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Surrogate Spore 
Calibration
• Biological Indicators in the Medical Device and Pharmaceutical Industries
• Collaboration with Pepsi Co in the Development of a Liquid Hydrogen 

Peroxide BI and Resistometer 



Calibration of devices

Calibration
» A comparison between a device under test 

and an established standard. 

Established standards – NIST (National Institute for Standards and Technology)
» Time, temperature, pressure, mass, volume, length

» Example:
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Calibration of devices 
containing microorganisms
» “There are no standard entities in nature be 

the man, monkey, or microorganism…not 
even bacterial spores”—Dr. Pflug

» How then can biological indicators containing 
viable spores be “calibrated”?
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» Harmless microorganisms which have equal or greater resistance 
to a sterilization process than the naturally occurring bioburden

» Used as substitutes for the bioburden during process development 
and validation of sterilization and decontamination processes

» Limited to several well characterized spore forming species 

» A component used in biological indicator systems  

Surrogate microorganisms
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» Microorganisms are responsible for communicable diseases, 
infection and food spoilage

» Tyndall, Pasteur, Koch, and Lister were among the early pioneers 
in developing tools to study and combat problematic organisms 

» Koch (1880s) successfully isolated spore-forming bacteria and 
recognized that if a sterilization process can inactivate hard-to-kill 
spores, then it will likely kill other forms of microorganisms  

History of Surrogate Organisms
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» Packaged surrogate organisms used to judge the success of an 
industrial steam sterilization processes (Kilmer, 1890s)

» Geobacillus stearothermophilus isolated from spoiled canned 
corn treated at 118 °C for 75 minutes (Donk, 1917).  

» G. stearothermophilus spores and other spore formers are 
widely used as surrogates for multiple 
sterilization/decontamination processes.

History of Surrogate Organisms
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Surrogate Organisms
Microorganism Modality
Geobacillus 
stearothermophilus

Thermal—moist heat
Chemical—Hydrogen Peroxide, Peracetic 
Acid, Nitrogen Dioxide

Bacillus atrophaeus Thermal—dry heat
Chemical—Ethylene Oxide, Hydrogen 
Peroxide, Peracetic Acid

Clostridium sporogenes Thermal—moist heat (lower lethality 
cycles)Bacillus subtilis “5230”
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Scanning Electron Micrograph 
of Bacterial Spores
G. stearothermophilus (left) and B. subtilis (right) 
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Biological indicator 
manufacturing controls 
and calibration



» Test system containing viable microorganisms providing a 
defined resistance to a specified sterilization process

» The only sterilization monitoring device that provides a direct 
measure of process lethality

» “Calibration” occurs throughout entire manufacturing process

» Tight control of manufacturing components/processes essential 
for reliable performance  

Biological Indicators
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Biological Indicators
Purpose of Manufacturing and Calibration Control

» Provide meaningful tool for process lethality measurement 

» Minimize BI performance variation within a lot and from lot to lot

» Provide consistent BI lot performance over time

» Provide consistent and repeatable performance under defined conditions

• Survival/kill times
• Spore Count
• D-value
• z-value

• Steam 121 °C
• Dry heat 160 °C
• Hydrogen Peroxide Vapor 2.3 mg/l, 35 °C, 30-50% RH
• Ethylene Oxide 600mg/l, 54 °C, 50-70% RH
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Biological Indicator Standards
AAMI/ANSI/ISO - Sterilization of health care products –Biological Indicators
 » 11138-1 – General requirements
» 11138-2 – Ethylene Oxide
» 11138-3 – Moist Heat
» 11138-4 – Dry Heat
» 11138-5 – Low-temperature steam and formaldehyde
» 11138-7 – Guidance for the selection, use and interpretation of results
» 11138-8 – Method for validation of a reduced incubation time
» 18472 – Biological and chemical indicators – test equipment

United States Pharmacopeia
» 1229.5 – Biological Indicators for sterilization
» 55 – Biological Indicators – resistance performance tests
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» The BI is a system comprised of several parts and 
each has an influence on BI performance 

» BI Components

• Surrogate organism
• Carrier material 
• Primary packaging
• Growth media 

Manufacturing Controls
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Manufacturing Controls
Surrogate organisms

» Must demonstrate higher resistance than the target organism 
in the product bioburden

» Must be traceable to a recognized culture collection

» Must not be pathogenic or require special handling practices 
or containment equipment 

» Must be a pure culture and ideally free of clumps and debris  

» Ideally is produced in sufficient crop sizes to allow the 
manufacture of large BI lots
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Manufacturing Controls
Spores after harvesting (left) and after cleaning (right)

Phase contrast microscope X1000
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Manufacturing Controls
Carrier Material
» Must not react with or degrade sterilizing agent

» Must not impact spore viability

» Must not retain residual sterilizing agent

Stainless steel discs or 

ribbons
Paper strips Liquid Media
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Manufacturing Controls
Spore presentation on solid carrier, monolayer and edge effect
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B. subtilis inoculated on juice box 

Magnification X5000
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G. stearothermophilus spores on glass fiber

20



Manufacturing Controls
Image indicates poor cleaning stainless steel carrier
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Manufacturing Controls
Primary Packaging 

» Must allow the penetration of sterilizing agent

» Must not react with or degrade sterilizing agent

» Must not impact spore viability

» Must not retain residual sterilizing agent

Tyvek envelope Glassine Paper Glass ampoule
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SCBI Media SCBI media Tubed media

Manufacturing Controls
Growth Media

» Must be able to recover low numbers of injured organisms 

» Must give obvious indication of results
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Beautiful Examples of Poor Manufacturing Controls
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Foreign material associated with 
spores on stainless carrier
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Resistance Testing
Conducted in Resistometer

“Resistometers constitute test equipment designed to create 
precise and repeatable sterilizing environments…” 
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Resistometer

Resistometer square wave vs process cycle
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» Survivor Curve (direct enumeration) method used to demonstrate log linear kill 
kinetics

• The r2 for the linearity of the curve shall not be less than 0.8
• Key characteristic for BI calibration 

» Fraction Negative methods targets end point where both growth positive and growth 
negative results are achieved with replicate BIs. Methods for D-value calculation:

• Stumbo Murphy Cochran
• Holcolmb Spearman Karber
• Limited Holcolmb Spearman Karber
• Maximum Likelihood

Methods of Resistance Testing 
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Survivor Curve demonstrating 
log linear inactivation 
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Survivor Curves – log linear vs biphasic
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BI Labeling
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» Occurs throughout the manufacturing process:

• Surrogate organism (spore former) selection
• Spore crop preparation (media recipe, growth temperature, etc.)
• Control of spore count
• Control of components, manufacturing and testing processes
• Resistance testing (i.e., D-value, z-value)    

» BI performance must meet criteria per appropriate standard(s)

• Example: Moist heat D(121)-value ≥ 1.5 min, Spore count  ≥ 1.0 X 105

BI Development and Manufacturing Controls
Summary of BI “calibration”
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Development of a biological 
indicator and resistometer for 
use in decontamination 
processes using  liquid 
hydrogen peroxide
Collaboration Project with Pepsi Co. 



» Design BI based on needs of the industry

» Design and build resistometer to evaluate BI 
performance

Project Objectives
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» Must have greater or equal resistance to target organisms

» Spore presentation on carrier must be as uniform as possible

» Carrier must be flexible to allow spore delivery into challenging 
locations

» Inactivation curve should be log-linear

» Must be user friendly

» Interpretation of results must be clear and readily apparent

BI Design
Performance characteristics
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» Surrogate organism: B. atrophaeus (105 - 106 spores/unit)
Recognized in standards as an appropriate surrogate organism for chemical process
Is more resistant than target organism (C. botulinum) to hydrogen peroxide treatment (Toledo 1973)

» Carrier material: flexible stainless-steel ribbon (6.5mm x 70mm)
» Primary packaging: none
» Growth media: optimization in progress

BI Design
BI Components
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» Must deliver square wave cycles under stated conditions

» Must be flexible to allow testing at multiple conditions based on food 
aseptic industry standards 
• Hydrogen peroxide concentration 35%
• Temperature range 140°F-180°F 

» Must allow for the evaluation of no less than 20 BI units/test

Resistometer Design
Performance characteristics
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Manual Testing Equipment
Can use for survivor curve or fraction negative testing

Water bath heated to 160°F
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» Initial manual dipping and timing

» Variation run to run

Initial Biological Testing
Survivor Curves



Automate Testing- Robotic Arm
Can use for survivor curve or fraction negative testing
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Automate Testing- Robotic Arm
Can use for survivor curve or fraction negative testing
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Biological Testing
Initial survivor curves-automated testing
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» Observed bi-phasic curve

» Reality vs artifact of test system or BI

» Lower population (E5)

» Larger inoculation volume

» Analyze lethality in peroxide vs residual peroxide on ribbon

» Reprogrammed equipment to minimize travel time

» Reprogrammed arm to help remove bubble formation

Biological Testing
Understanding Kill kinetics
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» Bubbles form on surface 
during exposure to H2O2

» Shaking does not remove 
bubbles efficiently

» Quick removal from 
peroxide appears to 
remove bubbles

Biological Testing
Kill kinetics
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Automate Testing- Robotic Arm
Reprogrammed
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» All Data
» D-value: 3.98 sec
» R2: 0.71

Biological Testing
Survivor curves-automated testing
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» Only counts 30-300
» D-value: 1.81 sec
» R2: 0.92



Biological Testing
Neutralization
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0 sec exposure 3 sec exposure
Water 6.48E6 5.5E1

Catalase 5.88E6 1.34E4

TSB 5.85E6 Too low

DTB 5.4E6 Too low

0 sec exposure 3 sec exposure
Water 5.58E6 4.05E2

Catalase 6.75E6 1.05E4

TSB 5.73E6 Too low

DTB 4.95E6 6.5E1
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» Neutralization for square wave cycle

» Media Optimization

» Fraction Negative Testing

Biological Testing
Next Steps
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Thank You!
Please contact your Mesa Representative or 
bi-support@mesalabs.com for any further 
information on Mesa Products.

mailto:bi-support@mesalabs.com




Supplementary 
Information



» Unexposed samples
• No statistical difference with and without heat shock

» Partial kill cycles (6 sec and 9 sec) 
• Heat shocking results in population statistically lower than without heat shock

» Conclusion
• Decision moving forward is to not use heat shock for any further tests

Biological Testing
Impact of Heat Shock
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