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Bulk refillable soap dispensers are manually refilled with 

bulk soap through an opening in the top, Figure 1.  

Previous research demonstrated that up to 25% of bulk 

hand soap dispensers are contaminated with 

approximately 6 LOG10(CFU/mL) heterotrophic bacteria 

based upon samples collected from the bulk soap1. The 

contamination results from extrinsic sources and occurs 

when the preservative system in the soap is overcome.  

This poster presents the 

results of a two-phase project.  

The goal of Phase 1 was to

determine if biofilm growth 

within the dispensers 

contributed to bulk soap

contamination, and Phase 2 

investigated if washing the 

dispensers effectively 

reduced bacterial

contamination .

INTRODUCTION

Figure 7. Stereoscope image of a fly found in the bottom 
dispenser assembly of a plastic wall-mounted dispenser. 
7.5X

Figure 2.  Stereoscope image of dried soap on the spigot 

opening of a plastic wall-mount dispenser.  5X
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PHASE 1 – BIOFILM TESTING
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CONCLUSIONS

• Dispensers contaminated with bacteria in the bulk 

soap also had high levels of biofilm bacteria. 

• While the bacterial diversity was relatively low 

compared to other environments, detection of SSU 

rRNA gene sequences suggested the presence of 

organisms not detected via cultivation‐based 

techniques (for some samples).

• The washing study results showed that bacterial 

counts in the bulk soap returned to pre-wash levels 

within two weeks regardless of the washing 

procedure used, although the bacterial counts in 

the dispensers rinsed with bleach did recover more 

slowly.   

Viable plate counts paired with biochemical identification 

assays and molecular methods were used to determine the 

amount of biofilm present and the ecology of the biofilm 

communities found in three types of dispensers.  The 

dispenser types tested were: plastic counter-mount (from a 

shopping center), plastic wall-mount (from an elementary 

school), and stainless steel wall-mount (from middle/high 

schools).  All dispensers tested were previously determined 

to be contaminated in the field.  

Viable Plate Count & 
Biochemical Identification 

Methods
Dispensers were received and visually inspected for any 

damage during shipment.  Samples were collected and 

analyzed at three distinct steps:  

 Sample A: the bulk soap (suspended bacteria)

 Sample B: the rinsed solution (loosely attached cells 

rinsed from  the dispenser surfaces)

 Sample C: the scraped solution (surface associated 

cells scraped from the dispenser surfaces)

The three samples were then:

 Disaggregated and neutralized in D/E neutralizer 

(Disaggregation methods included sonicating and 

vortexing the sample with sterile 3mm glass beads, 

for 1 minute each, alternating with three repeats.)

 Diluted and plated for heterotrophic and coliform 

plate counts 

 Filtered for total cell counts (Figure 3)

When possible, stereoscope images of the dispenser were 

taken between the rinse and scraping steps, with careful 

attention paid not to disrupt the biofilm within the dispenser 

(Figures 2 ,4 ,5 and 7). 

Isolated colonies were picked from the heterotrophic  and 

coliform plate counts and were sent in for biochemical 

organism ID.

Figure 3. Epifluorescent image of cells obtained from a bulk 
refillable soap dispenser, filtered onto a polycarbonate 
membrane, and stained with Live/Dead for total cell counts.  
Total cell counts were an important way of determining the 
efficacy of the disaggregation methods.  Disaggregation 
was determined to be efficient when single cells were seen, 
as shown above.  100X

Community Analysis Molecular 
Methods

The community analysis approach was broken down into 

four steps:

Biomass collection

 Collect pooled bulk and surface associated pellets

DNA preparation

 Cell lysis

 Removal of cell debris via centrifugation

 Precipitate proteins

Clone library construction

 Clone gene of interest (SSU rRNA gene via PCR)

 Ligation into plasmid & transformation into E. coli

 Screen/pick colonies

Organism identification

 Sequencing

 Bioinformatic analysis

Figure 1. Bulk refillable 

soap dispenser

Results indicated that (Figure 6) :

 The bulk soap, Sample A, was contaminated with 

4‐7 LOG10(CFU/mL) bacteria.

 Samples B (loosely surface associated) and C 

(surface associated) contained  4‐7 

LOG10(CFU/cm2), (n=6).

 Total cell counts ranged from  4-8 LOG10(CFU/cm2) 

for all dispensers and sample types.

These results were Independent of dispenser type or 

construction material. 

PHASE 2 – DISPENSER 
WASHING STUDY

Washing studies were completed to determine if 

dispensers could be washed or sanitized to eliminate future 

contamination.  The methods used were selected to mimic 

options that could be available during routine restroom 

maintenance by janitorial staff. Three washing procedures 

were analyzed for plastic wall mounted bulk refillable soap 

dispensers: 

1) a simple hot water rinsing technique

2) a hot water rinsing and scrubbing technique

3) a hot water rinse, scrub, 5,000mg/L bleach 

treatment, hot water rinse combination

Positive and negative control dispensers were drained and 

refilled with sterile soap.

Samples were collected from the rinse steps and evaluated 

for heterotrophic and coliform plate counts. Bulk soap 

sampling was performed for up to two weeks to determine 

washing procedure efficacy.
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Figure 8.  Dispenser washing study results: coliform counts
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Figure 9.  Dispenser washing study results: heterotrophic 

plate counts

Figures 4 and 5.  Stereoscope images of unknown brown 
material found in all types of dispensers studied.  Shown 
here: internal tubing from a counter-mounted dispenser 
(top) and lid of a plastic wall-mounted dispenser (bottom).  
7.5X

WASHING STUDY RESULTS

Funding was provided by GOJO Industries, Inc., Akron, 

OH.

1Gerba CP, and Maxwell SL, “Bacterial contamination of liquid hand 

soaps used in public restrooms,” Poster Presentation at NEHA  71st

Annual Educational Conference & Exhibition, Atlantic City, NJ, 2007.

The washing study results (Figures 8-9) showed that 

bacterial counts in the bulk soap returned to pre‐wash 

levels within two weeks of cleaning a dispenser and 

subsequently rinsing it with 5,000 mg/L bleach.  The 

purple and blue X symbols represent the positive and 

negative control results, respectively.

METHODS COMPARISON

Overall,  the results of the bacterial identification based 

upon biochemical assays versus molecular methods were 

comparable at the genus level, but some differences were 

observed (Table 1).

The biochemical profiling from all dispensers tested 

identified :

 14 unique bacterial species

 11 different genera

Whereas the molecular methods identified :

 13 unique genera

 Possibly dozens of different species

All microorganisms observed are considered opportunistic 

pathogens and are mostly gram negative.  The organisms 

identified were surprisingly consistent, and were 

independent of type and location of dispenser.
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Figure 6.  Panel a. is the counter-mounted dispenser 

results, b. the plastic wall-mounted dispenser results, and  

c. the stainless steel wall-mount dispenser results.  For the 

viable plate count results, HPC refers to heterotrophic plate 

counts, Col refers to coliform counts and Tot refers to total 

cell counts.  Samples A, B and C depict the bulk soap,  

loosely surface associate, and the surface associated 

biofilm counts, respectively.

a.

b.

c.

Table 1.  Panel a. is an indirect comparison of field versus 

biochemically isolated microbes identified from the plastic 

wall-mounted dispensers.  Panel b. is an indirect comparison 

of field identified microbes versus microbes identified using 

molecular methods from the plastic wall-mounted 

dispensers.  Panel c. is a direct comparison of microbes 

identified using biochemical assays versus molecular based 

methods from stainless steel wall-mounted dispensers.  

Molecular ID isolates were based on DNA found in the 

dispensers, thus, viability of identified organisms could not 

be assessed.

a.

b.

c.



Handwashing with Contaminated Soap Results in Hand 

Contamination and Transfer of Bacteria
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BackgroundBackground

Permanently mounted soap dispensers provided in public 

restrooms can be refilled either with sealed cartridges/bags 
or by pouring soap from a larger bulk container such as a 

gallon jug. Since soap contaminated with bacteria has been 

linked to outbreaks, the CDC recommends against the use 

of bulk soap dispensers in healthcare settings. However, in 
non-healthcare settings, bulk dispensers are still quite 

common and are often contaminated. Recent reports have 

found that 23-25% of open refillable bulk soap dispensers 
found in public restrooms are contaminated with unsafe 

levels of potentially pathogenic organisms. Sealed 

dispensing systems were free from contamination. With a 
growing immunocompromised population, it is prudent to 

investigate how remediation of this unnecessary health risk 

could reduce the risk of community-acquired infections. 

The objective of this study was to evaluate whether 
bacteria from contaminated soap remains on the hands 

after handwashing and to assess whether they can be 

transferred to other surfaces. 

BACKGROUND/OBJECTIVE: Previous studies establish 

that open refillable bulk soap dispensers are often 
contaminated with species of Klebsiella and/or Serratia

bacteria. In this study we evaluate whether these bacteria 

remain on the hands after handwashing and assess 
whether they can be transferred to other surfaces. 

METHODS: Hands were sampled using the glove juice 

method before and after handwashing with contaminated or 

uncontaminated soap. In addition, some participants 
touched an agar surface. RESULTS: No Klebsiella or 

Serratia were detected on the hands before using the test 

soaps or after using the uncontaminated control soap. 
Between 15 and over 190,000 of the marker bacteria 

remained on each hand exposed to the contaminated 

soaps and the transfer of the bacteria was visible on the 
agar touch plates. CONCLUSIONS: Use of contaminated 

soap may contribute to the transmission of opportunistic 

pathogens such as Klebsiella pneumoniae and Serratia 
marcescens.

MethodsMethods

ConclusionsConclusions

�Washing hands with contaminated soap results in contamination of the hands and transfer of the bacteria to surfaces.

�Contaminated bulk soap may contribute to the transmission of opportunistic pathogens such as Klebsiella and Serratia.

�Further research is needed to evaluate the public health risk of using contaminated bulk soap by patrons of public restrooms.

A laboratory simulation of handwashing with 

contaminated bulk soap was conducted. The testing 
methods were based on a modification of the FDA 

Tentative Final Monograph (TFM) for Effectiveness 

Testing of an Antiseptic Handwash or Health Care 
Personnel Handwash (FR59:116, 17 June 1994, pp. 

31448-31450). Soap formulation chemistry, bacteria 

used, and levels of soap contamination tested 

simulated contaminated bulk soap found in public 
rest rooms. Two different handwash methods were 

tested. In the first study the handwash was designed 

to mimic an ideal procedure, e.g. one conducted by 
a healthcare worker (5 mL of soap, 30 sec wash, 30 

sec rinse). In the second study the handwash was 

modeled after the typical washing behavior observed 
in the general public (1.5 mL of soap, 10 sec wash, 

10 sec rinse). A total of 5 soap samples were tested; 

one uncontaminated control, one sample 

contaminated with Klebsiella pneumoniae, and three 
samples contaminated with Serratia marcescens. 

Klebsiella and Serratia were used since they were 

two of the most common types of bacteria found in 
contaminated bulk soap, accounting for over 2/3 of 

all contaminants. Contaminated samples were 

prepared by repeatedly inoculating unpreserved 

soap formulations with bacteria until the soap 
became contaminated. A range of levels of 

contamination were tested from relatively low 

(<10,000 CFU/mL, <4 Log10CFU/mL) to high 
(>10,000,000 CFU/mL, >7 Log10CFU/mL) bacterial 

contamination. The number of contaminating 

bacteria on both hands of 6 participants were 
measured before and after handwashing with each 

test soap (N=12) using the glove juice method. In 

addition, after washing with each soap 1 or 2 

participants touched an agar surface with one or 
both of their hands (N=2 or N=4). 

ResultsResults

Bulk Sealed

�None of the participants had 

detectable amounts of 

Klebsiella or Serratia on their 

hands before washing

�No Klebsiella or Serratia were 

detected on hands after 

washing with an 

uncontaminated control soap

�After handwashing with 

contaminated soap between 15 

to over 190,000 bacteria from 

the soap remained on each 

hand (averaging from 1.18 to 

5.28 Log10 CFU). 

�Use of soap with the highest 

contamination level resulted in 

the greatest contamination level 

on the hands. 

�Both Klebsiella and Serratia from the contaminated hands of participants were transferred to agar 

surfaces following handwashing with contaminated soap. 

Before After

Handwash with 

Serratia 

contaminated 

soap

Before After

Handwash with 

Klebsiella 

contaminated 

soap

Bacteria on the Hands Before and After
Handwashing with Contaminated Soap
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Opportunistic Pathogens From Contaminated Bulk Soap on the 
Hands of Students and Staff in an Elementary School 
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BackgroundBackground
Hand soap dispensers used in school restrooms can be refilled 
with soap that is either bulk or sealed. Bulk dispensers are 
refilled by pouring soap from a large container into the open 
reservoir and typically the nozzle that the soap is ejected 
through is not replaced. In contrast, sealed dispensers are 
refilled by replacing bags or cartridges that contain soap sealed 
inside with a new nozzle. Soap in bulk dispensers is prone to 
contamination because it is constantly exposed to bacteria from 
the environment, such as from the hands of the person refilling 
the soap, the spray of toilet water after flushing, or from dust in 
the air. Since contaminated bulk soap dispensers have caused 
outbreaks in hospitals, the CDC recommends against their use 
in healthcare settings. However, no such guidelines exist to 
protect patrons of public restrooms in the community or our 
students in schools. In our previous studies, we tested soap 
from over 500 dispensers across the United States to evaluate 
the prevalence of contaminated soap in public restrooms. We 
were surprised to learn that 1 in 4 bulk dispensers are 
contaminated with an average of over 3 million bacteria, most 
of which are known to be opportunistic pathogens. Exposure to 
such high levels of these organisms can be a significant health 
risk to individuals with compromised immune systems which, is 
estimated to be at least 20% of the population. In contrast, 
soap from sealed dispensing systems was free from 
contamination. We identified an elementary school in which the 
antibacterial soap in all of their plastic wall mounted bulk soap 
dispensers were highly contaminated with 19 different species 
of Pseudomonas, Providencia, Citrobacter, Stenotrophomonas, 
Aeromonas, Enterobacter, Pasteurella, and Serratia  bacteria.
The objective of this study was to evaluate bacterial hand 
contamination and hand transmission among children and 
adults in an elementary school with a contaminated bulk soap 
problem. 

Previous research revealed that approximately 23% of open refillable bulk soap dispensers 
in public restrooms are contaminated with an average of 3,000,000 bacteria/ml soap. This 
study was performed to evaluate hand contamination and bacterial transmission by hands 
after washing with bulk soap. Gram-negative bacteria on the hands of 10 students and 10 
staff were quantified before and after using either contaminated bulk soap or 
uncontaminated control soap. In addition, the transfer of gram-negative bacteria from the 
hands to an agar surface was evaluated. Hands were found to harbor over 10-fold more 
opportunistic pathogens after washing with contaminated bulk soap than before washing 
(2047 vs 179). An average of 1 gram-negative bacterium was transferred to surfaces 
touched by students or staff either before the hand wash or after washing with 
uncontaminated control soap. After washing with the contaminated soap, the average 
number of gram-negative bacteria transferred to surfaces increased to 38 for children and 
9 for adults. These results suggest that contaminated bulk soap may play a role in the 
transmission of bacteria in schools, particularly among children.

MethodsMethods

ConclusionsConclusions

Hand soap dispensers which are refilled by pouring bulk soap into an open reservoir are often contaminated with opportunistic 
pathogens.

Washing with contaminated bulk soap resulted in a 10-fold increase in the number of pathogenic bacteria that were found on the hands 
of students and staff in an elementary school.

Hands washed with contaminated bulk soap transferred a significantly higher number of opportunistic pathogens to touched surfaces 
compared to hands washed with soap from a sealed refill. 

Contaminated bulk soap may play a role in the transmission of bacteria in schools, particularly among children.

Schools using bulk soap dispensers could reduce the potential risk of infections by upgrading to dispensers which utilize only sealed 
soap refills.

Method B: Bacterial transfer to a surface was measured with 
the opposite hand using the hand stamp procedure.

ResultsResults

Washing with contaminated bulk soap significantly increased the number of gram-negative bacteria 
per hand from 179 to 2047 on average for all students and staff (P < 0.0001). Students’ hands 
retained significantly more bacteria than the staff, 3148 vs. 474 (P < 0.01). 
Washing with sealed soap significantly reduced the number of bacteria from 821 to 135 (P < 0.05).
Hands had significantly less gram-negative bacteria after washing with sealed soap compared to 
after washing with contaminated bulk soap, 135 vs. 2047 (P < 0.0001).
Washing with contaminated bulk soap significantly increased the number of gram-negative bacteria 
transferred to a surface from 1 before washing to 27 after on average for all students and staff (P < 
0.0001). Students transferred significantly more bacteria to the surface they touched after washing 
with contaminated bulk soap than the staff did, 38 vs. 9 (P < 0.01).

A) Relative Effectiveness of Handwashing
with Contaminated Bulk vs. Sealed Soap
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B) Bacteria Transferred by Hands to a Surface
as a Result of Washing with Bulk vs. Sealed Soap
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Method A: The number of bacteria on one hand of each 
participant was measured using the glove juice procedure. 

10 staff and 10 students each participated in up to 4 
handwashes each using one of 14 contaminated bulk soap 
dispensers. 11 staff participated in up to 2 handwashes each 
during the follow up study which was conducted 4 months after 
the contaminated bulk soap dispensers were replaced with 
sealed soap dispensing systems. Participants were instructed 
to wash and dry their hands as they normally would after using 
the restroom. All hands were tested both before and after 
handwashing using one of two methods. 

Results were obtained from counting bacteria that grew on 
MacConkey’s agar. Statistical comparisons were performed 
using the Student’s t-test on the Log10 transformed bacterial 
colony counts.
























 






















 





















 



 



 

 






 



 





 



 

 


 
 

 

 


 





 



























 

  


  




 

 

 



  

    







 







 



 











 




 




 




 





 



  



 


 


 

 













 

 



 

 

 

After washing with liquid 
soap that was not 

contaminated 

After washing with 
contaminated liquid 

soap 





 



 





 







  









 


 


 


 


 


 
 

 

 

 





 



 






 

 

 

 
 
 

 

 
 

 


 

 


 

 



 



  

 


 
 






 

 





 

Type of Facility   Total Contaminated %
Shopping 22 4 18%

Recreation 15 3 20%

Dining 28 6 21%

Other/Unknown 90 19 21%

Dispenser Type   Total Contaminated %
Counter 21 3 14%

Wall plastic 48 8 17%

Wall metal 16 4 25%

Other/Unknown 70 17 24%

 



 

Type of Soap   Total Contaminated %
Bland 110 23 21%

Antimicrobial- Triclosan 26 8 31%

Antimicrobial- PCMX 14 1 7%

Other/Unknown 5 0 0%

Color of Soap   Total Contaminated %
Blue 6 1 17%

clear/white 33 2 6%

green 13 4 31%

orange 31 12 39%

pink 55 11 20%

peach 9 0 0%

yellow 6 2 33%

Other/Unknown 2 0 0%







 



 



  






 
 
 


 



 



 



 


 





 



 



  





 









 



 



 

 





 





 







 

 
 
 
 

 

 
 

 

 
 
 
 

 



 

 
 

 



Issue Attachment: 

Elimination of Open, Refillable Soap Dispensers

Health Canada

"Guidance Document: Human-Use Antiseptic Drugs" Effective 11/27/2009

Page 33/34 Section 7.4 Labelling
"Do not refill container."

 http://www.hc-sc.gc.ca/dhp-mps/alt_formats/pdf/prodpharma/applic-demande/guide-
ld/antiseptic_guide_ld-eng.pdf

http://www.hc-sc.gc.ca/dhp-mps/alt_formats/pdf/prodpharma/applic-demande/guide-ld/antiseptic_guide_ld-eng.pdf
http://www.hc-sc.gc.ca/dhp-mps/alt_formats/pdf/prodpharma/applic-demande/guide-ld/antiseptic_guide_ld-eng.pdf
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