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SGM Biotech, Inc.

A The only company in the world solely
dedicated to the manufacture of biological
iIndicators

A Globally recognized for its expertise in
sterilization process validation and routine
monitoring




SGM has 44
distributors with
products sold In over
80 countries.
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What are
Biological
Indicators?




Biological Indicator

ACalibrated bacterial spore
preparation used to
monitor the efficacy of
sterilization processes
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We will discuss and provide
an understanding of the use
of bacterial spores to
mathematically describe the
sterilization process.
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The bacterial spore Is the only
tool you have that accurately
Integrates every critical
process parameter known or
unknown.
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Spores must be
placed In or on a
carrier.




Bls include
spores + carrier
+ package




Bl packaging Is
specifically designed
for each sterilization

Process.




Biological Indicators
are controlled by
International
standards.




SGM Standards Partlc:lpatlon

AMember AAMI Standards
Committee

AU.S. Delegate to ISO TC
198/Working Group 4

AIFTPS Commltte




Bl Standards

A AAMI/ISO - Sterilization of health care products i
Biological Indicators

11138-1 1 General
11138-271 EO
11138-3 17 Moist Heat
11138-4 1 Dry Heat

11138-51 Low-temperature steam and
formaldehyde

A EN 866 i European Norm adopted ISO 11138 series

A AAMI/ISO 141617 Sterilization of health care products i
Biological indicators i Guidance for the selection, use
and interpretation of results

A AAMI/ISO 184727 Sterilization of health care products i
Biological and chemical indicator i test equipment

A United States Pharmacopeia
A European Pharmacopeia
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Commercial Products Use
Spores from WRTM

Widely Recognized Test
Microorganism




These spores are
recognized to be the most
resistant to the various
sterilization processes.




Naturally Occurring Soll
Microorganisms

AMost were isolated from foods
not properly sterilized




WRTM
Moist Heat

AG. stearothermophilus

AOther organisms may be used
iIB. subtili s n5230
I B. smithii

_’ ,_~'|'\C sporogene$
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WRTM

ADry Heat i B. atrophaeus
AEthylene Oxide i B. atrophaeus
Alrradiation i B. pumilus

AH,O, i G. stearothermophilus




Minimum Population
AMoist Heat 1 x 10°
ADry Heat 1 x 108

AEthylene Oxide 1 x 108
AH202 - sterilization 1 x 106

- Isolation disinfection




Microbial Forms

A Vegetative cells
I Actively growing and reproducing cells

A Spores
I Dormant forms
I No measurable physiological activity

I Extremely resistant to environmental
stress




Bacterial Spores Are:

AThe most resistant forms
of life

AMost stable forms of life




Oldest preserved live
bacterial spore

250 million years old
(Isolated from salt crystal-
salt mine in Russia)




Dormant Spore Characteristics

A No free water molecules - High level of
dehydration

A High level of mineralization

I Highly calcified layers

I High levels of manganese, magnesium, iron, zinc
A No metabolic activity = no active enzymes

A Light refractile using phase contrast light
mIicroscopy




Vegetative Cells and Spores
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Free Spores




Sporulation

re formati on
O not a repr
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Commitment to
sporulaﬂon—»

M- Acid pH change (yellow color)
3M Alpha-glucosidase Germlnatlon
Vegetative Cell Growik Actlvatlon
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The Development Cycle Steps Where a Bacillus or Clostridium Vegetative
Cell Becomes a Spore




(2 steps)




Spore Activation
(reversible)

Passive movement of molecules
and 1ons




Spore Germination

(not reversible)

A Activation
A Loss of heat resistance
A Phase darkening

A Small molecules move passively into core
(amino acids/sugars)

A Potassium actively taken up
A Calcium and manganese excreted
A Dipicolinic acid excreted (35% by weight)

A Depolymerization of spore structure and
enzymes




Depolymerization of
Spore Structure

ANOW enzymes become active
AVegetative cell emerges
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Water and cytoplasmic
components, dipicolinic acid

Figure 2.7:
Endospore Structure.
Diagrammatic
Representation of the
Main Structures in a
Bacterial Endospore
Showing the
Relationship of the
AOsmoregul at or
Cortex to the
Enclosed Core of

Proteins of coat
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Arrows indicate
nucleoid. Dark arec
IN core are ribosome
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Initiation of Germination

Water hydrates
the core




Dipicolinic

Acid
H,O
' ' Ca ++
Amino Acids
Sugars
Passive
molecular
transfer
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SEM image of sliced spore




Supporting Material
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SEM of spores deposited on a plastic
laminated aluminum foil container

= A B
X :.\:x, p ﬁ*%




Products

A EZTest
A SterilAmp
A MagnaAmp
A Releasat
A SGMStrip
A Spore Suspension
A Custom Indicators
A Population Assay Kit
A Incubators
A Lethality Mapper . _
A EZTest Smart Gasket P
est Packs
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Services

AD-value Studies for Customers
I Medical devices
I Pharmaceuticals products
I Components

ASEM Photos




Biological Indicator Package Options

Process Spore Spore Strip Self-contained Other Types
Suspension
Steam Solutions ]
Steam/Dry Goods . '
v ' ,|
Ethylene Oxide . \ i T e
Gas o G : = e
Dry Heat teeran, Mondene S¥7S "ty
s " 3
E horatory usd ey T
BE for drug uee
AEFRIGERATE
Hydrogen Peroxide »«mw‘{:‘,im.,..::: &
Sterilization 3 ’ 1.
Hydrogen Peroxide
é é

Environmental
Disinfection
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Products for Hospitals
Steam

A EZTest

A EZTest Test Pack

A Smart-Read EZTest

A Smart-Read EZTest Test Pack
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Products for Manufacturers of
Sterile Products
Steam (Dry Products)
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EZTest Smart-Read EZTest SGM Strip Spore Suspension




Products for Manufacturers of
Sterile Products
Steam (Liguid Products)
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MagnaAmp SterilAmp Spore Suspension
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Manufacturers
Ethylene Oxide

EZTest  Custom Sizes/Materials SGM Strip Spore Releasat
Suspension




Inoculated Wire




316 Stainless Steel Discs




Manufacturers
Dry Heat

DriAmp with SGM Strip Spore
Releasat Media Suspension
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Manufacturers
Hydrogen Peroxide Sterilizer
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EZTest H,O, Hydrogen Peroxide
Vapor Disc
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Manufacturers
Hydrogen Peroxide Isolator
Room Disinfection
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Hydrogen Peroxide
Vapor Disc




Manufacturers
Low Temperature Steam

Formaldehyde




Thermal Food Processors
Moist Heat

SterilFlex
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Incubation

ARecovery of exposed spores




Incubation

The Smart -ReadE EZTest®
Biological Indicator
Documentation System

Based only on Bacterial
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Definitions

From U.S. FDA 510(k) for Biological Indicators, Draft Guidance

eSubsequent gr owt
of the microorganisms to grow
under suitable conditions

Indicates the adequacy of
sterilization.




Definitions

From U.S. FDA 510(k) for Biological Indicators, Draft Guidance

The FDA Guidance Document
specifies Exclusions:

NThi s document doc
provide information on
enzyme-type chemical

mdlcators also known as rapld




Definitions

From U.S. FDA 510(k) for Biological Indicators, Draft Guidance

e Al t hough sontgeenz)
chemical indicators are
Incorporated into devices that also
contain a biological indicator, the
results of enzyme-type chemical
Indicators are read separately from
‘(and typlcally before) the spore




Some fast reading systems
are based only on a
chemical reaction of

enzymes
NOT SPORE GROWTH




Smart -Read EZTest® Biological

Indicator Monitoring System

A Smart -Read EZTest biological indicator
d Smart -Well incubator

. Printer

Thermometer

@ Record book

Stylus
= Power packs and system manual




Smart -Read EZTest® Biological
Indicator Monitoring System
A Smart -Read EZTest biological indicator

U Self-contained Bl with Geobacillus
stearothermophilus spores
U ONE indicator for all cycle types
and temperatures

V121°to 135°C

V Pre-vacuum




Smart -Read EZTest® Biological
Indicator Monitoring System

d Smart -Well incubator

Ten incubation cells for exposed Bls and one for positive

I\ SSSSSEEEEE

Each cell has dedicated el€éctronics to‘continuously
monitor Bl s#lltus

Crushing cavity to activate_

control




A Brimter receives signal
from Smart -Well and
documents the exact

time-the positive result

Incubation¥ start time/date

'~ Hours of incubation elapsed
" Bl test result (positive/negative)
_ Incubation cell number

T Cydi e

I Bl Lot number

i Sterilizer ID numper s
i User ID number g™

=
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Printer A Printer receives signal
from Smart -Well and

documents the exact time

the growth (positive)
e o result was obtained
| | AThe rapid detection

of blologlcal growth




SGM Smart-Well
Temp: 68 +/- 2C°
Tupe of Fest?

121C Prevac 465MIN
ST: 16:31 B8JUN2#10
TT: 83:35 -
Bl Result: POSITIVE
Cell#r 83
Lot #: S406
Sterilizer #: 561

BIlﬁEGIh{




Easy to peel unit label can be
attached to printed document

SGM Smart-blell
Temp: &8 +/- 2C
Tupe of Testi?

121C Prevac 465MIN
ST: 16:31 68 JTUN2OIS
TT: 84:11
El Result: POSITIVE
Cell#f: B4
Lot #: S408
Sterilizer #: 561
LOIRIE it

eSS [STEAM]BI

—_————. G stearothermophilus

Lot SR400 Exp. 2011712
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The Smart-Read System:

ATRUE biological indicator

ARapidly detects surviving spores

AOptimal growth conditions

ADoes NOT rely on a correlated
chemical or enzyme result to predict
microbial activity

A100% biological results




Smart-Read Results:

APositive Bl = sterilization failure
ANegative Bl = adequate sterilization




Chemical/enzyme Reaction:

A Predicts sterility / spores grow (false-
negative)
A Predicts sterility / spores do not grow

A Predicts sterilization failure / spores
grow

A Predicts sterilization failure / spores do

not grow (false-positive)




The Smart -Well incubator
detects true biological activity

A100% Accurate
A100% Reliable
A100% User Verifable







Definitions

From ANSI/AAMI/ISO 14161:2000

A Sterile i free from viable
microorganisms

A Sterilization i validated process used

to render a product free from viable

microorganisms




Definitions

From ISO 11139:2006

A Biological Indicator i test system

containing viable microorganisms
providing a defined resistance to a

specified sterilization process
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Biological indicators are not
Immediate, they require time
for iIncubation of the viable
microorganisms so we can
determine if they have
survived the process.
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Biological Indicators

AAre a known population
AA known resistance

AAccurate
APredictable




When we sterilize a
product our intention Is
to render it free from
viable microorganisms.




The natural contaminates
on a product to be sterilized
are called the bioburden.




Bioburden tends to be
highly variable for:

ATypes of organism
ANumbers of organisms
AResistance of those organisms




We need to characterize the
bioburden and document
what contaminants we have
on our products prior to
sterilization.




Then we establish limits on:

ANumbers
AResistance




Resistance for moist heat
processes are usually
prepared by a BOIL TEST

Other processes heat
shock to separate spores
- from vegetative cells
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Boll Test

APlace product samples into a
container and boll for 10
minutes

AAny microbes that survive are
Investigated for their
resistance to the sterilization
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Heat Shock Test

AB65°C for 15 minutes
A80°C for 10 minutes




Bioburden Organism

AOrganism that survives the Boil
Test or Heat Shock should be
characterized in the product for

resistance, product/bioburden,
D-value testing




You need to know what
Influence your product and
closure will have on the
bioburden and your spore
challenge used in the Bl.
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Products Influence
organism resistance.




Product Characteristics

AActive ingredient
AConcentration
APreservatives




Product D-value study.

Compare product
bioburden resistance to the
biological indicator spores.







Liquid Products

AFormulations have a major
Impact on measured spore
resistance.




Liquid Pharmaceutical D,,-value |WFI D,,value
ProductA (15mg/l activeingredient) 0.6 minutes :
(30mg/l activeingredient) 0.6 minutes 3.0 minutes
ProductB (10mg/l activeingredient) 1.5 minutes :
(20mg/l activeingredient) 1.2 minutes 3.6 minutes
ProductC (0.1mg/l activeingredient) 3.8 minutes _
(1.0mg/l activeingredient) 4.0 minutes 3.3 minutes
ProductD (40mg/l activeingredient) 0.8 minutes
(60mg/l activeingredient) 0.7 minutes 3.8 minutes
(100mg/l activeingredient) 3.2 minutes
ProductE (containingactiveingredient) 0.4 minutes _
(placebo) 4.7 minutes 2.8 minutes
ProductF (with preservative) 0.7 minutes 3.1 minut
(without preservative) 0.7 minutes SRS
Ave =3.3
+20% = 2.6/ 4.0




Formation of large aggregates of spores in a

3

1:10 dilution in citric acid solution pH 3.0
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Survivor curve of clumped G. stearothermophilus spores in product
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Product Closures

ASurfaces vary
ATreatments vary




Schematic of the contact Schematic of the contact

demonstrates a wetable surface demonstrates a non-wetable surface
with a contact angle less than 90 with a contact angle greater than 90
8 » 90
5 <90
Tangent

ﬁ I Tangent

Surface wetability




SEM displaying a spore distribution
pattern on a stainless steel surface







SEM of spores piled on a rubber stopper




Product Closure

AD-value studies with Bl
spores




Summary of Moist Heat D-values on Various Rubber Stopper Bls

Carrier Description SrgeniEn D,,r-value
Stopper A G. stearothermophilus 1.2 minutes
Stopper B G. stearothermophilus 1.4-minutes
Stopper C G. stearothermophilus 1.7 minutes
Stopper D G. stearothermophilus 1.8 minutes
Stopper E G. stearothermophilus 1.9 minutes
Stopper F G. stearothermophilus 2.0 minutes
Stopper G G. stearothermophilus 2.3 minutes
Plunger H G. stearothermophilus 2.3 minutes
Stopper | G. stearothermophilus 3.6 minutes
Stopper J -N/G. stearothermophilus 6.1 minutes

b




Summary of Dry Heat D-values on Rubber Stopper Bls

Organism D,,-value
Carrier Description
Plunger A Bioburden organism 4.0 minutes
Stopper B Bioburden organism 6.4 minutes
Stopper C Bioburden organism 15.9 minutes
Stopper D Bioburden organism 23.9 minutes
Stopper E B. pumilus 22.6 minutes
Stopper F B. atrophaeus 23.3 minutes




We can challenge your
products or closures
with spores and
provide a D-value.







Placing Bls
IN Product




The resistance of the

Bl will be influenced

by where we locate It
Into the product.




Standards direct the user
t o select th
| ocati ono 1 n

t he ANnmost d

steri1 1|l 1 ze |




Place the Bl In the most
difficult to sterilize
location in the product.

1SO 11135-1







Minutes in BIER Vessel
20 30 40 50 60
Location # Number of Sterile Bls

1 1/3 0/3 3/3 3/3 3/3
2 0/3 0/3 0/3 0/3 0/3
3 0/3 0/3 2/3 3/3 3/3
4 0/3 0/3 0/3 3/3 3/3
5 0/3 2/3 3/3 3/3 3/3
6 0/3 1/3 3/3 3/3 3/3
7 0/3 0/3 3/3 3/3 3/3
8 0/3 0/3 1/3 2/3 3/3
9 3/3 2/3 3/3 3/3 3/3
10 3/3 3/3 3/3 3/3 3/3













Self-contained Bl Inside IV
Drip Chamber
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Liquid Container Monitoring







Placement of BIs In
the sterilizer load.




Now we need to select
t he NmMost C
steril1 ze |
loaded sterilizer.
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Place the BIs In the
most difficult to sterilize
location In the load.

1ISO 11135-1




How do we find the most
difficult to sterilize location
INn the sterilizer load?
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Lethality Maps
identify the most
difficult to sterilize
location In the
load.




Applications

AUse for cycle development
AUse for validation
AUse for routine monitoring
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Thermocouple Data
Acquisition System
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Wireless Data Logger




Data Loggers




Maps are generated
using F; calculated
at each thermocouple
location.
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Lethality Map o Flat Surface Display
9% Thermocouple Density
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Thermocouple Monitoring Density
9%

W
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No product position is more than one position away from a
thermocouple.




Lethality Map & Flat Surface Display
9% Thermocouple Density
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Thermocouple Monitoring Density
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Lethality Map & Flat Surface Display
4% Thermocouple Density




