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Environmental Sampling in Healthcare

« Validation
— Sanitation
= Food preparation surfaces
— Mechanical specification
= Ventilation parameters
~ Contamination level
= Alr and water quality
+ Fomites
- Prevention of growth
* Water damage control

Environmental Surveillance

What to monitor?
— Microbes
» Air and surfaces
« Water
- Ventilation parameters
+ Air exchanges
* Pressure
« Filtration
— Construction and maintenance practice
* Water response plan
+ Mold recognition and clean-up
+ Construction management

Environmental Sampling

Environmental microbiology is not clinical
microbiology

Sampling is supported by epidemioclogic
assessment

+ Random, undirected sampling is not
recommended

Sampling requires a protocol for sampling
and culturing, analysis of results, and action
based on the interpretation of results

CDC Guideline for Environmental Infection Control, MMWR June 6, 2003

Air Sample Considerations

When to sample?

* Commissioning-before occupancy=baseline data
- All parameters for ventilation assurance and cleanliness
- Provide comparison data
= Disease outbreak analysis
- All environmental parameters with emphasis on source detection
-Surface and air content for fungi
-Surface samples help find aerosol sources
* Validation of ventilation
- Pressure most meaningful?
- Air exchanges needed for purging
- Non viable particles can be used to assess filtration efficacy
- Medical staff understand the viable counts the best

EIC CDC S
Guidelines |oe=x
6/6/03 -
MMWR
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Sampler criteria
+high volume
*lab friendly
*culture methods

Average yearly cfu/m®3 Uni ity Mi Hospital

TOTAL AIRBORNE FUNGI

35C 1997 1998 1999 2000 2001 2002 2003 2004
Bonemarrow 3 18 1 16 19 36 28 ie
5-Med Surg 103 56 3 34 4.8 53 5.1 16
6-Transplant 4.2 16 53 28 59 6.9 6.4 4.4
7-Oncology X 2.5 35 a7 5.1 71 6.4 56
Reference 28 T2 2.4 26.9 6.4 6.8 33 14
Qutdoors 825 699 3135 59.1 9186 180 80 136
25C 1997 1998 19998 2000 2001 2002 2003 2004
Bonemarrow 245 14 82 98 6.1 6.9 16 11
5-Med Surg 4.8 46.3 17.89 226 16.5 123 20 22
E-Transplant 17 19.2 20.3 15.8 14.6 15.5 19 23
7-Oneology 187 1 13 58.5 18 205 ar 13
Reference 22.4 30.2 15.7 25.2 183 216 32 48
Qutdoors 408.3 11319 12168 7288 315 673 914  113&
Aspergillesis

toit casns 2 2R 14 Fal 18 1 14

Interpretation of Data

® Rank order analysis
= Lowest counts in the areas with hest filtration
= Comparison necessary with outdoor control

o Qualitative analysis
— Pathogen recovery (Aspergillus)

= (versus heterog

® [ndoor outdoor ratio

— L0 <1 normal (seasonal considerations)
— I/ >1 potential problem

¢ Temperature selectivity
— Pathogens grow best at >35C (<1 ¢fu/m*3 pathogens)
= Filtration efficacy determined at 25C (lowest counts = best filtrtion)

Viable airborne fungal samples

University of Minnesota Hospital
Air

Sampling 1999

10000

JF\{AMJJA‘;ON JFMAMJIJASOND

Cfu/m?
§

Bone Marrow

Transplant Outdoors

an g EXPOSURE VARIATION

I a- Seasonal variation is
g it I dependant on the climate
and local flora

Local sources can create
high dose-short term
EIP()SIHES

Indoor variation is dependant on
local sources and filtration

What did water do under this sink?

Waskty Average Travmecicies st Fury

Mold growth caused
the I/O ration to be >1

J.Clin Micro Jan 1987 p1-4.
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Horizontal Diffusion of Spore Cloud from Mold Source

HORIZONTAL DIFFUSION

Diffusion of spore cloud during horizontal travel in wind. 0 = origin of
coordinates at source point of liberation; x, y, z = down \mnd cross wind, and
vertical axes respectively. Growth of cloud is by in
deviation after the center of the cloud has traveled to three positions down wind.

DESTROY OR LOCK DOWN MOLD SOURCE BEFORE DISTURBING

UNWERSITY OF MBNESCITA HOSPITAL
FREQUENCY DISTRIBUTION PATIENT CARE ﬁHEﬂS

ASPERGILLUS FUMIGATUS
SRt Negon
® Yoad TO 1087
450
400
50
#OF 300
SAMPLE 50
EVENTE
150
100 7o
s: Abnyey ot e g (V.

01294667880 101112131418 1817 125
# OF CFU/PLATE PER 3.8 M(3) AIR SAMPLE-37C

University of lllinois Medical Center 1998 to 1999
CFU per MA3 total fungi 25C Incubation

Location N |average |range Asp tot
Sobd Organ Wards |62 |44 2- 248 12
Bone Marrow TX B2 |40 o-220 B4
Outsida 122 | 257 10 - 1340 (1]

Curds, g al J0 2005

University of Minnesota Medical Center 1995 to 2005
CFU per M*3 total fungi 25C Incubation

Location N |average |range |Asp tot

Solid Organ Wards | 123 | 46 0-1120 Nd (10)
Bone Marrow TX | 249 | 20 0- 320 Nd (1.1)
Outside 120 | Bas 16 - 5828 Nd (45)

Strmiful urpublished dat 2008 ( )=Asp @ 35C

What is a burst of fungal spores?

] ) "o "o o "o "o w0

A burst is >3 standard deviations above the average?

Contaminated sink

MOLD SOURCES
ARE COMMON
CONTROL PREVENTS
INFECTION &

OTHER ISSUES

Cassette air samples
sLong term sampling up 1o 2 hrs
*Ponable banery operated pump (2 liers/min)
=Not very size selective
*Fungal spore death due to desiccation (drying out)
*Nonviable spore counts
=Recovery of Stachybotrys conidia .
*Many other fungal spores not idemtified o genus
*Rank order determination

Mold spores
can be ID'd
with visual
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When collecting spores for
microscopic identification

it becomes difficult to distiguish
between Aspergillus and
Penicillium species

Culture and microscopic
evaluations should be use
clinical areas clearance.

FIELD IDENTIFICATION

Tease tapes with adhesive
allows for spore forming
component to be removed
for identification

Once on tape the tape

is placed on slide with
contrast dye for
microscopic identification
based on morphology
Keys on filamentous
fungi

Looking for sources
in areas with known
water leaks.

Behind the Wall Samples

Sampling behind the wall
shows gross differences
from other sample
locations.

Non-Viable Particle Counter Usage:

Biological Safety Cabinets
-product & specimen protection
-employee protection
-microbiology lab
-pharmacy sterile mfg

Healthcare application
-bone marrow transplant
-operating rooms
-pharmacy sterile compounding USP 797
-filter validation

Optical particle counter

Particle counting and
-Mil Spec 209E
-1SO Classification of Room Particulates
-»(0.5um diameter

Surveillance Condensation Particle and Pressure Analysis-Bone

Marrow
August 2000
LOCATION PICC msggszﬁiﬁm FILTRATION '
Qutside 3500 na [—
Lobby 1500 na 90%
BMT area corridor 450 (+) 410 99.97%
-21/32 rooms <10 (+) 6.8-30 99.97%
-9/32 rooms 10-80 (+) 8.6-17 99.97%
<2132 rooms >500 +11&12 99.97%
Diffusers 01 na 99.97%
Radiation therapy 1000 na 80%
Adjacent bldg. 5300 na 50%

Essential Surveillance Parameter:

* Room air exchanges per hour
— each air exchange reduces particles about 66%
— All and PE rooms at >12 ac/hr

* Pressure control for All & PE rooms
— air velocity to create 2.5 Pascals

>3
— minimal leakage < 0.0464 m?
— current standards for leakage at 2.5 inches/100 square feet
+ Filtration supply to PE rooms & exhaust from All rooms
— particle reduction to include both viable and nonviable particles
- rank order reduction of particles from dirty to cleanest areas
— non viable particles can be analyzed real time
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TESTING FOR FILTER INEFFICENCY?

Common causes of filter leaks are:

“in situ” filter testing with
condensation particle counter * Loose filters
* Missing gaskets
* Missing or damaged filters
* Incorrect filters installed
* High air velocity
* Overloaded filters

of data P for particle in various
filered efficiencies:

tical PC* Quitside air particles After filter PC  Percent reduction
MERV** 12 120000 24000 80
filiers
MERV 14 filters | 120000 12000 90
MERV 16 filters | 120000 36 99.97

MNote Optical Particle Counts Are Report As Particles Per Cubic Foot.
* PC = particle counts

S*MERV = minimum efficiency rating value {current ASHRAE razing
system).

Before filter After filter _
12176 p/fth3 40 plfth3 >39% reduction

Objective analysis of critical environments:pressure and particles

1

it

ko

Validation of ventilation Validation of filters

air from a BMT room at the point of use
-Low particle counts -Particle count scan
-High pressure -Check filter installation

Do we need to culture or clean?
Bhould we verify cleaning?

Does real time sampling
Allow for quick response?

Is it safe? Could the test be
microbe specific or a measure
of microbial reduction?

CDC Environmental Infection Control-MMWR. 6/6/2003

Ba 15, Undertaking envronmental-ar fice samplng®

The fallowing facters shoald b

ogiging unpling:

o Hathgrousd iformalion froes the llerstore and ol seth it [ L. probminany sl from sa
epidrminlage imesation)
Liscatiom o mrfa b be namplnd

for this sk

 The paramisy n:mmqk aviay midhend and w et bar e 1ampliseg w il be qualiah r.'_
quakilative or btk

typet et
ruforto thi Spanldng claniicarien for devicrs and sarfans)
« Some ansicipationsl 3 cormectie action plan

* Tor et s bas  campled s s £

Table 35 Methods of easimamentabaarfaes sampling

=T e [V T

s
i p————
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-~ : :
Carpet Carpet
immediately one hour
after after
extraction . extraction

Rapid Environmental Analysis

Rapid turn around time for construction & mold remediation
-PCR

=spore equivalents per unit volume or surface area
*surface and air sample

*prior micro sample determines species identification
+ interpretation of data guidelines prior to sampling

*example-air sample (-) surface (+) clean & move
or air sample (+) surface (+) sanitize & resample

Krats O
(Gitrie A Crelel

Rapid Environmental Analysis __-

Rapid turn d time for & mold remediation

Adenine tri-phosphate (ATP)

-energy source living cells+biolumenesence =light
-surrogate determination of environmental cleaning
-relative light units determines surface cleanliness?

- <100 ok 100 to 1000 look and clean >1000 problems?

-advantage real time--HACCP-USFDA approved

Microbial indicators
can be used to detect
walter damage mold
if it is growing.

This test uses
ATP + bio
light emitting
enzyme to
produce relative
light unit

SCRUB THE SURFACES
WITH SOAP & WATER

Before @ 9999 RLU

Retest surface for ATP
After at 67 RLU

ATP TEST AFTER A WATER LEAK

4

RLU=relative light unit an indicator of biological ATP
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Flood occur especially if
something is caught in the
cleanout and along come
a lot of water to cause a

This grey water represents
a potential infection control .’
problem in an ICU. S
How do we know we have
sanitized this bioload?

Accumulated dust in on the
fan housing was full of
Aspergillous fumigatus
spores recovered with
surface contact plates.

Aquarium provide
high humidity

environment which
can promote mold

Fungal source management

+ Recognize fungal potential
— Outward signs such as colonies on wall
—Odors
— Water damage
= Control methods
— Containment
— Clean-up
— Verification

Moisture meter

Pressure gauge & Particle counter

_—) |

Air sampler

REAL TIME MONITORING HAS

AN ADVANTAGE OVER REQUIRED
LAB ANALYSIS DUE TO CULTURE
OR MICROSCOPIC METHODS.

Condensarion Pamicle Counter-0.01 1o 1.0 gm

=

Particle count data logging |

1100 o 001

7] [F]
[
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| Ventilation parameters data logging |

Tup

Tool kit

=Air samplars-particle counters
-optical versus condensation
“Prassure gauge
-sensitive to <.001'wg
=Moistura monitor
-contact versus probe
-thermal differences
=Air samplars-microbial
-high volume versus low volume
-viable versus non viable
*Surface sampling
-swab versus contact plate
-viable vs ATP

GUIDELINES FOR ENVIRONMENTAL INFECTION CONTROL
CDC MMWR JUNE 6, 2003

Water Section

* Waterborne microorganisms

= Facility water systems

+ Strategies for controlling Legionella spp.

* Cooling towers

+ Hemodialysis and water quality

+ lce machines

* Hydrotherapy

* AERs and dental unit water lines (DUWLs)
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Change out of Water Ireatment systems
Needs coondination and quality control.

supply watr quality
“waLer 1reaiment sysiem
=pris troatmaent

Piping

~disinfection

samping pors

CDC Environmental Infection Control-6/6/2003

Table 18. Microbiologic limits for hemodialysis fluids*

Manimum total h“lmll‘ﬁp.l Maximam endotoxin level
oo dintyse fnd (CFU/mL)+ (EUimL)§
Present standard
Product water!
Usad w0 propare dialysaie 200 Mo sandand
LUsed 50 reprosess diadyaers 200 3
Dualyvse PALLY o sandand
o]
200

o frues refiereces TR asd T91 (ANSHAAMI standars KD S1992 and ANSHAAM KD 471953

4 Product waer presemily inchades water used 10 prepare diafysate und wasey used 10 reprocess dialyeers
* Dralynste for beseedialyvis, RD 52, wedes devehopeneet, Ameran Mool Stasdards lestiste, Assocsation for the Adv stsmment of
Mesiacal Imaremensnon (AAMI).

Action level of 50 cfu/ml = do something?

Infections associated with use of hydrotherapy equipment

« Microorganisms and their sources in ice and ice machines

Sowersof micrmrpanhms

From petable watar

Non-Tuberculous Mycobacteria:
Infections or Colonization

Envir Iy spp.
Vehicle

Inadequately sterilized medical M. abscessus, M. chelonae, M.

instruments fortunitum

Potable water, ice M avium complex (MAC), M.

fortuitum, M. uicerans
Hydrotherapy tanks and pools M. chelonae, M. forfuitum, M.

marinum
Reprocessed dialyzers M. chelonae
Shower aerosols M. fortuitum

EPIDEMIOLOGICAL CURVE FOR BLOOD ISOLATES
RECOVERED FROM BONEMARROW TRANSPLANTS

Mycobactarium muccganicum

WS e |

PP PP S S S RS RSP I I TP IE
WA PP PP f P bl Pl P g P

=

[ ISR YOS PN [T pe—

Chloramine levels in Minneapolis near the hospital

Minneapols city chberine levels ~ 1998

| swrione

o S '_._.‘h-.v' St

i
g ]
E
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Bio-film on the inside of plumbing fixtures
Paired water samples from patient rooms

AEROBIC BACTERIA PLATE COUNT AMALYSIS
PGU 44 AND 4B

« JUNE 1668 - JANUARY 2000

————— 4
| BATHROOM PATHNTROOM |

J..,_.-~

o 1 puarnd o
T E -
YT - s+ 33 'l

Hutrionts from food will feed Bactena
I create sigrificant sources of opponunistic
microbis

S0m@ devices £an &% WEIS! reservoirs
and must be considered contaminated

Special Tormulas néad 1 b carsbully propared

COMMON WATER MICROBES CAN MULTIPLY IN AREAS THAT CANNOT BE DISINFECTED

Healthcare-associated PREVENTION AND CONTROL
Outbreaks of Legionellosis CULTURE WATER FOR LEGIONELLA
+ Contaminated aerosols IF FOUND CULTURE PATIENTS
RETROSPECTIVE EPIDEMIOLOGY
- Exposure to aerosols produced from: WATER SYSTEM DECONTAMINATION

— Cooling towers

FOLLOW HIGH RISK PATIENT
- Showers, aerators IF FOUND IN PATIENT WITH NOSOCOMIAL PNEUMONIA
— Faucets INIATE SEARCH FOR WATER SOURCE
- Respiratory therapy equipment WATE;?OCHO%;L‘JGL&?%;S AND USE STERILE
— Room-air humidifiers MAINTAIN POTABLE WATER
— Decorative fountains

>50C OR <20C RECIRCULATION IDEAL

HEATED WATER AT 1-2MG/L FREE RESIDUAL
CHLORINE

Hosted by Sharon Krystofiak sharon@webbertraining.com
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WATER DISTIBUTION SYSTEM
BUILDING ISSUES RELATED TO
DEAD END CONNECTIONS FROM
DISCONTINUED LINES.

L ]

Legionella Control with Chlorination

In 1890 - 23% of municipalities with >50,000 people used mona chioraming
disinfection

*  Advantages:
- does not form trhalomathanes
- heat stable
= more effective at penetrating bio film
Hospitals with of L =200 beds
*73% of these hospitals have a transplant program
*31 cutbraaks in hospitals with free available chiarine
~anly one outbreak with mono chioramine
*  Chilorine dicxide
local for legh 5 (PCU area or wholg hospital?)
long term diginfection Royal Infirmary Glasgow Scotland (10 years)

Meonochloramine in Municipal Water Systems

Number of Municipal water buildings tested=53

-37 of 53 (70%) buildings colonized before chloramine
- 5 of 53 (9%) buildings colonized after chloramine

or
248 culture positive of 624 samples before chloramine

9 culture positive of 622 samples after chloramine

Wide spread use of chloramines may reduce Legionellosis
transmission and disease in the United States

Reducing Legionalla Colonization of Water Systems with Monochloraming, B Flannery,el.al,
Emerging Infectious Diseases, www.cdc.govieid « Vol. 12, No. 4, April 2006

Cooling Tower Concerns

Cooling towers provide ideal
environments for Legionalia
spp. growth

Locate cooling towers to
minimize intake of drift
aerosols into the ventilation
system

Perform maintenance cleaning [
and treatment as per v
manufacturer’s instructions
and other available guidance
Clean and treat before
seasonal start-up

Cooling Tower considerations:
-location of air intake

-drift eliminators

-design to facilitate cleaning

& disinfection

-continuous treatment for
control of biomass

-tower and pipe resistant to
disinfection

-start up best time for dispersal
-routine maintenance

-testing & record keeping

Verification of Ventilation
USP 797 Environmental Assessment

= Clean, Cleaner and Cleanest
- IS0 standards
* Cleansst
— Biosafety cabinet
= Chemo therapy or antibiotic preparation
— Clean bench-LAF
= IV preparation
= Cleaner inventory dispensing area
+ Clean general public circulation area
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UMMC PHARMACY MANUFACTURING

Comparison analysis

+ Particle counter
— Outside vs other areas
— Lowest levels in the cleanest locations
* Pressure management
— Airflow from cleanest to cleaner to clean
— Pressurized environment
= Filtration and Air exchanges
— Dilution ventilation

PRESSURE MEASUREMENT & PARTICLE ANALYSIS

Cleanliness Verification

May 8 Panton-Valentine L idin Producing Staphyl
aureus
-Hands ... with Brenda Dale & Adam Brown, National Health Service, UK
—Demonstrate compliance of hand washing May 10 Infezftion Control i.n the Dialy§is Cﬁnic
i i ... with Dr. Charmaine Lok, University of Toronto
=Air quality
. May 17 Ethics of Care During a Pandemic
—Demonstrate comparison data ... with Dr. Eric Wasylenko, Calgary Health Board
*Surfaces May 24 Importance of Vaccination Among Dialysis Patients
—_Demonstrate cleaning ... with Dr. Matthew Arduino, CDC
oTraining May 31 Evaluation and M: of Infecti Di

Outbreaks in Nursing Homes
... with Dr. Chesley Richards, CDC

—Demonstrate understanding and competency
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