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Background

Several studies conducted during the last 25 years have
demonstrated that liquid soaps can become contaminated
with microorganisies and multiple instances of
infections and nosocomial outbreaks associated with such
contamination have been reported (1-4). Contamination
often occurs after the product reaches the user (extrinsic
contamination) (1;3;5) and has been observed in both
nonmedicated (1) and antimicrobial products including
those with the active ingredients Chloroxylenol (PCMX)
{3), Benzalkonium chloride (5;6), Triclosan (4), and
Chlorhexidine gluconate (2;5;7-10). All types of liquid
soap, regardless of the active ingredient or preservative
system, are susceptible to contamination when exposed
to adverse circumstances. Soap dispensers with scaled
disposable refills are an alternative to this contamination
challenge. By contrast, open refillable (“bulk™) soap
dispensers continue to present significant risk of

to a partially empty dispenser (“topping off”) can lead to
bacterial contamination in healthcare settings, the CGC
recommends the use of soap dispensed from disposable
containers or containers that are thoroughly washed and
dried prior to refilling (11;12).

Recent studies conducted at the University of Arizona
by prominent microbiclogist, Dr. Charles P. Gerba,
revealed that liquid hand soap collected from open
refillable dispensers are a public health risk. Dr. Gerba
determined the levels of bacteria in soap sampled from
various types of dispensers. He found unsafe levels of
bacterial contamination in soap from open refillable
dispensers, whereas no bacterial contamination was found
in soap from dispensers with sealed disposable refills.
This research has been presented at two recent scientific
conferences (13;14).

contamination during use, Because the addition of soap
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Abstract

‘The objective of this study was

to determine the occurrence of
heterotrophic and coliform bacteria
in Iiquid hand soaps collected from
public restrooms across the United
States. Samnple locations included
public restrooms in restaurants,
health clubs, office buildings and
retail stores. The liquid soap samples
collected were from refillable
dispensers (also referred to as “open
systems” or “bulk soap” systems). Of
541 samples, 133 (25%) had bacterial
numbers greater than 500 CFU/mL
and 87 samples (16%) contained
coliform bacteria. Approximately
65% of the bacteria isolated from the
soap belonged to the coliform group.

The average number of bacteria
detected in the soap was 3.02 x 10°
CFU/mL with a range of 590 t0 5.3
x 107 CFU/mL. The average number
of coliform bacteria was 3.94 x10°
CFU/mL with a range of <10 1o
6.5 x 107 CFU/mL. Opportunistic
pathogens identified in the Hquid
soap samples included Kiebsiella
oxyloca, Klebsiella pmeumoniae,
Enterobacter aerogenes, Serratia
marcescens, Pseudomonas aeruginosa

“and Enterobacter sakazakii. No bacteria

were detected in dispensers that
required sealed soap replacements.
All of the organisms detected in the
soap samples were Gram-negative
bacteria. This is most likely because
of the presence of sodium lauryl
sulfate in the soap, which inhibits the
growth of Gram- positive bacteria.
The results suggest that some liquid
soap dispensers become colonized by
Gram-negative bacteria over time,
possibly because of the degradation
of preservatives in the lquid soap.

American Society for
Microbiology 107* General

Meeting
Toronto, ON, Canada; May 21.25, 2007

Title: Bacterial Contamination
of Liguid Hand Soaps

Authors: M. Chattman, S.
Maxwell and C. P Gerba;
University of Arizona,
Tucson, AZ

Abstract

The occurrence of heterotrophic
bacteria {HPC) and coliform
bacteria in liquid hand soap from
130 refillable unsealed (a.ka. open
or bulk) dispensers collected from

_employee break rooms, airplane

restrooms, kitchens and public
restrooms was determined. The
percentage of samples that contained
HPC numbers above 500 CFU/mL.
was 23%, averaging 4.5 x 10° CFU/
mL. Total coliform bacteria were
detected in 22% of the samples,
averaging 2.2 x 10® CFU/mL.
Bacterial species most frequently
identified included Serratia
marcescens, Enterobacter aerogenes, and
Klebsiella pnewmoniae. One of the soap
dispensers containing contaminated
soap was monitored over a three
month period. Various levels and
types of bacterial contamination were
observed. When bacteria were added
to uncontaminated, factory-sealed,
liquid hand soap the bacteria quickly
died. Liquid hand soap from a
public restroom, that contained large
numbers of bacteria was pasteurized



and inoculated with K. preumonige.
Growth was observed, indicating that
degradation of preservatives must
occur in the soap dispenser over time,
allowing for the growth of bacteria.
These results demonstrate that
bacteria growing in soap dispensers’
are not resistant to the preservatives
and that preservative degradation
takes place, likely after introduction
of the soap in the dispensers.

Contaminated Bulk Soap is a
Public Health Risk

Dr. Gerba’s studies demonstrate

that soap from open refillable
dispensers in public restrooms in
the US are routinely contaminated
with opportunistic pathogens. Soap
users are exposed to an average

of over 1,000,000 of these bacteria
approximately 1 in 4 times they
wash with soap from an open
refillable soap dispenser. This level of
contamination is 1000 times greater
than upper limit recommended by
cosmetic industry standards (15) and
presents a potential health risk to the
soap users as well as to others they
may have contact with. Hands are
known to be a commeon transmission
vector and it has been shown that
bacteria remain on the hands after
using contaminated soap (1}. The risk
of acquiring an infection is greatest
for anyone who has a defect in their
body’s normal defense mechanisms.
Up to 20% of the US general public
have impaired immune function
and this percentage is growing due
to advances in medicine which

are prolonging life as well as the
increase in the proportion of elderly
in the population (16-18). The
immunocompromised population
includes a diverse group with a wide
variety of conditions ranging from
the severely immunocompromised
(HIV /AIDS, cancer, organ or bone
marrow transplant recipients) to
pregnant women, young children
and the elderly which exhibit non-
specific general reduced immune
function {(19;20). The fetus, neonate

and young children have reduced
immune function for the first few
years of life untl thelr immune
systems mature (19). Over 12% of
the US population is over the age
of 6b and are at a greater risk of

" acquiring infectionis due to their

age-related diminished imrmunity
(16;21). In addition, many common
chronic conditions weaken the
immune system including diabetes
(which affects 10% of the population)
(18), cirrhosis/alcoholism, chemical
dependency, nutritional deficiencies,
and any defects resulting in skin
barrier function loss (burns, ulcers,
or dermatitis} (17;20).

Hinesses Cansed by the
Contaminating Bacteria

In the recent study by Dr. Gerba,
several of the bacterial species
isolated from the contaminated soap
{e.g. Klebsiclla, Enterobacter, Citrobacter,
Serratia, and Pseudomonas) are
medically important opportunistic
pathogens. These organisms cause

a variety of illnesses including
respiratory tract infections,
prewmonia, urinary tract infections,
bloodstream infections, surgical

site infections, meningitis, skin
ulcers, gastroenteritis as well as
wound and soft tissue infections
(22-24). Klebsiella pneumoniae, for
example, is responsible for 1-5% of
community-acquired pneumonia
(25). Enterobacter sakazakii causes
neonatal meningitis (26). Citrobacter
causes sepsis, meningitis and central
nervous system abscesses in neonates
and young infants (27) and there has
been one report of Citrobacter koseri
causing a central nervous system
infection in a healthy person with a
fully functional immune system (28).
Citrobacter freundii was also implicated
as a potential cause of an outbreak
of diarrheal disease {24}, Pseudomonas
aeruginosa is a common nosocomial
pathogen causing urinary tract
infections, sinrusitis, wound infections,
and pneumenia. Occasionally it has
been known to cause a rare form

of community-acquired pneumonia
with a 33% mortality rate that can
affect persons with healthy immune
systems {29). Serratia has been
implicated in multiple outbreaks due
to contaminated soaps in healthcare
facilities (1;5;4). Pafifoeq is a rare’
pathogen that was reported (o be
responsible for 7 infant deaths in a
neonatal outbreak (30). The frequent
presence of such high numbers of
organisms known to be medically
significant both in the community
and in healthcare settings is quite
alarming.

Reducing the Risks of Bulk Soap
Contamination

Unsafe levels of contamination
were found in 23% — 25% of

soap samples collected from open
refillable dispensers. In contrast, no
contamination was found in soap
samples collected from dispensers
containing sealed disposable refills.
It is recommended that all open
refillable dispensers should be
switched to dispensers with sealed
disposable refills, which are a safer
alternative and avoid unnecessary
health risk.



Introduction

Liquid hand soap is used daily by millions of peopie
worldwide. Hand washing, with soap and water, is a
universally accepted method to reduce the microbial load
on the hands. People encounter situations in which they
are exposed to a variety of bacteria that have the ability to
cause infection. In response to these situations, many people
wash their hands with soap and water. Society recognizes
that good hygiene can reduce the risk of bacterial infection.
Some public facilities have soap dispensers that require
sealed bags or cartridges while others have dispensers that
are refillable by using stock soap solutions that are often
dituted with tap water. Bulk open refillable liquid soap
dispensers in many public restrooms and restaurants, offer
a suitable environment for the growth of potentiaily disease
causing microorganisms.

Results

Materials and Methods

Soap was collected into sterile 50mL centrifuge tubes
through the dispenser mechanism. One mL of Dey-Enger
{DE} neutralizing broth (Remel, Lenexa, KS) was added to
cach sample tube and shaken for 30 seconds. Heterotrophic
plate counts (HPC) were obtained by spread plating 0.1mL
onto duplicate petri dishes containing RZA media {Difco,
Sparks, MD) and incubated at 30°C for 3 days.

Coliform enumeration was performed by spread plating on
mEndo agar plates (Difco, Sparks, MD) and incubating at
37°C for 24 hours. Representatives of each colony type were
streaked for isolation on petri dishes containing Tryptic Soy
Agar {TSA) (Difco, Sparks, MD). Identification of bacteria
was performed by using API20F strips (BioMerieux, Marcy-
TEtoile, France).

Table 1: Occurrence of Bacteria in Liquid Hand Soap from Refillable Dispensers

Number =500
CFU/mL

Type of soap
dispenser

Total number of liquid
seap samples tested

Coliform
bacteria

Average namber
HPC CFU/mL

Average number coliform
baeteria CFU/mL

Disposable

bag 20 0

Figure 1: Frequency of Detection of Various Bacteria in Soap Samples
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Fregueney of Detection {Number of Samples)

Bacterial Species




Table 2: Occurrence of HPC and Coliform Bacteria
Over Time in a Restaurant Soap Dispenser

Date HPC Coliform bacteria

(CFU/mL)

7/31

7.5 x 10°

8/28 <l <1

Table 3: Growth of Klebsiella pneumoniae in
Pasteurized Contaminated Soap (CFU/mL)

Time {Days)

Sample ] 1 4 8

Negative <1 <1 <1 <l
- Control* ‘

* Undiluted, pasteurized soap inoculated with same amount of
bacteria as sample. Number of Elebsicila preumoniae added to each
soap sample was 5.6 x 10° (9.3 x 108 CFU/mL).

Table 4: Minimum Inhibitory Concentration of a
Liguid Soap against Klebsiella prewmoniae (CFU/mL)

Time (Days)
Dilution 0 66 1 5 10
in

1:1 330

<1

480 160 <1 <« <l

350 580 240 <« <1

Negative 500 520 150
Control®

* No scap added.

1.5 x 108

2.3 x 10°

Conclusions

22.7% of samples taken from refillable bulk dispensers
contained >500 CFU/mL HPC, and 22% contained
coliform bacteria, averaging 10° CFU/ml.,

Bacterial species identified were all opportunistic
pathogens,

No bacteria were found in sealed system soap dispensers,

A soap dispenser monitored over a three-month period,
demonstrated that bacterial contamination was
prolonged although the levels and types of bacteria
varied.

Eight types of uncontaminated, factory-sealed, liquid
hand soaps were inoculated with various species of
bacteria. Al of the bacteria quickly died in the soaps
after addition, even when the soap was diluted.

The minimum inhibitory concentration of a specific
brand of soap used at a restaurant that had bacterial
contamination in the soap indicated that it contained
sufficient coneentrations of preservatives to inhibit
bacterial growth,

Liquid scap from a public restroom, that contained large
numbers of bacteria was pasteurized and inoculated with
Klebsiella pneumoniae. Growth was observed, thus it
appears that degradation of preservatives must occur in
the soap dispenser, allowing for the growth of bacteria.

Bacteria growing in the soap dispensers are not resistant
to the preservatives and that preservative degradation
takes place, likely after introduction of the scap into the
dispensers,



Introduction

Washing hands with soap and water is a universally accepted
methed to reduce the microbial load on the hands and is
used daily by millions of people worldwide. However, the
ma jority of public facilities have scap dispensers that are
refillable using a stock soap solution. The CDC recognized
in 1975 that the use of these types of dispensers can result in
a suitable environment for the growth of potentially discase
causing microorganisms. Current health-care hand hygiene
guidelines do not recommend the use of open refillable
dispensers. The liquid soap used in these dispensers can
become contaminated regardless of the preservative used
when the microbial population exceeds the preservatives
defenses. When product contamination has been reported,
contamination was more likely to have occurred extrinsically
{after product had been used) than intrinsically {(during
manufacturing). The likelihood of extrinsic contamination
is greatest when the product is open to repeated exposure

to bacteria from the user or the environment, hence, the
packaging and the dispensing method plays a significant
role in product safety.

Materials and Methods

Liquid soap samples were collected from public restrooms in
five cities {Boston, MA (107), Adanta, GA (120), Columbus,
OH (109), Los Angeles, CA (94), and Dallas, TX (111)].
Samples were organized into 5 categories: office, health
clubs, food service, retail locations and other {education,
leisure, etc.). The total number of liquid soap samples
analyzed in this report were 541, consisting of 428 soap
samples from the sink area and 113 soap samples from the
shower area at health clubs, 65 from men’s showers and 48
from women’s showers. A total of 428 liquid soap samples

~from the sink area, 226 from wen's restronn sink areasand

Results

202 from women’s restroom sink areas, were analyzed for
this report. Samples with <600 CFU/ml. were not considered
since industry standards allow for this amount of bacteria

in liquid scap. All samples were confirmed to be from open
refillable systems.

The samples were collected in sterile 50 ml. conical
tubes and shipped to the laboratory on ice, 1 mL of DE
neutralizing broth (Remel, Lenexa, KS) was added to
cach sample tube and shaken vigorously for 60 seconds.
Heterotrophic plate counts (HPC) were obtained by the
spread plate method on R2A media (Difco, Sparks, MD).
Plates were incubated at 30°C for b days. Any sample
showing bacterial content was reexamined for Coliform
bacteria.

Coliform analysis and enumeration was performed using
the spread plate method on mEndo agar (Difco, Sparks,
MD) and incubated at 35°C for 24 hours. Bacterial colonies
were counted and recorded, representatives of all colony
types were subcultured to TSA plates (Difco, Sparks, MD) for
oxidase tests and identification. TSA plates were incubated

at 35°C for 24 hours. Identification of bacteria was obtained
using API20E strips (BioMerieux, Marcy-TEtoile, France).

8. aureus analysis was performed by using the spread plate
method on TSA amended with 5% Sheep Blood (BA) (Hardy

. Diagnostics, Phoenix, AZ) to check for hemolysis. Plates

were incubated for 24-48 hours at 35°C. Beta hemolytic
isolates were enunerated and streaked onto a TSA. plate and
incubated for 24 hours at 35°C. Isolated colonies underwent
further confirmation testing utilizing catalase production,
microscopic morphology, coagulase production (tube and
slide tests} and antibiotic (polymyxin) sensitivity.

Figure 1: Locations Containing HCP and Percent of HCPs that were Coliforms
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Figure 2: Frequency of Bacterial Species Isolated from
Refillable Liquid Soap Dispensers

35 2
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Summary

A total of 541 open refillable liquid soap samples were
analyzed for bacteria, coliforms and Staphylococcus aureus.
Of the 541 samples, 133 (25%) contained bacteria, 87
samnples (16%) contained coliforms. The percent of bacteria
isolated from open refillable liquid soap samples that were
identified as coliforms was 65%. Heterotrophic bacterial
numbers detected in the liquid scap samples ranged

from 590 to 5.3 x 107 CFU/ml. The average number of
bacteria found in one mL of soap was 3.02 x 10°CFU/
mL. Coliform bacteria ranged from <10 to 6.5 x 107 CFU/

S allk
O;a?ifjszzte d (S)p enl;{.eﬁllable E mL, with an average of 3.94 x 10° per mL of soap. The
) Q?P Ispenser frequency of contamination was similar for all cities tested,
Being Refilled

for both men and women's restrooms and for both wall
mounted and counter-mounted dispensers, Klehsiella was
the most frequently isolated genus of bacteria, followed by
Enterobacter and Serratia, No Staphylococcus aureus were
detected in any of the liquid soap samples analyzed.

25% Contwminated

Table 1:
Total munber Number of Number of Conclusions
of open samples with samples with High levels of bacterial contamination (average 3.02 x 10°

refillable soap  bacteria Coliforms CFU/mL) were found in 25% of the liquid soap samples in
this study. Previous reports found no contamination in soap
from sealed systems (figure 3}. Since these samples represent
a diverse cross section of geographical locales and individual
sites, it is concluded that refillable open, or “bulk”, liquid
soap systems commonly found in the U.S. are routinely
contaminated with bacteria. Many of the bacteria isolated
are opportunistic pathogens which can cause 2 variety of
health issues including respiratory infections, bloodstream
infections, urinary tract infections and skin infections.

The type and level of bacteria found in these systems
represent a potential health risk to users, especially to any

immunocompromised individuals.
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