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Disinfection and Sterilization
EH Spaulding believed that how an object will be disinfected

depended on the object's intended use.
CRITICAL - objects which enter normally sterile tissue or the vascular

system or through which blood flows should be _rII ••
SEMI CRITICAL - objects that touch mucous membranes or skin that

is not intact require a disinfection process (hlgh-l.w1 dlllnfedon
[HLD)) that kills all microorganisms but high numbers of bacterial
spores.

NONCRITICAL - objects that touch only intact skin require low-l.w1
dlllnfedion.

Disclosure
This educational activity is brought to you, in pst, by
Advanced Sterilization Products (ASP) and Ethicon. The
speaker receives an honorarium from ASP and Ethicon
and must present information in compliance with FDA
requirements applicable to ASP.

disinfectionandsterilization .org
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Staris System 1 (SS1)
• May 2008, FDAnotifiedSt.ri. thllI 851 'eduller8l8d IIld miIbrIIlded" II1dFDA

hu nol delennined ~ is aafe II1dellectiw for label c1l1im1.a-d on lignific:ent
chenges Warn1988 to :l!lO2.

• Jenuery 2000. Sleri. edIIiIed CUIIan.1S *po ~ _lIlcing in ISIl'OftIIID FDA
COIlClfl'8(Ilopped IIIli1g 851 in the US but..,por! ~ ilr 2 ynrs)

• December 2000. FDAnotlllillild withtrentition of Sleri. ClIIIomm to
replllClmlllls ilr 851 illlled e noticlto hadhClfl orgllliZlllionl recomnending
th.ylrenaition to Iegellymert<eledd8llice.; 3-6 monthl

• F.bruery 2010, reUllble d8llice.lebeled for repnlcening by 851 n milbranded.
Revi. labeling to idllllify Iegelly-m"'d delAce•.

• Sleri.lIlbmilled to FDAen updet.d 851 il Muery 2000 but not FDA-dend
• 'Holp~ uaing 851 ehould b. figuring01Awhet their next Ilerilizer lMII ba end

how qlickly they con eMch over' Steven Silvennen. OfIce of Complill1C8,FDA

Steris System 1
Recommendations for Identifying Replacement DevIces

• Identifying which devices our hospitals are reprocessing using 551
• For each device being reprocessed, identify type of reprocessing

needed
• R8IIiewCDC and professional organiza1ion ~dlr1ce
• R8IIiewmarufac1u'er's inslnJctions for each dellice
• Consider SpaUding classification scheme
• Select a reprocessing dillies that willprollide reprocessing needed
• ConsUtlhe andoscope or reusallle deIIice marllfaeuer's written

instructions for use or contact deIIice marllfaeuer for reprocessing
proceGJres.

Steris System 1 (SS1)
• SS1 processor is a tabletop liquid peracetic acid system

promoted to sterilize ins1rumentssuch es endoscopes and
other medical devices between petient use

• 30,000 pieces of equipment run through 881 daily
• Typically used in surgical and endoscope suites
• No confirmed cases of infections when used es directed

Stens System 1
• Healthcare organizations have little choice but to plan for the

replacement of 55 1
• May mean significant and unexpected costs to health care

facilities (capital equipment, staff time and/or inventory)
• Three options

• Transition immediately from 851 to other methods or equipment
• ContiIUl using 851111til Sleris lem'inates support
• Ordelty lnnIition to other methods (6mo iritially -+ now 1&110[JUy 2011])

Staris System 1
• If HLD is desired, review FDA-clend list of CS and HLD
• If HLD via automated endoscope reprocessor (AER),

review FDA-cleared AERs (i.e., ASP, Medivators, Custom
Ultrasonics, Langford, Steris)

• If sterilizetion process, review FDA-cleared low
temperature sterilization processes (Le., ASP, Steris,
TS03, ETO manufacturers 13M,Steris, HW Technology])



"Hospitals using SS1 should be figuring out
what their next sterilizer will be and how

quickly they can switch over" Steven
Silverman, Office of Compliance, FDA

Epidemiology of CJD In the US
• Degenerative neurologic disorder
• Incidence

• One death/million population
• No seasonal distribution, no geographic aggregation
• Both genders equally affected
• Age range 50-80+ years, average 67

• Long incubation disease (months-years)
• Rapid disease progression alter onset (death IIoffhin 6 mo)
• Relatively resistant to conventional disinfection/sterilization
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sterilization of Prion·Contaminated Instruments
RuIIla, Weber ICHE 2010:31:107·117

• SHEA Guideline
• Deline the etiology, epidemiology, and clinical features of prion

transmission
• Review iatrogenic lransmission of priClndiseases
• Examine the infeclMly of human tissues
• Review the prien inactivation studies
• PrO\lide the recomrnendetions to prevent cross-transmission from

medcal devices contaminated With priens
• Discuss future ch~ges

Transmissibility of Prions
• Transmission

• Not spread by contact (direct, indirect, droplet) or airborne

• Not spread by the environment
• Experimentally·a11 TSEs are transmissible to animals, including

the inherited forms
• Epidemiology of CJD: sporadic-9O%; familial-10%; iatrogenic-

1% (after implant of contaminated grafts [dura mater) or
receive hormone therSl1f, -400 cases worldNide)



Iatrogenic Transmission of CJD
• Contaminated medical instruments

• Electrodes in brain (2)
• Neurosurgical instruments in brain (4 suspected cases)

• Implantation of contaminated grafts
• Dura mater grafts (>190)
• Comeal grafts (3)

• After patients received hormone therapy
• Use of human growth hormone and gonadotropin (>190 cases)

jl"l
!'\ , ,I
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CJD : potential for secondary
spread through contaminated
surgical inslruments

Risk of CJD Transmission
Risk of Infection Tissue
High Brain (Including dura mater), spinal cord, pltuitay tissue

and posterior eye
Low CSF, liver, lymph node, kidney,lung, spleen, placenta,

atactory epithalium
No P8I1lheral nerve, Intestine, bone mlrl'ow, Wholeblood,

leukocytes, serum, th)roid ~and, adrenal ~and, heart,
skeletal muscle, ~ tissue, gingiva, prostate, testis,
len, nasal mucus, saliva, sputum, urine, feces, semen,
vaginal secretions, sweet and mik

lilI>tansmssi<nbro: _ ~ looo-lnnlrIIIIsb ro:_ '10<0\ bUr<> opidMIence"'''''''''"

CJD and Medical Devices
• Six cases of CJD associated with medical devices

• 2 confirmed ca~h electrodes; reprocessed by
benzene, 70% alcohol and formaldehyde vapor

• 4 unconfirmed cases-cJD following brain surgery, suspect
neurosurgical instruments; index CJD identified-1

• Cases occurred from 1953-1980 in UK, France and Switzerland
• No cases since 1980 and no known failure of steam sterilization

Risk Assessment for Special Prlon
Reprocessing: Patient, Tissue, Device

• High-Risk Patient
• Known eN'suspected CJO eN'other TSEs
• Repid~ progressive dementia consistent I'ffh possible prion disease
• FamiialhistoryofCJO, GSS, FFI
• History of dura meter lrlIlsplant, cad8\l8l'-derived piluitlly hCKmone

Injection; known mutation in the prion gene
• Patients I'ffh EEG findings eN'lebCKetoryevidenoe suggestive of CJD

• High-Risk Tissue
• Bnin, spinel cord. posterior eye (inckJding relina eN'optic nerve)

• High-Risk Device
• Qitical eN'semicritical

CJD: Disinfection and Sterilization
Conclusions

• CrilicallSemicritical-devices contaminated with high-risk tissue from high-
risk patients requres spectal prion reprocessing
• 134"C for 18m (prevecuum)
• 132"C feN'60m (pIily)
• NBOH and steam stariizetion (e.g" IN NBOH lh, then 121"C lh)

• Discard inslruments that are impossible to clean
• No low temperature stariizetion technology recommended"
• Noncriticlll-disinfeclants (e,g,. chleN'ine,Envi"on LpH) efleclive (4 log

decrease in LD50wilhin lh) and some detergents
"VI-Psndlf' geopleime (SIen'8dNX)_pri<n~butrol_byFDA



Prevent Patient Exposure to CJD
Contaminated Instruments

How do you prevent patient exposure to neurosurgical
ins1rumenls from a patient who is latter given a diagnosis
ofCJD?

Hospitals should use the special prion reprocessing
precautions for ins1ruments from patients undergoing
brain biopsy when a specific lesion has not been
demonstrated (e.g., CT, MRI). Alternatively, neurosurgical
ins1rumenls used in such cases could be disposable.
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Conclusions
• Epidemiologic evidence suggests nosocomial CJD transmission via

medcal devices is very rll'e
• Guidelines based on epidemiologic evidence, tissue infectivity, risk of

clsease via medcal devices. and inactivation data
• Risk essessment based on patient, tissue and device
• CrilicallSemicritical-devices contaminalad with high-risk tissue from high-

risk patients requres special prion reprocessing
• 134'C for 18m (prevacuum)
• 132'C for 60m (gravity)
• NaOH IIld steam sterilzation (e.g .• 1N NaOH 1h, then 121'C 1h)

New Approaches to Room Decontamination

• Contaminated environmental surfaces can contribute to
transmission of pathogens

• About 500Al 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



UV Room Decontamination
RutaIa, Weber, Geraen,ICHE, In preIS, 2010

• Fully automated, seWcalibrates, activated by hand-held remote
• Room ventilation does not need to be modified
• Uses we (254 nm range) to decontaminate surfaces
• Measures W reflected from walls, ceilings, floors or other treated

areas and calculates the operation time to deliver the programmed
lethal dose for pathogens.

• W sensors determines and targets highly-shadowed areas to
deliver measured dose of W energy

• After UV dose delivered (e.g., 36,OOOIJWslcm2 RD), will power-
do\WI and audibly notify the operator

• Reduces colony counts of pathogens by >99.9% within 15 minutes

UV Room Decontamination
• Phase 1-3x3" formica sheets contaminated with -1 ()4-5 organisms

(MRSA, VRE, MDR-Ac/ll6tobacter, C. diffie/ie spores) were placed
in a room, both in direct line-of-sight of the W device and behind
objects (indirect line-of-sight using a laser pointer). Following
timed exposure, the grO'Mh of the microbes was assessed.

• Phase 2-rooms that housed patients with MRSA or VRE had
specWied s~es sampled before and after W-e 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

Overall Before uv MerUV Before uv MerUV
Resutts

Mean Total 384 19
CFUI5Rodac

PosRodacaJ 81/400 21400
Total Rodacs

Mean MRSAI 37 2
Rodac

Decontamination with UVC
• Advantages

• Reliablebiocidal actilIily against a wlde range of pa1hogens
• &Ifaces and eql.ipment decontaninated
• Room decontan1nation is rapid (~15 minutes) for vegetative bacteria
• HVAC system does not need to be dsabled and the room does not need to

be sealed
• It is resi~ free and does not !tie rise to health and safely concerns
• No consunabie proctJcls so costs are capital eql.ipment and staIJtime
• Good dstribution in the room of W energy via an automated moriloring

system

Room Decontamination with UV
IlIulIII,Gn.., W_, 1CIIE,In__ , 2111

Organism Direct Indirect Total
(Ioglcfeduclion) (Ioglcfeduction) (log1cfeduction)

MRSA(-15m) 4.31 3.85 3.94 (n=50)

VRE(-15m) 3.90 3.29' 3.46 (n=47)--, 4.21 3.79 3.88 (n=47)(-15m)

C. difficile (-5Dm) 4.04 2.43' 2.79 (n=45)

Summary
• UVC radiation was found to reduce >99.9% of vegetative bacteria

within 15 minutes and 99.84% for C. difficile spores with 50
minutes.

• UVC was more effective when there was a direct line-of sight to
the contaminant but meaningful reduction (3.3-3.9IogID reduction
fro bacteria) occurred when The contaminant was not olrectly
exposed to the UVC.

• In MRSA patient rooms, there was a significant reduction in total
average CFU per Rodac (384 CFU pre and 19 CFU post);
samples pOSITiVefor MRSA (81/400 pre and 21400 post); and the
average MRSA per Rodac (37 pre and 2 post-treatment)

Decontamination with UVC
• Disadvantages

• Do not know if use decreases the incidence of HAls
• Only done at terminal disinfection (Le., not daily cleaning)
• All patients and staff must be removed from the room/area
• Capttal equipment costs are substantial
• Does not remove dust and stains which are important to

patientlvisITors
• SenSITive use parameters (e.g .• UV dose delivered)



Decontamination with Hydroaen Peroxide Vapor
Boyce It II: ICHE 2008;29:723

• 5 wards \Wh a high inddence of C. dlfllclle
• HPV was injected into sealed wards and individual patient rooms

using generators until approx 1 miaon film of HP was achieved on
the surface

• 11/43 (25.6%) surface sarrpes yielded C. diffie/ie caJl'Ilfed to 0127
(0%) after HPV decontanination

• The inddence of nosocomial CDAD was significantly lower during the
intervention period

• Condusion: HPV was efficaaous in eradicating C. diffie/ie from
conlalrinated surfaces and redudng infections

Novel Methods of Room Disinfection
Summary

• UV and HPV are effective and significantly reduced the
contamination with C. clfflclte, MRSA, VRE, MOROs and
other pathogens

• Offer an option for room decontamination at patient
discharge (dally deanlng sUll suboptimal)

• HPV studies have shown benefits In controlUng outbreaks
and redudng Infections

• Since contamination of surfaces Is common, even after
surface disinfection, this technology should be considered
In selected patient rooms and care areas when the
environmental mode of transmission Is significant

'lOun:l. In<;.ldmclll' of _omi.ll C1.r'lJi_ dijJkll.r--fttO(j.
lwei d&uw on , watWo I •••••E) thilll U~"t h'IAfHWttrdropll
PCOfll'llMk "Il1'Uf dKomamlllllllnn, dun", tlM pnlnlt'n'&'fltKm J'l'rlod
{It"',. N"'; Illrill' 201M throuth Mum 200!H .nd: IIv lnt.-r'Ymtlon pe-
riod IbIotd: ""''1 lulM' 20M Ihf'OUlh Mlr.:h 10061.
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Repro~~~~p,;~~7~!~~rr.~¥.~~copes
• No guideline for reprocessing laryngoscope's blades and handles
• Many hospitals consider blade as semicritical (HLD) and handle as

noncr~ical (LLD)
• Blades linked to HAls; handles nol directly linked to HAls but

contamination with blood/OPIMIpathogens suggest ita potential
and blade and handle function together

• Ideally, clean then HLDlsterilize blades and handles (UNCHG-
blades-8teris, handle (without batteries)-8terrad; blade/handle with
batteries-8terrad

Repro~~~p,;~~~~~~rr.~~~copes
• No guideline for reprocessing laryngoscope's blades and handles
• Many hospitals consider blade as semicr~ical (HLD) and handle as

noncritical (LLD)
• Blades linked to HAls; handles not directly linked to HAls but

contamination with blood/OPIMIpathogens suggest ita potential
and blade and handle fu nction together

• Ideally, clean then HLD/sterilize blades and handles (UNCHG-
blades-8teris, handle (without batteries)-8terrad; blade/handle with
batteries-8terrad

J Hasp Infecl2010;74:123
• 55t'64 (86%) of the handes deemed 'reedy for patienl use' positive for S.

SUIllUS, enterococci. Klebsiella, Adnet0b8cter
Anesth Analg 2009;109:479
• 30140(75%) samples from handes positive (CONS, BadlAls,

streptooocaJs. S. 8UIlIUS, EnterococnJs) after cleaning
AANA J 1997;65:241
• 26165(40%) of the handes and 13/65 (20%) of the blades were positive for

occult blood. These blades and handes were identified as reedy for
patient use.
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Patient Area Cleaning/Disinfecting
Carling at aI. ICHE 2008;29:1 and ICHE 2008;29:1lm

• Mon~or cleaning performance using an invisible fluorescent
targeting method. Rooms (14 high-risk objects) were marked and
evaluated after terminal cleaning.

• Results: 20,646 environmental surfaces (14 types of objects) were
evaluated in 36 hospitals. Mean proportion of objects cleaned was
48%. Following education and process improvement feedback,
cleaning improved to 77%.

• Conclusion: Substantial opportun~ for improving terminal
cleaning/disinfecting activ~ies.



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

Rata of CIelmiJJa"'" ~4 'lyPeaof HiBb-RiIk ObJ-

P"""",,,,," cIeaDod
Obje<t
Sink
1bild_
Tnly tlIble
BcdMde •• bIe
Toilet bIDdle
Side rail
Call box
~e
a..Jr
1bild door Icnobo
1bild haod hold
Bedpan cIelmeI"
Room door kaobo
_room JiIbt IWiteh

t.kan ± SD

82:1: 12
76 :I: 18
77 :I: IS
64:1:22
60:1:22
60 ± 21
50:1: i9
4':1: 16
48:1:28
28:1:22
28:1: U
25:1:18
23 ± 19
20 :I: :n

RaDp

S7-97
40-98
53-100
23-100
23-89
25-96
9-90

18-86
11-100
0-82
0-90
0-79
2-73
0-81

~
CI

77-88
68-84
71-84
54-73
50-69
51-69
42-58
42-56
35-61
18-37
18-38
17-33
1S-31
11-30



• Hlllth CInI flc:IIIl. mllYneed 10Introduce other conlRllllo IIlIUntlll
IUrflcelu. complellly c1~1d dilly Iftd lenntnllly
• EduCIIlng E81mporluce ofworklnd flldbllck
• ChlCldllls (bid rill, cell box, bldlld.lIblt, phont, chllr, lie)
• A_anmtn" of r.ponllblllly 10tnlUnt compl. cIttnlng of III

polAlnlllly contamlntlad IUrfIceI. Enlur. IIllurfIceI n d1l1nftcttd
Iftd III equipment II _anld (• .g. -an III equlpmentlftd
tnYlronmtnlll .urfIceIln I pdtnt room 10lither E8, Nurllng. lie)

• Invlllbl. ftuor_t mtrktr (milk hlah·touch obj" end Ifnot
c1~Id-tducaIe, monitor p_lmpRlVtnltn~ end fttdbtck); ATP;
dytI

Quantitative Approach to Defining High·Touch Surfaces
Hullage, RutaIa, Slclcbert·Bennett, Weber, !CHE, In press

• 1490 surface conl<K:ts were recorded
• ICU accounted for 1109 (74%)
• Fbor a:coun1ed for 381 (26%)

• 3 surfaces (bed rail, bed surface, Sl4lP1y cart) in the leu setting
that were considered high touch (> 3 contacts per interaction)
and accounted for 40% of the touches

• 4 surfaces (bed rails, CNerbed tables IV pumps, bed surface) in
the floor sefiing were considered high touch (>1 contact per
interaction) ana accounted for 49"'{' of the touches

• Highest contact ~em in both settings was the bed rails and bed
surfaces

Patient Area Cleaning/Disinfecting
Carling et aJ.ICHE 2008;28:1 and ICHE 2008;28:1d

• Mon~or cleaning perfonnance using an invisible fluorescent
targeting method. Rooms (14 high-risk objects) were marked and
evaluated after terminal cleaning.

• Results: 20,646 environmental surfaces (14 types of objects) were
evaluated in 36 hospMls. Mean propor1ion of objects cleaned was
46%. Following education and process improvement feedback,
cleaning improved to 77%.

• Conclusion: Substantial opportunity for improving terminal
cleaningldisinlecting activ~ies.

Quantitative Approach to Defining High.Touch Surfaces
Hu",. RutaII, SIclcbtrt·Btnntll, Wtbtr,ICHE, h pr_. 2010

• CDC EIC guideline makes a Category II recommendalion to clean
and disinlect high-louch surfaces (e.g., doorknobs, bed rails, light
~ches, and surfaces in and around toilet in palients' rooms) on a
more frequent schedule than minimal-louch surfaces.

• No one has quant~ively assessed frequency of HCW contact
~h different room surfaces.

• Over 18 months, HCW were observed while providing routine care
to a palient to ascertain the frequency' of contact ~h surfaces on
the immediale environment of the patient.

• 50 interactions were observed in 5 ICUs and 7 general
medicaVsurgical floors al UNC HeaRh Care.

Quantitative Approach to Defining High-Touch Surfaces
Hullage, RutaIa, S1c1cbert·Bennett, Weber, ICHE, In press

Summary
• Dala demonstraled thal in the ICU and floor, high and medium

touch surfaces occurred in the immediale vicinity of the palient
• While ~ is desirable thal all environmental surfaces be routinely

disinlected, surfaces that are not likely contaminaled or frequently
touched such as thermosta1s may not warrant as much concern.

• All surfaces should be disinlected al terminal cleaning
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Surface DIsinfection

• Exposure Time
• COC guideline recommends a contact lime of at least 1 minute
• In order 10 gel EPA clearance of lhe COC Guideline K was

necessary 10 insert 1wo semences. 'By law, all applicable label
instructions on EPA-registered prodUcts must be followed. If
Ihe user selects exposure condKions Ihat differ from Ihose on
Ihe EPA-registered product label. Ihe user assumes liabilKy
from any injuries resuning from off-label use and is poIemially
subject 10 enforcemem action under FIFRA'

Current IBlues and Controversies
Summary

• 'Hospitals using 55 1 shoWl be Iigurlng oul what thei' next slerIizer wll be
and how quickly they can switch rNer' Slewn Slverman, otIice of
Co"l'liance, FDA

• CrilicallSemicrilical-devices contaminated with high-risk tissue from high-
risk patients requres special prion reprocessing
• 134°C for 18m (prevllCUum)
• 132"C for 60m (gravity)
• NaOH and steam s1erilzalion (e.g., IN NaOH lh, 121°C 30 m)

• Wand HPV are effective and offer an option for roorn
decon1aminalion

Surface Disinfection
• Exposure Time

• CMS surveyors (CA) have been paying closer a1temion 10
cleaning Ihe environmem, including assurance Ihat hospKals
are following manufacturer's directions for disinfectam comact
lime

• HospKaI ciled for using a shorter comact lime Ihan
manufacturer's directions and appealed based upon published
peer-reviewed lKerature supporting shorter exposure limes

• Appeal denied

Surface Disinfection
• Exposure Time

• MUtipie scientific s1uciesheve demons1ratedthe eftIcacy of hospital
disinfeclan1sagainst peIhogens causing HAls with a contact time of 1
ITiIlJle

• HCFs can achieve a contact time of 10 ITiIlJles by reapplying the
disinfeclanl !HI times 10the slriace es the typical dy time is 1.5-21Ti1lJles

• Equally important as contact time is the appIicetion of the disinfectanllo
the SlIface or IlJipmentlo el1llU'eall con1aITinaledsurfaces •. e wiped

• No data thai demonsiale in1lroved inlecllon prevention by a 10 ITinute
contact time versus a 1 ITiIlJle contact time

Current IBlues and Controversies
Summary

• Reprocessing rigid layngoscopes, clean then HLDlslerIize blades and
handes

• Significant improvements in surface disinfection lI'e needed to eliminate
the risk associated with contaminated surfaces

• 3 surfaces (bed rei, bed surface, supply cert) in the ICU and 4 surfaces
(bed rails, overbed tables, IV pumps, bed surface) in the ftoar selling were
considered high touch and accounted for 40-49% of the touches

• Whle it is desrable that ell envronmental surfaces be routinely disinfected,
surfaces that lI'8 not likely contamineted or frequently touched such es
thermostats mey nolwlITlIlllas much concern.

• ,611 surfaces should be disinlecled at terminal cleaning
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