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Background
 Healthcare associated infections (HAIs):
 Not present on admission; organisms-often multidrug resistant 

(MDRO), get to patient from hands of HCW and/or environment
 MRSA, VRE, CRE, A. baumannii (MDRO) and C. difficile
 Minimizing risk warrants a multifaceted approach with hand 

hygiene, antimicrobial stewardship, contact isolation and 
environmental cleaning/disinfection

Objective
 To share initial research on: environmental cleaning, the Surfacide 

UV-C emitter system and see a real world study of efficacy.
 Present OSUMC data over 4 years on:
 Healthcare onset C. difficile infections (HO-CDI)
 Implementation of multi-emitter systems over time
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Transmission of Healthcare associated Pathogens

3 | OtterJA, Yezli S, French GL. ICHE July 2011;32 (7):687-699. 

CID 2008

Arch of IM 2006

ICHE 2011



Environmental Cleaning Reduces Microbial 
Contamination 

 Physical action to remove organic / inorganic materials
 Application of a disinfectant
 Monitoring to assure surfaces including high touch surfaces 

(i.e. bedrails, remote, monitor, tray table, toilet) are cleaned.
 Little guidance exists on how to best monitor compliance
 Most research focuses on post cleaning data, with less on 

actual observations of in room cleaning; limitations of 
Hawthorne effect with observations

 Our objective on this first study was to see how do the EVS 
clean the rooms?

4 |

Mulvey D. Jour of Hosp Infection 2011 77;25-30
Penno K. AJIC 2017; 45:1208-13



Environmental Cleaning at the Cornerstone of 
Decreasing HAIs including C. difficile (Methods)

 Our focus was on inpatient units with highest HO-CDI rates
 Reviewed EVS policies; created observation checklist
 Adequate= entire surface cleaned w/ approved solution
 Attempted, but inadequate= only partial surfaces
 Not attempted= ignored
 Wrong cleaning agent= attempted, but non-approved solution

 IRB approved: introduction of observer, informed of intent
 Observations begun after an in-service with photos/written basics; 

third party EVS company in 5th year of study
 In 5th year, incorporated fluorescent targeted technology and 

environmental culturing for C. difficile.
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Environmental Cleaning at the Cornerstone of 
Decreasing HAIs and CDI (Results)
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• Real time observations= 1 way to assess 
compliance 

• Made recommendations to get to 
“adequate”

• Sustainable improvement requires ongoing 
re-education, monitoring, time

Year 5:
In rooms without 
the observer,
fluorescent markers 
confirmed ~64% 
surfaces cleaned 
(same units)



UV Disinfection: Energy Time and Distance to 
Eradicate MDRO and CDI
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 A Surfacide™ UV-C emitter was created and asked to 
determine energy, distance and time to eradicate organisms.

 Hospital isolates: MRSA, VRE, A. baumannii, CRE and C. diff 
were inoculated on 4 representative surfaces: soft (remote) and 
textured hard plastic (bedrail), ceramic (tile) and stainless steel 
(faucet) autoclaved/ sterilized (3x4 in surfaces)

 Vegetative bacteria+C. diff spores inoculated on each surface; 
 Target of 500,000 CFU/cm2; each surface was prepared in 

triplicate w/100µliters buffered peptone and controls
 Surfaces air dried, placed at 4ft. (183mJ/cm2) and 8 ft. 

(47mJ/cm2) x15minuntes
 Energy output initially developed based on prior publications
 22-26 mJ/cm2 could be adequate?

Liscynesky C. et al. Poster 939 IDWeek 2012



UV Disinfection: Energy Time and Distance to 
Eradicate MDRO and CDI
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Phase 1: at 8 ft (47mJ) and 4 ft (183mJ)

Phase 2: 1400 mJ at 4 feet



Effect of Surface Type, Orientation, and Energy Delivery 
on the Efficacy of a UV-C Disinfection system: 
How much Energy is Enough?

 After OSU phase 1/ 2 studies, goal was to put surfaces in a 
hospital room location where that surface normally is; estimate 
UV-C dose to impact reductions, with at least 1500mJ/cm2

delivery. This represented redesigned increased output. 
 C. diff, MRSA, VRE, A. baumannii and CRE-KP were targeted 

for a minimum inoculum of 5 x 105 CFUs/cm2

 Inoculated coupons were placed on top of corresponding 
representative surfaces: ceramic (toilet), smooth and textured 
plastic (remote, bedrails, monitor), stainless steel, (faucet, sink)

 No moving of emitters necessary.
 Data shown as log 10 reductions of CFUs vs controls

Boyce demonstrated that energy delivery is effected by shadows, 
distance from emitter and surface orientation.
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Surfacide™ Triple Emitter 
System (Waukesha, Wi)

 1 tower is 77 in. tall and 23 in. wide
 Position to minimize shadows (i.e. indirect surfaces) with 3 

towers to deliver more energy in less time w/ reduced distance 
in one cycle. 

 Laser mapping measures room size,                             
objects, determines disinfection time 
 Studies done in room 256 sq meters +                                                              

bathroom of 46 sq meters
 Electronic touch screen tablet controls                                       

emitters remotely 
 Energy delivered ranged from 47-4,518 mJ/cm2 over 3 study 

times and not all organisms were studied at each mJ/cm2

(1 J=1000mJ or 1,000,000µWs)
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MRSA A. baumannii

C. diffVRE

CR- Kp

Data bars not present at energy level indicate organism was not tested at that energy level. 

C. diff 105 CFUs/surface
VRE 106 CFUs
MRSA, A. baumannii 107 CFUs
CR-Kp 109 CFUs

/cm2
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The Effect of Ultraviolet Light on C. difficile
Spore Recovery Versus Bleach Alone
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Liscynesky C et al ICHE 2017:1116-7.

N=476 cultures

Post bleach 
32/328 (13%) + 
w/ ≥10CFU

Post UV
1/238 (0.4%) +
(keyboard had 
10CFU)

<10=0-9 CFUs

OR 0.027; P<0.001





University Hospitals Ultraviolet-C Treatments

◊◊Lost data on tablet– (250 treatments estimate)                                                                     
2016 Q 3 staffing shortage-- UV tech did discharge room cleaning

◊◊
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• 2014 SIR based on NHSN CMS Baseline Set 1
• 2015- 2017 SIR based on NHSN CMS Baseline Set 2
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Conclusions
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 Environmental cleaning alone is rarely optimal.
 This multi-emitter system Surfacide™ showed:
 Vegetative organisms are quicker to eradicate than spores;
 Varying surface, orientation, organism burden and distance 

determines actual amount of energy delivered 
 Minimizing distance from emitter(s) to surfaces, maximizes 

energy delivered
 Laser technology maps objects before each cycle to 

determine size of room, surfaces and length of cycle
 Real world experience w/ C. difficile spores before and after 

UV-C validated efficacy
 Close collaboration of Clinical Epidemiology and EVS has 

led to improved healthcare onset C. difficile rates (HO-CDI)  
and much increased pride by EVS.
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