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Objectives

Describe the role of hospital environment in infection
prevention

Discuss inclusion of enhanced decontamination in infection
prevention bundles

Describe challenges in current practice for environmental
decontamination

Discuss novel technologies for terminal cleaning and potential

usefulness in today’s healthcare environment




Colonization Versus Disease and Transmission

Pathogens:
Leave original host

CSurvive In transit

cBe delivered to a susceptible host
CReach a susceptible part of the host

cEscape host defenses

Multiply and cause tissue damage <l EE:
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Potential Importance of Environmental Surfaces in
Transmission of Nosocomial Pathogens

» Organisms may survive for long periods of time on nonporous
surfaces

- Healthcare workers (HCWSs) frequently do not wash hands
after contact with patients and/or surfaces without direct
patient contact

* Room cleaning is frequently sub optimal




The Case for Environmental Hygiene

Previously contaminated rooms increase transmission risk

Many patient rooms not well cleaned

Cleaning process can be improved in most organizations

Improved cleaning decreases environmental contamination

Improved cleaning decreases acquisition of pathogens




Schaefer MK, et al. JAMA. 2010;303(22):2273-2279.
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Infection Control Assessment of Ambulatory
Surgical Centers
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Context More than 5000 ambulatory surgical centers (ASCs) in the Uniled States
participate in the Medicare program. Litthe 15 known about Infection contral practices
n ASCs. The Centers for Medicare & Medicad Services (CMS) piloted an infection

19% of facilities did not appropriately clean
high-touch surfaces in patient care areas
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VER THE LAST SEVERAL DE-
cades, health care delivery
in the United States has
shifted roward the outpa-
tient setting, ambulalory surgery in par-
ticular has been an area of Immense
growth. Ambulatory surgical centers
(ASCs) are defined by the Centers for
Medicare & Medicaid Services (CMS) as
facilities that operate exclusively to pro
vide surgical services to patlents who do
not require hospiralization or stays in a
surgical facility longer than 24 hours.

was based on the number of inspections each state estimated it could complete
batween June and October 2008. Sixty-elght ASCs were assessed; 32 in Maryland,
16 in North Cardlina, and 20 in Oklahoma. Surveyors from CMS, trained = use of
the audit tool, assessed complance with specific infection control practices. Assess-
ments focused on 5 areas of infection control: hand hygiene, injection safety and
medicaton handling, equipment reprocessing, environmental cleaning, and han-
diing of blood ghicose monitoring equipment

Main Outcome Measures Proportion of facilites with lapses in each mfection con-
trol category

Results Overall 46 of 68 ASCs (67 6%, 95% confidence interval [CI], 55.9%-
77 9%) had at least 1 lapse in infection control; 12 of 68 ASCs (17 6% 95% C1, 9.9%-
28.1%) had lapses identified in 3 or more of the 5 infection control categones. Com-
mon lapses induded using single-dose medication vials for mose than 1 patient (187
64; 28.1%; 95% C1. 182%-40 0%). faling to adhere to recommended practices
regarding reprocessing of equipment (19/67, 28.4%. 95% CI, 18.6%-400%), and
lapses in handling of blood glucose monitonng equipment (25/54; 46.3%; 95% (J,
33.4%-59.6%).

Conclusion Amang asample of US ASCs in 3 states, lapses in infection control were
common
JAMA. 2010,253(2252273-2279
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The Inanimate Environment Can Facilitate
Transmission

. represents VRE culture positive sites




Contaminated Environments: Key Elements




“l just touched the bed rail...”

100-1,000 bacteria transferred by:
+ Pulling patients up in bed

- Taking a blood pressure or pulse
+ Touching a patient’s hand

- Rolling patients over in bed

- Touching patient’'s gown or bed
sheets

+ Touching equipment like bedside
rails, over-bed tables, IV pumps
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53% of HCWs Hand Imprint Cultures + After Occupied
Room vs 24% of Clean Empty Rooms
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Acquisition of Nosocomial Pathogens
on Hands After Contact With
Environmental Surfaces Near
Hospitalized Patients

Anita Bhalla, MD; Nicole J. Pultz, BS; Delores M.
Gries, MD; Amy J. Ray, MD; Elizabeth C.
Eckstein, RN; David C. Aron, MD; Curtis J.
Donskey, MD

Total S.
aureus

VRE

Organisms

GNB C.
difficile

|2 0ceupied rooms O Cleaned rooms |

FIGURE. Percentage of hand /mprint cultures yielding pathogens after con-
tact with environmental surfaces near patients in occupied patient rooms or
in rooms that had been cleaned after patient discharge. VRE = vancomycin-
resistant Enterococcus; GNB = gram-negative bacillus.
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35.7% of MRSA Strains From ICU Patients
Indistinguishable From Immediate Environment
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« % o' 3 ___limﬁ_li -‘Mit.reemngs dclecled with strain
o ! : ’
I’{ J 14 6
= m'L : ' 2
T U 0 !
N 5 4
M 2 0
= ' 0O I 17
P 11 8
e ——— L Y 2 0
e ne— 4, X 1 0
o ;.z: : F | 0
| a H ! 0
l Z 0 1
D 7 5
! oy E 8 0
l _____E W ] 0
__4. B 4 6
T T 1 1

FIGURE 1.  Pulsed-field gel electrophoresis (PFGE) profiles of methicillin-resistant Staphylococcus aureus isolated from the environment,
the number of environmental screenings during which each of the different PFGE profiles was identified, and the correlation with PFGE
profiles of strains colonizing patients.
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It’s Not Just About Shiny Floors

&

{ No, not shiny enough

She needs to
Find something
to do!
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Review Terminal Room Cleaning Practice
Expectations

CDC Environmental Checklist for Monitoring Terminal Cleaning®

Daie:

Unit:

Room Number:

Initials of ES staff (optional):”

Evaluate the following priority sites for each patient room:

High-touch Room Surfaces” Cleaned Not Cleaned | Not Present in Room
Bed rails / controls
Tray table

IV pole (grab area)
Call box / button
Telephone

Bedside table handle
Chair

_Evaluate the following additional sites if these equipment are present in the room: _
High-touch Room Surfaces® Cleaned Not Cleaned | Not Present in Eoom

Multi-module monitor cables
Ventilator control panel

Mark the monitoring method used:
[] Direct observation [] Fluorescent pel
[ Swab culiures [ ATP system [ Agar shde cultures

'Selection of detergents and disinfectants should be according to institutional policies and procedures
*Hospitals may choose to include identifiers of individual environmental services staff for feadback

purposes.
*Sites most frequently contaminated and touched by patients and/or healtheare workers

Mational Center for Emerging and Zoonotic Infectious Diseases
Division of Healthcare Quality Promotion
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Other Considerations

Increased risk of prior room occupant transmission is 73%?

Potential for transmission despite enhanced cleaning
procedures

Novel terminal cleaning and disinfection methods hold
promise?

Effectiveness depends on a team approach




AN INTRODUCTION TO

Human Facterrs
gineering

©)

Christopher D. WICKENS
Sallie £. GORDON
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The Hospital Bed: Friend or Foe

* A great asset for
the patient,
complete with fall
alarms, nurse call
buttons and the
TV remote!!

* Highly
contaminated
space

* Lots of nooks and
crannies!



No Man’s Land - Another Benefit
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Consider Enhanced Monitoring Techniques

Published
Useful for Directly use in
Identifies individual evaluates programatic
Method Ease of use pathogens teaching cleaning improvement
Covert Low No Yes Yes 1 hospital
practice
observation
Swab cultures High Yes Not studied Potentially 1 hospital
Agar slide Good Limited Not studies Potentially 1 hospital
cultures
Fluorescent High No Yes Yes 49 hospitals
gel

ATP system High No Yes Potentially 2 hospitals
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New Technologies
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Overview of Area Decontamination Technologies
(cont)

Technology Advantages Disadvantages

Gaseous chlorine « Active against many pathogens, * Room must be empty and sealed
dioxide! including spores « Potentially toxic by-products
» More effective than manual « Affected by UV light and humidity
cleaning/disinfection « Can discolor some materials

* No data on use in clinical setting
» Explosive at >10%

Gaseous hydroxyl ~ + Can be used whilst room is occupied « Limited data on effectiveness against
radicals? « Silent and odorless nosocomial infections

Alir filtration » Can be used whilst room is occupied * Noisy

technologies?® » Proven effectiveness at reducing » Requires regular cleaning and filter

environmental contamination rates changes
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Overview of Area Decontamination Technologies

Technology Advantages Disadvantages

Gaseous hydrogen < Active against many pathogens, including * Room must be empty and sealed
peroxidel! spores
* More effective than manual
cleaning/disinfection
* No toxic by-products
* Published evidence of use in clinical settings
to reduce environmental contamination and
infection rates

UV disinfection?  Active against many pathogens « Limited data to date
* Relatively simple and easy to use
* No toxic residues

Ozone? * Active against many pathogens « Room must be empty and sealed
* More effective than manual « Affected by humidity
cleaning/disinfection * No data on use in clinical setting
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The Basics

» Hydrogen Peroxide (H202) is delivered into the
environment by vapor or mist. !

- Effective in eradicating environmental pathogens
in hospitals. %4

» Used to eliminate persistent contamination during
outbreaks of infection. > ©
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HP Systems vs. Manual Cleaning

* Evenly disperses disinfectant over all exposed
surfaces in a room.

- Compared to manual cleaning, it does not rely on
the operator to ensure adequate distribution.?
~50% of high touch surfaces are routinely

cleaned ?

* HP systems do not replace the need for manual
cleaning!

*ltc ent It!
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Gaseous Hydrogen Peroxide Impact on MRSA In
Patient Isolation Rooms/bathrooms

Total before | Matched before | Matched after
cleanmg cleanmg cleanlng

Matched

before H,0,2

Matched
after H,0,2

No. of rooms sampled

No. of swabs 359
Swabs yielding MRSA, 264 (73.5)
n (%)
From direct plating 185 (70.1)
++Growth 75 (40.5)
+Growth 110 (59.5)

From enrichment only 79 (29.9)

“Matched” denotes rooms in which adjacent sites were sampled before and after intervention.

aHydrogen peroxide vapor decontamination.

124
111 (89.5)

87 (78.4)
37 (42.5)
50 (57.5)
24 (21.6)

bEighteen single isolation rooms, two 4-bed days, 4 bathrooms.

CEight single isolation rooms, two 4-bed days.
dFour single isolation rooms, 2 bathrooms.

124
82 (66.1)

61 (74.4)
26 (42.6)
35 (57.4)
21 (25.6)

85
61 (71.8)

44 (72.1)
24 (54.5)
20 (45.5)
17 (27.9)

85

1(1.2)

1 (100.0)
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Gaseous Hydrogen Peroxide Impact on MRSA
In an Open-plan ICU
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Hydrogen Peroxide against C.difficile in an Elderly
Unit

 After a single cycle of
hydrogen peroxide
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 decontamination, only 3%
(7/203) of samples were
positive (P < 0.001),

- with a mean of 0.4 cfu per 10
samples (wW94% reduction). ! I 1 =
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« The hydrogen peroxide
system significantly reduced
the extent of environmental
contamination with C. difficile

in these elderly care rooms.!
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Systematic Review of Peroxide-based
Systems in the Hospital Environment
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INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY OCTOBER 2010, VOL. 31, NO. 10

ORIGINAL ARTICLE

Room Decontamination with UV Radiation

William A. Rutala, PhD, MPH; Maria E Gergen, MT (ASCP); David J. Weber, MD, MPH

OBJECTIVE. To determine the effectiveness of a UV-C-emitting device to eliminate clinically important nosocomial pathogens in a
contaminated hospital room.

METHODS. This study was carried out in a standard but empty hospital room (phase 1) and in a room previously occupied by a patient
with methicillin-resistant Staphylococcus aureus (MRSA) or vancomycin-resistant Enferococcus (VRE) infection (phase 2) in an acute care
tertiary hospital in North Carolina from January 21 through September 21, 2009. During phase 1,8 x 8 cm Formica sheets contaminated
with approximately 10-10° organisms of MRSA, VRE, multidrug-resistant (MDR) Acinetobacter baumannii, or Clostridium difficile spores
were placed in a hospital room, both in direct line of sight of the UV-C device and behind objects. After timed exposure, the presence of
the microbes was assessed. During phase 2, specific sites in rooms that had housed patients with MRSA or VRE infection were sampled
before and after UV-C irradiation. After timed exposure, the presence of MRSA and VRE and total colony counts were assessed.

RESULTS. In our test room, the effectiveness of UV-C radiation in reducing the counts of vegetative bacteria on surfaces was more than
99.9% within 15 minutes, and the reduction in C. difficile spores was 99.8% within 50 minutes. In rooms occupied by patients with MRSA,
UV-C irradiation of approximately 15 minutes duration resulted in a decrease in total CFUs per plate (mean, 384 CFUs vs 19 CFUs;
P <.001), in the number of samples positive for MRSA (81 [20.3%] of 400 plates vs 2 [0.5%)] of 400 plates; P<.001 ), and in MRSA counts
per MRSA-positive plate (mean, 37 CFUs vs 2 CFUs; P<.001).

coNcrusioNs. This UV-C device was effective in eliminating vegetative bacteria on contaminated surfaces both in the line of sight and
behind objects within approximately 15 minutes and in eliminating C. difficile spores within 50 minutes.

Infect Control Hosp Epidemiol 2010;31(10):1025-1029
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How UV Works .

The molecular structure
of the DNA is broken
down rendering the
microorganism harmless

DNA broken
by UV light

29
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Operation Overview

- Handheld remote activates decontamination and monitors the progress.

- Remote Sensors measure the actual germicidal energy

dose received at multiple targets including shadowed areas.

- Decontamination time is automatically calculated based upon environmental
factors including room size, configuration and surface materials.

+ Areas commonly missed by manual and chemical cleaning are
decontaminated and/or sterilized.

Room may be occupied immediatel
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Multiple applications, or multiple units can be used for
—eo.areas.with_.uniqgue geometric.challenges
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Inputs to Consider When Developing Disinfection
Strategies

B

Needs |1 ————— —~ Routine

Clusters Isolation Specialty Patient
Rooms (OR, Cath) Rooms

How critical is time for a given use area?

Time ' |
Important Not Important
(Effectiveness)




ldentifying Areas for Enhanced Cleaning

Clusters

Isolation rooms

‘e
K

Specific pathogens

-
K

OR/Cath/Endoscopy

“Spring Cleaning”

Requires shutdown of room/unit
Longest accepted time frame

Requires enhanced procedures (gown/glove)

* Less time constraint

High level of concern

* Linked to environment

Cause of clusters

* Down-time off-hours

Night-time terminal cleaning

Routine deep-clean in unit
Periodic deep clean in patient rooms

33
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Successful Implementation & Creating Enhanced
Bundles

+ Work collaboratively with EVS

- Develop a plan

» Useful during * Terminally clean
- ldentify high priority areas based outbreaks or all rooms in high
upon risk assessment times of high risk area based
endemicity upon preset
- Establish how and when - Patients are timeline
enhanced room disinfection moved to an * Limit to specific
strategies will be used empty room and types of rooms
room disinfected. (isolation)
+ Successful integration of new Patient then
technologies moved to that
room, etc

* Monitor implementation
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The Bottom Line; is it useful?

Ample evidence that contamination with important MDROs
such as VRE, Acientobacter and C. difficile pose a risk for
patient to patient transmission of these pathogens

Multiple studies have shown that environmental service
workers often fail to decontaminate high risk objects

Contact with the environment can contaminate health care
worker’s hands as much as contact with the patient

New technologies can be useful especially useful during
outbreaks, discharge of patients on contact precautions and in
special rooms.



Major Disadvatages

- Cost
*User and resource dependent
*Time
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Conclusion

Usefulness of enhanced technologies has been demonstrated

Links to reduction of infection has occurred primarily in
outbreak settings or with hyper-endemic rates

Cost effective studies needed to guide selection and usage.

Robust studies needed on decrease of endemic rates of
MDROS

Need technological advances for daily cleaning

Remember that these technologies are simply one tool in
a complex and multifactoral environmental contamination
ISsue.




