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Background: Environmental surfaces contiguous to 

the patient, such as mattresses, bed rails, blood 

pressure cuffs, sink handles, and toilet seats, are 

frequently contaminated by MDR nosocomial 

pathogens, such as MRSA, VRE, Acinetobacter or 

C. difficile. Considerable data suggest that such 

contamination contributes to the acquisition of 

MDR pathogens by hospitalized patients, 

particularly in ICUs. It is difficult to achieve 

reliable disinfection of these surfaces by 

housekeeping personnel, especially manually, with 

standard hospital disinfectants. We report study of 

a novel approach to environmental disinfection in 

which an ultra-fine-particle aerosol of peroxyacetic

acid is generated within a closed hospital room and 

allowed to dwell for a brief period, virtually 

sterilizing all surfaces within the room. 

Methods: Unused patient care rooms were studied. 

Six 1-inch squares of multiple surfaces were 

inoculated with ~ 104 cfu of 1 clinical isolate each 

of MRSA, VRE, A baumanii, P. aeruginosa or C. 
difficile; surfaces studied included the doorknob, 

plastic handrails, bedside table top, mattress, 

windowsill, cabinet door, dresser, sink, shower 

curtain, toilet seat and floor. After the inocula had 

dried overnight, 3 inoculated sites for each species 

on each surface was cultured quantitatively to 

determine baseline viability, following which the 

room was exposed to the peroxyacetic acid aerosol 

for 15 minutes; after purging the aerosol, the 

surfaces were allowed to dry for 1 hour and the 

remaining 3 inoculated squares for each species 

were cultured.

Results: Baseline pre-disinfection counts ranged 

from 1022.5 to 104..5 (median, 103.5) cfu. None of the 

inoculated surfaces showed any detectable growth 

of any of the five test pathogens after aerosol 

disinfection.

Conclusions: This novel technology promises rapid, 

complete and safe decontamination of every 

exposed surface in a patient-care room as well as 

multi-use patient care items, such as 

sphygmomanometers, gurneys or wheelchairs, 

which are often disinfected in a desultory manner, 

if they are even regularly disinfected. The next 

step is to test this technology in a large clinical 

trial to ascertain whether periodic total 

disinfection of all surfaces in patient-care rooms 

can reduce the risk of nosocomial colonization and 

infection by MDR pathogens. 

ABSTRACT

Environmental surfaces contiguous to 

the patient, such as mattresses, bed 

rails,  mattresses and bedding, 

doorknobs, blood pressure cuffs, sink 

handles, and toilet seats, can be shown 

to be  frequently contaminated by MDR 

nosocomial pathogens, such as MRSA, 

Acinetobacter or C. difficile. and many 

epidemiologic studies suggest that such 

contamination contributes to the 

acquisition of MDR pathogens by 

hospitalized patients, particularly in 

ICUs.1,2It is difficult to achieve reliable 

disinfection of these surfaces by 

housekeeping personnel, especially 

manually, with standard hospital 

disinfectants, which only rarely are 

sporicidal. 

Aerosols – vapors – of chemical 

disinfectants which exhibit bactericidal 

and sporicidal activity hold the promise 

of achieving a far higher consistency 

and levels of surface disinfection than 

manual application of liquid agents. 

Machines which can generate a 

hydrogen peroxide vapor are now 

commercially available and have been 

shown to be highly effective in 

disinfecting hospital surfaces,3-5 

however, require up to four times as 

long to decontaminate hospital room as 

housekeeping personnel applying a 

liquid disinfectant manually. 5

BACKGROUND

The aerosol generator

The generator using these studies 

(Altapure, LLC, Tomahawk, WI) is 

a novel, patented technology that 

generates an ultra-fine aerosol of 

particles ranging in size from <1 to 

3 µ in diameter which diffuse into 

and penetrate every microscopic 

isolates of a solid or a fabric 

surface. 

METHODS

Peroxyacetic acid, produced by 

combining hydrogen peroxide and 

acetic acid, and which breaks down 

into non-toxic residues acetic acid, O2 

and water, has long been known to be 

a powerful chemical disinfectant 

which is highly bactericidal, viricial, 

fungicidal, mycobactericidal and 

sporicidal6but far less biologically 

toxic or corrosive to surface materials 

than glutaraldehyde or hypochlorite. 

As such, it is approved and considered 

safe by FDA (21 CFR 178.1005-1010) 

and EPA for use as a non-toxic 

sanitizer and disinfectant in the food 

industry, both for washing vegetables 

and cleansing food preparation 

surfaces. Recent studies have shown 

that it is a highly effective surface 

disinfectant when aerosolized; studies 

in a veterinary hospital showed rapid 

and high-level decontamination of 

heavily contaminated surfaces. 7

We report a pilot study of a novel 

approach to environmental 

disinfection in a human health care 

setting in which aerosolization of an 

ultra-fine-particle aerosol of 

peroxyacetic acid using a novel 

generator within a closed hospital 

room, allowed to dwell for a very brief 

period, sterilized all of the surfaces 

within the room. 

In this study, single clinical isolates each of MRSA, VRE, Acinetobacter 
baumanii, Pseudomonas aeruginosa, and Clostridium difficile obtained 

from the Microbiology Laboratory of the University of Wisconsin Hospital 

and Clinics were purified and their identities reconfirmed. Twenty-four-

hour cultures in trypticase soy broth (Remel Inc,, Lenexa, KS ) were diluted 

to a 0.5 McFarland standard and further diluted to achieve a working stock 

solution containing approximately 7.5x104 cfu per mL, which were 

maintained at 4° C. until used. A defined concentration of C. difficile spores 

was obtained using ethanol treatment of a 48-hour anaerobic culture of the 

stock strain and serial dilutions. 8

Studies in hospital rooms
Unused hospital rooms on a patient care unit scheduled for upcoming 

renovation were employed for the study. Six 1-inch squares on each of 12 

multiple surfaces were inoculated with 100 µL ( ~ 103-5 cfu) of 1 clinical 

isolate each of MRSA, VRE, A baumanii, P. aeruginosa and C. difficile. The  

surfaces studied included the bed headboard, plastic handrails, bedside 

table, mattress, windowsill, cabinet door, bedside dresser, toilet seat, sink 

basin, tile floor, doorknob and shower curtain. 

After the inocula had dried overnight, three inoculated sites for each 

microorganism on each surface were cultured semi-quantitatively to 

determine baseline viability of the inoculum, using a premoistened cotton 

swab (BBL), which was immersed in 5 mL of trypticase soy broth (Remel) 

containing neutralizers and vortexed for 20 seconds, following which serial 

dilutions were cultured. After obtaining the baseline pre-disinfection 

cultures, the inoculated room was exposed to the peroxyacetic acid aerosol 

for 23 minutes, following which the aerosol was rapidly purged using a 

humidifier; and the surfaces were allowed to dry for 30 minutes, following 

which the remaining three inoculated squares on each surface type were 

cultured to determine the numbers of surviving microorganisms. 

RESULTS

Experiments were done in two rooms, with an aerosol containing 0.88% hydrogen 

peroxide and 0.12% of peroxyacetic acid. The aerosol was generated for eight 

minutes, following which it was allowed to dwell for 15 minutes (during which the 

room temperature ranged from 62 to 65° C. and humidity rose from 31 to 92%), 

following which the aerosol was evacuated with a humidifier.

Baseline counts ranged from 102.5 to 104.5 (median, 1033.3) on the various surfaces. 

None of the inoculated surfaces showed any detectable growth of any of the five 

test pathogens after aerosol disinfection. 

CONCLUSIONS

Although environmental surfaces within hospital rooms, particularly 

within ICUs, can be commonly shown to be heavily contaminated by 

major multidrug-resistant pathogens, such as MRSA, VRE, A baumanii, 

P aeruginosa or, especially, C. difficile, 1,2 scholarly reviews have 

disagreed whether microorganisms contaminating hospital surfaces pose 

significant risks to patients. 9,10 However, many  epidemiologic studies 

using nucleic acid subtyping have convincingly linked contamination of 

hospital surfaces contiguous to patients to the continued nosocomial 

spread of MRSA,11 VRE,12 A baumanii, 3 HBV,14 HCV,15  norovirus 16  

and, especially, C. difficile,17,18 and in a number of outbreaks, control 

measures failed abysmally until greatly augmented environmental 

disinfection procedures were implemented.

The novel technology we report, the use of a novel ultra-fine-particle 

aerosol of peroxyacetic acid, promises rapid, comprehensive and safe 

decontamination of every exposed surface in a patient-care room as well 

as multi-use patient care items such as a sphygmomanometers or 

stethoscopes, which are decontaminated in a desultory manner, if they 

are even regularly decontaminated. This technology or, perhaps, the use 

of hydrogen peroxide vapor disinfection holds the promise to determine 

once and for all in a large multicenter trial whether periodic complete 

disinfection of all surfaces in patient-care rooms can significantly reduce 

the incidence of nosocomial colonization and infection by MDR 

pathogens, especially MRSA, VRE, A baumanii, and

C. difficile. 
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