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A comparison has been made of the in-use bacterial load of two bar soaps with and without antibacterials and
two liquid soaps in five different locations over a 1-week period. Of the 25 samples taken from each soap, 92
to 96% of samples from bar soaps were culture positive as compared to 8% of those from liquid soaps.
Bacterial populations ranged from 0 to 3.8 log CFU per sample for bar soaps and from 0 to 2.0 log CFU per
sample for liquid soaps. The mean bacterial populations per sample were 1.96 and 2.47 log CFU for the two
bar soaps, and 0.08 and 0.12 log CFU for the two liquid soaps. The difference in bacterial population between
bar soaps and liquid soaps was statistically significant (P = 0.005). Staphylococcus aureus was isolated on three
occasions from bar soaps but not from liquid soaps. S. aureus was isolated twice from the exterior of the plastic
dispensers of liquid soap but not from the soap itself. Gram-negative bacteria were cultured only from soaps
containing antibacterials. Bacterial populations on bar soaps were not high compared with bacterial
populations on hands, and the flora was continually changing without evidence of a carrier state.

Hand washing continues to be the single most important
step in the prevention of the spread of infection in hospitals,
but its importance is equally great in the food industry and in
the home. There is a wealth of information on the antimicro-
bial properties of soaps, detergents, and disinfectants and
their efficacy for the removal of microorganisms from skin
(6). There have also been reports of contamination of
disinfectants and cleaning solutions in hospitals, leading to
outbreaks of infection (2, 4, 10, 11). In 1965, a study on bar
soaps artificially inoculated with bacteria revealed a self-
disinfecting activity (1), but the actual level of microbial
exposure encountered in day-to-day hand washing with
over-the-counter soap products has not been evaluated. The
purpose of this study was to determine the numbers and
types of micoorganisms that are present in soap products
while the products are in use and to compare bar soaps with
liquid soaps in plastic disposable containers.

MATERIALS AND METHODS

Two bar soaps, Ivory (Proctor & Gamble, Cincinnatti,
Ohio), without antibacterials, and Dial (Armour-Dial, Phoe-
nix, Ariz.), containing the antibacterial Triclocarban (Man-
santo, England), were compared with two liquid soaps,
Softsoap and Showermate (Minnetonka, Inc., Minnetonka,
Minn.). Showermate contains an antibacterial, Triclosan
(Ciba-Gelgy, United Kingdom), and Softsoap contains a
preservative, DMDM hydantoin. Bacterial populations were
determined quantitatively and qualitatively from each prod-
uct over a 7-day period in five different locations. Three of
these sites were two washrooms and a hand-washing station
in the microbiology laboratory in a clinical department which
served ca. 30 people, including physicians, scientists, and
laboratory and administrative personnel. The two remaining
test sites were in a dermatology clinic: a washroom used by
physicians, nurses, patients, and office personnel and a
nurses' hand-washing station. Hand washers were asked to
record each use of the soaps, and each product was weighed
before and after the 1-week trial period to ensure adequate
use. Products were sampled at the same time each day (1:00
p.m.) before use (0 time) and after 1, 2, 3, 4, and 7 days of
use, making a total of 30 samples per product. On day 7, the
exterior of the plastic dispenser was also sampled. Bar soap

receptacles permitted drainage, and at all sampling times bar
soaps were moist but not wet.
The sampling method chosen was designed to approxi-

mate the amount of soap used during a normal hand-washing
procedure. In the case of liquid soap, one squirt from the
dispenser provided enough soap for an adequate hand-
washing procedure; the dispensing device delivered uni-
formly very close to 0.9 ml of liquid soap; therefore, this was
the amount chosen for sampling. Estimating the amount of
bar soap used during one hand washing is more difficult, and
hence a procedure was devised whereby the bar was placed
in a plastic bag containing 10 ml of sampling liquid. The bar
was massaged in liquid for 15 s as one would in a normal
hand-washing procedure. The bar was then removed and
returned for use. In each case the amount of soap used for a
normal hand-washing procedure was suspended in 10 ml of
phosphate buffer (pH 7.2) containing 2% polysorbate 80
(Tween 80; BBL Microbiology Systems) as a neutralizer.
The outside surfaces of the liquid soap containers were
sampled by immersing the upper half of the container into a
plastic bag containing 10 ml of the same buffer-Tween 80
mixture. Polysorbate 80 is commonly used as a neutralizer
and is one of the ingredients of D-E Neutralizing Medium
(Difco Laboratories) (3). Preliminary tests were done to
evaluate 2% Tween 80 as a neutralizing agent for the
antibacterials in these soap products. A quantitated inocu-
lum of Staphylococcus aureus, Staphylococcus epidermidis,
and Serratia marcescens was added to the soap samples
taken as described above. Bacterial counts of the soap
samples with neutralizer were equivalent to those in buffer
alone and in buffer with 2% Tween 80.

For quantitation of the samples, 0.1 ml was inoculated on
the surfaces of four plates of tryptic soy agar (Difco)
containing 2% Tween 80. Duplicate plates were incubated
aerobically at 35°C for 3 days and in a ANEE anaerobic
incubator for up to 7 days to obtain duplicate counts of
aerobes and anaerobes. A 1.0-ml portion of the sample was
also inoculated into 9 ml of thiogycolate broth containing 2%
Tween 80 and incubated for 24 h in the event that the
bacterial populations were too low to be detected in the 0.1-
ml portion used for plate inoculations. In these cases, by
calculations, the population in the 10-ml sample would be
between 10 and 99 bacteria, or log 1. Fewer than 10 bacteria
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TABLE 1. Bacterial populations of soap products tested in five
locations

Bacterial population (log CFU per 10-ml

Loatoa Day of sample) of':
sampling Soft- Shower-

Ivory Dial soap mate

FN 1 3.0 2.7 1.0 ND'
2 2.0 2.7 ND ND
3 2.0 2.7 ND ND
4 3.8 3.7 ND ND
7 2.9 2.3 ND ND

FS 1 1.0 2.6 ND ND
2 ND 3.3 ND 1.0
3 2.6 2.4 ND ND
4 2.0 2.2 ND ND
7 1.6 3.2 1.0 ND

SN 1 2.2 2.0 ND ND
2 2.0 1.7 ND 2.0
3 1.0 1.5 ND ND
4 2.3 ND ND ND
7 2.2 1.6 ND ND

SB 1 2.9 2.9 ND ND
2 2.4 2.0 ND ND
3 2.9 3.4 ND ND
4 2.5 2.2 ND ND
7 3.0 3.0 ND ND

Sil 1 1.0 2.3 ND ND
2 1.7 2.3 ND ND
3 1.0 2.8 ND ND
4 ND 3.8 ND ND
7 1.0 2.5 ND ND

a FN and FS, Washrooms in clinical department. Sli. hand-washing station
in the microbiology laboratory of the same department; SB, washroom in
dermatology clinic; SN, nurses' hand-washing station in the same clinic.

" For Ivory, mean, 1.96; standard deviation, 0.95; variance, 0.87; for Dial,
mean, 2.47; standard deviation, 0.79; variance, 0.06; for Softsoap, mean, 0.08;
standard deviation, 0.28; variance, 0.07; for Showermate, mean, 0.12; stan-
dard deviation, 0.12; variance, 0.19.

' ND, None detected.

per 10-mi sample could not be detected by this method.
After incubation, 0.1 ml of thioglycolate broth was sub-
cultured to Casman sheep blood agar and incubated for 24 h.
Populations were calculated and expressed as CFU per 10-
ml sample and were compared statistically by using Student's
t test. Mycosel (BBL) agar was also inoculated with 0.1 ml of
the sampling liquid and incubated for 3 weeks for the
isolation of fungi.
For qualitative analysis of samples, Casman sheep blood

agar was inoculated with 0.1 ml of sampling liquid, and
plates were streaked for isolation. All isolates demonstrating
colonially distinct morphology were identified. Common air-
and skin-normal flora such as Bacillus spp. and coryneforms
were identified at the genus level only. All medically impor-
tant organisms were identified at the genus and species level
by standard methodology (5), supplemented by the API
Staph Ident system and the API Anaerobic system. Yeasts
were identified by the Minitek system (BBL).

RESULTS

Neither bacteria nor fungi were isolated from any of the
products before use. After use, microorganisms were iso-
lated from Ivory in 23 of the 25 samples and from Dial in 24

of 25 samples, as compared with isolations in 2 of 25 samples
for each of the liquid soaps. The data on bacterial popula-
tions from each product, expressed as log CFU per 10-ml
sample, are shown in Table 1. On three of the four occasions
when bacteria were detected in liquid soap, bacteria were

present only in the thioglycolate enrichment in populations
of less than 100. Although the bacterial populations on Ivory
were found to be lower than those on Dial, the difference
was not found to be statistically significant (P = 1.1). The
difference between the bacterial populations on bar soaps
and those in either of the liquid soaps, however, was highly
significant (P = 0.005).
The frequency of isolation of the different species of

bacteria isolated from soap products is shown in Table 2.
Species of Staphylococcus other than S. aureus were found
to be the most prevalent and were present in 21 of 25
cultures from Ivory and in 24 of 25 cultures from Dial.
Staphylococcus aureus was the principal medically impor-
tant organism isolated on two occasions from Ivory in
populations of 300 and less than 100 and once from Dial in a

population of 350. The only enteric gram-negative rod,
Escherichia coli, was isolated from Showermate on a single
occasion in a population of 100. Other gram-negative organ-
isms found were isolated from Dial at a single sampling
period and were Acinetobacter calcoaceticus, Flavobact-
erium odoratum, and another Flavobacteriumn sp. The pat-
tern of isolation for all species was found to be random.
Organisms would appear and disappear from day to day,
indicating some form of self-disinfecting activity or, in the
case of bar soaps, mechanical removal. The isolation of E.
coli from Showermate on day 2 of the trial was followed by
a sterile sample on day 3, and this was the pattern of
isolation from all samples for all organisms, including
Staphylococcus aureus.

Staphylococcal species were identified with the API Staph
Ident system to determine if there was a pattern of carriage
which could be related to either the soap or the location.
These results are summarized in Fig. 1. It can be seen that
the isolation of any particular species was random.

Fungi were not isolated from liquid soaps. Species cul-
tured from bar soaps were Candida parapsilosis, Aspergillis
niger, Nocardia spp., Aspergillis candidus, Streptomyces
spp., and Penicillium spp., none of which represent signifi-
cant pathogens. Isolation of fungi was sporadic, was not
identified with a specific location, and was in character with
air contamination.

Anaerobic bacteria were not a prominant part of the flora.
Propionibacterium acnes was isolated once from Ivory and
twice from Dial. A species of Eubacterium and Peptococcus

TABLE 2. Frequency of isolation of aerobic bacteria from 25
samples of soap products taken over a 7-day period

No. of samples positive
Organism

Ivory Dial Softsoap Showermate

Staphylococcus spp. 21 24 1 1
(other than Staph-
vlococcus aureus)

Staphylococcus aureus 2 1 0 0
Bacillus spp. 5 5 0 1
Coryneforms 6 3 0 0
Micrococcus spp. 3 5 0 0
Gram-negative rods 0 3 0 1
Nocardia spp. 1 0 0 0
Streptomyces spp. 0 1 0 0

VOL. 48, 1984



APPL. ENVIRON. MICROBIOL.

Location and Day of Sampling

Species 1 2 347FN FS SN SB Si1
Specis 3123 7 12 3 7 1 2 3 47 12 3 47 12 34 7

S.aureusL.
S. epidermidis
S. simulans - I
S. capitis I
S. warneri
S. hominis F

S hyicus

FIG. 1. Distribution of Staphylococcus species on Ivory soap
during use for 1 week in five locations. Abbreviations for locations
are defined in Table 1, footnote a.

saccharolyticus were isolated from Dial, each on a single
occasion.

Populations of bacteria on liquid soap dispensers (Table 3)
ranged from 2.0 to 3.0 log CFU per sample from Softsoap
and from 2.0 to 4.0 log CFU per sample from Showermate.
Certain test locations were predisposed to higher popula-
tions, although contamination of the soap did not correlate
with this. The types of microorganisms found on the con-
tainers are shown in Table 4. The organisms isolated were
predominantly staphylococcal species other than Staphylo-
coccus aureus and part of the spectrum of normal skin flora.
Staphylococcus aureus was isolated twice from containers
of Softsoap without contamination of the soap contents.

DISCUSSION

The main aim of this study was to evaluate the microbial
flora of soap products in an in-use environment. Depature
from a controlled laboratory protocol introduces a number
of variables, one of which is the question of the role of
hydration on bacterial proliferation on bar soaps. It was
debated whether bar soaps should be sampled in their wet or
dry state, since it is logical to assume that wet bars would
support higher microbial populations. In a preliminary trial,
no obvious differences were found between wet and dry
bars; hence, a sampling time was chosen (midday) which
would ensure that the product had been used for several
hours; therefore, bar soaps were always moist when sampled.
Liquid soaps were found to be relatively free of bacterial
contamination, which is no doubt due to the fact that liquid
soap can be dispensed without direct exposure to skin
bacteria. Although the dispenser can be heavily populated
by microorganisms, these do not appear to gain entrance. On
the other hand, bar soaps are in direct contact with bacteria
on skin, and organisms were found to survive on bar soaps
which were continually in use. The self-sterilizing activity
described by Bannan and Judge (1) in a laboratory-con-
trolled study does not appear to occur in the continual-use

TABLE 3. Populations of bacteria on liquid soap dispensers
Bacterial population on dispenser for:

Location'
Softsoap Showermate

SN 500 650
SB 150 650
S1l 750 750
FN 2,500 1,200
FS 3,100 10,500

a Abbreviations are defined in Table 1, footnote a.

TABLE 4. Microorganisms isolated from liquid soap dispensers
Microorganisms isolated from dispenser for:

Location'
Softsoap Showermate

SN Staphylococcus auireus Staphylococcus epidermidis
Coryneforms
Propionibacterium acnes

SB Staphylococcus aureus Staphylococcus epidermidis
Staphylococcus war- Bacillus spp.

neri Staphylococcus epidermidis
Staphylococcus epi- Propionibacterium acnes

dermidis

S1l Staphylococcus capitis Staphylococcus epidermidis
Staphylococcus epi-

dermidis
Coryneforms

FN Staphylococcus simu- Staphylococcus epidermidis
lans Micrococcus spp.

Propionibacterium acnes
Coryneforms

FS Coryneforms Staphylococcus epidermidis
Aspergillis niger Coryneforms

aAbbreviations are defined in Table 1, footnote a.

situation. The reasons for this are probably multiple, but it is
logical to assume that the bar soaps in use are continually
being reinoculated by bacteria from hands. As well, bacteria
deposited on the surface of soap from hands may be sus-
pended in organic matter which would protect viability.
Many substances are known to function in this way, from
sugar solutions to complex proteins such as serum and other
organic compounds (12).
Compared with bacterial populations on hands, which

may range up to 105 organisms per cm2 of skin (9), the
numbers of bacteria found on bar soaps were not large.
Furthermore, the populations did not progressively increase
throughout the 1-week test period, indicating that the organ-
isms were continually being removed, either by self-steri-
lization or mechanically. This possibility is also supported
by the qualitative data, since a carrier state did not exist,
either on bars or in liquid soap. Staphylococcus aureus
appeared sporadically and disappeared spontaneously. Simi-
larly, the isolation of E. coli from liquid soap on one
occasion was followed by a negative culture on the following
day. Liquid soaps contain preservatives which no doubt
contribute to this continually changing pattern of flora.

Soaps containing antibacterials were as susceptible to
bacterial carriage as those without. It is interesting to note
that the isolation of gram-negative bacteria was confined to
soaps containing antibacterials. Gram-negative bacteria have
been associated with contamination of disinfectant solu-
tions, e.g., Pseudomonas cepacia (11) and Serratia marce-
scens (7) in chlorhexidine. Both povidone-iodine and ben-
zalkonium solutions have also been reported as serving as a
source of contamination (2, 4, 11). The term antibacterial, as
used by the soap industry, is a broad one, and little infor-
mation is available on the spectrum of the antibacterials
contained in soaps. The active ingredient listed in Dial is
Triclocarban, and that in Showermate is Triclosan. Both
have been described as broad-spectrum antibacterials (8),
but details of trials and effective concentrations have not
been published in the scientific literature.
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