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Novel Methods of Room DIsinfection
• Critique and review novel methods of providing room

disinfection that do not rely on surface disinfection (no-
touch)
• UVllght
• VipOIIzedhydruglll pemlde
• others

_LcJw.Iovol hY*ollln poroxldo ••
_Ozono
_Fonnoldohydo
_Chlorlno dloxldo

New Approaches to Room Decontamination

• Contaminated environmental surfaces can contribute to
transmission of pathogens

• About 50% of 14 objects in patient room are cleaned at
terminal disinfection

• Inadequate terminal cleaning of rooms occupied by
patients with MDR pathogens places the next patients in
these rooms at increased risk of acquiring these
organisms

DISCLOSURES
• Advanced Sterilization Products-consultan~ honoraria
• CareFusion-honoraria
• Clorox-consultant

Mean proportion of surfaces disinfected
at terminal cleaning Is "'50%

Tennlnal deanlng melhodslneffectlYe (products
effective practices dellclent [surfaces not wiped])

In eliminating epidemiologically Important
pathogens



Risk of Acquiring MRSA,VRE, and C. difficile
from Prior Room Occupants

• Adml88lon to a room pnMousIy ~ed by an MRSA·
positive ~ent or VRE-posItIv8 ~ llanlftcantlv
Increueil the oddl of acqullllloi1 for MRQ and VRE
(although thll route II a minor conb1butDr to overall
franlmlnlon). Huang et aI. Arch Intern Med 2008;188:1945.

• Prior environmental conlamlnatlon, whether measured via
envlronmenlal cultures or prior room occupancy by VRE·
colonized patlents~ Increases the risk of acquillftlon of VRE.
Drees et aI. C1lnImeet OIl 2008;48:878.

• Prior room occupant with CDADII a llanlftcant rllk for
COADacquisition. ICACC (1<-4184) 2OCIl. Shaughnessy et
al.

Novel Methods of Room DIsinfection
• Critique and review novel methods of providing room

disinfection that do not rely on surface disinfection
• UV light
• Hydrogen peroxide (vapor and dry mist)

• Others
eLow level hydrogen peroxide gas
eOzone
eFClml8Idehyde
eChlorine dioxide

Ultraviolet
• UV is electromagnetic radiation with wavelength shorter

than visible light
• UV is found in sunlight but ozone layer blocks 98.7%
• 98.7% of the UV light that reaches mh's surface is UVA
• UVC (short wave or germicidal light) has a wavelength

renge of 280nm-100nm
• UVC photons damage DNA

New Approaches to Room
Decontamination after Patient Discharge



UVC Room Decontamination
Rutala, Weber, , ICHE, In , 2010

• FUlly1IItomated, ..., CIlIbI'llll, KlIvItId by hllld-htld rllllolt
• RoomVIIltItation•• not need to bllIIOCIlIleI
• u_ uve(254nm rllllI'l to dIcontImlnate IUrfacet
• I_r. uv rlllectld fram WillI, cell., Il0o", or othlr treetld

.r ••• and cak:ulat. thl operation time to dIIlvar the programmlel
lethal •• for pathogen •.

• UV ""I0I'l dItIrmln. and targela ~-ahldowlel .r ••• to dIIlvar
m_rlel doN of UV an.rgy

• Attar UV doN dIIlval'ld (I.g., 38,OOOIJW-a1c:m2 RO),willpowar-down
and auclbly notifythe operetor

• Raducaa colony counta of pathogen. by >99,9%within 15 mlnut.

UVC Room Decontamination
• Ph••• '·3x3" fonnlca ••••••• contaminated with -104"5

organlam. (.RlA, VRE, IDR·Aclnefoblcw, C. dlfJlcll.
.porn) _. placed In • room, both In direct Un.-or •• lght of
the UVd.vlc •• nd behind objec1l ~ndIrlct UnHt·a1ght
Id.nlItIed by u.lng .I ••• r pointer). FoUowIng timed expoaurl,
the growth of the microbia waf •••••• IeI.

• Ph••• 2·room. tha1 houaad patl.ntl with IRSA or VRE h.d
.pedfted litis aampled before .nd .fter uve Irradiation.
Following limed expoaur., the growth of IRlA, VRE .nd total
colony countl WIt ••••• ed.

Fonnies Placement in the Patient Room
• Toilet seat
• Back of head-of-the-bed
• Back-of-eomputer
• Bedside table (far side)
• Side of sink
• Foot of bed, facing the door
• Bathroom door



UVC Room Decontamination
• Phase 1-3x3" formica sheets contaminated with -104-'

organisms (MRSA. VRE. MDR-Acinetobscter. C. dIfflcile
spores) were placed in a room. both in direct line-of-sight
of the W device and behind objects. Following timed
exposure. the growth of the microbes was assessed.

• Phase 2-rooms that housed patients with MRSA or VRE
had specified sites sampled before and after we
irradiation. Following timed exposure, the growth of
MRSA, VRE and total colony counts was assessed.

Decontamination of Surfaces In Patient Rooms
on Contact Precautions for MRSA

OYnll BeforeUV Aft«UV Before UV Aft«UV
Rnulte

II ••• TobI 384 19
CFU/5 Rodaae

Poe Rodaoel I1/G 21G
TobI Rodoa.

II••• IIRSN 'IT 2
Rodac

Decontamination with UVC
• Aclvlll!lgll

I RIlIIbII bloddll IIClIYItyIllllnit I wldl rIIlgl of pIlhOlllnl
I Burr- IIld IqlIlpmenldlCDllllllllnllllld
I RocmdlCDllllllllnlllonII repld(·15 mlnu.) for YIllIllllvI bIctIrI.
I HVACIYIIIIIIdoee not nlld IIIbI dillblad IIld the .- doee not

nlld to bI ••••ad
I IIII reIldull frlllIld doee notglvl rlHto heIIthand ..r.ty concernl
I NoconlUmlbl. pruductllO coItIarl capllllequipmeni IIld IllIIf

1m.
I Gooddlltrlbulon Inthl roomofUVIn.-gy vi. In IUlDmllllld

monltoringlYllllll

Room Decontamination with UVC
••••••• GtIgtn,W_, In pr•••• ICHE. 2'11)

OrlIInllm DlrIct InllllCl TobI
Oogwlducllon) OOllt"rlducllon) OOllt"reducllon)

IIRIA (·15m) 4.31 3.85 3.94(no5O)

VRE(·15m) 3.90 3.29* 3.48 (n-47)

lOR· 4.21 3.79 3.18 (n-47)
AcI"""bllC6lr
(·15m)
C. diffie/ie (-5Qon) 4.D4 2.43" 2.79(no45)

Summary
e UVC nldlatlon Wli found to reduce >99.9% of wg •••• w

baderla within 15 m1nutllland 99.84% for C. dlftfclle lpor ••
within 50 minutlll.

e UVC Wli more el'fedw when there Wlla direct IIn_f·llght
to the contaminant but meaningful reduction (3.3-3.91og1'
reduction for bac:tllrla) oceurreil when the contamlnantWlI
not directly expond fo the UVC.

e In IRSA patient rooms, there Wllallgnlftcent reduction In
tDtalawrage CFU per Rodac (384 CFU pre and 19 CFU poat);
_p1el poaItIw for IRSA (81/400 pre and 2/400 poat);' and
the awrage IRSA per Rodac (37 pre and 2 post·treatment)

Decontamination with UVC
eDlIlldvanlag ••

I Do not know IfUN d_ the Incidence of HAl.
I Only done at terminal dlllnfe<:tlonO.e.,not daily cleaning)
I Rapid recontamination of the environment likely
I All palleme and Itaff mull be removed from the room/area
I Capital equipment COllI are lubstantlai
I Doll not remove dull and ltainl which are Important to

pallentlvllitors
I Senlltlve UN parameters (e.g., UVdOH delivered)



Novel Methods of Room Disinfection
• Critique and review novel methods of providing room

disinfection that do not rely on surface disinfection
• UVllght
• Hydrogen peroxide vapor

• othere
.Low 1.11 hydrog •.• ptRIlCIdlgII
.O%onl
.Formlldlhydl
.ChiOllnl dloxldl

Hydrogen Peroxide Vapor
• HPV is sporicidal, mycobactericidal, bactericidal
• Gaseous nature increases penetration to inaccessible

areas
• Materials compatible and I••• toxic to human beIngs

and environment
• Non-corrosive and biodegradable

Hydrogen Peroxide Vapor
• "Microcondensalion" -one system forms condensation

(from a gas to a liquid phase) that is often invisible to the
naked eye. Use 30-350,(, hydrogen peroxide to generate
particles <1 ~.

• "Dry misf -system produces an aerosol composed of
particles <10 ~ containing 50,(, hydrogen peroxide, <50
ppm phosphoric acid (stabilizer) and <50 ppm silver
cations.



Hydrogen Peroxide Vapor Decontamination
• Otter, French. J eftn Mlcroblol2008;47:205. SporetrIbac:ter
• Bartxrt at aI. ICHE2008;30:517. C. dlffldle
• Barlllis MDet al. J Hosp Infect 2008;70:35. MRSA
• Boyce JM et aI. ICHE2008;29:723. C. dIfflclle
• Shapey Setal. J Hosp Infect 2008;70:138. C. dIffldle
• Hardy KJ et al. J Hosp Infect 2007;88:380. MRSA
• Hall Let al. J Clln Mlcroblol2007;45: 810. M. tubercuIoaia

Decontamination with Hydrogen Peroxide Vapor
Hardy 1111. J HOIp ntect 2007;88:380.

• IRSA waa laoIatacIfrom 11.2"10 of anvIronmental aitIIln ICU
• IRSA from anvtronment IImHar to thole colonizing pIIlants
• Attar terminal cleaning, IRSA WII Iaolatacl fram 5 aitII (17.2"10)
• Attar HPVdacontamlnatlon, IRSA waa notlaolatacl from the

anvtronment
• 24 houra afltr rlldmltting pIIlants (inducing IRSA patlenta), IRSA

waa laoIatacIfram 5 aitII
• In 8 wilks attar VHP,the anvIronment waa eampled and IRSA

laoIatacIfram 18.3%
• Concluelon: VHPI. effectlv.ln eliminating bactln •• but rapid rile of

reeontamlnatlon euggellit I. not a effectlva mean. of maintaining low
level. of anvtronmental contamination

Hydrogen Peroxide Vapor Decontamination
• Bates CJ, Pearse R. J Hosp Infect 2005;81:384. S.

m8lCUceM

• Johnston MDet aI. J M1croblolMethods 2005;80:403. C.
botulinum

• French GL et al. J Hasp Infect 2004;57:31. MRSA
• Heckert RA et aI. AppI EnvIron M1croblol1987;83:3918.

VIruses
• Klapes NAet al. Appi EnvIron Mlcroblol1980;58;503.

BacIIIU6 sporeslProtDtype HPV generator

Decontamination by HVdrogen Peroxide Vapor
Franch GL II aI. J tJOIp ntect 2004;57:31

• 74% of swabs taken before cleaning yielded MRSA
• After detergent cleaning 66% yielded MRSA
• After HPV, only l.20AI (1185) yielded MRSA
• Conclusion: HPV is a highly effective method of

eradicating MRSA tom rooms, furniture and equipment

Decontamination with Hydrogen Peroxide Vapor
Batee, Peara. J HOIp ntect 2005;61:384

• Used HPV to eradicate Semi/a mtreeScens from
neonatallCU during outbreak

• Although environmental contamination with Serratia was
not extensive, concerned that even low numbers posed a
risk of the outbreak recurring from an environmental
reservoir

• After VHP treatment, no further babies were colonized
with S. mtreeScens



Decontamination with Hydroaen Peroxide Vapor
Boyce elll: ICHE2008;29:723

• 5 wards with a high Incidence or C. dIttIe/Ie
• HPV was Injected Into s•• led wards and Individual patient rooms

using generators until approx 1 micron film or HP was achieved
on the surface

• 11/43 (25.8%) surface samples yielded C. dime/ie compared to
om (0%) alter HPV decontamlnatlon

• The Incidence or nosocomial CDAD was significantly lower
during the Intervention period (2.28 to 1.2811000 patient days)

• Conclusion: HPV was emcaclous In eradicating C. dime/ie from
contaminated surfaces

mUlu:I. I"ddlrtklr 01~ o-..~JIRk~j.
atlfd •••••. on' •••.••• 1A-l!,t-' ~ jrrkntl•• ~n
ptfU:II•• ...,m~IIon.durinttM~lktnpt'lod
!1f'1t1 iffm; IUM 201M thruuPt MlQ'cb lOO'l.nd 1M Inwn'mtlon pt.
rlod (bWd ba"'lI""":ZOOS IMouth Mardi %006).

Comparison of HPV and Chlorine with C. dIffIelle
tBorIIOIIlI~ __ "'~_;JI:II1)

Treatment Before After % Reduction
Trsatment Treatment

Hydrogen 19'.4 (34/180) 2'•• (21180) 91% (pc.OO1)
peroxide
milt

Chlorine 24% (48/194) 12% (23/194) 50% (pc.OO2)

Feasibility of Routinely Using HPV
Otter It al: ICHE2008;30:574

• Used HPV to decontaminate selected rooms (e.g., MRSA, VRE, C.
dlfflc/Ie [70% or roomsl, norovlrus, Ac/netDbllClM, other MOROs)

• HPV requires room be vacated, cleaned of dirt (effectlven •• s
reduced by dirt), and sealed

• 1656 rooms decontaminated with HPV over 22 month; 1194
"missed rooms" (58% staff not In hospital; 21% lack of notification)

• Total time from room vacated until ready for the next patient _
270 mln (cycle 140 mln) for HPV and 67 mln for bleach cleaning

• Dnplte the grsater time for decontamination, HPV
decontamination Is _Ibleln a busy hospltel

Comparison of HPV and Chlorine with C. dimelle
1IlIItIul1l~ __ "'~_;JI:II1)

• This study showed HP dry-mist dlslnfectlon system was
significantly more effective that 0.5% sodium hypochlorite
soluUon at eradicating C. dlftldle spores

• The mean reductton was 4.321091' CFU after 10 minutes for
hypochlorite and 4.18 after 1 cycle ofHP

• HPV method dellven1 the disinfectant vapor uniformly over
exposed surfaces of the room. In contrast to cleaning
which relies on the operator to wipe all surfaces (must be
applied to work).



Summary
• HPV IYStems significantly reduced the contamination with

C. tIfflclle and olher pathOgens
• Studies done with concentration of pathogens (8-7Iog1l. .

CFU) considerably higher than encountered In tie hospltllJ
environment

• Ec1ull)mentor surfaces dlfllcult to dltlnfect or escapes
dlilrifec:tlon can be effectively decontaminated

• Studies shown benelIls In controUlng outbreaks and
reducing Infec:tlons

• HPV provides an alternative to tradI1Ionai decontamination
methOds such • surface dlslnfec:tlon

Decontamination with Hydrogen Peroxide Vapor
• DlHdvllllagee

• Onlydon. II tenrinal cllinflallon (lICItdilly alanine)
• RIpId rtoonlImlnlllon of Ih•• nvl~
• Allpille" mUll be _ed fram lhe_
• Deoontamlnlllon takn IpprOXU hounI (bed lumover tl_72ln)
• HVAC cIIabled to prw.nt UnMnted dIlutlonof HPV dUllIlllIh. IlCpOeU"';

room lIIIed wlth tape
• CollI
• Does not remove du.and elaine whIoh ••.• lmpoItant to palIlIIlIMlltore
• Senaltlw parametare.for •••••••• II"2IOppm,limp 26-2IC, Rtf 41-67%
• long.term _ expoaure damage from mlGrooondenatlon (anlltlv.

electron loa)?

Decontamination with Hydrogen Peroxide Vapor
• AdvIntallll

• EIIlcaclou. (ralillbl. blocldll.ctIvlty) agllnlt w1d11'1R1lIof
pIthogIn.

• SUrfaCIIand equipment dIcontamlnlted
• DlCr••• lncldance of ~ (C. d/tr/I;lIe).
• Rasldu. frMend doll not glva rI•• to hlllth and IIfIty conc.ma

(a.ratlon units COIlVIItHPVInto oxygen end wlttr)
• Uniformclltrlbutlon via en IUtomIted cllpI •.•••tyItem
• UIIf\lI for clalnflCllng cornpllXIqIllpment end fumltura
• Ilttrlal. compatIbIa end INa toxic to humen bllnlllend

anvlronmant

Novel Methods of Room Disinfection
• Critique and review novel method. of providing room

disinfection that do not rely on surface disinfection
• UVllght
• Vaporized hydrogen peroxide
• others

+Low level hydrogen peroxide gas
+Ozone
+Paraformaldehyde
+Chlorlne dioxide

Hydrogen Peroxide Gas Technology
• Catalytically produces HP gas (non-vapor) from water and

oxygen in the air II·
• Concentration O.2ppm' ,..
• Potentially suitable for continuous use in occuple spaces

to provide continuous antimicrobial activity in patient room
• Promising but effectiveness evaluations are incomplete



Ozone
I Ozon. II a powerful oxidizing agent; corroslv.; cheap to

g.nerate
I W.II-docum.nted bactericidal properties
I Only few Iludln dIIcrlbl medical UI.; resptratory Irritant

(.1ppm)
I Although toxic, rapldly dll.locIalea to oxygen
IOn. prototype ozone generator produced a baclerlcldal conc or

ozone (25 ppm) with a Ihort ~ur. (20 mln). 31og1Oreduction
or tell bacteria (AJIC2008;38::l5lI)

I Rooml lealed off during trealmenl; Icrubber removn gal
I Mor. r_rch needed

Fonnaldehyde
• Formaldehyde gas is often used for space

decontamination (e.g., BSCs); generated by heating
para-formaldehyde; humidity must be controlled

• Highly effective on all surfaces
• Toxicity issues

Novel Methods of Room Disinfection
Summary

• uv Ind HPV.,.. etr.alIv. Ind lI11nHloantlyreduoed the CIO••••• nlllolt with
C. dHIIdIe, IIR1A, VRE, MORa. Ind other plthOll'n.

• OfferIn optlon for room ct.oonIImInlllon lit plIIl.nt cllOhlflll (dilly
alnnlng 11111probIlIII)

• HPVtlucltt hlWlhown blnlllllin controllingoutbrIab lIIld
reducing Infectlonl

• SInoeCIOnIImInlllonallIlffI_l. OOIIIIIOn,IVIII •••••• urful cllllIfeotIon,
Ihl.lIohnolotlr .hould be oonliderld InNIIaIed pIIIent _lAd 011"
1fII. whlll th•• nvIronllllnlll rnodI allrlnllllllllon IIl1gn1t1anl.

• Fnrtherlnvnllglllon. nNdld to MU. nM IIoh••••••• 1dInIIfyth. roll
allh_lIohnologlle InIennInlll(and dilly) clllnfNllon Indwhllherlhey
GOuldbe ullful for redualng 1ll.lnGiden•• aI other n-nlll plthOll'nl.

Chlorine Dioxide
• Sporicidal properties at concentrations as low as 10mgIL
• Used in the B. anthrscis bioterrorism threat is 2001
• CI02 used to fumigate the Hart Senate Office Building,

750 ppm, 75% RH, 7SOFfor 12 hours
• Applications are limited because of deleterious effect on

many materials

Novel Methods of Room Disinfection
I Critique and r.vIew nowl meltlocl. of providing room

d1l1nf1cl1onth.t do not rely on surflc. dlllnflc1lon
• WlIght
• Vaporized hydrogen peroxide
• Others

.Low level hydrog.n peroxld. gas

.Ozone

.Formald.hyde

.Chlorlne dioxide



Thank you


