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B

iocides (disinfectants) play a critical role in controlling the
spread of environmentally transmitted pathogens in health
care and food-processing environments, as well as in the home.
This review looks at a class of antimicrobials called quaternary
ammonium compounds (QACs), with emphasis on understanding how formulations impact efficacy against target organisms
and on the significance of resistance and cross-resistance with antibiotics in actual in-use applications.
The quaternary nitrogen moiety occurs naturally in living systems, where it plays an important role in various biological processes (1). The first synthesis and recognition of their antimicrobial activity occurred almost 100 years ago (1), but it was not until
after World War II that QACs came into widespread use. Today,
they are used in numerous consumer products and in the food and
health care industries for cleaning, sanitizing, and disinfecting
surfaces. Their low toxicity and ability to be formulated for specific applications and target organisms help account for their
widespread use.
QACs are cationic detergents (surfactants or surface-active
agents). They reduce surface tension and form micelles, allowing
dispersion in a liquid. The basic QAC structure is show in Fig. 1.
The cation portion consists of the central nitrogen with four
attached groups, which occur in a variety of structures (2). The
negatively charged anion portion (X⫺) is usually chlorine or bromine and is linked to the nitrogen to form the QAC salt. QACs are
further classified on the basis of the nature of the R groups, which
can include the number of nitrogen atoms, branching of the carbon chain, and the presence of aromatic groups. These variations
can affect the antimicrobial activity of the QAC in terms of dose
and action against different groups of microorganisms. Examples
of the structures of three common QACs are shown in Fig. 2. The
length of the R groups can also greatly affect their antimicrobial
activity. Methyl group lengths of C12 to C16 usually show the greatest antimicrobial activity.
Many antimicrobial products contain mixtures of QACs and
other adjuncts to increase their efficacy or to target a specific
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group of organisms (3). The wide variety of chemical structures
possible with QACs has allowed an evolution of their effectiveness
and an expansion of their applications over the last century (Table
1). This has resulted in a continued increase in efficacy while reducing costs and lowering toxicity (1).
Mechanism of action. QACs are membrane-active agents interacting with the cytoplasmic membrane of bacteria and the
plasma membrane of yeast. Their hydrophobic activity also makes
them effective against lipid-containing viruses. QACs also interact
with intracellular targets and bind to DNA (4). They are also effective against non-lipid-containing viruses and spores, depending on the product formulation (Table 2). At low concentrations
(0.5 to 5 mg/liter) they are algistatic, bacteriostatic, tuberculostatic, sporostatic, and fungistatic. At concentrations of 10 to 50
mg/liter, they are microbicidal for these same groups, depending
upon the specific organism and formulation (1).
McDonnell proposed the following series of events involved in
the action of QACs against microorganisms: (i) QAC adsorption
to and penetration of the cell wall; (ii) reaction with the cytoplasmic membrane (lipid or protein), followed by membrane disorganization; (iii) leakage of intracellular lower-weight material; (iv)
degradation of proteins and nucleic acids; and (v) cell wall lysis
caused by autolytic enzymes (2).
Various formulations of QACs have been shown to be active
against a wide variety of microbial types, as shown in Table 2.
Assessment of QAC activity. In the United States, the Envi-
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Quaternary ammonium compounds (QACs) are among the most commonly used disinfectants. There has been concern
that their widespread use will lead to the development of resistant organisms, and it has been suggested that limits should
be place on their use. While increases in tolerance to QACs have been observed, there is no clear evidence to support the
development of resistance to QACs. Since efflux pumps are believe to account for at least some of the increased tolerance
found in bacteria, there has been concern that this will enhance the resistance of bacteria to certain antibiotics. QACs are
membrane-active agents interacting with the cytoplasmic membrane of bacteria and lipids of viruses. The wide variety of
chemical structures possible has seen an evolution in their effectiveness and expansion of applications over the last century, including non-lipid-containing viruses (i.e., noroviruses). Selection of formulations and methods of application have
been shown to affect the efficacy of QACs. While numerous laboratory studies on the efficacy of QACs are available, relatively few studies have been conducted to assess their efficacy in practice. Better standardized tests for assessing and defining the differences between increases in tolerance versus resistance are needed. The ecological dynamics of microbial communities where QACs are a main line of defense against exposure to pathogens need to be better understood in terms of
sublethal doses and antibiotic resistance.
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TABLE 1 Evolution of quaternary ammonium disinfectants
Generation (yr)

Compound(s)

1st
2nd

Benzalkonium, alkyl chains, C12 to C18
Aromatic rings with hydrogen and chlorine, methyl and
ethyl groups
Dual QACs; mixture of alkyl dimethyl benzyl
ammonium chloride (lower toxicity)
Dialkylmethyl aminos with twin chains
Synergistic combinations of dual QACs
Polymeric QACs
Bis-QACs with polymeric QACs

3rd (1955)
4th
5th
6th
7th

FIG 1 Basic structure of QACs.

Numerous studies on the efficacy of disinfectants against this
virus have been conducted (Table 3); mouse norovirus and feline
calicivirus are the most commonly used surrogates. The U.S. EPA
has used the feline calicivirus for registration of efficacy against
human norovirus (10). While mouse norovirus has been shown to
be more resistant to some environmental factors and disinfectants
than the feline calicivirus is, a meta-analysis of existing studies
suggests that the differences are modest (6).
Table 3 lists studies showing formulations registered for norovirus efficacy. When registered QAC formulations were used, efficacy was demonstrated (11, 12). Efficacy is also dependent not
only on the target organism(s) but also on the method of application. Bolton et al. compared a hydraulic spray apparatus and a
robotic wiping device for sanitizing produce surfaces (11). It was
found that the QAC was more effective than chlorine bleach (11)
in the spray apparatus but not in the robotic wiping device. This
emphasizes that application methods have to be considered in the
assessment of any disinfectant.
While numerous laboratory studies on the efficacy of QACs are
available (1), relatively few studies have been conducted to assess
efficacy in practice. The use of sanitizers is important to reduce the
chance of cross contamination of foods during preparation (13).
The use of a QAC spray disinfectant in household kitchens was

FIG 2 Examples of some common QACs.
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ronmental Protection Agency (EPA) is responsible for the registration of all disinfectants. Standardized tests to assess both the
bacteriostatic and disinfectant capabilities of products are available (1). This usually includes the testing of both a Gram-negative
and a Gram-positive bacterium before the product can be registered. For claims against a specific organism, tests must be conducted with the specific organism to ensure its efficacy.
Numerous studies on QAC efficacy in various applications and
against specific organisms have been published. Unfortunately,
several neglected to determine if the product had been registered
for that specific organism or application. In some cases, purified
QACs from a chemical supplier or unidentified source were used
rather than formulations designed for a specific organism or application (5), leading to generalized statements that QACs overall
are not effective against the target organism. Compounding the
problem is the inability of some organisms to grow in the laboratory, requiring the use of surrogates or molecular methods for
assessment of product efficacy (6). This has become most evident
in the case of norovirus (6).
Norovirus is believed to be the most common cause of foodborne illness in the United States and has caused numerous outbreaks on cruise ships, in hospitals, and in educational institutions
(7, 8). Environmental transmission via contaminated hands and
fomites is believed to be a major route of transmission (9). Norovirus is also transmitted by contaminated food and water and via
aerosols formed from vomit or diarrhea.

Minireview

TABLE 2 Spectrum of action of QAC formulations against
microorganisms

TABLE 4 Factors in QAC selection
Remarks

Environment
Organic load
Temp
Time

Liquid, fomite, clinical specimen, food surface, product
Heavy organic loads may require greater concentrations
Greater activity at higher temp
Some organisms are inactivated within 2 min; others
require ⱖ10 min
QACs have been formulated for specific applications
and organisms; these are combinations of QACs or
QACs with other ingredients added to enhance
efficacy
Lower concn has a static effect on growth, while higher
concn is microbicidal
QACs can be formulated for specific applications and
target organisms

Reference

Bacteria
Gram⫹/Gram⫺
Mycobacterium
Bacillus spores
Listeria monocytogenes
Antibiotic resistant

1
41
41
42
36

Viruses
Enteroviruses
Rotavirus
Norovirus
Influenza virus
Hepatitis A virus

36
43
11
1
44

Concn

Protozoa
Acanthamoeba polyphaga (trophozoites)
Cryptosporidium parvum

45
46

Fungus Trichophyton mentagrophytes (spores)

41

Algae

1

The method of application of any disinfectant including QACs
is important to ensure the proper dosage. For example, the effective dose of the QAC can be compromised by combination with
cotton mops and cleaning towels (19, 20). QAC concentrations
can be reduced by 50 to 83% by cotton and microfiber cloths (20,
21). Thus, it is important that proper concentrations, as indicated
on product labels, be used and monitored. Another option is using
disposable disinfecting wipes or other ready-to-use products to
deliver an effective concentration of the QAC (15).
The selection of a QAC or any biocide for a particular application requires an understanding of the factors listed in Table 4.
Resistance. The term resistance is used to indicate the insusceptibility of a microorganism to a particular treatment under a
given set of conditions. Gilbert and McBain lamented the tendency in the disinfection field to use the term “resistant,” even
where changes in the dose of disinfectant needed to kill or inhibit
the organism was insufficient, resulting in treatment failures (22).
Tolerance may be the preferred term to describe any MIC increases, rather than resistance, which implies that the disinfectant
can no longer be used for a specific application. It is to be expected
that some tolerance among some types of bacteria might occur
with the long-term use of QACs. While it is often implied that
their continued use will result in the development of resistance,
this is not the case. The nonspecific action of QACs makes the
development of resistance unlikely (22), and several recent reviews support this conclusion (20, 23–25). The multitarget nature
of QACs means that mutation within a single target is unlikely to
result in a treatment failure. The MIC increases that occur are
much smaller than those seen with antibiotics (26). It has been
suggested that rotating different QAC formulations in health care
or other settings would reduce this probability, but at this time,
there is no evidence that this practice is needed (24). In the home
environment, bacteria isolated from sink drains were found to
have reduced susceptibility to QACs but no resistance was observed (3).
Because of their low toxicity, QACs are extensively used in food
processing and the food service industry. Several recent studies
have focused on the potential for the development of resistance
among bacterial pathogens. A recent example of this is in the use
of QACs to control Listeria in the food industry, where several
studies have reported the occurrence of Listeria resistance to
QACs (27, 28). Increases in MICs were reported, but the MICs
were still below those used in practice. Differences in the occur-

found to significantly reduce the total numbers of staphylococcal
and Pseudomonas aeruginosa bacteria (14). No Salmonella or
Campylobacter bacteria were detected after the use of the QAC.
Another study in household kitchens and bathrooms found that a
QAC wipe reduced total bacterial numbers by 99.9% overall (15).
A study involving 30 households in Mexico showed that the use of
a QAC product statistically significantly reduced the occurrence of
Escherichia coli on countertops over the 5 weeks of the study (16).
In a study conducted in an elementary school, the use of QACbased disinfectant wipes once a day on the desk of each student
reduced absenteeism by almost 50% (17). During an outbreak of
norovirus in a school, a QAC was found not to have stopped virus
transmission, but a nonregistered product for norovirus had been
used (18).
TABLE 3 Studies on the efficacy of QACs against norovirus
Finding and
reference

Product

Norovirus
registereda

Test
virus(es)b

Not effective
47
48
49
50
51
52

Pinoclean
BAC
Dual QACs
DIDAC, BAC
Oasis 146
Bardac 208 M

No
No
No
No
No
No

FCV
FCV
MNV, noro
FCV, noro
MNV, noro
MNV

Effective
12
53
54
55
11

R-82
BAC
BAC
BAC
Alpet D2

Yes
?
?
?
Yes

FCV
FCV
FCV
FCV
MNV

a

Remarks

Fabrics, carpetsc
Stool specimensc

Hand rub

U.S. EPA, 2009 (10).
FCV, feline calicivirus; MNV, mouse norovirus; noro, human norovirus assessment
by molecular methods; BAC, benzalkonium chloride.
c
QACs are not designed for decontamination of stool specimens or fabrics.
b
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Factor

Organism(s)
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CONCLUSIONS

In conclusion, it is important to recognize that many factors have
to be considered carefully in selecting a QAC or any other disin-

January 2015 Volume 81 Number 2

fectant or sanitizer. Every QAC formulation has its advantages
and disadvantages for a particular situation. Selecting formulations registered for a particular pathogen is crucial. It is also important to recognize that observed effects in laboratory studies of
small increases in tolerance to some QAC formulations and association with antibiotic resistance have to be balanced against the
benefits to public health from their use. QAC chemistry is a continually evolving area, with new product formulations appearing
in the market to meet challenges posed by emerging pathogens.
Appropriate use of QACs in food processing and food service,
schools, health care facilities, and the home can significantly impact health by reducing the number of infections. Better standardized tests for assessing and defining the differences between increases in tolerance versus resistance are needed. The ecological
dynamics of microbial communities where QACs are a main line
of defense against exposure to pathogens need to be better understood in terms of sublethal doses and antibiotic resistance. At this
time, there appears to be no reason for the restricted use of QACs
based on increases in tolerance or induction of efflux pumps.
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rence of increased MICs have been reported to vary greatly from
food processing plant to food processing plant, but it was suggested that these differences may be due to sublethal disinfectant
concentrations or other-less than-optimal hygiene practices
(29–31). Kastbjerg and Gram pointed out that while MIC increases are seen in food processing, high acquired tolerance is rare,
and that disinfectants are still effective for controlling foodborne
pathogens such as Listeria monocytogenes (25). In a laboratory
study of the impact of disinfectants on the tolerance of Salmonella
to several different biocides, it was found that there was no development of cross tolerance among the different disinfectants studied, including a QAC (32). It was also found that the increases in
tolerance were not phenotypically stable.
A review of resistance to biocides used in the health care industry concluded that there was no clear evidence to support the
development of resistance to QACs or other biocides (24). Under
in-use conditions, most problems turn out to be related to pseudoresistance or user error, such as overdilution or incorrect handling of the product (20, 23, 24).
Cross-resistance to antibiotics. Efflux pumps act to exclude
substances damaging to the microbial cell. Efflux pumps can be
induced by many substances besides biocides or antibiotics, including common household chemicals and natural products (26).
In some cases, efflux pumps account for the resistance of bacteria
to certain antibiotics. Thus, it has been suggested that activation of
efflux pumps by biocides enhances antibiotic resistance in bacteria
(30, 33).
Studies examining the use of biocides and antibiotic resistance
in household drains and in the health care environment and in
industry have not observed any antibiotic-resistant bacteria in
greater numbers in areas where biocides had been employed than
in areas where they had not been used (34).
Several studies have shown no relationship between antibiotic
resistance and the use of disinfectants (including QACs) in the
home (35–37). In one study, samples of fomites in the kitchen and
bathroom were collected from homes that used disinfectants and
those that did not. No antibiotic cross-resistance was shown in the
target bacteria recovered from the homes of disinfectant product
users and nonusers (38). For Gram-positive bacteria resistant to
one or more antibiotics, the greatest number was found in the
nonuser group. It was also observed that while antibiotic multiresistance was common in households, there was no significant difference between homes that used disinfectants (including QACs)
and those that did not.
The American Medical Association has called for the removal
of agents in hygiene cleaning products that have exhibited induction of antibiotic resistance, and European regulations have suggested restricting the use of numerous active substances (39). Current evidence does not appear to justify such action. Lack of
testing protocols and a definition of the minimal disinfectant concentration that affects antibiotic resistance for a defined strain are
not established at present. Clearly, quantitative-risk-based approaches, such as those recently suggested by Ashbolt et al., are
needed before any recommendations for limitations on the use of
biocides important in reducing exposure to pathogens are considered (40).
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