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Objectives: To summarize available data on the effec-
tiveness of antimicrobial ingredients in consumer prod-
ucts such as hand lotions and soaps and to discuss the
implications of such use on antimicrobial resistance.

Data Sources: We searched the MEDLINE database,
1966 to 2001, using the search term resistance qualified
with the terms consumer product(s), OR soap, OR lotion,
OR triclosan, and LexisNexis and the World Wide Web
using the search strategy antimicrobial resistance AND
consumer product.

Data Extraction: English-language articles were se-
lected that provided information on the use of antimi-
crobial ingredients in consumer products and the effect
of this use on antimicrobial resistance.

Data Synthesis: Despite the recent substantial
increase in the use of antimicrobial ingredients in con-
sumer products, the effects of this practice have not
been studied extensively. No data support the efficacy

or necessity of antimicrobial agents in such products,
and a growing number of studies suggest increasing
acquired bacterial resistance to them. Studies also sug-
gest that acquired resistance to the antimicrobial agents
used in consumer products may predispose bacteria to
resistance against therapeutic antibiotics, but further
research is needed. Considering available data and the
critical nature of the antibiotic-resistance problem, it is
prudent to avoid the use of antimicrobial agents in con-
sumer products.

Conclusions: The use of common antimicrobials for
which acquired bacterial resistance has been demon-
strated should be discontinued in consumer products un-
less data emerge to conclusively show that such resis-
tance has no effect on public health and that such preducts
are effective at preventing infection. Ultimately, antibi-
otic resistance must be controlled through judicious use
of antibiotics by health care professionals and the public.
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NTIMICROBIAL resistance
has been a major public
health issue for many
years, and many aspects of
this issue have been ad-

use of antimicrobial agents in consumer
products and resistance, and these 43 were
examined further. Additional references
were culled from the bibliographies of these
43 pertinent references. We also searched
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dressed in expert reviews and guide-
lines."""' Herein we consider whether the
use of antimicrobial agents in consumer
products such as antibacterial hand lo-
tions and scaps might be a significant
source of antimicrobial resistance with
negative implications for public health.

METHODS

We conducted literature searches in the
MEDLINE database {or articles pub-
lished between 1966 and 2001 using the
search term resistance qualified with the
terms eonsumer product(s), OR seap, OR
lotion, OR triclosan and found 104 refer-
ences. Forty-three English-language refer-
ences contained infermation relevant to the

For editorial comment
see page 1087

LexisNexis news databases and the World
Wide Web for current developments us-
ing the search strategy antimicrobial resis-
tance AND consumer product.

ANTIMICROBIAL INGREDIENTS
USED IN CONSUMER PRODUCTS

Many types of antimicrobial ingredients are
used in antiseptics (products that prevent
infection by inhibiting the growth of infec-
tious agents) and disinfectams (products
that prevent infection by destroying or in-
hibiting the growth or activity of infec

1082

WWW ARCHDERMATOL.COM

Downloaded from www.archdermatol.com at CDRH Library HFZ 46 Rm 030, on September 1, 2005
©2002 American Medical Association. Al rights reserved.



Antimicrohial Agents Commonly Used as Ingredients in Consumer Products

Product

Applications

Antimicrobial Activity/Mechanism

Anilides, primarily triclocarban

Bis-phenols, primarily triclosan

Quaternary ammonium compounds
{QACs), primarily cetylpyridium
chleride and cetrimide

Biguanides, primarily chorhexidine

Soap, deodorant

Taothpaste, mouthwash, handwash,
hand lotion

Disinfectants, antiseptics

Antiseptic products (eg, mouthwash,

handwash)

Triclocarban is active against gram-positive bacteria; it
demonstrates limited activity against gram-negative bacteria
and fungi.*2 Triclocarban is balieved to work by destroying the
selectively permeable nature of the bacterial cell membrane,
resulting in celf death.'

Triclosan has primary activity against gram-positive bacteria,
with less efficacy against gram-negative bacteria and fungi
{may ba improved by farmulation effects).'** It exerts
antimicrobial effects by inhibiting bacterial fatty acid synthesis
at the enayl-acyl carrier protein reductase step.’**

QACs are believad to work by disrupting the structurat and
functional characieristics of the cell memkbrane'; far example,
cetrimide disrupts the proton motive force of the bacterial cell
merrbrane required for solute transport and generation of
adenaosine triphosphate at the cell membrane.' These
compounds inhibit the growth of bacterial spores by an as yet
unknown mechanism.

Chlorhexidine has a broad spectrum of activity and is effective
against mycobacteria and nonsporulating bacteria, but it also
inhibits spere growth, yeast, and protozea."” its broad
antimicraobial effect is due to its disruption of the cyteplasmic

or inner membrane of the bacteria, resulting in a loss of
membrane patential'®; in yeast, it aitacks the plasma
membrane. '

tious agents on and in any surface).
These include the alcohels, alde-
hydes, biguanides, anilides, halo-
gen-releasing agents, quaternary
ammorium compounds {QACs), per-
oxygens, bis-phenols, and many oth-
ers.'? Tlerein, we focus specifically on
the ingredients commenuly used in
topical, over-the-counter antimicro-
bial consumer products such as spaps
and lotions. These ingredients are pri-
marily anilides (such as triclocar-
ban), bis-phenols'>* (particularly tri-
closan), QACs (such as cetylpyridium
chloride), and to a lesser extent the
biguanides'™* (particularly chlorhex-
idine) (Table).!? These products are
to be distinguished from the thera-
peutic antibiotics, such as the fluo-
roquinolones and cephalosporins,
which are used 1o weat pathogenic
bacterial infections in humans.

BENEFITS OF ANTIMICROBIAL
USE IN CONSUMER
PRODUCTS

Scientific data are lacking to indi-
cate that use of these antimicrobial
ingredients in consumer products
such as hand care products, soaps,
and food preparation products has
any proven infection-prevention
benefit.!**" Despite this lack of data,
more than 45% of consumer soaps
contain an antimicrobial agent.™ In

preparing its position statement on
the use of antimicrobial household
products, the Association for Pro-
fessionals in Infection Control and
Epidemiology (APIC) performed a
systematic search ol the current lit-
erature and analyzed data provided
by as many as 11 companies.” A
nonprofil, international organiza-
tion, APIC is recognized for its lead-
ership in infection control, with
more than 110 regional chapters in
the United States and more than
12000 members worldwide. The
APIC Guidelines Commitlee con-
cluded that “the literature yielded no
scientific data supporting the use of
antimicrobial agents in household
products as a means (o prevent in-
fection.”’® Additionally, the Com-
mittee stated that data supplied by
manufacturers in response to APIC's
request [or information did not sub-
stantiate product label claims.*' The
APIC Position Statement on the use
of antimicrobial household prod-
ucts concludes that “there is no
proven infection benefit in the use
of these products. APIC does not ad-
vocate the use of antimicrobial
household products which are mar-
keted with the implication of pre-
venting infections.”"”

However, stgnilicant data exist
to indicate that use of antimicrobial
wash products conaining some of the

antimicrobial ingredients described
above (eg, triclosan, chlorhexidine)
has an important role in preventing
nosocomial infections in clinical set-
tings such as hospitals, nursing
homes, and neonatal nursery facili-
ties.' 122 These studies suggest that
when used properly, these antimi-
crobial agents significantly decrease
the incidence of infection caused by
a variety of gram-positive bacteria
and, in the case of chlorhexidine,
fungi. Itis important to note that the
patterns of use of these antimicro-
bial agents in the clinical setting are
dramatically different from those in
the consumer environment and thus
efficacy in the clinical environment
will not necessarily translate to effi-
cacy for the consumer.

RESISTANCE TO
ANTIMICROBIAL
INGREDIENTS USED IN
CONSUMER PRODUCTS

Resistance to antimicrobial prod-
ucts can occur via 2 mechanisms. In-
trinsic resistance is due to a naiural
property of the organism and there-
fore is an innate characteristic of the
microbial genome.*** Acquired re-
sistance, which is the form of signifi-
cant COMCern, occurs via mutation or
by acquisition of a plasmid or trans-
posable element carrying the gene(s)
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for resistance. Thus, the natural re-
sistance of gram-negative bacteria to
many antimicrobial agents because of
the barrier properties of the outer
membrane is an example of intrin-
sic resistance, while the acquisition
of multidrug resistance by Salmo-
nella is an example of acquired resis-
tance. Since the effect of antimicro-
bial resistance on public health results
primarily from acquired resistance,
this report considers only acquired
resistance issues with respect to the
antimicrobial ingredients used in
consumer products.

Itis important tonote that meth-
ods of antimicrobial use differ be-
tween consuiner and therapeutic ap-
plications, and so the therapeutic
standard of measuring resistance may
be inappropriate {or consumer prod-
ucts. Thus, measurement of the mini-
murm inhibitory concentrations is not
always appropriate. In fact, while an
increase of an antibiotic’s minimum
inhibitory concentration will have sig-
nificant therapeutic consequences
such as treatment failure, similar
minimum inhibitory concentration
increases in antiseptic consumer
products do not always coincide with
faiture. 123 Additionally, studies of
bacterial resistance to the antimicro-
bial ingredients used in consumer
products are limited in number and
are hindered by technical difficul-
ties associated with the methods used
to determine resistance Lo these agents
because of their mode of action and
patterns of use.'** For example, while
antibiotics are prescribed for inter-
nal use and continuously main-
tained at an effective concentration
within the body, the antimicrobials
used in consumer products are used
topically and over varying time pe-
riods and dosages. Thus, data on the
emergence of bacteria resistant to the
antimicrobial ingredients used in con-
sumer products must be interpreted
with these limitations in mind.

There are no data indicating re-
sistance to triclocarban, but because
the anilides have very liule clinical ap-
plication, this could also reflect lack
of research interest in this group of
compounds. With respect to the other
common antimicrobial agents used in
consumer products, the bis-phe-
nols, QACs, and biguanides, mount-
ing data indicate that acquired hac-
terial resistance to these agents is

increasing,'*****% Of particular im-
portance is that preliminary indica-
tions suggest that acquired resis-
tance Lo these antimicrobial products
is due not only to mutations within
the bacterial genome, butalso to plas-
mid transler.’* The presence of resis-
tance factors on plasmids that are
transferable raises the possibility that
once an organism becomes resis-
tant, it may pass this resistance on to
other bacteria as well.

Thus, data show that Escheri-
chia coli possessing the plasmid
R124, which alters the OmpF outer
membrane protein, are more resis-
tant to cetrimide (a QAC) than E coli
without the R124 plasmid.” Addi-
tionally, it has been shown that
Staphylococcus strains carrying ve-
sistance plasmids to gentamicin also
possess increased resistance (o
QACs, chlorhexidine, and other an-
timicrobial agents.>**** This is be-
cause the genes respounsible for
gentamicin resistance encode pro-
ton-dependent export proteins that
facilitate the efflux of the antibiotic
from the bacteria. This same mecha-
nism thus also provides the bacte-
ria with resistance against QACsand
chlorhexidine.**** This finding sug-
gests that acquisition of resistance
to antimicrobial agents such as
QACs and chlorhexidine is prob-
ably due to preexisting resistance el-
ements that developed as part of ac-
quisition of resistance to antibiotics
such as gentamicin. It thus can be
argued that resistance to antimicro-
bial agents found in consumer prod-
ucts is unlikely to be due to their use
in these products.

However, these data can also
suggest that prolonged low-level ex-
posure to antimicrobials like QACs
and chlorhexidine may provide an
environment that would select for or-
ganisms with efflux mechanisms that
could then be adapted for use in
resisting therapeutic antibiotics. This
hypothesis is still being elucida-
ted.? A recent study demonstrates
that nontransferable resisiance to
chlorhexidine can be developed in
Pseudomonas stutzeri by exposure to
gradually increasing doses.” These
resistant strains are also more resis-
tant to triclosan and some antibiot-
ics, although this varies from strain
to strain. This finding suggests that
resistance developed against one

antimicrobial may impart cross-re-
sistance to another antimicrobial or
antibiotic. While the resistance
against chiorhexidine in this case was
believed to be caused by alterations
in the cell membrane, these data sup-
port the need for further research into
the above-mentioned hypothesis.

A recent study* reports the ap-
pearance of methicillin-resistant
Staphylococcus aureus with in-
creased resistance to triclosan, but
more studies are needed to confirm
this finding.*' This situation is of
some concern owing o the wide-
spread use of triclosan in clinical set-
tings (o reduce skin colonization with
Staphylococci and because triclosan
is used by many health care facili-
ties in eradication procedures for
methicillin-resistant $ aureus.'* 2>
Resistance of other bacteria to triclo-
san has been reported,””* and the
mechanism of such resistance has
now been elucidated. As with resis-
tance to QACs and chlorhexidine, 1
mechanism of resistance to triclo-
san is via overexpression of genes en-
coding positive regulators of a mul-
tidrug efflux pump or of the gene
encoding the pump itseif.** This fa-
cilitates efflux of the antimicrobial
agent from the bacteria.

Triclosan exerts its eflects by in-
hibiting the bacterial fatty acid syn-
thesis at the enoyl-acyl carrier pro-
tein reductase step. Thus, the second
mechanism of resistance to triclo-
san in E coli has been linked to a mis-
sense mutation in the gene that
codes for the enoyl-acyl reductase
protein.®® This has also been docu-
mented in Mycobacterium smegma-
tis, in which resistance to triclosan
is linked to mutations in the gene for
an enoyl reductase required for fatty
acid synthesis.* Significantly, this
same study showed that 2 of 3 re-
sistant strains also demonstrated
some resislance to isoniazid, a com-
mon antibiotic used in the treat-
ment of tuberculosis.*

The absence of data support-
ing the efficacy of antimicrobial
ingredients such as triclosan in
household and consumer products
suggests that they may be ineffec-
tive and therefore unnecessary. Pub-
lished reports on acquired resis-
tance to these antimicrobial agents,
coupled with their increased use in
consumer products, suggest that a
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change may be occurring in the mi-
crobial flora of the home, specifi-
cally through the selection of resis-
tant organisms.* Additionally, the
possibility that the selection of
organisms resistant to antimicrobi-
als such as triclosan and chlorhexi-
dine also may predispose these
organisms to resistance against
therapeutic antibiotics is trou-
bling.**"* Some data exist to sup-
port this concern, and research is
continuing, It is unlikely, however,
that resistance to therapeutic anti-
biotics resulting through this mecha-
nism will prove 1o be a major factor
in the current crisis in antibiotic re-
sistance. Ultimately, health care
practitioners must control antibi-
otic resistance through judicious use
of these important drugs.

CONCLUSIONS

Despite the recent substantial in-
crease in the use of antimicrobial in-
gredients in consumer products, the
effects of this practice have not been
studied extensively. No data sup-
port the efficacy or necessity of an-
timicrobial agents in such prod-
ucts, and a growing number of
studies suggest increasing acquired
bacterial resistance to them. Siud-
ies also suggest that acquired resis-
tance to the antimicrobial agents
used in consumer products may pre-
dispose bacteria to resistance against
therapeutic antibiotics, but further
research is needed. Many of these an-
timicrobial agents are used in the
hospital setting to reduce surface
colonization of bacteria, and this in-
creased resistance may negatively
affect such use. Studies also show
that acquired bacterial resistance to
antimicrobial agents used in con-
sumer products may predispose the
organisms to resistance against
therapeutic antibiotics, but further
research is needed. In light of these
findings, there is little evidence to
support the use of antimicrobial
agents in consumer products such
as topical hand lotions and soaps.
However, there are insulficient stud-
ies to determine whether the use of
antimicrobial agents in consumer
products contributes to the general
problem of increased resistance to
therapeutic antibiotics. Consider-
ing the available data and the criti-

cal nature of the antibiotic resis-
tance problem, it is prudent to avoid
the use of antimicrobial agents in
consumet products. Ultimately, an-
tibiotic resistance is a major public
health concern that also has to be
controlled through changes in atti-
tude toward, and more judicious use
of, antibiotics by health care profes-
sionals and the public.

RECOMMENDATIONS

The following recommendations of
the Council on Scientific Affairs were
adopted by the American Medical
Association in June 2000:

The American Medical Asso-
ciation

1. Encourages the Food and
Drug Administration to expedite its
regulation of the use in consumer
products of antimicrobials for which
acquired resistance has been dem-
onstrated;

2. 'Will monitor the progress of
the current Food and Drug Admin-
istration evaluation of the safety and
effectiveness of antimicrobials for
consumer use in over-the-counter
hand and body washes; and

3. Encourages continued re-
search on the use of common anti-
microbials as ingredients in con-
sumer products and its impact on the
major public health problem of an-
timicrobial resistance.

Accepted for publication October 24,
2001.

This report was presented at the
Interim Meeting of the American Medi-
cal Association, San Francisco, Calif,
December 1-3, 2000. The recommen-
dations were adopted as amended and
the remainder of the report was filed.

Reprints: Barry Dickinson, PhD,
Secretary to the Council on Scientific
Affairs, American Medical Assoctation,
515 N State St, Chicago, IL 60610
{e-mail: barry_dickinson@ama-assn
.org).
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ARCHIVES Web Quiz Winner

ongratulations to the winner of cur May quiz, Laura A. Finlayson, MD,
FRCPC, Assistant Professor, Division of Dermatology, Dalhousie Uni-
versity, Bedford, Nova Scotia. The cosrect answer to our May challenge was bul-
lous mastocytosis. For a complete discussion of this case, see the Off-Center Fold
section in the June ARCHIVES (Chamlin SL, Cowper SE. Longley BJ, Williams
ML. Generalized bullae in an infant. Arch Dermatol. 2002;138:831-836}.

Be sure to visit the Archives of Dermatology World Wide Web site (hup:/
www.archdermatol.com) to try your hand at the Interactive Quiz. We invite
visilors to make a diagnosis based on selected information from a case report
or other feature scheduled to be published in the following month's prim edi-
tion of the ARCHIVES. The first visitor Lo e-mail our Web editors with the cor-
rect answer will be recognized in the print journal and on our Web site and
will also recetve a free copy of the The Art of JAMA L
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