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FOCUS: ANTIMICROBIAL RESISTANCE

Antiseptic Resistance:
What Do We Know and What Does It Mean?

ALBERT T SHELDON JR

Biocides (antiseptics, disinfectants, preservatives, sterilants) 
are used in clinical medicine as intervention strategies that 
prevent the dissemination of nosocomial pathogens. Biocides 
are also used for personal hygiene and to prevent cross-con-
tamination of food-borne pathogens in homes, restaurants, 
day care centers, and nursing homes. However, laboratory 
evidence has emerged suggesting that the mechanism of 
nonsusceptibility to biocides may counter-select for resistance 
to antibiotics. Nature conserves successful survival strategies. 
Using existing mechanisms of resistance to antibiotics and 
their means of dissemination, microorganisms have adopted 
this same survival strategy for biocide nonsusceptibility. 
These mechanisms are intrinsic in nature or are acquired. 
The consequences to biocide efficacy in the clinical setting 
are probably not significant from the biocide perspective. 
But, the selective pressure biocides exert on bacterial popula-
tions that have mechanisms of resistance similar to those to 
antibiotics or that are also substrates for antibiotic resistance 
is of concern.

ABBREVIATIONS: CM = cytoplasmic membrane; LPS = 
lipopolysaccharides; MRSA = methicillin-resistant Staphylococcus 
aureus; OM = outer membrane; PG = peptidoglycan; PMF = 
proton motive force; RND = resistance-nodulation-division.

INDEX TERMS: biocide, biofilm, efflux, mechanism of action.
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LEARNING OBJECTIVES
 1. Identify the mechanism of action and targets of antiseptics.
 2. Discuss the mechanisms of resistance to antiseptics.
 3. Describe the intrinsic and acquired mechanisms of an-

tiseptic nonsusceptibility.
 4. Discuss the mechanisms used to disseminate resistant 

determinants of antiseptics.

Semmelweis’s mandate that physicians wash examining fin-
gers with chlorine to prevent puerperal (childbed) fever pro-
vided the scientific evidence to justify the use of biocides in 
the practice of medicine.1 Biocides (antiseptics, disinfectants, 
preservatives, and sterilants) are now an integral component 
in the practice of clinical medicine and serve primarily to 
prevent the dissemination of nosocomial pathogens in the 
hospital environment.2 Antiseptics are used as surgical hand 
scrubs, healthcare personnel hand washes, preoperative skin 
preparations, and total body washes. Biocides are also used 
in vascular catheter-care site preparation and are impreg-
nated into catheters to prevent catheter related blood stream 
infections.3-5 Disinfectants are used to decontaminate or 
sterilize medical instruments and patient care items, while 
preservatives are used to prevent the growth of organisms 
in multi-use medical products, although not always suc-
cessfully.5,7 Biocides are also used in homes, restaurants, day 
care centers, and nursing homes for personal hygiene and 
to prevent cross-contamination of food-borne pathogens.8,9 
Intended use of biocides in these settings are not unlike 
those in the clinical setting: to prevent the dissemination of 
potential pathogens. However, as with antibiotics, increased 
use of biocides may contribute to the emergence and/or selec-
tion of pathogens less susceptible to biocides and resistant 
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to antibiotics.10,11 These observations suggest that antiseptics 
and antibiotics have common mechanisms of action and 
possible resistance.

The present article discusses the mechanisms by which bio-
cides exert their biological effect, mechanisms that influence 
their biological activity, and the possible consequences of these 
mechanisms in the clinical setting. Although the use of biocides 
in homes, restaurants, day care centers, and nursing homes is not 
discussed, the principles discussed regarding the use of biocides 
in clinical environments are generally applicable to the other 
environments since their strategic use is the same: the prevention 
of the dissemination of pathogens.12-14

BIOCIDE MECHANISMS OF ACTION
Biocide mechanisms of action are determined using the same 
methods used in the evaluation of the action of antibiotics. 
These methods include evaluation of the effects on intracellular 
components such as interactions with macromolecules and their 
biosynthetic processes, inhibition of oxidative phosphorylation, 
and interference with enzymes and electron transport. They 
also include effects upon membranes such as microscopic 
examination of cells exposed to biocides; effects on model 
membranes; and examination of uptake, lysis, and leakage of 
intracellular components.15 Since the methods used to assess 
the mechanism of action include evaluation of their effects on 
the membrane and intracellular components, these targets are 
used in our discussion. Although the antimicrobial spectrum of 
activity and efficacy of biocides is well documented, complete 
characterization of their mechanisms of action, especially at 
low concentrations, is lacking. Detailed discussions of the 
mechanisms of action of biocides are presented elsewhere.15,16

The cell wall of gram-positive bacteria is composed of a 
cytoplasmic membrane (CM), which overlies the cytoplasm 
and a thick peptidoglycan (PG) outer layer. Gram-negative 
bacteria add an outer membrane (OM), composed of 
lipopolysaccharides (LPS), lipoproteins, and proteins, 
separated from the CM by a periplasmic space.17

In gram-negative bacteria, the OM is critical in maintaining 
the cell wall’s integrity as a permeability barrier. The 
core region of the LPS is negatively charged, impeding 
permeability and reducing susceptibility to negatively 
charged antiseptics. Gram-negative bacteria are less sensitive 
to biocides than gram-positive bacteria because of the LPS 
layer. Anionic biocides, such as chlorhexidine, neutralize 
the negative charge and mediate changes in hydrophobicity 
of the OM thereby promoting uptake. Aldehydes such as 

glutaraldehyde, interact principally with OM lipoproteins 
by cross-linking with unprotonated amines resulting in loss 
of cell wall function. Cross-linking with thiol, sulphydryl, 
and amino groups also results in inhibition of protein, 
DNA, and RNA synthesis.16,18,19 

Biocides also disrupt the CM by dissipating the proton motive 
force (PMF) of efflux pumps, and interacting with CM 
enzymes.16 The PMF is a proton gradient across the CM that 
develops when the extracellular concentration of protons (H+) 
is greater than the intracellular concentration. Efflux pumps 
use the PMF by coupling biocide efflux to the counterflow 
of protons.16 Quaternary ammonium compounds and 
biguanides are thought to combine  with  CM phospholipids 
causing disruption and leakage of intracellular components.20,21 
Biocide mediated inactivation of CM proteins also occurs by 
inhibition of the electron transport chain and rapid denaturing 
of proteins.22,23 Once biocides penetrate the CM, they reach 
and inhibit the cellular anabolic functions by interacting  with 
DNA, RNA, and proteins.24,25 The interaction includes cross-
linking of thiol, sulphydryl, and amino groups by aldehydes; 
reactions with cysteine and methionine thiol groups of proteins 
and nucleotides by iodine; and sulfhydryl groups and double 
bonds by hydrogen peroxide .15,16

Thus biocides, unlike antibiotics, have multiple targets within 
the microbial cell. This multiple target effect is thought to 
contribute to their bactericidal activity and dictates against 
the emergence of resistance. However, recent studies suggest 
that mutation or overexpression of triclosan and chlorhexidine 
target sites produces nonsusceptible microorganisms.14,26-

29 These studies suggest that if an antibiotic and antiseptic 
have a similar mode of action, an organism with reduced 
susceptibility to the antiseptic may also exhibit resistance to the 
antibiotic. For instance, in Escherichia coli and Mycobacterium 
smegmatis, triclosan binds enoyl-acyl protein reductase, an 
enzyme involved in fatty acid synthesis.26  Certain strains of 
M. smegmatis have missense mutations in enoyl reductase 
genes; they demonstrate decreased susceptibility to triclosan as 
determined by minimum inhibitory concentration studies and 
also exhibit resistance to the antituberculosis drug isoniazid.30 
Conversely, a resistant strain originally selected on isoniazid is 
found to be triclosan non-susceptible. These studies point out 
a potentially disturbing clinical issue; if both the antiseptic and 
the antibiotic act on the same target site, then use of either 
compound may select for and confer resistance to the other.

In prior sections and the remainder of this article, the term 
nonsusceptible is used instead of resistance to describe the 
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action of biocides. In the clinical setting, the term resistant 
is frequently used with antibiotics and suggests that an 
organism exhibiting this phenotype is likely to result in 
clinical failure when the antibiotic is used. Currently, 
biocide susceptibility testing is performed with the 
methods developed for susceptibility testing of a systemic 
antibiotic. The interpretation of results may not correlate 
with the clinical efficacy of the biocide. Thus, to describe a 
microorganism as resistant to a biocide from susceptibility 
data derived in this manner does not parallel resistance to a 
systemic antibiotic. At present, interpretative criteria are not 
necessary for biocides and topical antimicrobial therapies 
because the concentrations used in clinical practice are 
substantially greater than the susceptibilty of pathogens to 
the biocide or antimicrobial.

In this review and for reasons previously discussed, non-
susceptibility to biocides, instead of resistance, is used 
to describe microorganisms not conforming to the 
susceptibility patterns of wild-type populations. Although 
the microorganisms are characterized as nonsusceptible by 
in vitro testing and molecular methods, microorganisms 
appear to remain susceptible to approved concentrations 
of biocides when used as directed in the product label. 
Regulatory agencies use in vitro and surrogate clinical 
simulation studies that mimic use conditions to assess the 
efficacy of topical antiseptics. However, the ability of these 
surrogate tests to predict efficacy in clinical settings requires 
validation with clinical trials.31

MECHANISMS OF NONSUSCEPTIBILITY 
TO BIOCIDES
Antiseptic nonsusceptibility mechanisms may be conve-
niently divided into intrinsic and acquired.8,15,32

Intrinsic nonsusceptibility to biocides
Intrinsic nonsusceptibility is mediated by impermeability; 
efflux, particularly in gram-negative bacteria; biofilms ; and 
enzyme inactivation. Impermeability is influenced by the 
composition of the cell wall and physiologic adaptation of 
the microorganism to its environmant.8 Among bacteria, 
biocide sensitivity is based on the permeability of the 
biocide through the cell wall, gram-positive bacteria being 
more sensitive to biocides, followed by mycobacteria and 
gram-negative bacteria, the least sensitive.33

Gram-negative bacteria are generally less susceptible to 
biocides because of their complex cell wall, which is composed 
of the inner CM and associated efflux pumps, peptidoglycan, 

and an OM with associated LPS components. The OM 
also contains hydrophilic channels, porins that regulate the 
passage of solutes.34 The main component responsible for the 
impermeability of the OM is the LPS. Change in cell wall 
expression or structure leads to increased nonsusceptibility 
of gram-negative bacteria to biocides.33 LPS is the primary 
barrier to the penetration by hydrophobic molecules to the 
phospholipids and to the cell interior. Pseudomonas aeruginosa 
and Providencia stuartii show high-level nonsusceptibility to 
biocides. This capability may be associated with differences in 
LPS composition and cation content in the OM, and subtle 
changes within the structural envelope, respectively.35,36  In 
addition, hydrophilic molecules pass readily into gram-
negative bacteria but exposure of P. aeruginosa and E. coli 
to biocides results in porin loss and subsequent decreased 
susceptibility to biocides.34

Efflux pumps are transporter proteins involved in the removal 
of toxic substances from the interior as discussed in the 
companion article on antibiotic resistance. Efflux pumps are 
found in gram-positive and gram-negative bacteria and are 
specific for a single drug or substrate while others are capable 
of transporting multiple substrates. Multidrug efflux pumps 
showing wide specificity to biocides, dyes, detergents, and 
antibiotics are found in gram-negative bacteria .37 In E. coli, 
the Acr AB efflux system belongs to the multidrug efflux 
system family, resistance-nodulation-division (RND), and 
acts as a transporter of a range of biocides and antibiotic 
substrates. Upregulation of acrAB is mostly a property 
of the multiple antibiotic resistance activator (MarA). 
Environmental stimuli can increase expression of MarA 
resulting in elevated levels resulting in nonsusceptibility.37 
Biocides such as pine oil stimulate reduced susceptibility 
not only to pine oil but also to clinically useful antibiotics. 
Mutations found in the multiple antibiotic resistance 
repressor (MarR), allow expression of MarA and activation 
of the efflux pump acrAB resulting in reduced susceptibility 
not only to pine oil but also to triclosan.37,38

Physiologic adaptation resulting in nonsusceptiblity to 
biocides is usually encountered as a biofilm in the clinical 
setting especially with indwelling medical devices or 
contaminated products.39 A biofilm is a microbiological 
community of sessile organisms irreversibly attached to 
a surface and embedded in a self-produced polymeric 
extracellular matrix. The organisms of a biofilm exhibit an 
altered growth rate.39 The nonsusceptibility of bacteria in 
biofilms to biocides is caused by numerous factors including 
nutrient depletion within the biofilm resulting in altered 
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growth rates, binding of the biocide to the biofilm, and 
neutralization or degradation of the biocide.39

Degradation or inactivation, via enzymatic mechanisms, 
has been reported for formaldehyde, chlorhexidine, and 
quaternary ammonium compounds but at concentrations 
below those used in clinical practice.8,12 Thus the clinical 
significance of this mechanism may be its importance in 
selecting bacterial species capable of hyperexpressing these 
enzymes and serving as reservoirs for their dissemination if 
plasmid mediated.

Acquired nonsusceptibility to biocides
Acquired nonsusceptibility to biocides can occur by mutation 
of target site, overexpression of the target site, and plasmid 
mediated efflux.8,9,15

In gram-negative bacteria, studies that describe changes in 
permeability leading to acquired biocide nonsusceptibility 
suggest target site mutation.38 Although the changes leading 
to biocide nonsusceptibility have not been fully characterized 
at the genetic or molecular level, the phenotypic observa-
tions described suggest changes in the outer membrane fatty 
acid and protein composition, ultrastructure, and surface 
hydrophobicity.19,39

Studies with triclosan, a bis-phenol found in many products, 
describe a defined target site, and by mutation or hyper-
production of this site, non-susceptible microorganisms are 
isolated.14,40-42 In E. coli, triclosan binds enoyl-acyl protein 
reductase (Fab1), an enzyme involved in fatty acid synthesis.43 

A similar mechanism of action is described for M. smegmatis, 
where strains with enoyl reductase missense mutations have 
decreased susceptibility to triclosan and resistance to the 
antituberculosis drug isoniazid.30 Conversely, the same study 
found that a resistant strain originally selected on isoniazid 
was also triclosan non-susceptible. These studies provide evi-
dence that the antiseptic and the antibiotic act on the same 
target site and the emergence of resistance to one compound 
counter-selects for resistance to the other compound.

As previously discussed, efflux pumps can mediate intrinsic 
nonsusceptiblity to biocides. In addition, studies reveal a 
mechanism of enhanced nonsusceptibility to antiseptics 
mediated by overexpression or mutation of regulatory re-
gions of genes of multidrug efflux pumps.44-46 Mutation of 
the repressor/operator region controlling efflux pump gene 
expression (MarA), or mutation of the efflux pump structural 
gene, results in either enhanced efflux or reduced affinity to 

the antiseptic for the efflux pump.44,45 Efflux is responsible for 
low-level nonsusceptibility to cationic biocides in antibiotic 
resistant cocci and in gram-negative bacteria.

Plasmid-associated nonsusceptibility in staphylococci has 
been demonstrated for cationic biocides such as chlorhexidine 
gluconate and quaternary ammonium compounds.11,15 S. aureus 
and coagulase-negative staphylococci isolated from human and 
veterinary sources were evaluated and shown to carry multidrug 
resistant plasmids conferring nonsusceptibility to biocides 
and antibiotics.47-49 The qacA, B, C, and D genes encoding 
multidrug efflux pumps mediated the nonsusceptibility. The 
multidrug resistant determinants qacA-G encode proton-
dependent export proteins and have significant homology to 
other energy dependent transporters such as those found in 
tetracycline exporter mediated resistance.12 Although evidence 
of plasmid-borne biocide resistance in gram-negative bacteria 
is limited, plasmid-encoded changes suggest alterations of the 
OM proteins, and composition of the OM LPS and reduced 
expression of porins.12

Consequences of reduced susceptibility to biocides
The nonsusceptibility of microorganisms to biocides and 
the targets some biocides share with antibiotics is of clinical 
concern because antibiotics are important armaments in 
the treatment of disease. The concern is primarily the use 
of biocides in non-clinical environments and the impact 
such use has on the selection of pathogens cross-resistant to 
therapeutically useful antibiotics.10,14,50 There are two distinct 
issues that arise from these observations. The first is whether 
the development of nonsusceptibility to biocides by nosoco-
mial pathogens, skin flora, and other microorganisms results 
in decreased efficacy of the topical biocides used in homes, 
restaurants, day care centers, nursing homes, and healthcare 
settings. Biocides, when used as disinfectants and sterilants, 
are used at concentrations substantially higher than levels 
required to show bactericidal effects. Concentrations of 
skin antiseptics and preservatives, although lower than dis-
infectants and sterilants, also demonstrate bacteriostatic and 
bactericidal effects versus nonsusceptible vegetative patho-
gens. Although mechanisms resulting in nonsusceptibility to 
biocides are observed in laboratory studies, clinical evidence 
has not emerged that combinations of intrinsic and acquired 
mechanisms of nonsusceptiblity result in clinical failure of 
biocides when used at recommended concentrations.51 How-
ever, we must consider that biocide concentration decreases 
to sub-therapeutic concentration as we progress away from 
their point of use and this may provide the environment and 
selective pressure for nonsusceptible microorganisms.
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The second issue is the consequence to the medical community 
of biocides that select for nonsusceptible microorganisms that 
are cross-resistant to antibiotics.10,11,14,51 If biocide nonsusceptible 
organisms that are cross resistant to important antibiotics emerge 
in clinical and domicile environments, we create an undesirable 
outcome: a microorganism that may not be treatable in the 
clinical setting. The use of the biocide triclosan in the domicile 
environment may explain the emergence of community acquired 
methicillin-resistant S. aureus (caMRSA).10,14 The emergence of 
caMRSA is not associated with the risk factors normally seen in 
the emergence of antibiotic resistance and suggests that other, 
previously unidentified risk factors, such as use of triclosan, 
may be responsible.51 Since triclosan is also used in the clinical 
environment, the in vitro susceptibility of methicillin-resistant 
S. aureus  and S. epidermidis to triclosan suggests that MRSA 
isolates do not have higher minimum inhibitory concentrations 
(MICs) to triclosan when compared to wild-type populations. 
However, S. epidermidis does, suggesting a possible association 
between the use of triclosan and selection for a nonsusceptible 
subpopulation.52,53 Thus, the in vitro observations do not sup-
port the proposed hypothesis.

Clearly, nature is conservative in the application of strategies 
that enhance survival of living organisms. Therefore, it is 
reasonable to expect that existing survival strategies, e.g., an-
tibiotic resistance, may be applicable to other toxic molecules, 
e.g., biocides encountered by microorganisms. Mutants of M. 
smegmatis, whether selected on triclosan or isoniazid, showed 
cross-resistance to both drugs via mutation of the inhA gene.30 
The published literature suggests that microorganisms adapt the 
same strategies in dealing with the toxic effects of antibiotics 
and biocides. For example, the same mechanisms that mediate 
resistance to antibiotics, i.e., efflux, changes in target site, and 
impermeability are the mechanisms used to produce nonsus-
ceptibility to biocides.8,12,15,30,40     

In addition, mechanisms mediating nonsusceptibility by 
efflux i.e., qacA-G, are found on plasmids; the same evolu-
tionary strategy used by bacteria to disseminate antibiotic 
resistant determinants.48,49 From the pathogens’ perspective, 
the acquisition of plasmids mediating biocide nonsusceptibil-
ity and antibiotic resistance is a desirable survival strategy. 
These parallels between nonsusceptibility to biocides and 
antibiotic resistance demonstrate that evolution is a conser-
vative yet dynamic process and when successful strategies 
evolve, microorganisms adapt these strategies to counter 
toxic environments. Thus, it is logical that if the mechanism 
of action of the antibiotic and the antiseptic are the same, 

cross-resistance is likely to occur. In addition, if the biocide 
and antibiotic resistant determinants are resident in the same 
host, then exposure of the host to either the biocide or the 
antibiotic counter-select for the other mechanism.

There is concern that inappropriate use of biocides may result in 
the selection of antibiotic resistant pathogens. Increased selection 
pressure by antibiotics and biocides will result in population 
shifts to less susceptible organisms. But, we must also realize 
the importance of biocide use in the clinical and domicile 
environments. Semmelweis documented the importance of 
antiseptics in clinical medicine; the importance of biocides in the 
domicile environment remains to be determined. The current 
debate appears to focus on the justification for the prevalence 
of biocide containing products in domicile environments and 
the consequences such uses may have on selection of antibiotic 
resistant resident and transient microorganisms. Laboratory 
studies have shown the potential for cross-resistance between 
antiseptics and some antibiotics, prompting professional orga-
nizations to question the benefit of antimicrobial impregnated 
household products, and to warn of  potential for the emergence 
of antiseptic mediated resistance to useful antibiotics.54,55 Im-
plied in this concern is acknowledgement that biocides are an 
important and critical component of the practice of medicine 
and the healthcare community. As with antibiotics, we must 
use biocides in a conservative and beneficial manner to assure 
their continued usefulness.

CONCLUSION
Biocides are an integral and necessary component of the clini-
cal strategy used to prevent the dissemination of nosocomial 
infections in the clinical community. Their efficacy is well 
documented. Unlike antibiotics, the mechanism of action of 
biocides remains poorly characterized. The published litera-
ture accepts that biocides have multiple target sites with use 
concentrations resulting in bactericidal effects. However, the 
use of subtherapeutic concentrations may allow the identifi-
cation of specific targets. Characterization of the target sites is 
necessary to understand whether single target sites exist and 
the relationship of these targets in the selection of resistance 
to important antibiotics. In addition, surveillance studies 
are needed to understand the prevalence of mechanisms of 
nonsusceptibility to biocides in the microbial community. 
By applying the same epidemiological tools used to monitor 
antibiotic resistance to monitor changing susceptibility pat-
terns to biocides, we can then make reasonable risk/benefit 
decisions regarding the potential implications of biocide use 
and the emergence of antibiotic resistance.
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