOLERANCE IN THE LABORATORY

 Possible to develop mutants with reduced susceptibility to disinfectants and 
antiseptics that demonstrate decreased susceptibility or resistance to 
antibiotics.

 As the concentration of disinfectants used in practice greatly exceed the MICs 
observed, the clinical relevance is questionable

 Clinically relevant resistance was only occasionally demonstrated and involved 
antibiotics of limited current use (e.g., chloramphenicol resistance in E. coli)



LINK BETWEEN GERMICIDE AND ANTIBIOTIC 
RESISTANCE IN LABORATORY STRAINS

 Some strains show decreased susceptibility to both germicides (CHG, QUAT) 
and antibiotics (tetracycline).

 To date no evidence that using antiseptics or disinfectants selects for antibiotic-
resistant organisms or that mutants survive in nature

 Germicides should only be used where there are scientific studies 
demonstrating benefit



QUESTION 1

Does the use of disinfectants/antiseptics 
result in disinfectant/antiseptic resistance?

No clinically significant resistance!



QUESTION 2

Do antibiotic resistant bacteria exhibit altered 
susceptibility to disinfectants/antiseptics?



Harbarth S, et al.  JHI 2014;87:194-202



ASSESSMENT OF GERMICIDE 
SUSCEPTIBILITY FOR VRE VS VSE

 Aim:  To assess the susceptibility of VRE and VSE to hospital disinfectants
 Design:  Microbial suspension tests with Quat, phenolic or iodophor
 Results:  No difference in germicide susceptibility noted for VRE and VSE

Anderson RL, et al.  ICHE 1997;18:195-199



SUSCEPTIBILITY OF ANTIBIOTIC 
RESISTANT PATHOGENS OF GERMICIDES

Rutala WA, Weber DJ.  ICHE 1997;18:417-21

No relationship between antibiotic resistance and disinfectant resistance



SUSCEPTIBILITY OF ANTIBIOTIC 
RESISTANT PATHOGENS OF GERMICIDES

Rutala WA, et al.  Infect Control Hosp Epidemiol 2000;21:33-38.

Antibiotic resistance does not correlate to increased resistance to disinfectants



QUESTION 2

Do antibiotic resistant bacteria exhibit altered 
susceptibility to disinfectants/antiseptics?

No clinically significant resistance (reduced susceptibility)!



QUESTION 3

What about the susceptibility of antibiotic-
resistant organisms to disinfectants at 

very low concentrations? 



SUSCEPTIBILITY OF ANTIBIOTIC-RESISTANT 
AND SUSCEPTIBLE BACTERIA TO GERMICIDES

Bacteria None Reduced
Suscep

Resistant Reference

MRSA Phenol, chlorhexidine QACs None Al-Masaudi 1988
MRSA --- QACs None Al-Masaudi 1991
VRE Chlorine, alcohol, 

glutaraldehyde
None None Bradley 1996

VRE Phenol, QAC, iodophor None None Anderson 1997
MRSA, VRE Phenol, QAC None None Rutala 1997
GNR --- CHG None Koljalg 2002
VRE Aldehydes, alcohols, 

iodines, biguanide group
None None Sakagami 2002

Effect of Antibiotic Resistance on Germicide 
Susceptibility

CHG, chlorhexidine; QAC, quaternary ammonium compound; MRSA, methicillin-resistant 
S. aureus; VRE, vancomycin resistant enterococcus



PLASMA-MEDIATED RESISTANCE TO 
GERMICIDES IN STAPHYLOCOCCI

Biocide MSSA  (ppm) MRSA (ppm) Reference
BAK <1 6 Townsend 1983

Cetrimide 1.5 2.5-5 Al-Masaudi 1991
CHG 0.9 4.2 Brumfit 1985

Cresol 750 1250 Al-Masaudi 1991



CLINICAL IMPACT OF MUPIROCIN AND 
CHG “RESISTANCE”

 Aim:  To assess whether failure of decolonization related to low-level mupirocin 
resistance plus genotypic CHG resistance (qacA/B gene detection by PCR)

 Design:  Nested case-control study
 Results:  Presence of combined mupirocin and CHG resistance a predictive factor for 

failure of decolonization therapy (intranasal mupirocin plus CHG baths)
 Limitation:  CHG susceptibility not determined

Harbarth S, et al.  JHI 2014;87:194-202



QUESTION 3

What about the susceptibility of antibiotic-resistant 
organisms to disinfectants at very low concentrations?

No clinically significant resistance (reduced susceptibility)!



USES OF GERMICIDES:
OVERWHELMING EVIDENCE OF EFFICACY

 Water purification (chlorine 
compounds)

 Hand hygiene
 Sterilization of critical medical 

equipment
 High-level disinfection of semicritical

medical equipment
 Low-level disinfection of 

environmental surfaces
 Skin antisepsis:  CHG treatment 

{bathing} of ICU patients, prior to 
surgery or insertion of indwelling 
medical devices Sickbert-Bennett EE, et al.  

Emerging Infect Dis 2016;22:1628-1630



BENEFITS OF GERMICIDES:
REDUCTION IN HAIs (meta-analyses)

37% reduction in 
CLABSI with impregnated 
central lines, silver-
sulfadiazine

Lai NM, et al. Cochrane 
Database Syst Rev. 2016 
Mar 16;3:CD007878.

55% reduction in 
CLABSI with CHG 
treatment

Kim HY, et al.
J Crit Care 
2016;32:126-137



Disinfectants Resistance: Is There a 
Relationship Between Use and Resistance

Antibiotic use and overuse is the main driving force of antibiotic resistance
 Does the use of disinfectants/antiseptics result in disinfectant and/or 

antiseptic resistance? No
 Do antibiotic resistant bacteria exhibit altered susceptibility to 

disinfectants/antiseptics? No
 Do disinfectants and/or antiseptics precipitate antibiotic resistance? No
 Does the use of germicides decrease human disease? Yes
Conclusion
 Benefit of continued use of antiseptics and disinfectants, benefits 

overwhelming superior to risks



THANK YOU!!
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