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SUBJECT: A study of bacterial contamination of high-touch areas and hand drying practices in 

public restrooms. 

 

BACKGROUND 

Much of the currently published hand hygiene data are focused on the benefits of hand washing, 

adherence issues, and outcomes associated with failure to maintain appropriate levels of hand 

hygiene in healthcare settings.  In contrast, there is a relative paucity of data on the spectrum of 

pathogens that may be encountered in public restrooms, and the actual hand washing and hand 

drying practices among those persons who actually comply with hand washing policies in such 

settings.  To date, there have been virtually no environmental microbiologic studies performing 

either quantitative or qualitative assessments of the wide range of bacteria residing or 



contaminating public restrooms, much less in a variety of different public locations (e.g., 

shopping malls, restaurants, universities, public entertainment parks, etc.).  The vast majority of 

microbiologic studies of the non-hospital/healthcare environment has focused on specific 

pathogens (i.e., Salmonella species, enteric organisms, or norovirus) or has sampled only the air 

or water.  In addition, there are few studies assessing hand washing practices of the public in the 

United States or the use of towels or hand dryers.  Thus, we conducted this study to: (i) 

characterize bacterial environmental contamination of high-touch restroom areas in a series of 

different public locations; and (ii) evaluate the actual hand hygiene procedure of individuals 

through objective measurement of hand washing and hand drying times.  The study was carried 

out during the period December 9, 2010 through February 28, 2011. 

The study consisted of three integrated components: (i) an intensive quantitative microbiologic 

survey of high-touch areas in public restrooms; (ii) an observational study to document hand 

washing frequency and duration and drying times in public restrooms; and (iii) an observational 

study of a wide cross-section of public restrooms to ascertain the type of hand drying amenities, 

restroom tidiness (e.g., whether paper towels were strewn on counters or floors), the frequency of 

empty paper dispensers, and the degree to which bins were filled or  overflowing with disposed 

paper towels. 



 

COMPONENT #1 

The specific objectives of this component were as follows: 

(i) To illustrate the range of surfaces contaminated in public restrooms and in a selected 

number of commercial aircraft. 

(ii) To document the range of bacterial species found on different surfaces likely to be touched 

before or after washing and drying hands in selected public restrooms and commercial 

aircraft using quantitative and qualitative culture methods.  

(iii) To demonstrate the levels of bacterial contamination of each type of surface through 

quantitative culture methods.  

We selected rest rooms located in Florida.  In addition, we cultured the restrooms of four 

commercial jet aircraft.  The breakdown of restroom locations is as follows: 

(i) Large shopping mall (large restroom with Dyson Airblade™ dryers). 

(ii) Healthcare: University Hospital 

(iii) Education: University administration building. 

(iv) Office Environment: two company offices 

(v) Home healthcare care company. 

(vi) Fast-food restaurants. 

(vii) Large hotel. 

(viii) Public Transport: a Regional Airport. 

(ix) Food preparation: a company with a large bakery and facilities for preparation of foods 

destined for distribution. 

http://www.dysonairblade.com/


(x) Conference hall venue in a university. 

(xi) Theme park and resort.  

(xii) Department stores. 

 

Specimens from high-touch areas were obtained at each of these locations and included faucets; 

soap dispenser levers, push spout, or knob; sinks and surfaces around sinks; paper dispenser 

levers; latches of toilet cubicles; flush levers; restroom exit door knobs/handles.  For wall-

mounted hand air dryers, the start button (if non-automated) was cultured.  To determine any 

change in the environmental flora, repeat cultures from restrooms in three sites (the hotel, one 

restaurant, and the airport) were obtained approximately 10 days after the respective initial 

cultures.  

  

Swab Procedure 

Highly sensitive quantitative cultures were obtained from the above sites.  Culture specimens 

were obtained swabbing specific areas with a sterile culture swab (Sanicult transport swabs, 

Remel, Lenexa, KS) using a standard procedure and standardized area for testing.  The actual 

swabbing methodology is outlined as follows: 

(i) Swab collection device was removed from its packaging material by peeling open the 

outer packaging and labeled with appropriate identifiers. 

(ii) The sterile swab was removed by unscrewing the cap and excess liquid on the swab 

squeezed off by carefully pressing it against the interior wall of the tube. 

(iii) A predetermined standardized area (4"x 4") was cultured.    A pre-made sterile device 

with an internal diameter of the above size was used to insure that each surface area 

tested was identical.  For irregular surfaces like knob, buttons, levers, the swab was 

passed over the entire external surface. 



(iv) The swab handle was held at a 30
°
 angle to surface being swabbed and the swab was 

rubbed slowly and thoroughly over the defined surface for 5 seconds.  After the surface 

was swabbed, the swab was replaced in the tube of broth and the cap screwed on tightly.  

The swabs were delivered to the laboratory for processing within 4 hours. 

 

 

Laboratory work-up 

Cultures were processed in the RTI Biologics microbiology laboratory using conventional 

microbiology methods for both quantitative and qualitative cultures.  Swabs were processed 

according to the manufacturer’s recommendations for aerobic qualitative and quantitative 

cultures.  Colony growth was confirmed by Gram-stain, and appropriate biochemical testing.  

Isolates were identified and characterized using the Vitek automated system.  Additional sub-

culturing and biochemical testing were performed as needed.  In contrast to the routine practice 

of counting up to 200 colony forming units (CFU) per mililiter (ml), we counted up to 1,000 

CFU/ml. 



 

COMPONENT #2   

Hand washing frequency and hand washing and drying time and user interaction with paper 

towel) 

The specific objectives of this component were as follows: 

(i) To measure the percent of persons using the restroom who washed their hands and the 

time taken to wash hands. 

(ii) To measure the time taken to dry hands with paper towels. 

(iii) To document the number of towels taken and used, given a range of dispenser 

mechanisms and associated towel types. 

 

Method 

In this component, we were by protocol supposed to carry out observation for 30 minutes in each 

tested location.  Initial observations indicated that if this was done, relatively few restroom users 

(especially those persons performing hand hygiene) would be observed. Thus, we carried out 

observations in each location for at least 90 minutes and up to 4 hours in some instances to insure 

that a statistically adequate sample of users would be observed. Users in restroom environments 

were left to make a free choice regarding whether and how to wash and dry their hands, and the 

number of towels used to dry their hands. Users who washed their hands were observed from the 

time they initiated the washing procedure under water to the time that the water was turned off.  

In addition, the time taken to dry their hands was recorded.  The timing of the drying phase for a 

restroom user was defined from the time that they actually initiated the hand drying procedure 

with paper towels to the time that they stopped and discarded the paper.  Of note, the end point 

of the drying phase was dependent on the stage at which individuals felt that their hands were 

dried to their satisfaction.  Since ascertaining the level of dryness in individual hands was not 

feasible in this study, it is likely that the level of dryness would have differed among the various 



restroom users who we observed.  Thus, it is reasonable to expect that there could have been 

users whose hands were still wet or damp on leaving the restroom.  All times were monitored 

with stop watches.  Users were observed after the hand hygiene procedure was completed to 

monitor what they did with their hands. A visual assessment of the restroom also was carried out. 

In addition, the physical description of the restroom set-up, including the types of hand hygiene 

products—soaps and paper towel dispensers or other hand drying mechanisms were documented.   



 

COMPONENT #3   

In this component, the objective, per study protocol, was to describe the 20 locations in study 

component #1.  The data would be descriptive as follows: type of hand drying facilities and 

documentation as to whether paper towels were available, discarded on the floor or sink area, 

and whether the disposal bin was full or overflowing.  Instead of the 20 locations indicated by 

protocol, we carried out these observations and evaluations in 200 locations in Florida and across 

the United States.  The following information was recorded:   

(i)   Rest room location (e.g., restaurant, gas station, etc.) 

(ii)  Type of paper towel dispenser (e.g., Manufacturer, generic type, lever operated, etc.) 

(iii) Type of paper towel (Manufacturer.) 

(iv) Whether or not paper towels were present/available. 

(v)  Whether or not paper towels were present (i.e., thrown) on the counter or the floor. 

(vi) Whether or not the waste bin was full or overflowing. 



 

RESULTS: COMPONENT #1 

During the study period, 22 different restrooms were cultured—17 in various locations in 

Gainesville, one in Orlando, and 4 commercial jets.  These quantitative cultures documented 

extensive contamination of all high-touch surfaces assessed (Appendix).  In numerous instances, 

the quantity of microorganism was too numerous to count (TNTC), even given our process of 

counting up to 1,000 CFU/ml.  The various types of organisms isolated from high-touch areas in 

restrooms at the various locations are listed in Table 1.  The predominant Gram-positive 

organisms recovered included Staphylococcus species, Micrococcus species, Bacillus species, 

and Enterococcus species. Gram-negative microorganisms isolated were most commonly 

members of the Enterobacteriaceae family (e.g., Escherichia coli, Klebsiella species, 

Cronobacter species, Leclercia species, Pantoea species, or Serratia species) or non-fermenters 

(e.g., Acinetobacter species, Moraxella species, Pseudomonas species, or Stenotrophomonas 

species) — (Tables 1 & 2).   

Cultures of areas more likely to be touched after carrying out a hand hygiene procedure (e.g., 

faucet, levers on paper dispensers, and exit door handles or push plates) yielded various 

potentially pathogenic bacteria (Table 3).  The quantitative culture results indicate that sink 

areas, faucet taps, soap and paper dispenser operating levers, and the exit door knobs (handle) of 

restaurants and aircraft restrooms were more likely to have a concentration of microorganisms 

>1,000 CFUs when compared with other locations (Tables 4a, 4b, & 5).  The repeat cultures in 

the hotel, restaurant, and airport yielded growth of basically the same microorganism profile with 

predominance of Staphylococcus species, Bacillus species, and Gram-negative rods.    

Cultures of the knobs or levers that operated paper towel dispensers invariably yielded bacterial 

or fungal growth (Tables 5 & 6).  Culture of the start button of a generic warm air dryer at one of 

the restaurants yielded Kocuria kristinae, Staphylococcus epidermidis, and Staphylococcus 

warneri.  Also, the restroom that was sampled at the shopping mall had two types of air dryers: a 

Dyson Airblade hand dryer and a generic warm air dryer.  Culture of the Dyson Airblade hand 

dryer yielded Acinetobacter haemolyticus, Moraxella sp., and Bacillus species. Culture of the 

generic blower yielded three Gram-negative microorganisms (Klebsiella oxytoca, Pseudomonas 



putida, an uncharacterized Gram-negative bacillus) and Bacillus species.  The culture results for 

this phase of the study confirmed the following: 

(a) There were uniformly high levels of bacterial contamination in all areas of the 

restrooms that were sampled. 

(b) Levels of bacterial contamination of surfaces likely to be touched after a hand 

hygiene procedure were similar to the levels of surfaces that one would naturally 

expect to be contaminated, such as toilet seats, latches in toilet cubicles, counter 

surfaces around sinks, door handles, lids of tampon disposal bins, toilet roll handles, 

and soap dispensers. 

(c) The microorganisms recovered from air blower dryers, generally, were no different 

from the organisms recovered from high-touch areas that restroom users would be 

expected to come in contact with before and after the hand hygiene procedure.   

 

Note: we placed control open sheep blood agar settle plates on the floor of a selected number of 

study sites for seven minutes.  On incubation, the agar plates became overgrown with dense 

colonies of mold and other environmental organisms within 48 hours, which rendered them 

unquantifiable.  This finding was expected and is one of the reasons that floors are not routinely 

cultured during epidemiologic investigations.  In fact, culture of the floors using the broth 

methodology would have yielded extremely heavy overgrowth growth of environmental 

organisms of very little epidemiologic significance.  Morphologically, the environmental 

microorganisms and molds observed in these settle plates were not observed in any of the formal 

cultures of the restrooms that we studied. 



RESULTS (COMPONENT #2) 

We carried out a total of 470 hand hygiene observations in 14 restrooms.  Generally, restrooms 

were tidy although the floor of fast food restaurants occasionally had balls of used crumpled 

paper that had obviously missed the bin. None of the dispensers in the observed restrooms had 

paper hanging from the dispensers, including the restaurants.  The restrooms in which we carried 

out this component all had paper disposal bins, none of which were overflowing; none of the 

restroom bins had lids: they were either built into the washroom countertop or were mobile bins 

with an opening in the top for disposing the paper (Figures 1A, 1B, 1C, & 1D).  None of the 

study restrooms had paper stacked on the sink countertops or diaper changing areas.  Because of 

restroom architecture and layout, we were actually able to ascertain hand hygiene compliance 

accurately among 380 individuals in 11 of these restrooms.   Of these 380 persons who were 

observed in these 11 restrooms, 330 (86.8%) initiated hand hygiene after using the toilet or 

urinal. The frequency of performing hand washing was no different between males and females 

or by type of facility (i.e., restaurant, school, hospital, office, etc.)  The average time taken to 

wash and dry hands was generally similar for all study sites (Table 7).  The actual hand washing 

procedure was often cursory (i.e., lasted 1–5 seconds) in nature in all locations.  When stratified 

by gender, the mean time taken to wash hands among women (12 sec) and men (12 sec) were 

similar.  Women took a slightly longer time, on average, to dry their hands; however, this 

difference was not of statistical significance (9 sec vs. 8 sec, p=NS).  Within the hospital acute 

care setting, washing and drying times were no different from comparable times for non-

healthcare settings: for example, the mean times taken to wash and dry hands in the pediatric 

wing of the hospital was 12 (range: 7–21) seconds and 8 (range: 3–13) seconds, respectively.  In 

the adult wing of the hospital, the mean times taken to wash and dry hands was 10 (range: 2–27) 

seconds and 7 (range: 2–14) seconds, respectively.  On further stratification of the data, there 

was no correlation between the number of towels used by individuals and the time taken to dry 

their hands.  

Activities of persons after completing a hand hygiene procedure included drying their hands on 

their clothes, eating and drinking, touching their hair or face, putting on make-up, making 

telephone calls, texting with hand held devices.  What was most striking and surprising was the 

fact that among the 380 individuals who were observed, only one (0.3%) person actually used a 



sheet of paper to protect their hands when they opened the door.  This individual also happened 

to be the only one who used her elbow to turn off the faucet and operate the paper dispenser.  We 

recorded total failure to perform hand hygiene among persons in eleven facilities (Table 7): 

failure to perform hand hygiene was lowest (3.2%) in the restroom used by personnel in the 

facility that prepared food and had a bakery and highest (30.2%) in one particular general store 

(Table 7); this difference was statistically significant (1/31 vs. 13/43, p=0.003).   



RESULTS (COMPONENT #3) 

Observations were recorded for restrooms in 200 facilities, including department stores, gyms, 

schools, restaurants, bars, night clubs, resorts, parks, grocery stores, and airports (Tables 8 & 9).  

Of these 200 restrooms, 53 (26.5%) had waste bins that were full or overflowing; 38 (72%) of 

these 53 restrooms with filled or overfilled bins also had paper strewn on the counter or the floor.  

Thirty-seven restrooms with paper dispensers had no paper available either in the dispenser or on 

the counter.  The types of paper dispensers observed in the 200 restrooms are summarized in 

Table 8. 

 



ASSESSMENT: Component #1 

We documented extensive environmental contamination, including a wide spectrum of Gram-

positive and Gram-negative microorganisms, from cultures of various high-touch environmental 

sites in 22 frequently used public restrooms (18 different locations and 4 commercial jet aircraft) 

(Table 1).  In particular, cultures of areas or objects (e.g., faucets, soap dispenser levers, paper 

dispenser levers, start button for hand dryers, and exit door knob and handles) likely to be 

touched by an individual after carrying out a hand washing procedure yielded the same spectrum 

of microorganisms, which, when quantified, were too numerous to count (TNTC) (Tables 2 & 3).   

In addition, the spectrum of microorganisms isolated from high touch areas after completion of 

hand hygiene procedures was no different from the organisms isolated from areas that one would 

expect to have a degree of environmental contamination at any time—e.g., toilet seats, toilet 

flush handles, sink areas, soap pump dispensers, or cubicle latches. 

Based on the fact that the most common organisms observed on settle plates tend to be 

environmental molds and spore-forming microorganisms, the sensitivity of the broth culture 

methods used in our study would have rendered them able to detect the presence of such 

environmental organisms on the surfaces that we sampled.  No environmental molds were 

isolated. 

The most common spore-forming microorganism that we isolated was Bacillus species which are 

ubiquitous in the environment, decayed organic matter, and soil. Some species are part of the 

normal human flora and invariably colonize human skin.  Since spores, theoretically, can travel 

through the environment on drafts of air, we examined our data to determine whether the 

recovery of Bacillus species, fungi, or other spore formers was associated with any of the 

modalities of hand drying that we encountered—i.e., whether there was any difference in the 

recovery of Bacillus species in restroom that used paper towels versus air blowers.  We found 

that Bacillus species were recovered uniformly from cultures across all study sites, including the 

different types of air blowers.  Moreover, while various yeast and fungi were isolated from 

almost all study sites, none were isolated from the large bathroom with the Dyson blower.  These 

findings indicate that air dryers were not playing a role in the dissemination of Bacillus species 

spores in the restroom environment.  This observation is consistent with the findings of outbreak 



investigations carried out by the Centers for Disease Control and Prevention (CDC) in healthcare 

settings.  CDC has never documented any epidemiologic linkage between colonization of floor 

or carpet with bacteria or spores and the transmission of healthcare-associated infections.  More 

than that, transmission of Staphylococcus species and Gram-negative bacteria occurs primarily 

via direct or indirect contact with persons, fomites, and the environment.  There is no evidence 

that transmission of Gram-positive or Gram-negative bacteria is facilitated by gusts of air 

blowing in the environment.  In fact, to maintain a net positive room pressure as recommended 

by CDC’s guidelines for the prevention of surgical site infections, hospital operating rooms tend 

to have constant exchanges of airflow so that the net air input exceeds the output, resulting in a 

positive air differential.  There are no data that indicate this constant air movement results in 

dissemination of environmental organisms.  Spores are the microorganisms that could potentially 

become disseminated in the environment by taking advantage of moving air draughts.  To our 

knowledge, there is no evidence that Gram-positive or Gram-negative bacteria commonly found 

in restrooms could be disseminated throughout the environment by blasts of air from hand 

dryers.  Finally, there is no evidence that small airborne particles like skin squames facilitate the 

transmission of Gram-positive or Gram-negative bacteria.     

Cultures obtained in the restrooms of fast-food restaurants were more likely to have 

quantitative colony counts that were TNTC.  Cultures of high-touch sites in three restrooms 

located in different areas of the tertiary care hospital in our study yielded six 

microorganisms that are currently responsible for two-thirds of healthcare-associated 

infections in the United States, including Enterococcus species, a common cause of surgical 

site and healthcare-associated bloodstream infections. 

Automated paper towel dispensers were not common in the restrooms that we cultured; 

most were lever operated.  Cultures of these levers all yielded growth of bacteria and 

fungi—Gram-positive microorganisms predominated (57%), including Staphylococcus 

species (43%), followed by Gram-negative bacteria (19%)—Table 6.  It follows that the wet 

hands of individuals who have just completed a hand hygiene procedure could easily 

become contaminated on touching the operating levers of these dispensers, even if the 

procedure was scrupulous.  In healthcare or food preparation facilities, this mode of 

microorganism transmission has enormous implications for transmission of infectious 



diseases—directly to patients or other susceptible individuals, or indirectly through 

contamination of work surfaces, medical device manipulation, or food. 

The importance of widespread bacterial contamination documented by our study is underscored 

by data from CDC showing that over the past three decades there has been a striking change in 

the way healthcare is delivered in the United States.  In particular, these data show that while the 

numbers of general medical beds in United States hospitals have trended downwards, there has 

been a concurrent increase in the number of ICU beds allocated for critically ill patients in these 

hospitals; these findings basically confirm what is very evident in the medical community—US 

hospitals are becoming centers for critical care.  At the same time, medical and surgical 

healthcare that heretofore used to be delivered in the inpatient setting are now being conducted in 

the outpatient setting, free standing medical and surgical centers, long-term care facilities, and 

even the home (e.g., intravenous antimicrobials, chemotherapy, wound management).   The 

implications of this reality are (i) that susceptible patients can acquire infections in hospital as 

well as in non-hospital settings, and (ii) infection control is now an activity that is relevant 

outside the hospital setting.  Compounding the problem is the emergence of community-

associated methicillin-resistant S. aureus and multiresistant Gram-negative pathogen over the 

past decade.  Thus, hand hygiene is relevant not only in the inpatient setting, where critical care 

patients are almost certainly going to be susceptible to infections because of increased medical 

device use, but also in the outpatients and the home.  Combined with the recent increases in the 

numbers of infections in long-term care facilities, health-fitness centers, and food processing 

companies, our data, basically, make the case for a movement away from paper for hand drying 

in restrooms to touchless hand drying technology. 



ASSESSMENT: Component #2 

During the observation of hand washing and drying activities, we found that 14% of restroom 

users performed absolutely no hand hygiene at all.  Because of the nature of the study, reasons 

why restroom users did not perform hand hygiene remain unknown.  However, while personal 

hygiene habits almost certainly determine when and how a person washes his/hands, it is likely 

that other factors, such as the proximity of the paper dispensers to the faucet and sinks, play 

some role as to whether or not an individual carries out the drying procedure.  Among the 86% 

of users that actually initiated hand hygiene, the mean time taken to wash hands across all 

facilities was 12 (range: 1 – 134) seconds. Similarly the mean time taken to dry hands across all 

facilities was 9 (range: 1 – 44) seconds (Table 4).  The duration of the hand washing procedure 

often lasted ≤6 seconds and in one office setting, duration of the washing procedure for two-

thirds of users was ≤5 seconds.  These data document that up to about one-third of users of 

public restrooms failed to wash their hands when it was indicated and when users did actually 

perform hand hygiene, they often did so for very short time-periods.  These figures are lower 

than previous estimates made of scientific personnel at a national scientific meeting or of 

healthcare workers in healthcare settings.  The mean number of sheets of paper used across all 

restrooms was 2 (range: 1-7) sheets.   

We found no significant correlation between the number of sheets of paper used and the duration 

of the drying procedure.  In contrast with a formal hand drying study in an artificial setting, 

where different brands of paper are compared among users who are given specific instructions to 

wash and dry their hands until they are satisfied, reasons why public restroom users, unaware 

that they are being observed, might use one versus two or more sheets of paper towels is more 

complex and remains unknown.  For example, users in the observational component of our study 

often took sheets of paper towels out of the dispenser without even looking at the number of 

sheets in their hands.  In turn, the ease of obtaining paper from a dispenser depends on a host of 

factors including the following: (i) type of dispenser (e.g., whether it is lever-operated, 

automated, or simply generic in which the paper must hang from the dispenser outlet); (ii) how 

tightly the paper towels are stacked within a generic dispenser in which the paper is actually 

pulled out of the outlet; and (iii) whether the dispenser mechanism, mechanical or automated, is 

functioning.  Making the matter even more complex is the fact that the speed of the hand drying 



procedure is dependent on a variety of reasons, including the absorbency of the paper towel itself 

(i.e., the quality), whether there is a queue for the paper disperser (people tend to hurry when 

there is a line of people behind them), whether the person is in a hurry for personal reasons, the 

personal characteristics and behavior (e.g., the obsessiveness of the individual), or the inherent 

differences and perception among people as to what constitutes an appropriate level of dryness.   



ASSESSMENT: Component #3 

In the third component of the study, we documented a wide range of styles of paper dispensers, 

from the most basic device consisting of a roll of paper hanging from a nail in the wall or stack 

of paper towels on the counter to fully automatic "touchless" dispensers.  The issues of concern 

in this component of the study included the fact that >25% of the restrooms had waste paper bins 

that were full and overflowing, and 37 (18.5%) of the 200 restrooms that we observed had paper 

dispensers that were empty.  Although we did not document any in the restrooms that we 

cultured, the relatively common occurrence of empty paper dispensers in restrooms across the 

nation suggests that alternative methods of hand drying will have to be considered for public 

health to be enhanced.  An empty paper dispenser implies that affected restroom users are almost 

certainly going to dry their hands using whatever is most convenient for them at that point in 

time—their clothes or own wash cloth, or leave the restroom with soaking wet hands.  Although 

we can only speculate, there is a myriad of reasons why paper dispensers remain empty and 

include limited inventory supplies of paper, failure of staff to monitor the restrooms at a 

satisfactory regularity, failure to clean and maintain the restroom at a level that meets the 

frequency of use, inadvertent increase in the number of patrons, poor quality assessments by 

managers, cost cutting in facilities budgets, indifference among managers of facilities, or, most 

worryingly, a lack of appreciation among facilities managers and others of the importance of 

scrupulous hand hygiene for preventing infections, such as those caused by  influenza A, MRSA, 

or  norovirus (a virus that is often implicated in gastroenteritis.  What remains an unknown is to 

what degree lack of paper (empty dispensers) in a restroom actually influences a user’s decision 

to perform hand hygiene on first entering the restroom. 



CONCLUSION 

A wide spectrum of bacteria was identified contaminating high-touch surfaces located in a 

variety of commonly used public restrooms and commercial aircraft.  Areas in these restrooms 

that were likely to be touched by an individual after the hand washing and drying procedures 

were contaminated with these organisms in concentrations that were often too high for accurate 

quantification (i.e., CFU/ml).  Fast-food restaurants and aircraft had high-touch areas with 

particularly heavy contamination.  Cursory hand washing practices or failure to wash hands in 

public restrooms is common.  Recent data from an annual scientific meeting has suggested that 

hand hygiene compliance rates have been increasing over the past five years and that females 

tend to be more compliant than males.  Our data suggest that what has transpired in the scientific 

community at this annual meeting is not being replicated in the public.  A practice not 

uncommonly observed among users of public restrooms across the United States is the use of a 

paper towel to protect the hands from contamination when turning off faucets, operating the 

lever of paper dispensers, and opening the door of the restroom exit.  Our observational study 

documented this practice at just 0.3%.  Given (i) the level of bacterial contamination of the high-

touch surfaces that we cultured in this study, (ii) the fact that high-touch areas, in general, are no 

dirtier than any other washroom surfaces, and (iii) the observation that restroom patrons often 

inadvertently touch various surfaces after washing their hands, it is doubtful that using additional 

sheets of paper would mitigate or prevent bacterial recontamination of the hands after the hand 

hygiene (i.e., washing and drying) procedure.      

Our data suggest that although the likelihood of contaminating one’s hands after washing with 

soap and water is less if the restroom had forced air hand dryers versus a restroom with paper 

dispensers that was lever operated, we observed a paucity of forced air dryers in most of the 

random restrooms that we sampled, including healthcare facilities.  Finally, we documented that 

paper dispensers in a sample of public restrooms from across the US frequently did not contain 

paper that would have enabled individuals to dry their hands properly after using the toilet. 

Whether this lack of paper towels influenced the users' decision to perform hand washing could 

not be ascertained. It is likely, however, that lack of paper towels in these locations would have 

made proper hand washing and drying impossible. Given the frequency with which public 

restroom users perform just cursory hand hygiene or do not perform any hand hygiene at all 



together with the high rates of contamination of frequently touched surfaces in these restrooms, 

education of the public about high-risk, high-touch areas and the important role of hand washing 

in protecting them from potential colonization or contamination with environmental organisms 

should be given high priority by public health agencies.  The onus is now on facility managers of 

utilities commonly used by the public (e.g., hospitals, schools, universities, day care centers, 

gyms and fitness centers, department stores, restaurants, airports, and airlines) to seriously 

consider a transition away from paper in restrooms to touch-less hand drying technologies. 

    

*************** 

October 29, 2011 

L. K. Archibald 

W. R. Jarvis 

 

 

This report summarizes the findings and conclusions of our study.  Because data analysis is an 

ongoing process, it is possible that future correspondence or reports may present interpretations, 

or conclusions that differ from those contained in this document.  If further analyses substantially 

alter any of these findings or conclusions, you will be notified promptly. 

 



 

 

 

 

 

 

 

 

 

 

Figure 1A 

Study restroom with a bin 

built into the counter 



 

 

 

 

 

 

 

Figure 1B 

Study washroom with 

another type of commonly 

used paper disposal bin 



 

 

 

 

 

 

 

 

Figure 1C 

Study restroom with 

another type of bin 



 

 

 

 

 

 

 

 

 

 

Figure 1D 

Aircraft wash basin and 

paper disposal bin 

 



 

Table 1.  Microorganisms isolated from environmental cultures, by location 

Airport Amusement theme park Home care office  

Bacillus species Acinetobacter baumannii complex Acinetobacter lwoffi 

Diphtheroids Bacillus species Bacillus species 

Enterobacter species Diphtheroids Enterococcus faecalis 

Enterococcus casseliflavus Fungus Fungus 

Enterococcus faecalis Gram-positive cocci Micrococcus luteus 

Escherichia coli Kocuria kristinae Pantoea sp. 

Fungus Kocuria varians Pesudomonas putida 

Gram negative rod Micrococcus luteus Staphylococcus aureus 

Kocuria kristinae Pantoea sp. Staphylococcus epidermidis 

Kocuria rosea Pseudomonas stutzeri Staphylococcus haemolyticus 

Kocuria varians Sphingomonas paucimobilis Staphylococcus saprophyticus 

Micrococcus luteus Staphylococcus aureus Staphylococcus warneri 

Pantoea agglomerans Staphylococcus epidermidis Stenotrophomonas maltophilia 

Pantoea sp. Staphylococcus haemolyticus  

Pseudomonas putida Staphylococcus hominis  

Sphingomonas paucimobilis Staphylococcus warneri  

Staphylococcus aureus   

Staphylococcus epidermidis   

Staphylococcus haemolyticus   

Staphylococcus hominis   

Staphylococcus saprophyticus   

Staphylococcus warneri   

Stenotrophomonas maltophilia   

   

 



 

Table 1 continued     

Hotel Restaurant #1 Restaurant #2 

Acinetobacter sp. Acinetobacter lwoffi Acinetobacter baumannii 
Bacillus species Acinetobacter radioresistens Acinetobacter lwoffi 
Diphtheroids Acinetobacter ursingii Bacillus species 
Enterococcus sp. Aerococcus viridans Diphtheroids 
Fungus Bacillus species Ewingella Americana 
Gram-negative rod Citrobacter freundii Fungus 
Kocuria sp. Cronobacter sakazakii Group Klebsiella pneumonia 
Leuconostoc sp. Delftia acidivorans Micrococcus luteus 
Micrococcus sp. Diphtheroids Pseudomonas putida 
Pantoea sp. Elizabethkingia meningoseptica Sphingobacterium thalpophilum 
Pseudomonas sp. Enterobacter cloacae complex Sphingomonas paucimobilis 
Sphingomonas paucimobilis Enterococcus sp.  Staphylococcus haemolyticus 
Staphylococcus aureus Fungus Staphylococcus species 
Staphylococcus epidermidis Gram-negative rod Staphylococcus warneri 
Staphylococcus haemolyticus Gram-positive cocci  
Staphylococcus saprophyticus Helcococcus kunzii  
Staphylococcus warneri Klebsiella oxytoca  
Yeast Kocuria kristinae  
 Micrococcus luteus  
 Moraxella group  
 Pantoea sp.  
 Pseudomonas aeruginosa  
 Pseudomonas putida  
 Roseomonas sp.  
 Serratia sp.  
 Sphingobacterium sp.  
 Sphingomonas paucimobilis  
 Staphylococcus capitis  
 Staphylococcus caprae                         
 Staphylococcus epidermidis  
 Staphylococcus haemolyticus  
 Staphylococcus hominis ssp 

hominis 
 

 Staphylococcus kloosii  
 Staphylococcus warneri  
 Yeast  
 

 
 



Table 1.  continued 

Restaurant #3 Restaurant #4 Shopping mall College conference hall 

Bacillus species Acinetobacter baumannii  Acinetobacter haemolyticus Acinetobacter lwoffi 

Diphtheroids Bacillus species Bacillus species Bacillus species 

Klebsiella pneumoniae  Brevundimonas diminuta Brevundimonas diminuta Cronobacter sakazakii Group 

Micrococcus luteus Chryseobacterium indologenes Citrobacter koseri Fungus 

Pantoea sp. Enterobacter cloacae complex Enterobacter gergoviae Leclercia adecarboxylata 

Pseudomonas luteola Ewingella americana Escherichia coli Micrococcus luteus 

Staphylococcus aureus Fungus Gram negative rod Sphingomonas paucimobilis 

Staphylococcus haemolyticus Gram-negative rod Klebsiella oxytoca Staphylococcus aureus 

Staphylococcus hominis  Kocuria rosea  Micrococcus luteus Staphylococcus auricularis 

Staphylococcus warneri Kocuria varians Moraxella group Staphylococcus haemolyticus 

Yeast Micrococcus luteus Pseudomonas fluorescens Staphylococcus hominis ssp hominis 

 Sphingomonas paucimobilis Pseudomonas pseudoalcaligenes Staphylococcus lugdunensis 

 Staphylococcus aureus Pseudomonas putida Staphylococcus warneri 

 Staphylococcus epidermidis Serratia marcescens  

 Staphylococcus haemolyticus Staphylococcus epidermidis  

    Staphylococcus warneri  

 



 

Table 1.  continued 

Hospital atrium Hospital (2nd Floor) Pediatric offices University Library and Conference 
Hall 

Acinetobacter baumannii  Acinetobacter baumannii  Acinetobacter lwoffi Bacillus species 

Bacillus species Bacillus species Bacillus species Comamonas testosteroni 

Brevundimonas diminuta Diphtheroids Granulicatella elegans Cronobacter sakazakii Group 

Diphtheroids Enterococcus faecalis Micrococcus luteus Delftia acidovorans 

Enterococcus faecalis Fungus Pseudomonas putida Fungus 

Fungus Globicatella sanguinis Rhizobium radiobacter Gram-negative rod 

Kocuria kristinae Kocuria kristinae Sphingomonas paucimobilis Kocuria kristinae 

Micrococcus luteus Micrococcus luteus Staphylococcus haemolyticus Micrococcus luteus 

Micrococcus species Sphingomonas paucimobilis Stenotrophomonas maltophilia Pantoea sp. 

Pantoea sp. Staphylococcus aureus Streptococcus viridans Serratia liquefaciens 

Pseudomonas aeruginosa Staphylococcus capitis  Staphylococcus aureus 

Pseudomonas fluorescens Staphylococcus cohnii   Staphylococcus epidermidis 

Pseudomonas putida Staphylococcus epidermidis  Staphylococcus saprophyticus 

Serratia marcescens Staphylococcus haemolyticus  Staphylococcus warneri 

Sphingobacterium thalpophilum Staphylococcus lugdunensis   

Sphingomonas paucimobilis Staphylococcus warneri   

Staphylococcus haemolyticus Staphylococcus xylosus   

Staphylococcus epidermidis    

Staphylococcus hominis    

Staphylococcus saprophyticus    

Staphylococcus warneri    

Yeast    

 



 

Table 1.  continued 

Department store #1 Supermarket Office (Operations) Office (Administration)  

Acinetobacter lwoffi Acinetobacter baumannii  Bacillus species Acinetobacter lwoffi 
Acinetobacter radioresistens Acinetobacter lwoffi Coagulase-negative Staphylococcus Bacillus species 
Bacillus species Acinetobacter radioresistens Fungus Coagulase-negative Staphylococcus 
Diphtheroids Bacillus species Micrococcus luteus Fungus 
Enterococcus faecalis Fungus Pseudomonas oryzihabitans Micrococcus luteus 
Fungus Gram negative rod Staphylococcus aureus Staphylococcus aureus 
Granulicatella adiacens Kocuria kristinae Staphylococcus epidermidis Staphylococcus species  
Kocuria varians Leclercia adecarboxylata Staphylococcus haemolyticus Yeast 
Micrococcus luteus Micrococcus luteus Staphylococcus hominis  
Micrococcus species Pantoea sp. Staphylococcus saprophyticus  
Moraxella group Pseudomonas fluorescens Staphylococcus warneri  
Ochrobactrum anthropi Pseudomonas luteola Yeast  
Pantoea sp. Pseudomonas oryzihabitans   
Pseudomonas putida Pseudomonas putida   
Pseudomonas species Pseudomonas species   
Sphingobacterium thalpophilum Roseomonas sp.   
Staphylococcus aureus Serratia sp.   
Staphylococcus caprae                        Sphingobacterium sp.   
Staphylococcus cohnii  Sphingomonas paucimobilis   
Staphylococcus epidermidis Staphylococcus aureus   
Staphylococcus haemolyticus Staphylococcus haemolyticus   
Staphylococcus hominis Staphylococcus hominis    
Staphylococcus lugdunensis Staphylococcus warneri   
Staphylococcus saprophyticus Stenotrophomonas maltophilia   
Staphylococcus warneri Streptococcus viridans   
Yeast Yeast     

 



 

Table 1.  continued 

Airbus 1 Airbus 2 Airbus 3 Airbus 4 

Acinetobacter baumannii Bacillus species Acinetobacter lwoffi Acinetobacter baumannii  

Aerococcus viridans Diphtheroids Bacillus species Bacillus species 

Diphtheroids Enterococcus faecalis Gram-negative rod Enterobacter cloacae complex 

Gram positive cocci  Klebsiella oxytoca Pantoea sp. Pantoea sp. 

Klebsiella oxytoca Kocuria kristinae Pseudomonas species Pseudomonas putida 

Pseudomonas aeruginosa Pantoea agglomerans Staphylococcus epidermidis Rahnella aquatilis 

Staphylococcus aureus Staphylococcus hominis  Staphylococcus warneri Serratia liquefaciens 

Staphylococcus haemolyticus Staphylococcus saprophyticus  Staphylococcus warneri 

Staphylococcus simulans Staphylococcus simulans   

Yeast Staphylococcus warneri   

    



 
 

     

Table 2.  Culture results of six selected sites in the restrooms of four commercial airplanes (Airbus 320) 

Culture site Airbus 1 Airbus 2 Airbus 3 Airbus 4 

Push button  
(flush toilet)  

Aerococcus viridans 
Staphylococcus sp. 

Bacillus sp. Bacillus sp. Pantoea sp. 
Bacillus sp. 

Push button (water 
faucet) 

Pseudomonas sp. 
Gram-positive cocci 

Diphtheroids Pseudomonas sp. Enterobacter cloacae 
Pseudomonas sp. Staphylococcus sp. 

Inside door handle Staphylococcus sp. Diphtheroids Acinetobacter lwoffi Staphylococcus sp. 

 Staphylococcus sp.   

Inside door lock Acinetobacter sp. 
Klebsiella oxytoca 
Diphtheroids 

Staphylococcus sp. 
Pantoea sp. 

Bacillus sp. 
Gram-negative rod 
Staphylococcus sp. 

Bacillus sp. 
Acinetobacter baumannii 

Outside door handle Staphylococcus aureus Staphylococcus warneri Staphylococcus 
epidermidis 

No growth 

Front rim—toilet seat 
cover (commonly used 
to lower or raise the 
seat) 

Aerococcus viridans 
Staphylococcus simulans 
Yeast 

Enterococcus faecalis 
Klebsiella oxytoca 
Bacillus sp. 

Bacillus sp.  
Pantoea sp. 

Rahnella aquatilis 
Serratia liquefaciens 

 



 

Table 3.  Culture results of areas more likely to be touched after completing hand hygiene procedure 

 
Faucet Paper dispenser lever Exit door knob/touch plate 

Restaurant #4 Acinetobacter sp. 
Brevundimonas diminuta 
Kocuria varians 
Staphylococcus aureus 

Sphingomonas paucimobilis 
Staphylococcus capitis 

Micrococcus luteus 
Staphylococcus haemolyticus 

Restaurant #3 Micrococcus 
Pantoea sp.  
Staphylococcus aureus 
Staphylococcus warneri 

Bacillus 
Micrococcus 
Staphylococcus warneri 

Staphylococcus hominis 
Yeast 

Restaurant #2 Acinetobacter lwoffi 
Micrococcus sp. 
Sphingomonas paucimobilis 
Staphylococcus warneri 

Staphylococcus haemolyticus 
Staphylococcus warneri 

Bacillus sp. 
Pseudomonas putida 

Restaurant #1 Acinetobacter lwoffi 
Aerococcus viridans 
Bacillus sp. 
Micrococcus luteus 
Staphylococcus epidermidis 
Staphylococcus warneri 

(Dryer):  
Kocuria kristinae 
Staphylococcus epidermidis 

Acinetobacter lwoffi 
Acinetobacter ursingii 
Bacillus sp. 
Kocuria kristinae 
Micrococcus luteus 
Sphingobacterium sp. 
Sphingomonas paucimobilis 
Staphylococcus haemolyticus 
Staphylococcus epidermidis 
Staphylococcus warneri 



Supermarket Bacillus sp. 
Fungus 
Gram-negative rod 
Kocuria kristinae 
Micrococcus luteus 
Pseudomonas luteola 
Pseudomonas sp. 
Staphylococcus haemolyticus 
Staphylococcus hominis 
Staphylococcus warneri 

Acinetobacter baumannii 
Bacillus sp. 
Fungus 
Gram-negative rod 
Staphylococcus warneri 

Bacillus sp. 
Gram-negative rod 
Micrococcus luteus 
Pseudomonas fluorescens 
Sphingomonas paucimobilis 

Mall Bacillus sp. 
Pseudomonas fluorescens 
Pseudomonas putida 
Serratia marcescens 

Bacillus sp. 
Klebsiella oxytoca 
Pseudomonas putida 

No doors 

Hotel Bacillus sp. 
Micrococcus luteus 
Sphingomonas  paucimobilis 
Staphylococcus epidermidis 

Bacillus sp. 
Fungus  
Staphylococcus aureus 
Staphylococcus epidermidis 
Staphylococcus hominis 

Bacillus sp. 
Micrococcus luteus 
Sphingomonas paucimobilis 
Staphylococcus aureus 
Staphylococcus epidermidis 

Home care office Microocccus luteus 
Pantoea sp. 
Staphylococcus aureus 
Staphylococcus saprophyticus 
Staphylococcus haemolyticus 
Staphylococcus warneri 

Bacillus sp. 
Staphylococcus epidermidis 
Staphylococcus warneri 

Staphylococcus epidermidis 
Micrococcus sp. 

Amusement theme 
park 

Bacillus sp. 
Micrococcus luteus 
Pseudomonas stutzeri 
Staphylococcus warneri 

Micrococcus luteus 
Staphylococcus epidermidis 
Staphylococcus hominis 
 

Bacillus sp. 
Kocuria kristinae 
Micrococcus luteus 
Pantoea sp. 
Staphylococcus aureus 
Staphylococcus epidermidis 



Airport 
 

Bacillus 
Microocccus 
Staphylococcus hominis  
Staphylococcus saprophyticus 
 
 
 
  

Enterobacter sp. 
Enterococcus casseliflavus 
Kocuria kristinae 
Kocuria varians 
Pseudomonas putida 
Pantoea sp. 
Micrococcus luteus 
Staphylococcus epidermidis 
Staphylococcus saprophyticus 

Staphylococcus warneri 

No doors 

Department store #1 Bacillus sp. 
Fungus 
Micrococcus luteus 
Staphylococcus haemolyticus 
Sphingobacterium thalpophilum 
Staphylococcus warneri 

Bacillus sp. 

STAPHYLOCOCCUS SAPROPHYTICUS 

Bacillus sp. 
Enterococcus faecalis  
Fungus 
Micrococcus luteus 
Staphylococcus aureus 
Staphylococcus caprae 

Hospital atrium Auto taps Bacillus sp. 
Kocuria kristinae 
Pantoea sp. 
Staphylococcus haemolyticus 
Staphylococcus warneri 
Yeast 

Fungus 
Bacillus sp. 
Micrococcus luteus 
Staphylococcus epidermidis 
Staphylococcus saprophyticus 
Staphylococcus haemolyticus 
Staphylococcus hominis 
Sphingobacterium thalpophilum 
Sphingomonas paucimobilis 

Hospital (2nd Floor) Fungus  
Kocuria kristinae 
Staphylococcus aureus 
Staphylococcus capitis 

 Staphylococcus capitis 
Staphylococcus epidermidis 
Microocccus luteus 

Pediatric offices Staphylococcus haemolyticus 
Micrococcus luteus 

Acinetobacter lwoffi 
Micrococcus luteus 
Streptocccus viridans 

Staphylococcus haemolyticus 



College library Microocccus luteus 
Staphylococcus epidermidis  
Staphylococcus warneri 

Bacillus sp. 
Staphylococcus aureus 
Staphylococcus epidermidis 

Micrococcus luteus 
Serratia liquefaciens 
Pantoea sp. 

College conference hall Sphingomonas 
Staphylococcus hominis 
Staphylococcus haemolyticus 
Staphylococcus warneri 

Acinetobacter lwoffi 
Micrococcus luteus 
Staphylococcus aureus 
Staphylococcus auricularis 
Staphylococcus haemolyticus 
Staphylococcus hominis 
Staphylococcus warneri 

Staphylococcus hominis 

Office (Operations) Bacillus sp. 
Pseudomonas 
Staphylococcus epidermidis 
Yeast 

Bacillus sp. 
Fungus 
Microocccus luteus  
Staphylococcus epidermidis 
Staphylococcus warneri 

Bacillus sp. 
Staphylococcus saprophyticus 

Office (Admin) Micrococcus luteus 
Staphylococcus sp. 

 Bacillus sp. 
Fungus 
Staphylococcus epidermidis 

 



 
Table 4a.  Colony counts measured in colony forming units (CFU) for selected high-touch sites.  For flat surfaces, a standardized area of 4"x 4" (i.e., area of 16 sq 
inches) was cultured.  For site with irregular shapes, such as levers, knobs, and faucets, the entire item was swabbed.  Colony counts >1,000 CFU were defined as 
too numerous to count (TNTC). 

Location Sink area Faucet Soap dispenser lever Paper dispenser 
lever 

Toilet flush lever Exit door knob 

Restaurant #4 TNTC TNTC 118 TNTC TNTC 110 

Restaurant #3 TNTC TNTC TNTC 184 TNTC TNTC 

Restaurant #2 TNTC TNTC TNTC 83 TNTC TNTC 

Restaurant #1 
 

TNTC 
  

TNTC 
384 

17 
13 

24* 
43* 

TNTC 
  

TNTC 
  

Supermarket 
  
  

TNTC 
  
  

485 
277 
340 

TNTC 
TNTC 
  

TNTC 
TNTC 
  

TNTC 
872 
  

TNTC 
  
  

Mall TNTC 
TNTC 
  

TNTC 
TNTC 
TNTC 

104 (Dyson dryer)  
   

TNTC  
  

Staggered entrance (no 
doors) 
  

Hotel 
  
  

196 
535 
 

25 
23 
  
  

11 
24 
NG 
TNTC 

11 (sensor) 
625 (sensor) 
  

16 
23 
28 
11 

40 
65 
  

Amusement park TNTC TNTC 418 230 23 230 

Airport 
  
  

TNTC 
TNTC 
  

Sensor tap 
Sensor tap 
  

7 
7 
  

63 
23 
16 

13 
1 
  

---- 
  
  

       



Department store #1 
  

287 
  

TNTC 
TNTC 

218 
TNTC 

TNTC 
  

47 156 
84 

Hospital atrium 432     754   584 

Hospital 2nd Floor 758 508 654 Sensor 168 65 

Pediatric offices  TNTC 20 9 dryer only 4 87 

Library  TNTC 233 503 TNTC TNTC TNTC 

College library  13 392 25 299 96 3 

Office (operations) 698 TNTC 371 1 359 281 

Home care office TNTC TNTC 60 TNTC TNTC 23 

 
 
 

Table 4b.  Colony counts measured in colony forming units (CFU) for selected high-touch sites in the restrooms of four commercial aircraft 

Location Faucet push button 
Rim of toilet seat 

Toilet flush button 
Exit door knob inside 
toilet 

Airbus #1 TNTC TNTC TNTC TNTC 

Airbus #2 TNTC TNTC TNTC TNTC 

Airbus #3 TNTC TNTC TNTC TNTC 

Airbus #4 TNTC TNTC TNTC TNTC 
 



Table 5.  Results of cultures of levers or buttons for operating paper towel dispensers.  Colony counts 
were measured in colony forming units (CFU).   If the number of CFUs was >1,000, the count was 
designated too numerous to count (TNTC).   

Location Paper dispenser lever/knob Colony counts 
      

Restaurant #1 Sphingomonas paucimobilis TNTC 
  Staphylococcus capitis   
  Staphylococus aureus   

Restaurant #3 Bacillus 184 
  Micrococcus   
  Staphylococcus warneri   

Restaurant #1 Kocuria kristinae 43 
  Staphylococcus epidermidis 24 
  Staphylococcus warneri   

Restaurant #2 Staphylococcus haemolyticus 83 
  Staphylococcus warneri   
  Micrococcus sp.   

Supermarket Acinetobacter baumannii TNTC 
  Bacillus sp.   
  Fungus   
  Gram-negative rod   
  Staphylococcus warneri   

Mall* (Generic dryer) Bacillus sp. TNTC 
  Gram-negative organism   
  Klebsiella oxytoca   
  Pseudomonas putida   

Mall* (Dyson dryer) Acinetobacter sp.   
  Bacillus sp. TNTC 
  Moraxella sp.   

Hotel Bacillus sp. 625 
  Fungus    
  Staphylococcus aureus   
  Staphylococcus epidermidis   
  Staphylococcus hominis   

Amusement park Micrococcus luteus 536 
  Staphylococcus epidermidis   
  Staphylococcus hominis   

Airport Enterobacter sp. TNTC 
  Enterococcus casseliflavus 63 
  Kocuria kristinae 16 
  Kocuria varians   
  Pseudomonas putida   
  Pantoea sp.   
  Micrococcus luteus   
  Staphylococcus epidermidis   
  Staphylococcus saprophyticus 

Staphylococcus warneri 
  

   
   
   



   

Table 5 continued     

Department store #1 Bacillus sp. TNTC 
  Staphylococcus saprophyticus   
  Fungus   
Hospital Atrium 

  

  

Bacillus sp. 754 
Kocuria kristinae   
Pantoea sp.   
Staphylococcus haemolyticus   
Staphylococcus warneri   
Yeast   

University library Bacillus  TNTC 
 Staphylococcus aureus  
 Staphylococcus epidermidis  
College Conference Hall 

  

  

  

Acinetobacter lwoffi 299 
Micrococcus luteus 283 
Staphylococcus aureus 104 
Staphylococcus auricularis   
Staphylococcus haemolyticus   
Staphylococcus hominis   
Staphylococcus warneri   

Office (Operations) 

  

   

Bacillus sp. 233 
Fungus 1 
Microocccus luteus    
Staphylococcus epidermidis   
Staphylococcus warneri   

Home care office  Bacillus sp. TNTC 
  Staphylococcus epidermidis   
  Staphylococcus warneri   

   
*These restrooms had air blowers only for hand drying. 



Table 6:   Microorganisms isolated from paper towel dispensers 

Organism N=68 % 

Acinetobacter species 3 4.4 

Bacillus species 10 14.7 

Enterobacter species. 1 1.5 

Enterococcus species. 1 1.5 

Fungus  4 5.9 

Gram-negative rod 2 2.9 

Klebsiella species 1 1.5 

Kocuria species 4 5.9 

Micrococcus species 6 8.8 

Moraxella species 1 1.5 

Pantoea species 2 2.9 

Pseudomonas species 2 2.9 

Sphingomonas species 1 1.5 

Staphylococcus species 29 42.6 

Yeast 1 1.5 

 



 
 
 

Table 7.  Time (seconds) taken to wash and dry hands, and amount (i.e., number of sheets of paper 
used).  Note: sites with no recording of paper use had automatic hand dryers only. 
Location  Activity Mean Min Max Failed to Perform 

Hand Hygiene 

Restaurant #4 
N=30 

Wash time (sec)             11 2 32 11.8% (4/34) 

Dry time (sec)            7 1 18  

Paper used            2 1 4  

Amusement park 
N=30 

Wash time (sec)        13 5 48 6.3% (2/32) 

Dry time (sec)             8 5 22  

paper used              2 1 4  

Airport 
N=30 

Wash time (sec)              10 1 26 16.7% (6/36) 

Dry time (sec)            9 2 20  

paper used             2 1 6  

Library/conference 
Room 

Wash time (sec)              13 2 37 11.8% (4/34) 

Dry time (sec)            6 1 22  

paper used             2 1 4  

Hotel 
N=30 

Wash time (sec)               14 2 85 6.3% (2/32) 

Dry time (sec)              8 2 16  

paper used              2 1 7  

Mall (Dyson Blades) 
N=30 

Wash time (sec)                 15 3 48 19% (7/37) 

     

Dry time (sec)                15 4 32  

Restaurant #1 
(dryer; no paper) 
N=30 

Wash time (sec)   14 3 32 11.8% (4/34) 

Dry time (sec) 14 1 44  

Dryer only facility (no paper)       

Food preparation 
N=30 

Wash time (sec)   11 4 26 3.2% (1/31) 

Dry time (sec) 9 3 21  

paper used  2 1 5  

College 
Conference Hall 
N=30 

Wash time (sec)         12 3 30 11.8% (4/34) 

Dry time (sec)       9 4 24  

paper used        2 1 4  

Hospital atrium 
N=30 

Wash time (sec)          10 2 27 Not able to ascertain 

Dry time (sec)        7 2 14  

paper used         2 1 3  

Department store 
N=30 

Wash time (sec)               11 2 30 9.1% (3/33) 

Dry time (sec)             10 2 19  

paper used              2 1 4  

Office (operations) 
N=30 

Wash time (sec)                   11 3 134 Not able to ascertain 

Dry time (sec)                 5 1 15  

paper used                  3 2 7  

Department store 
#2 
N=30 

Wash time (sec) 12 6 23 30.2% (13/43) 

Dry time (sec) 9 5 13  

paper used 3 2 4  

Pediatric offices 
N=30 

Wash time (sec) 12 7 21 Not able to ascertain 

Dry time (sec) 8 3 13  

Dryer only facility (no paper)     



Table 8.   Location of restrooms observed in 3rd component of study 
  

Location       Frequency 
Airport                31 
Amphitheater           1 
Bank                   1 
Bar                    2 
Book Store              1 
Bowling alley          1 
Church                 2 
Club house             1 
Coffee shop            2 
Disney                 8 
Doctor's office        2 
Drug Store             2 
FL turnpike            1 
Gas Station             10 
Grocery Store          4 
Gym                    3 
Hair salon             1 
Hospital               2 
Hotel                  5 
Ice cream shop         2 
Library                2 
Main street            1 
Mall                    6 
Movie theater          2 
Night club             1 
Nursing home           1 
Office                 5 
Park                   2 
PetStore               1 
Restaurant             47 
School                 2 
School gym             1 
Skating rink           1 
Store                  38 
Supermarket            3 
University             3 
Video Store            1 
Zoo                    1 
Total 200 





 

 

- 1 - 

 

 

Table 9.  Paper dispenser types in restrooms observed during 3rd component of the study              

Dispenser Frequency      

Blower only  (no paper)                              16 
Bobrick pull down                         4 
Bradley Air Max: auto                     2 
Cormatic                                  2 
Dyson hand dryer                          2 
Electra-touch free                        2 
En Motion-motion activated                2 
Excel dryer: auto                          1 
Fort James pull down                      7 
GA Pacific lever pull                     12 
GA Pacific-auto                           10 
Generic-lever                             33 
Generic-pull                              39 
Generic auto 6 
Open wall dispenser (hung on wall)                              1 
Kimberley Clark- Sani touch               1 
Kimberley Clark-auto                      5 
Kimberley Clark-lever                     11 
Kimberley Clark-pull                      6 
No touch world dryer                      1 
Paper on back of toilet                   1 
Paper towel holder                        1 
Roll hung on wall                         1 
San Jamar-auto                            7 
San Jamar-lever pull                      1 
Scott tear up                               1 
Stacked on shelf                          2 
Swisher hygiene pull                      4 
Tork intuition_lever                      1 
Tork matic-pull                           4 
Tork-auto                                 4 
Tovic-auto                                1 
Worid Dryer Corp:  push button air dryer          2 
World Dryer Corp: No touch     1 
Xlerator                                  1 
Hands free dispenser                                 1 
Touch-free                                1 
World blower                              1 

a) 200 restrooms observed. 
b) 53 (26.5%) restrooms had waste bins that were full or overflowing. 
c) 38 (72%) of these 53 restrooms with filled or overfilled bins also had paper strewn on the 

counter or the floor. 
d) 37 restrooms with paper dispensers had no paper available. 
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