
F
U
r

A
S
E

T
a

C

0

C
C
r

d

Reduction in the microbial load on
high-touch surfaces in hospital rooms by
treatment with a portable saturated
steam vapor disinfection system
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Background: Recent scientific literature suggests that portable steam vapor systems are capable of rapid, chemical-free surface
disinfection in controlled laboratory studies. This study evaluated the efficacy of a portable steam vapor system in a hospital
setting.
Methods: The study was carried out in 8 occupied rooms of a long-term care wing of a hospital. Six surfaces per room were
swabbed before and after steam treatment and analyzed for heterotrophic plate count (HPC), total coliforms, methicillin-
intermediate and -resistant Staphylococcus aureus (MISA and MRSA), and Clostridium difficile.
Results: The steam vapor device consistently reduced total microbial and pathogen loads on hospital surfaces, to below detection
in most instances. Treatment reduced the presence of total coliforms on surfaces from 83% (40/48) to 13% (6/48). Treatment re-
duced presumptive MISA (12/48) and MRSA (3/48) to below detection after cleaning, except for 1 posttreatment isolation of MISA (1/
48). A single C difficile colony was isolated from a door push panel before treatment, but no C difficile was detected after treatment.
Conclusion: The steam vapor system reduced bacterial levels by.90% and reduced pathogen levels on most surfaces to below the
detection limit. The steam vapor system provides a means to reduce levels of microorganisms on hospital surfaces without the
drawbacks associated with chemicals, and may decrease the risk of cross-contamination.
Key Words: Fomites; disinfectant; MRSA; C difficile.
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Infections acquired in hospitals are a major problem
worldwide. In the United States alone, among the esti-
mated 35 million admissions to acute care facilities
each year, 1.7 million are affected by a secondary
infection. Approximately 100,000 of these secondary
infections result in death.1 The risk of secondary infec-
tion increases with the time spent in the hospital.2

Many of the pathogens associated with hospital-
acquired infections survive well on surfaces, and
surfaces are believed to play a significant role in the
transmission of these pathogens between persons.3
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For instance, a review of intensive care unit admissions
showed that previous roomoccupation by a patient car-
rying vancomycin-resistant enteroccci (VRE) increases
the odds that the next room occupant will contract a
VRE infection.4 Routine disinfection of inanimate sur-
faces in the hospital environment would be expected
to reduce the transmission of these pathogens.

Liquid chemicals are frequently used to disinfect
surfaces in the health care environment. These liquid
chemical disinfectants have some drawbacks, however,
including lengthy requisite contact times (5-10 min-
utes), potential reactivity with acids and other chemi-
cals that produce toxic fumes, deactivation through
contact with organic matter, and irritation to the skin,
eyes, and respiratory tract.5 A previous study carried
out in a laboratory setting identified portable steam va-
por disinfection as a potential supplement to, or re-
placement for, liquid chemical disinfection.5 In that
study, a steam vapor system was shown to reduce mi-
crobial contamination against a broad range of patho-
gens (eg, methicillin-resisant Staphylococcus aureus
[MRSA], VRE, Pseudomonas aeruginosa) from an initial
inoculum of 7-log10 to levels below the detection limit
in less than 5 seconds. The study concluded that the
steam vapor system may offer special advantages
with respect to surface disinfection in health care
655
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settings, mainly with respect to decreased toxicity and
chemical irritation when used around sensitive patient
populations.

In the present study, we used heterotrophic plate
count (HPC) bacteria, Clostridium difficile, methicillin-
intermediate S aureus (MISA), MRSA, and total coliform
bacteria as indicators of environmental contamination.
MRSA and C difficile cause infections in the hospital en-
vironment that result in death (16,340 and 12,000 per
year in the US, respectively), and total coliform bacteria
traditionally has been used as an indicator of fecal
contamination of surfaces, although the presence of
coliform does not necessarily confirm this type of con-
tamination.6 We chose MISA as a target organism
to represent a relatively common environmental con-
taminant from human sources within the hospital
environment.

C difficile endospores are resistant to environmental
stresses (desiccation and temperature) and chemical
disinfection and can survive on surfaces for up to 5
months.7 They have been isolated on hospital surfaces
with frequencies as high as 58%. The greatest surface
contamination is found in rooms with colonized or in-
fected patients. The most commonly contaminated
surfaces are bedpans, washbasins, walls, and floors.7

C difficile infections are normally caused by antibiotic
use,8 but evidence suggests that particularly virulent
strains may be spread between persons via contami-
nated surfaces.

S aureus is a gram-positive aerobic coccus that can
be isolated on the epidermis and in the nasal passage
of 32% (ie, 89.4 million people) of the US population.9

This opportunistic pathogen can cause such conditions
as minor skin infections, life-threatening pneumonias,
septicemia, and death.10 Some strains of S aureus have
developed resistance to b-lactam antibiotics11 and are
termed MRSA. MISA is the term for S aureus bacterium
with decreased susceptibility to these antibiotics. Like
C difficile, MRSA has the ability to survive on surfaces
for a few hours up to several months.12-14 Survival
rate depends on the moisture content and the amount
of organic matter present. Many previous studies have
investigated MRSA on surfaces in the hospital settings,
with reported detection frequencies ranging from 1%
to 100%.15-17 The sites with the highest isolation rates
include tables, beds, ambulances, and personal devices
with which patients come into contact (eg, telephones,
remote control units).

Total coliform bacteria are well-studied indicator
microorganisms. Total coliform bacteria are normal
inhabitants of the intestines of warm-blooded mam-
mals and are more numerous than pathogenic bacteria
in feces.6 These bacteria are very hardy in the environ-
ment compared with other pathogens. They are useful
indicators in a health care setting because they are not
expected to be present on surfaces unless indirect or di-
rect contamination has occurred.18

The purpose of the present study was to evaluate the
efficacy of a steam vapor disinfection system under ac-
tual conditions of use in active, occupied hospital
rooms.

METHODS

Description of the study site

The study site was a long-term care wing of a prom-
inent hospital in Arizona. It was selected because of its
proximity to the University of Arizona, as well as its in-
formed, interested, and cooperative hospital infection
control, environmental services, and nursing staff.

Study chronology and room selection

Four rooms were sampled on Tuesday, August 11,
2009, and 4 more rooms were sampled on Wednesday,
August 12, 2009. Six surfaces were sampled before and
after treatment with the steam vapor disinfection
device in each room. Rooms were sampled while the
patients were away (eg, eating lunch, attending ap-
pointments with medical specialists). The last room
sampled, ‘‘H,’’ was identified by nursing staff as a VRE
containment room. All other rooms were normal
long-term care rooms.

The steam vapor system

The device used in this study was a VaporJet PC 2400
Steam Vapor System with the TANCS component from
Advanced Vapor Technologies (Seattle, WA). The unit
measures 50 3 35 3 30 cm, weighs 5.5 kg dry, and co-
mes with a variety of attachments and a utility cart. The
unit used for the study was outfitted with a hose con-
nected to a 14 3 14 3 14 cm triangular cleaning
head and moved around the hospital on the utility
cart. The unit was filled with ordinary tap water, acti-
vated, and allowed to reach the functional operating
boiler pressure of 66 psi. The steam delivery output
was set to 12-15 psi for all experiments.

Surface treatment

A towel, machine-laundered with ordinary deter-
gent, was affixed to the cleaning head in accordance
with the manufacturer’s instructions before the unit
was introduced to the patient room. High-touch sur-
faces (eg, guest chair arm, left bedrail, right bedrail, ta-
ble, sink, door push panel) were treated in a normal,
natural fashion with light pressure with the device set
to 12-15 psi for approximately 10-20 seconds per
surface.
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Sampling methodology

Samples for microbiological analysis were collected
using sterile 2 3 2 inch 100% cotton fabric swatches
machine-washed with simple detergent, dried, cut to
23 2 inch squares, and then autoclave-sterilized in alu-
minum foil. Immediately after entering the room, a se-
ries of 6 ‘‘pretreatment’’ samples were collected by a
team of 4 microbiologists. To collect a sample, a scien-
tist donned latex gloves, which were then sprayed lib-
erally with 95% ethanol by an assisting scientist and
air-dried. The scientist grasped a swatch with the
ethanol-sanitized gloved hands, folded it twice length-
wise, dipped it into a cool (;48C) 50-mL sterile plastic
centrifuge tube containing 10 mL of 1:10 D/E Neutraliz-
ing Broth (BD, Franklin Lakes, NJ) (with the tube opened
by the assisting scientist) to wet it, and then vigorously
rubbed an;25-in2 (53 5 in or 2.53 10 in) area for ap-
proximately 10 seconds. After the surface rubbing, the
swatch was placed back into the sterile plastic centri-
fuge tube, which was capped tightly, sealed with paraf-
ilm, and immediately placed in a cooler on ice for
overnight shipment to a commercial testing facility,
Antimicrobial Test Laboratories (Round Rock, TX), for
sample processing. After treatment of the surfaces, cor-
responding ‘‘posttreatment’’ samples were collected
from the same surfaces as for the pretreatment sam-
ples but from different areas of the surfaces. For exam-
ple, the pretreatment sink samples were obtained on
the left side, the entire sink was treated with the steam
vapor device, and then the posttreatment sample was
collected from the right side. In addition, the triangular
bottom portion of the cleaning towel was sectioned im-
mediately after treatment of the surfaces (approxi-
mately 13.25 in2).
Initial microbiological sample processing

The 50-mL plastic centrifuge tubes containing 10mL
of 1:10 D/E broth and the used swatches were received
cold by the processing laboratory on the mornings
after the 2 sampling events. Aliquots were plated di-
rectly to R2A agar (BD) and incubated for 5 days at
20-258C. After incubation, all colonies except fungi
were counted. Aliquots were plated simultaneously to
mannitol salt agar (MSA) and incubated for 2 days at
36 6 18C. Aliquots also were plated simultaneously to
m-Endo LES agar (BD), which is selective for total coli-
form bacteria, and incubated for 2 days at 36 6 18C.
The m-Endo agar plates were observed for growth typ-
ical of total coliforms (dark, relatively large colonies),
with a sheen. On the same day, 5 mL of the sample
was centrifuged (Hamilton-Bell, Montvale, NJ) at ap-
proximately 7,000 3 g for 10 minutes. All but ;0.30
mL of the supernatant was poured off. The tube was
then vortexed and plated in its entirety to anaerobic
Schaedler’s blood agar plates (Oxyrase, Mansfield,
OH) supplemented with trace sodium taurocholate
(Thermo Fisher Scientific, Pittsburgh, PA) and lyso-
zyme (Thermo Fisher Scientific), and then incubated
anaerobically for 48 hours at 366 18C. All presumptive
C difficile‒positive samples were then Gram-stained
and streaked to anaerobic blood agar, and evaluated
for typical characteristics next to a positive American
Type Culture Collection 43598 control. Typical charac-
teristics included horse stable odor, gray color, and
large, irregularly shaped colony structure.

Identification of MRSA

MSA plates demonstrating colonies characteristic of
S aureus (ie, round, symmetrical, raised, bright yellow,
with a surrounding yellow zone) were streaked to
tryptic soy agar (TSA) plates. In the event that a single
plating yielded more than 10 presumptive positive col-
onies, 10 colony isolates were streaked on TSA, and the
percentage of total colonies analyzed was factored into
subsequent calculations. These plates were incubated
for approximately 24 hours at 36 6 18C and then eval-
uated for colonies typical of S aureus as grown on TSA.
Prospective S aureus colonies were then subjected to a
catalase test to rule out enterococci. Isolates demon-
strating strong catalase activity were streaked to TSA
plates with BD oxacillin (1 mg) and then incubated for
approximately 24 hours at 36 6 18C. Proximity of
growth to the antibiotic disc wasmeasured using a stan-
dard ruler. Antibiotic sensitivity was determined in ac-
cordance with Clinical and Laboratory Standards
Institute guidelines.19

RESULTS

Our results are summarized in Tables 1 and 2 and
Figure 1.

HPC and total coliform

The 2 sites most contaminated with HPC bacteria
before cleaning were the bedrail, with 1.59 3 103 6
3.19 3 103 colony-forming units (cfu)/in2 (n 5 16),
and the bedside table, with 952 6 1.79 3 103 cfu/in2

(n 5 8). After cleaning, the average bacterial load in
these sites was reduced by 1.19 and 1.71 log10, respec-
tively—a .90% reduction. The sinks had the lowest
average concentration of HPC bacteria before cleaning,
125 6 145 cfu/in2 (n5 8); here the bacterial count was
reduced by 0.78 log10 after cleaning.

The surfaces with the greatest log10 reductions in
HPC were the door push outside and the bedside table,
with log10 reductions of 1.76 and 1.71, respectively.
The sink had the lowest log10 reduction, of 0.78 log10.



Table 1. Average* bacterial counts before and after cleaning by site

Sample site HPC, cfu/in2y Total coliform, cfu/in2y MISA, cfu/in2 MRSA, cfu/in2y C difficile,cfu/in2z

Before

Chair arm (n 5 8) 154.9 6 197 16.5 6 23.0 5 .0 6 1.9 4.5 6 1.4 ,0.08

Bedrail (n 5 16) 1.59 3 103 6 3.19 3 103 105.6 6 182.7 4.5 6 2.0 ,4.0 ,0.08

Table (n 5 8) 952.0 6 1.79 3 103 56.0 6 66.2 7 .0 6 6.0 9.0 6 11.3 ,0.08

Sink (n 5 8) 126.0 6 145 19.0 6 23.5 6 .0 6 4.3 5.5 6 4.2 ,0.08

Door push outside (n 5 8) 243.0 6 480 11.8 6 21.9 6.5 6 4.8 5.0 6 2.8 #0.08

After

Chair arm (n 5 8) 70 6 8.5 #4.0 ,4.0 ,4.0 ,0.08

Bedrail (n 5 16) 103.1 6 351.5 #4.0 ,4.0 ,4.0 ,0.08

Table (n 5 8) 18.5 6 27.6 4 ,4.0 ,4.0 ,0.08

Sink (n 5 8) 21 .0 6 27.3 4.3 6 0.7 #4.0 ,4.0 ,0.08

Door push outside (n 5 8) 4.3 6 0.7 ,4.0 ,4.0 ,4.0 ,0.08

*Arithmetic average.
yDetection limit of 4 cfu/in2.
zDetection limit of 0.08 cfu/in2.

Table 2. Log10 reduction in bacteria by site

Sample site HPC Total coliform MISA MRSA C difficile

Chair arm (n 5 8) 1.34 0.62 0.1 0.05 NA

Bedrail (n 5 16) 1.19 1.42 0.05 0 NA

Table (n 5 8) 1.71 1.15 0.24 0.35 NA

Sink (n 5 8) 0.78 0.65 0.18 0.14 NA

Door push outside (n 5 8) 1.76 0.47 0.21 0.1 NA

NOTE. Values are log10 cfu.

NA, not applicable.
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The bedrail and the bedside table had the highest
concentrations of total coliforms before cleaning, 106
6 182 cfu/ in2 (n 5 16) and 56 6 66.2 cfu/ in2 (n 5
8), respectively. After cleaning, these bacterial counts
were reduced by 1.42 and 1.15 log10, respectively.
These sites showed the greatest log10 reduction in total
coliform bacteria. The lowest log10 reduction for total
coliforms, 0.47 log10, was found on the door push out-
side, which had an initial starting concentration of 11.8
6 21.9 cfu/in2 (n 5 8). Before cleaning, 81% (29/48) of
the surfaces were contaminated with total coliform;
this dropped to 13% (6/48) after cleaning.

Pathogens

The greatest log10 reduction for presumptive MISA
and MRSA, 0.24 log10 and 0.35 log10, respectively,
was found on the bedside table surface. The bedside ta-
ble had 7.0 6 6.0 cfu/in2 (n 5 8) of presumptive MISA
and 9.0 6 11.3 cfu/in2 (n 5 8) of presumptive MRSA.
The lowest log10 reduction was found on the bedrail,
with 0.05 log10 for presumptive MISA and 0 log10 for
MRSA. The initial concentration of presumptive MISA
was 4.5 6 2.0 cfu/in2 (n 5 8), and MRSA was below
the detection limit of 4 cfu/in2 in all samples (n 5 8).
No decrease in C difficile counts was seen in any of
the sites tested. C difficile was recovered in 1 sample,
door push outside, at a concentration of 0.08 cfu/in2.

Presumptive MISAwas isolated from 25% (12/48) of
the sites before cleaning. After cleaning, this frequency
dropped to 2% (1/48). Presumptive MRSA and C difficile
had isolation frequencies of 6% (3/48) and 2% (1/48),
respectively, before cleaning and were not isolated af-
ter cleaning. In terms of total pathogens, 27% (13/48)
of the surfaces were contaminated before cleaning,
compared with only 2% (1/48) after cleaning with the
steam vapor system.

DISCUSSION

The steam vapor system has been tested in a
laboratory-scale study using a modified Environmental
Protection Agency (EPA) protocol against a variety of
pathogens, including MRSA, VRE, Salmonella enterica,
P aeruginosa, Escherichia coli, and C difficile.5 The de-
sign of the EPA study was similar to that of studies of
chemical disinfectants. In that study, the steam vapor
system reduced the pathogen concentrations by 5-7
log10 within 5 seconds. The testing was performed on
small flat, rough clay ‘‘coupons.’’ The log reductions
that we found in the present study are lower than those
reported in the EPA in vitro study. Our lower log
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Fig 1. Bacteria of concern before and after cleaning with the steam vapor disinfection system.
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reductions are likely due to the initial concentrations of
bacteria. The fairly low bacterial concentrations lim-
ited the log10 reductions to the log10 values of the initial
population. In most cases, microorganisms of concern
were reduced to below the limit of detection after
treatment.

The sampling method used—splitting the site in half
for pretreatment and posttreatment samples—might
have had an effect on the log10 reductions detected.
The level of contamination might not have been the
same on both halves of the surfaces. It is not known
if the initial bacterial load was greater on the before
or on the after half of the sample site. The laboratory-
scale study showed that regardless of the initial inocu-
lum, all pathogens were reduced to below the detection
limit within 5 seconds. The initial inoculums ranged
from 1.0 3 102 cfu/test surface for C difficile to 8.0 3
107 cfu/test surface for VRE. In addition to bacteria,
fungi and bacteriophages were also tested.5

For HPC bacteria, the greatest log10 reductions were
measured on the door push outside (1.76 log10) and the
bedside table (1.71 log10). Both of these surfaces are
smooth and flat, which likely ensured better heat trans-
fer from the device, allowing for constant contact of the
steamer head with the surface. In comparison, smaller
surfaces or surfaces with rounded edges, such as the
bedrails and the sink, achieved lower log10 reductions,
1.19 log10 and 0.78 log10, respectively. Rounded sur-
faces make it more difficult to keep the steamer head
in contact with the surface and allow more the steam
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to escape, which might be responsible for the lower log
reductions found on the bedrails and sink. These com-
parisons are based on general trends and have not been
statistically analyzed.

The surfaces tested for this study were made of a
range of materials with different heat retention proper-
ties, possibly contributing to the varying efficacy of
steam treatment among the surfaces. For example,
the door push panels were made of stainless steel,
which has a higher capacity for heat conduction that
the plastic bedrails. Correspondingly, the door push
panels demonstrated a greater HPC reduction com-
pared with the bedrails. Previous laboratory studies
(data not shown) suggested that disinfection from the
steam vapor system occurs quickly and independently
of the heat retention properties of the surface, but our
findings suggest that further research on this may be
warranted.

The average log10 reductions achieved in this study
falls short of the EPA laboratory testing requirements
of 5 log10 and 3 log10 reduction for disinfectants
and sanitizers, respectively,20 although the laboratory-
scale study achieved reductions .5 log10 using modi-
fied EPA methods. However, few previous studies
have evaluated the efficacy of EPA-registered disinfec-
tants under normal use conditions such as we did in
this study. Some previous data suggest that there is a
wide gap between the log reductions observed on lab-
oratory testing and the log reductions that can be ex-
pected from actual usage.21 The same was observed
for the steam vapor device, with lower reductions in ac-
tual use compared with the .5.0 log10 reductions cal-
culated in previous in vitro studies. Thus, the 1.76
log10 reduction in environmental HPCs achieved on
the door push by the steam vapor device may actually
be greater than what would be achieved by use of a
standard EPA-registered disinfectant under typical use
conditions. More research is clearly needed on estab-
lishing a real-world performance expectation for
chemical disinfectants before a fair comparison can
be made between the steam device and disinfectants.

The concentration of bacteria on the surfaces before
cleaning limited the log10 reductions detected in this
study. The highest concentration before cleaning was
1.59 3 103 6 3.19 3 103 cfu/in2, found on the bedrail.
This would limit the reduction to ,3 log10 once the
limit of detection was accounted for in the calculation.
Along with the low starting concentration, 69% (33/48)
of the HPC counts were at or near the limit of detection
for the assay after cleaning. This suggests that the
steam vapor device could achieve greater log10 reduc-
tions if the starting concentration of bacteria were
higher.

The reductions also could be improved by increas-
ing the contact time. In this study, the disinfecting
head remained in contact with a given high-touch sur-
face for only approximately 20 seconds, in an effort to
mimic the normal, natural use of the device in the hos-
pital. The actual duration of contact with a given part of
each high-touch surface was probably closer to 2-4 sec-
onds. We would expect disinfection efficacy to be in-
creased simply by increasing the duration of surface
treatment. Even with an increase in contact time, the
steam treatment still would require less contact time
than common chemical disinfectants, which com-
monly require a 10-minute contact time. The steamer
head also could be modified to make it better able to
handle round surfaces and surfaces with rounded
edges. These changes could greatly increase the effec-
tiveness of the device.

Before cleaning, MRSA, MISA, and C difficile were
isolated from 6% (3/48), 25% (12/48), and 2% (1/48)
of the surfaces tested. After cleaning, only MISA was
isolated, at a frequency of 2% (1/48). These results
suggest that the steam vapor system is able to mean-
ingfully and consistently reduce the presence of path-
ogens on surfaces. A review of the literature suggests
that conventional disinfection fails to reduce patho-
gens to this low level. French et al21 reported that con-
ventional disinfection failed to completely eliminate
the presence of MRSA on 66% (82/114) of the tested
surfaces. Similarly, Byers et al22 found that conven-
tional disinfection failed to eliminate VRE contamina-
tion in 15.9% (60/376) of sampled sites. These studies
presented their results as presence/absence and did
not quantify the reduction based on cfu. Further test-
ing in a more contaminated environment might help
further elucidate the frequency with which the steam
vapor system can be expected to reduce pathogen
loads to below the limit of detection in actual
hospitals.

One limitation of this study was that Gram staining
and coagulase testing were not incorporated into
the identification process for MISA and MRSA. Coagu-
lase testing has been suggested for both MRSA and
MISA.23 These tests could have been used to comple-
ment the MSA used in this study to better identify S
aureus. A previous study found that including coagu-
lase testing and other biochemical steps and using me-
dia other than MSA could increase the rate of isolation
twofold compared with using MSA alone.24 Inclusion of
the coagluase test and Gram stain in this study might
have decreased the overall detection of MRSA/MISA
due to elimination of false positives, while increasing
the accuracy of identification.

Another limitation of this study is related to the
method of total coliform enumeration. Total coliforms
were plated only on m-Endo media. Although m-Endo
is selective for total coliform, confirmation tests, such
as oxidase, would help eliminate any false-positive
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results. In addition to total coliform, enumeration of
fecal coliform would have been beneficial.

C difficile endospores may be found at low levels in
the hospital environment, which can make it difficult
to isolate. In future studies, an enrichment step could
be added to the isolation protocol, and the sample
could be concentrated to increase the sensitivity
for this particular microorganism.25 The laboratory-
scale study showed that C difficile endospores can
be effectively treated with the steam vapor device.
In that study, a 2 log10 reduction was seen with an
initial inoculumn of 1.0 3 102cfu/test surface after
5 seconds.5

Chlorine-based cleaners are known to kill C difficile
endospores but can be hazardous to equipment (corro-
sion and pitting) as well as to workers and visitors, pos-
sibly causing respiratory irritation.26 The device tested
in this study uses steam, which is nonhazardous to
hard surface equipment and people when proper
cleaning protocols are followed. Typically, the use of
disinfectants requires a precleaning step to remove or-
ganic matter, which can interfere with the effectiveness
of disinfection. In contrast, the steam vapor device de-
pends on heat for efficacy, and so the presence of or-
ganic matter would not be expected to interfere with
efficacy.

After each room was treated, the cleaning imple-
ment (a towel wrapped over the head of the steam va-
por device) was analyzed to determine the potential for
cross-contamination. Cross-contamination is a real
concern with traditional disinfectants due to improper
use scenarios, as reported recently.27 HPC bacteria
were found on 3 of 8 towels tested, with an average
of 533 6 480 total cfu after cleaning, but no microor-
ganisms of concern (MRSA, MISA, and C difficile) were
present. This strongly suggests that the steam vapor de-
vice does not pose a risk of cross-contamination of
surfaces, such as may occur with depleted chemical
disinfectants. Given the small number of towels tested
in this study, further testing of the towels would be ben-
eficial to confirm this finding.

Our conclusions are based on general trends be-
cause of our low levels of contamination and small
sample size. With our sample size of only 48 samples,
we could not evaluate the statistical significance of our
results. Future studies should test areas with higher
levels of contamination and collect a larger number
of samples.

We did not examine the effectiveness of the
steam vapor system against viruses and fungi. The
laboratory-scale study of Tanner5 showed up to 6
log10 inactivation of MS2, Candida albicans, and Asper-
gillus niger within 5 seconds. Future field studies are
needed to investigate the device’s efficacy against vi-
ruses and fungi.
In conclusion, in this study the steam vapor system
was effectively able to reduce bacterial counts by at
least 1 log10 at all sites with the exception of the sink,
where the reduction was 0.78 log10. These reductions
can be improved by increasing the contact time be-
tween the device’s head and the surface and altering
the head to provide better surface contact. Before
cleaning, pathogens were found on 27% (13/48) of
the surfaces tested; after cleaning, this dropped to 2%
(1/48). Due to our low levels of initial pathogen contam-
ination, the log10 reductions of pathogens ranged from
0.05 to 0.35 log10.

The steam vapor system has been proven to reduce
microbial contamination on hard surfaces. This device
can reduce microbial loads in less time than chlorine-
based disinfectants, without producing any dangerous
byproducts. Further testing in amore contaminated en-
vironment is needed to evaluate the efficacy limits of
the steam vapor system and to provide additional
data to use in a statistical comparison with traditional
chemical disinfectants.
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