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Presentation Overview

• Importance of Sterilization Processes

• Current Best Practices
• Sterilization processes and approaches that everyone, including regulators 

can agree on.

• Expected Future Developments
• Current processes with a modest twist.  These may create some angst.

• Thinking outside the current box that might be a part of our future.
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Why is Sterilization Important?

• Many of the patients who receive sterile products may already be 
seriously ill. Where sterility is compromised patient death may occur 
• US LVP failures in 1970’s 

• Davenport incident in the UK

• TS production is estimated at more than 1 Billion units per year 
worldwide. 

• Injuries / permanent damage from non-sterile materials has 
occurred.
• Vision loss from Abtox sterilizer scale-up.
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In TS Sterilization is used for

• The product in its container

• Everything in product contact??
• Product Fluid / Powder - sometimes

• Containers / Closures – when filled aseptically

• Product Contact Equipment – aseptic filled

• Everything else that comes close
• Utensils / tools / other materials in the critical zone - usually

• Gowning materials, gloves - always

• Environmental sampling media - always
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Current Processes in Use for TS

• Moist Heat
• Widely used, processes vary widely in scale and application.

• Radiation
• Powders, ointments and other non-aqueous products. 

• Dry Heat
• A very limited number of non-aqueous products. 
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In AP Sterilization is used for

• Everything in product contact
• Product Fluid / Powder

• Containers / Closures

• Product Contact Equipment

• Everything that comes close to product in ISO 5
• Utensils / tools / other materials in the critical zone 

• Gowning materials, gloves

• Environmental sampling media



Fiscal Year
[Source: CDER Recall Staff]

Number of 
Recalls due to 

“Lack of 
Sterility 

Assurance”
(1 or more 

lots per recall)

Drug Quality Reports & Recall Data

Drug Quality Reports - Contamination Indicators:

• 3,883 from 1988-2001
• 2,988 from 1991-2001
• Contamination-related Complaint Categories (e.g.): 
Contamination, Contamination Microbial, Contamination on Opening, 

Contamination Suspected, Culture Positive, Growth Suspected, Growth Visible, 

Pyrogenic Reaction, Sepsis After Using, Sterility Questioned, Cloudy/Turbid                               

[Source: Drug Quality Reporting System] 
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Closure Formulation

Assembly

Sterilize Sterilize Sterilize

Simplistic View of Aseptic Processing

FormulationFormulationFormulationFormulationContainer Formulation
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Realistic View of Aseptic Processing
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Sterilizing Processes in Use for AP

• Moist Heat - equipment, stoppers, tools, 

• Dry Heat - glass

• Radiation – gowns, filters, media, disposables

• Gas – gowns, filters

• Filtration – product, gases

• Liquid – some biologics / devices

• Vapor – materials entering isolators 

• ???



Downloaded from sterilize.it

Duh!!!
Sterilization is of critical importance in the 
preparation of sterile products whether by 
terminal sterilization or aseptic processing.
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The Perfect Sterilization Process

• Destroys all microorganisms rapidly without adverse impact on any of 
the materials essential properties.

• Isn’t available for anything other than materials with high heat 
stability. i.e., stainless steel, glass.

• A sterilization process that destroys all microorganisms, but renders 
the item being sterilized unfit for use is of no value. 

• Sterilizing processes are often a compromise between the 
degradation effect on the materials and destruction of 
microorganisms.
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Impact of Sterilization

• A balance must be achieved between the need to maintain a safe, 
stable and efficacious product while providing sufficient lethality to 
attain a minimum level of sterility assurance.
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Impact of Sterilizing Processes

• Moist Heat – temperature ~121°C

• Dry Heat – temperatures of 170°C or 250°C

• Radiation – discoloration, free radicals, loss of strength, etc.

• Gas – residuals, chemical reaction

• Filtration – extractables, leachables, absorption

• Liquid – chemical reaction, extreme pH, corrosion

• Vapor – residuals, chemical reaction, corrosion

Simply stated - Killing microorganisms requires adverse conditions.  
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Remember the Real Target

• The most common error associated with terminal sterilization (and 
perhaps sterilization in general) is forgetting that the intent is 
destruction of the bioburden to low levels (a Probability of a Non-
Sterile Unit [PNSU] of not more than 1 in 106 units).

• What happens to the biological indicator is largely irrelevant outside 
of the context of the validation exercise.
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Overkill Definitions

• Calculated to provide a minimum 12-log reduction of microorganisms having a D121 value of 
one minute at 121°C. (PDA, Technical Report #1, in-process draft 12C, 2002)

• Overkill is defined in moist-heat sterilization as a process that delivers a lethality value or F0
of ≥12 minutes. (USP 29 <1211> Sterilization and Sterility Assurance of Compendial 
Articles, 2006)

• Demonstration of 121°C for 15 minutes throughout all parts of a load. (Decision Trees for 
the Selection of Sterilization Methods (CPMP/QWP/155/96) 1999)

• By the complete inactivation of a microbial challenge of 106 spores of Geobacillus 
stearothermophilus throughout the load. (Validation Protocol, circa 1980)

• Demonstration of a minimum F0 of 12 minutes throughout the load. Alternative minimum 
values ranging from 8 to 24 minutes have been used by different firms. (Validation 
Protocols, circa 1990)

• Demonstration of 121.5C for 20 minutes. (FDA, 21 CFR 600.11 (b))

• An F0 of 8 minutes. (FDA 21 CFR draft 212,1976)

• A sterilization design approach where minimal information is required about the product 
bioburden. A worst-case bioburden assumption is used to determine the delivered lethality 
needed to achieve a PNSU of 10-6 on or in the items being sterilized. When using this 
approach, the qualification program must demonstrate that both the FBIO and FPHY are 
greater than 12 minutes. (PDA, TR #1, revision 2007)
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Overkill – The 800 lb Gorilla

• Overkill sterilization is widely used because it is considered easiest to 
validate.  It use should be restricted to items that can withstand the 
excessive physical / chemical extremes without adverse impact on 
the materials.

• Ignoring the bioburden is no longer possible in the current regulatory 
climate anyway.

• If we’re truly concerned about material properties, it is the wrong 
approach to use.
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Half Cycle Approach

• Worse yet is the use of the ‘half cycle’ for any process where the 
relationship between process parameters and lethality can be 
established.

• The ‘half-cycle’ approach was invented for ETO sterilization before in-
process parametric measurement was common.  

• Has no real value for steam sterilization, as it increases cycle length 
unnecessarily.
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Redefining Sterilization

• A process used to render a product free of viable organisms with a 
specified probability. 
• PDA TR #1 revision, 2007.

• A process that preserves a material’s essential properties while 
rendering it  free of viable organisms with a specified probability.
• J. Agalloco, 2009
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Validation Methods Compared
Demonstrated PNSU

Expected Shelf Life

Information Needed

For Validation

Process Impact on Materials

Bioburden

Method

Bioburden / BI

Method

Overkill

Method
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If you make 
enough 
predictions some 
of them are 
bound to be 
correct.

What’s Next?
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Steam Sterilization - Parts
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Parts Sterilization 

• A single validation approach will be acceptable globally.

• There will be more use of SIP and less individual parts being 
sterilized.

• Assembly sterilization will be more common place, forcing changes in 
load orientation, air/condensate removal.

• Sealed wraps will be used for all items.
• No taped, rubber banded or twist ties.

• Replacement of ‘kraft’ or blue paper.
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Steam Sterilization - Terminal
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Aseptic Processing & Terminal Sterilization

• Aseptic Processing
• 10-3 - Percentage of Contaminated Units (not an SAL)

• An implied Assessment of Sterility Assurance

• Terminal Sterilization
• 10-6 - Probability of a Non-sterile Unit (PNSU)

• Direct Assessment of Sterility Assurance

• Assumes known F0, D and bioburden N0 

• Terms cannot be added to determine an overall SAL for a combined 
process, but a terminal process following aseptic processing would 
be useful for a variety of reasons.
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Definition of Pasteurization

“To expose (a food, as milk, cheese, yogurt, beer, or wine) to an 
elevated temperature for a period of time sufficient to destroy certain 
microorganisms, as those that can produce disease or cause spoilage 
or undesirable fermentation of food, without radically altering taste or 
quality.”

Dictionary.com
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Typical Pasteurization Processes

Temperature Time Process Type 

63ºC (145ºF)* 30 minutes Vat 

72ºC (161ºF)* 15 seconds HTST

89ºC (191ºF) 1.0 second HHST

90ºC (194ºF) 0.5 seconds HHST

94ºC (201ºF) 0.1 seconds HHST

96ºC (204ºF) 0.05 seconds HHST

100ºC (212ºF) 0.01 seconds HHST

138ºC (280ºF) 2.0 seconds Ultra 
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Definition of Pasteurization or

To expose an aseptically filled drug product to an elevated temperature 
for a period of time sufficient to destroy non-sporeforming and disease 
producing microorganisms that might be introduced during aseptic 
filling from personnel.

J. Agalloco - 2009

Post-Aseptic Fill Heat 
Treatment
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TS and AP --- not TS or AP!!

Assemble
Sterilize

Sterilize

The treatment need not 
be severe given the 
lower bioburden (if any) 
expected at this point

Sterilize

Adventitious

Contamination?

FormulationClosureContainer

SterilizeSterilize
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A New Perspective Decision Tree 

Can the product be sterilized by
moist heat, achieving a minimum PNSU of 10-6?

Sterilize by moist heat to 
minimum PNSU of 10-6

Can the formulation be 
sterilized by filtration?

Use pre-sterilized product, components, aseptic 
compounding and filling

Sterile filter, aseptically process and fill

Yes

Can the product be sterilized by
moist heat, achieving a PNSU of 10-3-10-6?

Sterilize by moist heat, to a 
PNSU of 10-3-10-6

No

No

YesCan the product be sterilized by
moist heat, using 121°C for 15 minutes?

No

Sterilize by moist heat, using 
standard cycle

Yes

Yes

No

Is the product stable at 100°C

Yes

Is the product stable at 80°C

No

Validate destruction using B. megaterium –
D100 = ~1 minute

Yes
Validate destruction using >>106 of non-

sporeformer  

No

Yes
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Possible Post A/P Heat Treatments

• Reduced F0 and/or time-temperature
• - F0 of 2,4,6, or 8  - No standards exist

• Processing at less than 121°C
• 100°C for X minutes – lethal for most spores and all non-spore formers

• 80°C for X minutes – lethal for some spores and all non-spore formers

• 60°C for X minutes - lethal for nearly all non-spore formers
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Post Aseptic Fill Heat Treatment

Conventional TS Post-aseptic fill Treatment

Sterile

Non-Stable

Non-Sterile

Stable

Sterile

Non-Stable
Sterile

Stable

Sterile Stable

H
e

a
t In

p
u

t



Downloaded from sterilize.it

ISO 15883 – The A0 Concept

• This standard developed for hospital disinfection equipment evaluates 
thermal processes in the 80°C range in a manner identical to F0 with the 
time expressed in seconds due to the susceptibility of vegetative cells to 
destruction by moist heat.

• Minimally acceptable A to disinfect (destroy vegetative cells) are 600 
seconds for medical devices in contact with intact skin and 3000 
seconds for critical medical devices.

• The use of this system may be well suited for post-aseptic fill heat 
treatments.

tA
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Another Option

• Evaluating thermal processes in the 100°C range requires a different 
base condition in a manner identical to F0 .

• The might be the preferred process for post-aseptic fill heat 
treatments. A0 values would be too high, and F0 to low at that 
condition to be useful
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Steam-Air-Water Sterilizer

Courtesy of Fedegari Autoclavi, SpA
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Dry Heat Sterilization / 
Depyrogenation
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Dry Heat

• Ovens will be replaced by tunnels in all but the very smallest 
facilities.

• Heat sealing of load items will be accomplished  using aluminum foil 
and heat resistant tape and/or adhesives.

• Sterilized cool zones will be the norm for new tunnel installations.

• Usage will slowly decline as the industry transitions over to plastic 
containers.
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Gas Sterilization
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Gas Sterilization

• ETO is still the dominant gas sterilization process, but it has 
numerous safety / environment issues.

• ClO2,O3, NO2 were all developed with the intention of replacing ETO

• These agents may ultimately result in a return to internal gas 
sterilization by firms.

• Gas sterilization is not the same as vapor sterilization, the distinction 
is critical.
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Importance of Humidity

• Gases and vapors both require sufficient humidity for agent 
effectiveness.  

• In gas processes this is provided by pre-humidification of loads & 
steam injection.  Vapors include their own water content.

• Recirculation helps attain constant temperature and thus constant 
RH. This is easier for gases, as they are not heated to facilitate 
vaporization.
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Gas or Vapor?
• True Gases – will not condense, highly penetrating 

(ETO>03>ClO2), humidity must be added, constant temperature 
process, uniform process simple with adequate re-circulation.

• Ethylene oxide - C2H4O

• Ozone - O3

• Chlorine Dioxide - ClO2

• Vapors – condense at room temperature, minimal penetration, 
humidity always present, temperature / RH varies across 
environment, uniform process more difficult to achieve.

• Hydrogen Peroxide - H2O2

• Peracetic Acid - CH3COOOH

• Formaldehyde - CH2O
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Vapor Sterilization
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Gas or Vapor

Gas

• Does not condense

• Single phase of 3 components 
(agent, H20, air)

• Humidity from steam

• Gas contact

• Parameters easy to measure

• Aeration generally easier

• Lethal sterilizing process

Vapor

• Condensation possible

• Two phases with 2 possible 
condensable components 
(agent, H2O)

• Humidity from steam 

• Liquid or gas contact

• Parameters much more difficult 
to measure

• Aeration can be difficult

• Lethal sterilizing process
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Gas vs. Vapor Sterilization

• Gases are more penetrating, more uniform in concentration, and less 
subject to variations in temperature and relative humidity.

• Vapors have different concentrations in each phase.  When a vapor has 2 
possible condensable components it is even more difficult to predict 
conditions anywhere.
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Vapor Sterilization Parameters

• Uniform concentration attained by aggressive mixing within the 
vessel.

• Uniform distribution of relative humidity requires a uniform 
temperature across chamber.  Inlet is always very hot (~100°C). 
Uniformity is hard to achieve.

• Should be considered “wet” processes rather than a gas sterilization.  
Vapor concentration in gas phase doesn’t correlate to surface 
concentration or lethality.
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VHP Temperature Stratification
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Liquid (Chemical) 
Sterilization
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Liquid Sterilants

• Becoming more common for biological products & medical devices

• Possible agents

• Strong acids & bases
• H2SO4, CH3CHOOOH, NaOH, KOH

• Aldehydes in water
• CH2O, CH3CHO

• Oxidizing agents in water
• NaOCl, H2O2, ClO2, O3
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Typical Agent Concentrations / Time

• H2O2 – 6-30%

• Glutaraldehyde - 2-6%

• H2O2 – 1% & Peracetic Acid – 0.1%

• Formaldehyde - 6-8%

• Peracetic Acid – variable

• Chlorine Dioxide – variable

• The typical process time is 24 hours, though shorter periods may be 
possible with the more lethal agents.
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Process Controls

• Chemical sterilization processes are considered less robust than the 
more aggressive gas / vapor processes.
• Is that really true? The concentrations can be higher and are always uniform.

• The issue is that they must be followed by an aseptic process that 
removes the agent.

• There are no standard contact times / temperatures or 
concentrations that are widely accepted.

• Each process must be tightly controlled and carefully validated.
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Sequence of Operation

• Clean, disassemble and place in a freshly made solution of the agent.

• These agents are toxic to humans, so exercise care in handling them.

• Items must be fully immersed, and held at a reasonably constant 
temperature for the required time period.

• Removal of the agent must be performed under aseptic conditions.
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Process Scale & Equipment 
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Radiation Sterilization
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Changes in Irradiation

• Evaluation of X-rays (similar in concept to e-beam with higher 
energy / throughput

• New materials with greater radiation resistance are becoming 
more widely available.

• Increased use of the VDMAX method (the only one really suited for 
pharmaceuticals).

• Going below VDMAX for post-aseptic fill terminal treatments.
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X-ray Sterilizer

• Use X-rays to sterilize with substantially greater penetrating power 
than electron beam. 

• No change in dose over time.

• Pallets (multiple pallets are possible) are brought into the chamber 
intermittently.

• Heat input to materials can be substantial given the speed of the 
process.
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Typical X-ray Sterilizer Layout
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VDmax Method

• Bioburden method validation

• Bioburden determination (10 units, from 3 lots)

• Identification of verification dose

• Verification dose experiment 
• Irradiate 10 units at the verification dose

• Bacteriostasis and fungistasis test

• Sterility test of 10 units using SCDM incubating at 28-32ºC for 14 days

• Interpretation
• <1 non-sterile – validation passes and can release product at selected 

kGy

• 2 non-sterile – confirmatory test required

• >2 non-sterile – validation failed
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Possible Post A/P Radiation Treatments

• Develop methods that utilize microbial resistance models 
more aligned with potential contaminants in aseptically-
produced products.
• Populations “A” and “B”

• Combined approach:  A/P then low dose radiation
• “A/P” to a PNSU of 10-3

• Irradiate at 5.4 kGy (provides an additional 3 SLR)

• Adopt notion of a “Aseptic Processing Equivalent Dose”
• Irradiate product to an SAL of 10-4 - outcome equivalent 

microbiologically to A/P

• Get to “make it sterile” versus trying to “keep it sterile”.

• Control endotoxin & particle by process means.
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Sterilization by Filtration
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Our Only Confidence

• That the number and size of the microorganisms in the fluid never 
approaches a situation where they could encounter and pass through 
the largest pore in the filter.

• We can only gain that confidence through tight control on and 
continuous monitoring of the bioburden for each and every lot, along 
with tight controls on the filters themselves.

• Tighter filters are not the answer, just as they weren’t when we 
arbitrarily shifted to 0.2 μm filters in the late 1960’s.
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Parametric Release
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Parametric Release

• From a risk and science perspective there is no value in performing a 
sterility test on terminally sterilized products.

• The only thing that a sterility test could potentially detect would be a 
failure to run the cycle, and depending upon the product 
characteristics even this detection is not assured.  

• There is the impression that a “laboratory” test is required, however 
thermal or dosimetry data is more likely to indicate process failure 
than a lab test.

• The real obstacles with respect to parametric release are regulatory 
and compendial, not scientific.
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Some Final Thoughts
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What does it all mean?

• Changes in materials and products are forcing changes in 
sterilization methods.  We have to consider the effect of the 
process on materials, which has been largely ignored.

• If not “aseptic processing & terminal sterilization”, then 
perhaps “aseptic processing and supplementary lethal 
treatment”. 
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Conclusion

• In the future we can certainly make our products safer, we just have 
to be willing to re-think traditional practices and focus more on 
patient safety.

• With more and more biological products coming to market, new 
thinking is necessary to provide greater assurance than some of our 
current practices allow.


