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During a 22-month period at a 500-bed teaching hospital, 1,565
rooms that had housed patients infected with multidrug-resistant
pathogens were decontaminated using hydrogen peroxide vapor. Hy-
drogen peroxide vapor decontamination required a mean time of 2
hours and 20 minutes, compared with 32 minutes for conventional
cleaning. Despite the greater time required for decontamination,
hydrogen peroxide vapor decontamination of selected patient rooms
is feasible in a busy hospital with a mean occupancy rate of 94%.

Infect Control Hosp Epidemiol 2009; 30:000-000

Environmental contamination due to Clostridium difficile
and other pathogens can contribute to their nosocomial
transmission.1,2 Hydrogen peroxide vapor is a sporicidal,
vapor-phase decontamination method that has been shown
to be effective in eradicating nosocomial pathogens in hos-
pitals3-5 and has been used to eliminate persistent contam-
ination during outbreaks of infection.6,7

Although hydrogen peroxide vapor decontamination is
more effective than bleach cleaning after patient discharge,2,7

the vapor decontamination process requires that the room
be vacated by patients and staff, cleaned of visible dirt and
dust, and sealed during the hydrogen peroxide vapor cycle,
which typically takes 90–120 minutes for a single-occupancy
room. Therefore, the feasibility of using hydrogen peroxide
vapor to decontaminate rooms in busy hospitals has been
questioned because of the need to admit a new patient as
soon as possible after the previous occupant of a room is
discharged.8 After completion of a 10-month trial that yield-
ed promising results,2 the Hospital of Saint Raphael (New
Haven, Connecticut) introduced the routine use of hydrogen
peroxide vapor to decontaminate selected rooms. We mea-
sured several parameters to assess the feasibility of routinely
using hydrogen peroxide vapor for decontamination in a busy
hospital.

methods

The Hospital of Saint Raphael is a 500-bed teaching hospital.
In 2005, hydrogen peroxide vapor decontamination methods
(Room Bio-Decontamination Service; BIOQUELL) were rou-
tinely used to decontaminate selected rooms.2 From January
2006 through October 2007, we prospectively maintained a

list of rooms targeted for hydrogen peroxide vapor decon-
tamination after being vacated by patients infected with C.
difficile or selected multidrug-resistant organisms, including
methicillin-resistant Staphylococcus aureus and vancomycin-
resistant enterococci. Rooms vacated by patients with C. dif-
ficile infection (CDI) were given highest priority. Daily census
data were obtained from the hospital’s admissions depart-
ment. To identify new nosocomial cases of CDI, an electronic
medical record review was performed by infection control
personnel for each patient who had a test result positive for
C. difficile toxin, using methods described by Boyce et al.2

Linear regression was used to assess the association between
variables.

To compare the amount of time required to clean rooms
by use of standard bleach cleaning and the amount of time
required for hydrogen peroxide vapor decontamination, the
duration of each stage of the process (bleach cleaning or
hydrogen peroxide vapor decontamination) for each room
was recorded from January through April 2007. The bleach
cleaning process conducted by housekeeping staff after dis-
charge of patients infected or colonized with multidrug-re-
sistant organisms comprised wiping all hard surfaces in the
room with bleach wipes (Clorox germicidal wipes; Clorox)
and wet-mopping the floor. The hydrogen peroxide vapor
decontamination process comprised an initial cleaning stage
performed by housekeeping staff in which a detergent was
used to clean surfaces of visible dirt, followed by the hydrogen
peroxide vapor cycle, as described by French et al.5 The vapor
cycle was conducted by BIOQUELL personnel who worked
full-time in the hospital. After the hydrogen peroxide vapor
cycle, a second visit by housekeeping was necessary so that
the bed could be made and the room prepared for the next
occupant. The rooms that had been decontaminated with
hydrogen peroxide vapor were matched with rooms that had
undergone bleach cleaning; rooms were matched by ward,
size, and the time of day and day of the week that disinfection
was performed. Room cleaning times were extracted from a
database (BedTracking, version 1.04.04; TeleTracking Tech-
nologies). The amount of time required for each stage of the
hydrogen peroxide vapor decontamination process was re-
corded prospectively.

results

From January 2006 through October 2007, there were 1,565
rooms decontaminated with hydrogen peroxide vapor (Fig-
ure). The decontaminated rooms had been vacated by pa-
tients infected with C. difficile (1,095 rooms [70%]), norovirus
(110 rooms [7%]), methicillin-resistant Staphylococcus aureus
or vancomycin-resistant enterococci (78 rooms [5%]), Aci-
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figure. Number of rooms decontaminated with hydrogen peroxide vapor and the number of rooms that met the criteria for decon-
tamination but could not be decontaminated (rooms missed; see Results for details), as well as percentage occupancy. Data are quarterly,
from January 2006 through September 2007.

table. Comparison of Hydrogen Peroxide Vapor Decontamination and Bleach Cleaning, According to the Time Required for Each
Phase of Disinfection

Phase of process

Hydrogen peroxide vapor
decontamination, min Bleach cleaning, min

PaMean Median (range) Mean Median (range)

Room vacant awaiting housekeeping 21 16 (0–180) 34 21 (0–242) .02
First cleaning by housekeepingb 24 24 (0–48) 32 29 (8–73) !.001
End of first cleaning to set up of hydrogen peroxide vapor system 19 0 (0–265) NA NA
Hydrogen peroxide vapor cyclec 139 135 (102–225) NA NA

Cumulative time from when room was vacated to end of
hydrogen peroxide vapor cycle 206 179 (141–567) NA NA

End of hydrogen peroxide vapor cycle to arrival of housekeeping 42 23 (0–272) NA NA
Second cleaning by housekeepingd 23 24 (0–46) NA NA

Cumulative time for all phases 270 234 (174–838) 67 55 (28–256) !.001
End of disinfection process to occupation 198 119 (0–1025) 147 98 (15–1253) .22

note. There were 93 rooms decontaminated with hydrogen peroxide vapor and 64 matched rooms disinfected by use of bleach cleaning. Bold type
indicates statistically significant P values ( ). The sum of means for the constituent phases may not equal the mean of the whole data set. CumulativeP ! .05
times were calculated using absolute times and are thus more accurate than the sum of the mean for the constituent phases. NA, not applicable.
a Calculated by use of a 2-tailed t test.
b Detergent-based cleaning to remove visible dirt prior to hydrogen peroxide vapor decontamination or bleach cleaning for rooms that were not decon-
taminated using hydrogen peroxide vapor.
c Time required to set up the decontamination equipment was included in the hydrogen peroxide vapor cycle time.
d In rooms decontaminated with hydrogen peroxide vapor, a second visit by housekeeping was necessary to make the bed and prepare the room for the
subsequent occupant.

netobacter (63 rooms [4%]), or other multidrug-resistant or-
ganisms (219 rooms [14%]). During the same time period,
we identified an additional 1,194 rooms that satisfied the
criteria for decontamination but could not be decontami-
nated (hereafter, “missed rooms”). Most missed rooms (943
rooms [79%]) were missed because of discharges that oc-
curred during time that BIOQUELL staff were not in the
hospital (692 rooms [58%]) or lack of notification that the
room was ready to be decontaminated (251 rooms [21%]),
whereas only 251 rooms (21%) were missed because patients

needed the rooms more quickly than they could be cleaned
by this method (203 rooms [17%]) or because of lack of
capacity (ie, insufficient hydrogen peroxide vapor equipment
and/or decontamination staff; 48 rooms [4%]). A weak but
statistically significant correlation was identified between the
number of missed rooms and the percentage occupancy
( ; ) as well as between the number of2r p 0.20 P p .048
missed rooms and the number of cases of nosocomial CDI
( ; ). The number of rooms decontami-2r p 0.35 P p .002
nated per week ranged from 8 to 29 (median, 17), and the
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mean weekly occupancy rates ranged from 77% to 103%
(median, 94%; the hospital records occupancy above 100%
during very busy periods when all adult inpatient beds are
full, and patients are held in the emergency department until
rooms become available) (Figure).

Cycle times were recorded for 93 rooms that underwent
hydrogen peroxide vapor decontamination; 64 matched
rooms underwent bleach cleaning, and those data were used
for comparison. Rooms that were to be cleaned prior to hy-
drogen peroxide vapor decontamination were prioritized by
housekeeping; as a result, the time it took for housekeeping
to arrive after the room was vacated was shorter for these
rooms (mean time between vacancy and cleaning, 21 minutes
for vapor-decontaminated rooms vs 34 minutes for bleach-
cleaned rooms; ) (Table). After precleaning with de-P p .02
tergent, the mean time required for the hydrogen peroxide
vapor cycle was 139 minutes, including set-up time. An ad-
ditional 40–60 minutes was required after hydrogen peroxide
vapor decontamination for housekeeping to arrive and pre-
pare the room for the subsequent occupant. The total mean
time from when a room was vacated until it was ready for a
new patient was 270 minutes for hydrogen peroxide vapor
decontamination, compared with 67 minutes for bleach
cleaning ( ) (Table). Surprisingly, rooms decontami-P ! .001
nated with hydrogen peroxide vapor and those cleaned with
bleach remained empty for approximately 2–3 hours before
they were occupied by other patients.

discussion

The hydrogen peroxide vapor decontamination method used
in this study delivers the disinfectant vapor uniformly over
all exposed surfaces in a room. In contrast to manual cleaning,
it does not rely on the operator to ensure adequate distri-
bution. However, the major drawback of hydrogen peroxide
vapor decontamination is the cycle time of 2 hours and 20
minutes for a single room, which presents logistical challenges
for the introduction of routine hydrogen peroxide vapor de-
contamination in healthcare settings.2

More than 1,500 rooms were decontaminated from January
2006 through October 2007, and 70% of these rooms had
been vacated by patients with CDI, which reflects the targeted
decontamination strategy focused on C. difficile.2 At times of
high occupancy, rooms could still be decontaminated using
hydrogen peroxide vapor technology. However, as the hos-
pital’s occupancy rate increased, more of the rooms targeted
for hydrogen peroxide vapor decontamination were missed
(Figure). More cases of nosocomial CDI occurred during
months when more rooms were missed; however, the colo-
nization pressure created by a larger hospital population dur-
ing these months is also likely to have affected transmission
dynamics.9

The hydrogen peroxide vapor decontamination process,
including the housekeeping cleaning phases, took 4–4.5 hours

(or 3–3.5 hours, excluding the time spent waiting for house-
keeping staff to arrive), which was more than 3 times longer
than bleach cleaning. Although the hydrogen peroxide vapor
process takes longer, we previously reported that 11 (26%)
of 43 samples obtained before hydrogen peroxide vapor de-
contamination were positive for C. difficile, but none of the
samples obtained after decontamination were C. difficile pos-
itive on culture; in addition, the routine use of hydrogen
peroxide vapor resulted in a statistically significant reduction
in the rate of CDI.2 Other investigators have found that hy-
drogen peroxide vapor decontamination is more effective
than conventional cleaning for removing or killing microbes
on surfaces,2,3,5,7 and it may be useful for outbreak control.6,7

Therefore, the additional time that a room must remain va-
cant and other operational constraints associated with the
routine use of hydrogen peroxide vapor may be offset by
improved surface hygiene and consequent reductions in the
acquisition of nosocomial pathogens.

Rooms that had been cleaned or decontaminated remained
empty for approximately 2-3 hours prior to occupation, and
the majority of missed rooms were missed because of off-
shift discharges, rather than because patients were waiting to
occupy the rooms. These facts suggest that the demand for
beds, although high, was not acute in most instances.

Our study has several limitations. First, we relied on staff
to enter accurate phase times into the database software, and
information was not always entered correctly; for example,
sometimes rooms that had been vacated were not marked as
such in the system, or staff were not alerted when phases of
the process were complete. Second, cleaning staff were
blinded to the study and so may not have performed the
cleaning process according to established protocols. Third,
the weak linear correlation between missed rooms and the
rate of nosocomial CDI may not be significant because of
various confounding factors, including colonization pressure,
hand hygiene compliance, and possible changes in antimi-
crobial prescribing practices.2

Future studies should investigate whether the routine use
of hydrogen peroxide vapor decontamination is feasible in
other institutions and whether hydrogen peroxide vapor
could be useful for reducing the incidence of other noso-
comial pathogens. The evaluation of hydrogen peroxide vapor
is ongoing at this and other institutions.10 In summary, de-
spite the increased downtime associated with the use of hy-
drogen peroxide vapor, decontamination of selected rooms
after patient discharge is feasible in a busy hospital with a
high occupancy rate.
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