
Bactericidal effects of triclosan in soap both in vitro and in vivo

S. A. Kim, H. Moon, K. Lee and M. S. Rhee*

Department of Biotechnology, College of Life Sciences and Biotechnology, Korea University, Seoul, 136-713, Republic of Korea

*Corresponding author. Tel: +82-2-3290-3058; Fax: +82-2-3290-4984; E-mail: rheems@korea.ac.kr

Received 20 May 2015; returned 20 July 2015; revised 5 August 2015; accepted 10 August 2015

Objectives: On December 2013, the US FDA proposed a rule stating that manufacturers must provide data to
demonstrate that antibacterial soap is more effective than plain soap or water. The objective of the present
study was to examine the in vitro and in vivo bactericidal effect of triclosan (the most widely used antiseptic
agent in soap) in soap.

Methods: Twenty bacterial strains (proposed by the FDA) were exposed to plain and antibacterial soaps (the
same formulation as plain soap, but containing 0.3% triclosan) for 20 s at 228C (room temperature) and 408C
(warm temperature). The temperature and time were selected to simulate the hand washing conditions and pro-
cedures used by consumers. The triclosan concentration of 0.3% is the maximum allowed by law. The decontam-
ination efficacy of plain soap and antibacterial soap was also examined in vivo: the hands of volunteers were
artificially inoculated with Serratia marcescens.

Results: There was no significant difference (P.0.05) in bactericidal activity between plain soap and antibacter-
ial soap at either test temperature. However, antibacterial soap showed significantly greater bactericidal effects
after 9 h. These results suggest that although triclosan-containing soap does have antibacterial activity, the
effects are not apparent during the short time required for hand washing.

Conclusions: Antibacterial soap containing triclosan (0.3%) was no more effective than plain soap at reducing
bacterial contamination when used under ‘real-life’ conditions. The present study provides practical information
that may prove useful for both industry and governments.

Introduction
Hand washing with water and/or soap is an important and inex-
pensive method for preventing the transmission of infection
because it is effective at removing contaminants, including patho-
genic bacteria or viruses, from hands.1 – 3 Nowadays, industry
produces a variety of commercial soaps described as ‘antibacter-
ial’ or ‘antimicrobial’. Antibacterial soap refers to soap containing
ingredients with active antimicrobial activity; plain soap on the
other hand contains no such ingredients.3 Millions of consumers
in the USA use antibacterial hand soap and body wash products,4

spending nearly $1 billion annually: the expectation is that these
products will provide more protection from pathogens than
plain soap.5

In December 2013, the Center for Drug Evaluation and
Research (CDER) of the US FDA proposed an amendment to the
1994 tentative final monograph (TFM) regarding over-the-counter
antiseptic products.6 This stated that manufacturers of antibac-
terial hand soaps intended for use with water must demonstrate
that they are safer and more effective than plain soap and water
when it comes to preventing illness and/or the spread of infection.

If the manufacturer cannot supply scientific evidence to support
the claims, then these products will have to be reformulated or
relabelled to remain on the market.

Triclosan (C12H17Cl3O2; 2,4,4′-trichloro-2′-hydroxydiphenyl
ether) is the most common active antiseptic ingredient used in
soap. Triclosan is a phenoxyphenol antimicrobial agent first devel-
oped in the early 1960s and has been widely used as an antibac-
terial or antifungal agent since the 1970s.3 It is added to various
personal care products and cosmetics, including soap, tooth-
paste, lotions and shampoos, as well as to other products, such
as clothing, kitchenware, furniture and toys, with the aim of redu-
cing or preventing bacterial contamination and growth.7,8 The
majority of liquid hand soaps marketed as ‘antibacterial’ contain
triclosan as the active ingredient.9 A study conducted in 2001
found that �76% of liquid hand soaps and 29% of bar soaps con-
tained triclosan.10

Triclosan has antibacterial activity against bacteria, fungi and
viruses; indeed, there is little doubt that the compound has anti-
microbial activity.11,12 However, the use of triclosan remains con-
troversial because various adverse effects have been reported,
including allergies, antibiotic resistance, endocrine disruption,
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acute/chronic toxicity and bioaccumulation; one study even iden-
tified carcinogenic impurities.9,11,13 – 19 Also, the effectiveness of
antibacterial soap has been inconclusive and questions remain
about whether antibacterial soap is more effective than plain
soap. There have been two literature reviews on the effectiveness
of antibacterial soap.9,20 Aiello et al.9 concluded that antibacterial
soaps containing triclosan were no more effective than plain soap.
On the other hand, Montville and Schaffner20 concluded that anti-
bacterial soaps resulted in significantly greater reductions in bac-
terial counts than plain soaps, although the differences were
small (around 0.5 log reduction difference). These concerns
about safety and effectiveness have provided the background
for the proposed ruling by the FDA.6

Most studies examined the antibacterial activity of triclosan
by determining its MIC.12,21 – 26 However, the FDA maintains that
MIC testing is not relevant when evaluating the effectiveness of
antiseptic ingredients, since the MIC test requires a long exposure
time (at least 1 day); clearly, this does not replicate the typical
exposure time of a consumer to antimicrobial-containing pro-
ducts.6 The FDA recently recommended that the ‘modified
time–kill assay’ be used to provide evidence for the efficacy of
active antiseptic ingredients and that the concentration of the
compound and the contact time should reflect real-life situa-
tions.6 Also, they recommended that in vitro studies should be
performed using reference strains and representative clinical iso-
lates [20 strains (nine genera); 10 Gram-positive and 10 Gram-
negative].6 The nine genera are as follows: Campylobacter,
Enterococcus, Escherichia, Listeria, Salmonella, Staphylococcus,
Streptococcus, Shigella and Pseudomonas (Table 1).

To the best of our knowledge, no published study has exam-
ined the antibacterial efficacy of triclosan in soap against all 20
listed strains. Therefore, the objectives of the present study
were: (i) to examine the bactericidal effects of triclosan in soaps
against all 20 strains at room temperature (228C) and in warm
water (408C) after a short exposure time (20 s) (in vitro study);
and (ii) to compare the ability of plain soap and antibacterial
soap to remove/inactivate Serratia marcescens artificially inocu-
lated onto human hands (in vivo study).

Materials and methods

Experiment 1 (in vitro antimicrobial testing)
The treatment temperatures (22 and 408C), time (20 s) and triclosan con-
centration (0.3%) were in line with those recommended for hand washing,
consumer habits and the maximum level of triclosan allowed in products.

The Healthcare Infection Control Practices Advisory Committee, the
WHO, the CDC and the Ministry of Food and Drug Safety of Korea (MFDS)
recommend that consumers wash their hands for 20 s (the time taken
to sing ‘happy birthday’ twice).27 – 29

They also suggest washing hands with warm water, but did not specify
the water temperature. However, the American Society for Testing and
Materials (ASTM) standard (ASTM E1174: Standard test method for evalu-
ation of the effectiveness of healthcare personnel or consumer hand wash
formulations) suggested the water temperature for hand washing should
be 408C. Also, in previous research examining the decontamination effect
of hand washing, the volunteers washed their hands with water heated to
408C.30,31 Also, most consumers wash their hands with water at the tem-
perature at which it comes out of the tap.

Triclosan is governed by different regulations in different countries,
although the generally accepted maximum concentration is 0.3% in
Europe [Regulation (EC) no. 1223/2009], Australia (Poisons Standard
2012), Canada (Canadian Environmental Protection Act 1999) and China
(Hygiene Standard for Cosmetics 2007).

Therefore, we performed experiments using antibacterial soap con-
taining 0.3% triclosan, a water temperature of 228C (ambient) or 408C
(warm) and a time of 20 s.

The antibacterial activity of plain and triclosan-containing soap was
assessed using an official time–kill method (M26-A; a method for deter-
mining the bactericidal activity of antimicrobial agents) as suggested by
the CLSI (Wayne, PA, USA).

Bacterial strains

The 20 bacterial strains (Table 1) proposed by the FDA6 were obtained
from the ATCC (Manassas, VA, USA), the National Culture Collection
for Pathogens (NCCP; Osong, Republic of Korea), the Korean Culture
Center of Microorganisms (KCCM; Seoul, Republic of Korea) and the Food
Microbiology Culture Collection at Korea University (Seoul, Republic
of Korea).

Preparation of cell suspensions

Each strain was cultured twice (separately) in 10 mL of Mueller–Hinton
broth (MHB; Difco) and incubated under optimal conditions [378C for
24 h for all strains except Listeria monocytogenes (308C for 24 h) and
Campylobacter jejuni (428C for 24 h)]. C. jejuni was cultured under micro-
aerobic conditions (GasPack Plus; Difco). After incubation, the bacteria
were harvested by centrifugation (Centra–CL2; IEC, Needham Heights,
MA, USA) for 15 min at 3000 g. The supernatant was decanted and the
pellet washed twice with 0.9% sterile saline before being resuspended in
the same buffer solution (the maximum time that the bacteria were
allowed to remain in the buffer did not exceed 15 min).

Table 1. The 20 bacterial strains proposed by the US FDA that were tested
in the present study

Bacterial strain ATCC number

Gram-positive
Enterococcus faecalis 19433
Enterococcus faecalis 29212
Staphylococcus aureus 6538
Staphylococcus aureus 29213
MRSA 33591
MRSA 33592
Streptococcus pyogenes 14289
Streptococcus pyogenes 19615
Listeria monocytogenes 7644
Listeria monocytogenes 19115

Gram-negative
Campylobacter jejuni 33291
Campylobacter jejuni 49943
Escherichia coli 11775
Escherichia coli 25922
Pseudomonas aeruginosa 15442
Pseudomonas aeruginosa 27853
Salmonella Enteritidis 13076
Salmonella Typhimurium 14028
Shigella sonnei 9290
Shigella sonnei 25931
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Preparation of plain and antibacterial soaps

To examine the sole effect of triclosan in soap, compounds present in soap
samples, other than triclosan, should be the same. Plain soap and
triclosan-containing antibacterial soap (the same formulation as plain
soap except that it contained 0.3% triclosan) were kindly provided by
the research centre of SeoKang SPT (Anyang, Republic of Korea), which
specializes in the production of antibacterial soap. Plain soap (gel type)
comprised various ingredients, including distilled water, sodium laureth
sulphate, cocamidopropyl betaine, glycerin, lauramide DEA, sodium chlor-
ide, glycol distearate, Argania spinosa kernel oil, methylisothiazolinone,
methylchloroisothiazolinone, disodium EDTA and citric acid. Antibacterial
soap had the same formulation as plain soap except that it contained
0.3% triclosan. All soap samples were used within 2 weeks of the produc-
tion date.

Bactericidal efficacy assay

Tubes containing soap samples (10 mL) were pre-heated to the desig-
nated temperature (22 or 408C) in a water bath (Vision Scientific Co. Ltd,
Daejeon, Republic of Korea). An aliquot (100 mL) of each bacterial suspen-
sion was then inoculated into the soap samples. The tubes were then
maintained at the designated temperature for 20 s. Escherichia coli ATCC
25922 was used to examine the bactericidal effects of the soaps after
long-term exposure. Briefly, bacterial suspensions (100 mL) were inocu-
lated into soap samples (10 mL), which were then stored at 228C for 0,
1, 3, 6, 9, 12, 24, 48 and 72 h. The surviving bacteria were then counted.
All treatments were performed in triplicate.

Microbiological analysis

Immediately after the various treatments, 90 mL of Dey/Engley neutraliz-
ing buffer (Difco) (Dey/Engley buffer neutralizes a broad spectrum
of antimicrobial agents, including phenolics32,33) was added to each
soap sample to quench any residual bactericidal activity. The samples
were then homogenized using a stomacher (Circulator 400; Seward,
Worthing, UK) at 230 rpm for 1 min. One millilitre of sample was serially
diluted with 9 mL of 0.9% sterile peptone water. One hundred microlitres
of diluent was then spread-plated on two Mueller–Hinton agar (MHA;
Difco) plates and incubated under optimal conditions to allow surviving
bacteria to form colonies. The number of colonies on the MHA plates
was then counted.

Experiment 2 (in vivo hand washing test)
The decontamination efficacy of plain and antibacterial soaps was evalu-
ated using the standard method stipulated by ASTM standard E1174.
Briefly, 16 healthy adult (aged .19 years) volunteers with no history of
skin problems participated in the test. All volunteers refrained from using
any type of antibacterial soap (researchers provided all subjects with plain
soap) for at least 1 week before the day of the experiment. All were taught
the hand washing procedure recommended by the WHO.29 A paper
describing the hand washing procedure of the WHO was distributed to
volunteers;29 it contained the following instructions: (i) wet your hands
with water; (ii) apply soap to cover all of your hands; (iii) rub hands palm
to palm; (iv) place right palm over left dorsum with interlaced fingers and
vice versa; (v) place palm against palm with fingers interlaced; (vi) place
backs of fingers on opposing palms with fingers interlocked; (vii) perform
rotational rubbing of left thumb clasped in right palm and vice versa; (viii)
perform rotational rubbing, backwards and forwards, with clasped fingers
of right hand in left palm and vice versa; (ix) rinse hands with water; and (x)
dry hands thoroughly with a towel. The study was reviewed and approved
by the institutional review board of Korea University.

S. marcescens culture

Laboratory stock cultures (100 mL) of S. marcescens ATCC 14756 (the test
organism suggested by the ASTM) were enriched by growing the bacteria
overnight at 258C in screw-cap tubes containing 10 mL of tryptic soy broth
(Difco). Enrichment cultures developed a red pigment. Bacterial cells were
harvested by centrifugation at 3000 g for 15 min. After the supernatant
was discarded, the bacterial pellets were washed twice with sterile 0.9%
saline. The final pellets were resuspended in the same buffer.

Inoculation of S. marcescens onto the hands of the
volunteers

Subjects washed their hands for 30 s with a non-antibacterial soap. Wet
hands were patted dry with a clean paper towel. The hands were then
dipped in 70% ethanol for 5 s to remove dirt, oil and natural flora. After
air drying, the hands were contaminated as follows. A 1.5 mL aliquot of
S. marcescens suspension was dispensed into the cupped hands. The
hands were then rubbed together for 20 s to spread the bacteria over
the entire surface. The hands were then allowed to air dry for 30 s. Next,
a second aliquot of bacterial suspension (1.5 mL) was dispensed into the
subjects’ cupped hands and the procedure repeated. Finally, a third 1.5 mL
of suspension was poured onto the hands and distributed for 20 s. The
hands were then allowed to dry for 90 s (total volume of bacterial per sub-
ject, 4.5 mL; total inoculation time, 210 s). The subject’s hands were then
immediately tested to measure the baseline bacterial population as
described below.

Hand washing procedure

Before the experiment, the water to be used for hand washing was pre-
heated to 408C in a water bath. Then, 5 mL of test material (plain soap or
antibacterial soap) was dispensed into the cupped hands of each subject
using a sterile syringe, followed by 3 mL of tepid water (408C). The subjects
were asked to lather the soap vigorously for 30 s and spread it over the entire
surface of the hands and the lower third of the forearms. The hands (from
the fingertips to the elbows) were then thoroughly rinsed with water (408C;
�2 L of water per subject from a spigot in a water bath with the same flow
rate) for 30 s before being dried by lightly patting with dry paper towels.

Recovery of bacteria from a sample solution and counting

Prior to bacterial recovery, a sampling solution containing a neutralizer
was prepared as described in a previous study (0.075 M phosphate buffer
with 0.1% Triton X-100).30 After washing their hands, the subjects put on a
sterile glove on each hand (loose-fitting, unlined and powder-free) into
which 75 mL of sampling solution was poured. The glove was then secured
above the wrist and massaged uniformly for 1 min. A pipette was inserted
into the glove and a 5 mL sample of fluid was aseptically withdrawn and
placed in a sterile conical tube. Samples (1 mL) were then diluted with
9 mL of sterile Butterfield’s buffer (10-fold dilution). The samples or dilu-
ents (0.1 mL) were spread-plated in duplicate on tryptic soy agar (Difco)
and incubated at 258C for 48 h. The number of typical red-pigmented col-
onies was counted.

Statistical analysis
The average cfu count for duplicate plates from three independent trials
was converted into log cfu/mL prior to examination by analysis of variance
(ANOVA). The log bacterial population was calculated using the general lin-
ear model (GLM) within the SAS package (version 9.13; SAS Institute Inc.,
Cary, NC, USA). When ANOVA indicated a significant result (P,0.05), the
significantly different means were separated using Tukey’s multiple
range test.
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Results and discussion

Experiment 1 (in vitro study)

Figures 1 and 2 show the bacterial counts for each of the 20
strains after exposure to plain or antibacterial soap for 20 s at
22 or 408C. There was no significant differences in bactericidal
activity between plain soap and antibacterial soap against

any of the tested bacteria (P.0.05) at either temperature and
at an exposure time of 20 s. Neither was there a difference after
exposure for 10 or 30 s (data not shown). Triclosan is known to
have antibacterial and antifungal properties;11,12 therefore, it is
difficult to understand why no difference was observed in this
experiment. Although there may be many reasons, we propose
two major ones.
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Figure 1. Bactericidal effects of plain and antibacterial (0.3% triclosan) soaps against (a) 10 strains of Gram-positive bacteria and (b) 10 strains of
Gram-negative bacteria when used at room temperature (228C) for 20 s. The bars represent the standard deviation.
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Firstly, the exposure time was too short. Most studies examin-
ing the antibacterial activity of triclosan used the MIC method,
which requires continuous exposure to soap for at least
24 h.12,21–26When we used longer exposure times, the antibacterial
soap did show higher bactericidal efficacy than plain soap (Figure 3).
When E. coli ATCC 25922 was exposed to antibacterial soap contain-
ing 0.3% triclosan, the cells survived for up to 24 h. By contrast, the
bacterium survived for up to 72 h after exposure to plain soap. At

exposure times ,6 h, there was little difference between the
two (P .0.05), although antibacterial soap performed signifi-
cantly better after 9 h of exposure (P,0.05). Thus, although the
addition of triclosan to soap does provide antibacterial protection,
the effect is not seen due to the short exposure time associated
with hand washing.

Secondly, the soap used in the present study contained surfac-
tants such as sodium laureth sulphate, which may also play a role
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Figure 2. Bactericidal effects of plain and antibacterial (0.3% triclosan) soaps against (a) 10 strains of Gram-positive bacteria and (b) 10 strains of
Gram-negative bacteria when used at 408C for 20 s. The bars represent the standard deviation.
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in reducing the bactericidal effects of triclosan. Triclosan inhibits
bacterial growth and/or kills cells by diffusing into the cell wall;
it disrupts the cell membrane and the synthesis of essential cellu-
lar components such as lipids and proteins.25,34,35 The bactericidal
effects of triclosan may also be affected by the detergent base,
emollients and humectants, pH and the ionic nature of the formu-
lation.1,11 Surfactant molecules form micelles in water, which
sequester triclosan,1,11 thereby reducing its bactericidal activity.
Thus, the bactericidal activity of triclosan may be significantly
lower in a surfactant-based solution than in a comparable water-
based solution.

Both soaps were more effective against Gram-positive bacteria
(Enterococcus faecalis, Staphylococcus aureus, Streptococcus
pyogenes and L. monocytogenes) than Gram-negative bacteria
(C. jejuni, E. coli, Pseudomonas aeruginosa, Salmonella Enteritidis,
Salmonella Typhimurium and Shigella sonnei). Exposing Gram-
positive bacteria to plain soap yielded 1.47 and 1.83 log reductions
(average value for the 10 strains of Gram-positive bacteria) in the
number of cfu at 22 and 408C, respectively. Smaller log reductions
(0.56 and 0.58 log cfu/mL at 22 and 408C, respectively) were
observed for Gram-negative bacteria. Similar results were
observed for the antibacterial soap (reductions of 1.44 and
1.80 log cfu/mL for Gram-positive bacteria and 0.63 and
0.67 log cfu/mL for Gram-negative bacteria, at 22 and 408C,
respectively). These results are consistent with previous observa-
tions that Gram-positive bacteria are more susceptible to soap
than Gram-negative bacteria.36 – 38 Among the tested bacteria,
S. pyogenes ATCC 19615 was the most susceptible to soap.
Exposure to either plain soap or antibacterial soap at 228C
reduced the population of S. pyogenes ATCC 19615 to undetect-
able or negligible levels, respectively (initial population,
5.77 log cfu/mL; detection limit, 1.70 log cfu/mL) (Figure 1a).
Exposure to plain or antibacterial soap at 408C resulted in similar
reductions (undetectable levels after exposure to plain soap and
0.9 log cfu/mL after exposure to antibacterial soap; initial popula-
tion, 6.01 log cfu/mL) (Figure 2a). Some soap manufacturers pro-
vide data regarding the antibacterial activity of their products
against S. pyogenes ATCC 19615. However, because this bacter-
ium is extremely susceptible to plain soap, it may not be the

most suitable organism upon which to base claims of bactericidal
activity.

Increasing the temperature to 408C yielded results similar to,
or slightly better than, those obtained at 228C. The average differ-
ence between 22 and 408C was only 0.20 log cfu/mL; indeed,
the maximum incremental increase was 0.87 log cfu/mL (for
L. monocytogenes ATCC 19115), achieved with antibacterial
soap at 408C. These results refute the common belief that wash-
ing hands in warm water is more effective than washing in water
at ambient temperature. This result is consistent with the previous
observation that water temperature was not a significant para-
meter in hand decontamination.39,40

Experiment 2 (in vivo study)

The average counts of S. marcescens ATCC 14756 on the hands of
16 volunteers after washing with plain or antibacterial soap are
shown in Figure 4. The viable cell counts before hand washing ran-
ged from 6.31 to 8.87 log cfu/hand (mean, 7.96 log cfu/hand).
Washing with either plain or antibacterial soap led to a significant
reduction in bacterial populations. Plain soap and antibacterial
soap yielded log reductions of 1.96 log cfu/hand (range, 1.00–
3.22) and 2.05 log cfu/hand (range, 0.94 –3.30), respectively.
The difference between plain soap and antibacterial soap was
non-significant (P.0.05). This result supports the data showing
that antibacterial soap is no more effective than plain soap
when used for hand washing.

Many studies have compared the ability of antibacterial soap
containing various concentrations of triclosan (ranging from
0.2% to 2.0%, although the most common concentration is
0.3%) and plain soap to kill natural flora or artificially inoculated
bacteria, including S. marcescens, E. coli and Shigella flexneri, pre-
sent on the hands.30,41 – 47 It is difficult to compare the results of
these studies with those of the present study due to differences in
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the experimental procedures, soap formulations and target bac-
teria. However, in general, soaps containing ≤0.3% triclosan were
no more effective than plain soap.44,45,47 However, soaps contain-
ing .0.3% triclosan (i.e. 0.45%, 1.0%, 1.5% and 2.0%) were sig-
nificantly more effective than plain soap in reducing bacterial
counts on the hands.30,41 – 43 The results of the present study
are in agreement with those of previous studies showing that
soap containing ≤0.3% triclosan is no more effective than plain
soap. However, because most of these studies performed experi-
ments using commercial soaps, the formulation of the plain and
antibacterial soaps may have been different; this may have
affected the results. The soaps used in the present study were
identical; the only difference was the inclusion of triclosan in the
antimicrobial version. Thus, the data presented herein may be a
more accurate reflection of the effectiveness of these soaps.

Conclusions

The major finding of the present study was that there is no signifi-
cant difference between the bactericidal effects of plain soap and
antibacterial soap when used under real-life conditions. Our own
survey of soap manufacturers (performed from July to August
2014) revealed that many have removed triclosan from their pro-
ducts due to continuing controversy about the health risks and
lack of effectiveness (only 13 of 53 antibacterial soaps contained
triclosan). This reflects companies’ reactions to the proposed FDA
rule. Thus, both advertisement and consumer belief regarding the
effectiveness of antibacterial soaps need to be addressed. To the
best of our knowledge, this is the first study to examine the bac-
tericidal effects of triclosan in soap against the 20 bacterial strains
proposed by the FDA and it provides empirical data regarding the
bactericidal activity of antibacterial/plain soap that could form
the basis of international regulation.

Acknowledgements
We thank the Institute of Biomedical Science and Food Safety, Korea
University Food Safety Hall, for providing equipment and facilities.

Funding
This work was supported by a grant (14172MFDS313) from the Ministry of
Food and Drug Safety, 2014.

Transparency declarations
None to declare.

References
1 Larson EL. APIC guidelines for handwashing and hand antisepsis in
health care settings. Am J Infect Control 1995; 23: 251–69.

2 Voss A, Widmer AF. No time for handwashing!? Handwashing versus
alcoholic rub: can we afford 100% compliance? Infect Control Hosp
Epidemiol 1997; 18: 205–8.

3 Boyce JM, Pittet D. Guideline for Hand Hygiene in Health-Care Settings:
recommendations of the Healthcare Infection Control Practices Advisory
Committee and the HICPAC/SHEA/APIC/IDSA Hand Hygiene Task Force.
Am J Infect Control 2002; 30: S1–S46.

4 Young S. FDA Examining Antibacterial Soaps, Body Washes. CNN Health.
http://edition.cnn.com/2013/12/16/health/fda-antibacterial.

5 Natural Resources Defense Council. The FDA Must Regulate Dangerous
Antimicrobials in Everyday Products. http://www.nrdc.org/health/files/
antimicrobials.pdf.

6 US FDA. Safety and Effectiveness of Consumer Antiseptics; Topical
Antimicrobial Drug Products for Over-the-Counter Human Use; Proposed
Amendment of the Tentative Final Monograph; Reopening of Administrative
Record. https://federalregister.gov/a/2013-29814.

7 Thompson A, Griffin P, Stuetz R et al. The fate and removal of triclosan
during wastewater treatment. Water Environ Res 2005; 77: 63–7.

8 Kuehn BM. Triclosan concerns. JAMA 2010; 303: 2022.

9 Aiello AE, Larson EL, Levy SB. Consumer antibacterial soaps: effective or
just risky? Clin Infect Dis 2007; 45: S137–S47.

10 Perencevich EN, Wong MT, Harris AD. National and regional assessment
of the antibacterial soap market: a step toward determining the impact of
prevalent antibacterial soaps. Am J Infect Control 2001; 29: 281–3.

11 Jones RD, Jampani HB, Newman JL et al. Triclosan: a review of effect-
iveness and safety in health care settings. Am J Infect Control 2000; 28:
184–96.

12 Vischer W, Regös J. Antimicrobial spectrum of triclosan, a
broad-spectrum antimicrobial agent for topical application. Dermatol
1974; 226: 376–89.

13 Halden RU. On the need and speed of regulating triclosan and triclo-
carban in the United States. Environ Sci Technol 2014; 48: 3603–11.

14 Gibson L, Rose J, Haas C et al. Quantitative assessment of risk reduction
from hand washing with antibacterial soaps. J Appl Microbiol 2002; 92:
136S–43S.

15 Yazdankhah SP, Scheie AA, Høiby EA et al. Triclosan and antimicrobial
resistance in bacteria: an overview. Microb Drug Resist 2006; 12: 83–90.

16 Brausch JM, Rand GM. A review of personal care products in the aquatic
environment: environmental concentrations and toxicity. Chemosphere
2011; 82: 1518–32.

17 Aiello AE, Marshall B, Levy SB et al. Relationship between triclosan and
susceptibilities of bacteria isolated from hands in the community.
Antimicrob Agents Chemother 2004; 48: 2973–9.

18 Cole E, Addison R, Rubino J et al. Investigation of antibiotic and anti-
bacterial agent cross-resistance in target bacteria from homes of antibac-
terial product users and nonusers. J Appl Microbiol 2003; 95: 664–76.

19 Lear J, Maillard J, Dettmar P et al. Chloroxylenol- and triclosan-tolerant
bacteria from industrial sources. J Ind Microbiol Biotechnol 2002; 29:
238–42.

20 Montville R, Schaffner DW. A meta-analysis of the published literature
on the effectiveness of antimicrobial soaps. J Food Prot 2011; 74:
1875–82.

21 Greenfield JY, Rand SA, Chikwem NM et al. A comparative study of the
effectiveness of triclosan containing antibacterial soaps and regular
soaps. Lincoln Univ J Sci 2011; 2: 1–6.

22 Schmid MB, Kaplan N. Reduced triclosan susceptibility in methicillin-
resistant Staphylococcus epidermidis. Antimicrob Agents Chemother
2004; 48: 1397–9.

23 Bamber AI, Neal TJ. An assessment of triclosan susceptibility in
methicillin-resistant and methicillin-sensitive Staphylococcus aureus.
J Hosp Infect 1999; 41: 107–9.

24 Al-Doori Z, Morrison D, Edwards G et al. Susceptibility of MRSA to triclo-
san. J Antimicrob Chemother 2003; 51: 185–6.

25 McMurry LM, Oethinger M, Levy SB. Triclosan targets lipid synthesis.
Nature 1998; 394: 531–2.

Bactericidal effects of antibacterial soap

3351

JAC
D

ow
nloaded from

 https://academ
ic.oup.com

/jac/article/70/12/3345/2363941 by guest on 10 April 2024

http://edition.cnn.com/2013/12/16/health/fda-antibacterial
http://edition.cnn.com/2013/12/16/health/fda-antibacterial
http://edition.cnn.com/2013/12/16/health/fda-antibacterial
http://edition.cnn.com/2013/12/16/health/fda-antibacterial
http://www.nrdc.org/health/files/antimicrobials.pdf
http://www.nrdc.org/health/files/antimicrobials.pdf
http://www.nrdc.org/health/files/antimicrobials.pdf
http://www.nrdc.org/health/files/antimicrobials.pdf
https://federalregister.gov/a/2013-29814
https://federalregister.gov/a/2013-29814
https://federalregister.gov/a/2013-29814
https://federalregister.gov/a/2013-29814


26 Nudera WJ, Fayad MI, Johnson BR et al. Antimicrobial effect of triclosan
and triclosan with Gantrez on five common endodontic pathogens.
J Endod 2007; 33: 1239–42.

27 Ministry of Food and Drug Safety. Handwashing Procedure. http://www.
mfds.go.kr/fm/article/list.do?boardKey=16&menuKey=150.

28 CDC. Wash Your Hands. http://www.cdc.gov/features/handwashing/.

29 WHO. Clean Hands Protect Against Infection. http://www.who.int/gpsc/
clean_hands_protection/en/.

30 Fischler GE, Fuls JL, Dail EW et al. Effect of hand wash agents on
controlling the transmission of pathogenic bacteria from hands to food.
J Food Prot 2007; 70: 2873–7.

31 Sickbert-Bennett EE, Weber DJ, Gergen-Teague MF et al. Comparative
efficacy of hand hygiene agents in the reduction of bacteria and viruses.
Am J Infect Control 2005; 33: 67–77.

32 Gnatta JR, Pinto FMG, Bruna CQdM et al. Comparison of hand hygiene
antimicrobial efficacy: Melaleuca alternifolia essential oil versus triclosan.
Rev Lat Am Enfermagem 2013; 21: 1212–9.

33 Dey B, Engley F. Neutralization of antimicrobial chemicals by recovery
media. J Microbiol Methods 1994; 19: 51–8.

34 Purwar R, Joshi M. Recent developments in antimicrobial finishing of
textiles: a review. AATCC Rev 2004; 4: 22–6.

35 Meincke BE, Kranz R, Lynch D. Effect of irgasan on bacterial growth and
its adsorption into the cell wall. Microbios 1979; 28: 133–47.

36 Riaz S, Ahmad A, Hasnain S. Antibacterial activity of soaps against daily
encountered bacteria. Afr J Biotechnol 2009; 8: 1431–6.

37 Lertsatitthanakorn P, Manwiwattanakun K, Paengnakorn N et al.
Antibacterial activity of an effective essential oil formulated in liquid soap
against skin bacteria. Warasan Khana Witthayasat Maha Witthayalai
Chiang Mai 2014; 41: 71–83.

38 Rama Bhat P, Orajna PS, Menezez WO et al. Antibacterial activities of
soap and detergents. Adv Biores 2011; 2: 52–62.

39 Michaels B, Gangar V, Schultz A et al. Water temperature as a factor in
handwashing efficacy. Food Service Technol 2002; 2: 139–49.

40 Michaels B, Gangar V, Schultz A et al. Handwashing water temperature
effects on the reduction of resident and transient (Serratia marcescens)
flora when using bland soap. Dairy Food Environ Sanit 2001; 21: 997–1010.

41 Bartzokas C, Corkill J, Makin T. Evaluation of the skin disinfecting activity
and cumulative effect of chlorhexidine and triclosan handwash prepara-
tions on hands artificially contaminated with Serratia marcescens. Infect
Control 1987; 8: 163–7.

42 Bendig J. Surgical hand disinfection: comparison of 4% chlorhexidine
detergent solution and 2% triclosan detergent solution. J Hosp Infect
1990; 15: 143–8.

43 Leyden J, McGinley K, Kaminer M et al. Computerized image analysis of
full-hand touch plates: a method for quantification of surface bacteria on
hands and the effect of antimicrobial agents. J Hosp Infect 1991; 18: 13–22.

44 Namura S, Nishijima S, McGinley K et al. A study of the efficacy of anti-
microbial detergents for hand washing: using the full-hand touch plates
method. J Dermatol 1993; 20: 88–93.

45 Miller ML, James-Davis LA, Milanesi L. A field study evaluating the
effectiveness of different hand soaps and sanitizers. Dairy Food Environ
Sanit 1994; 14: 155–60.

46 Faoagali J, Fong J, George N et al. Comparison of the immediate, residual,
and cumulative antibacterial effects of Novaderm R, Novascrub R, Betadine
Surgical Scrub, Hibiclens, and liquid soap. Am J Infect Control 1995; 23: 337–43.

47 Larson E, Aiello A, Lee LV et al. Short-and long-term effects of hand-
washing with antimicrobial or plain soap in the community. J Community
Health 2003; 28: 139–50.

Kim et al.

3352

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/70/12/3345/2363941 by guest on 10 April 2024

http://www.mfds.go.kr/fm/article/list.do?boardKey=16&amp;menuKey=150
http://www.mfds.go.kr/fm/article/list.do?boardKey=16&amp;menuKey=150
http://www.mfds.go.kr/fm/article/list.do?boardKey=16&amp;menuKey=150
http://www.mfds.go.kr/fm/article/list.do?boardKey=16&amp;menuKey=150
http://www.cdc.gov/features/handwashing/
http://www.cdc.gov/features/handwashing/
http://www.cdc.gov/features/handwashing/
http://www.who.int/gpsc/clean_hands_protection/en/
http://www.who.int/gpsc/clean_hands_protection/en/
http://www.who.int/gpsc/clean_hands_protection/en/
http://www.who.int/gpsc/clean_hands_protection/en/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


