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EU Medical Device Regulation

• REGULATION (EU) 2017/745 OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 5 April 2017 on medical devices, amending Directive 
2001/83/EC, Regulation (EC) No 178/2002 and Regulation (EC) No 
1223/2009 and repealing Council Directives 90/385/EEC and 93/42/EEC

• Chapter 1, General Requirements.
• 11.5 Devices labelled as sterile shall be processed, manufactured, 

packaged and, sterilised by means of appropriate, validated methods. 

BORING
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Post processing recontamination?

Get it wrong and you harm the patient ! 
Dancer et al, 2012
Post surgical site infection resulting from contaminated 
surgical orthopaedic and ophthalmology sets arising from 
incorrect control of the sterilization process resulting in 
post sterilization wetting of packs and microbial 
recontamination.
Conclusion;

Inspection of the sterilization plant highlighted 
inadequate maintenance of autoclave 
components and poor handling practices by staff. 
This was compounded by lapses in inspection of 
surgical sets by theatre staff
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Sterilization Processes



Sterilization Processes 
Sterilization 
Processes

Physical Chemical

Mechanical Removal
(Filtration)

Hot Cold

Moist Heat
(Steam)

Dry Heat 

UV Light

Ionising radiation

Gamma

e- Beam

Oxidising Agents Alkylating Agents

H2O2
Vapour

H2O2 Vapour
(with Plasma)

H2O2 Vapour
(with Ozone)

Chlorine Dioxide

Per Acetic Acid 
Vap (with Plasma)

Ethylene Oxide

LTS with
Formaldehyde

Glutaraldehyde

Ozone Gas



Moist Heat Sterilization Process variables

Moist Heat Sterilization
Process Variables

Time Temperature Moisture 

Moisture

Saturated Steam 

Liquid Water

Process Variables are those which contribute to microbial kill and sterilization attainment.

Sterilizing Agent = Moist Heat – Thermal energy in the presence of moisture used as the sterilizing agent to achieve 
the specified requirements for sterility. (ISO 17665:2024)



Two Types of Moist Heat Sterilization

•SSS
•Active Air Removal; 

(pre-vac)

•Heat Transfer by
•SS
•SAM
•Water Sprays
•Water Immersion

•SSS
•Passive Purging (Gravity 

Displacement)

SSS 
Ind

CPS
Ind

CPS
HC

SSS 
HC

Moist Heat – thermal energy in the presence of moisture used as the sterilizing agent to achieve the 
specified requirements for sterility

Saturated Steam Sterilization:
Validated process which involves 
the direct contact of saturated 
steam as the sterilizing agent on 
product surfaces to achieve the 
specified requirements for sterility 

Contained Product Sterilization:
Validated process where indirect 
contact of a heating medium on the 
external surfaces of contained 
product is used to create moist heat 
internally to achieve the specified 
requirements for sterility within the 
contained product



The importance of Temperature and Time;
There are no magic numbers

• The rate at which micro-organisms are inactivated is dependent on 
the temperature.

• The higher the temperature the more quickly the micro-organisms are 
killed as shown in the diagram.

• The table shows the “D” values for G stearothermophilus at different 
temperatures.

• The relationship between D value (a function of time) and 
temperature is logarithmic so increasing the temperature by 10C 
increases the capacity of the process to kill microorganisms 10 fold.
▫ Chemical reactions typically double for each 10C rise in T

The D value of spores of G 
stearothermophilus at different 

temperatures (min)
110 76  

115 16

121 2.5

Commonly Used Time 
Temperature Relationships 
for moist heat sterilization

Temperature   
(o C )

Time (mins)

134 3*

132 4

126 10*

121 15*

115 30
rarely used today 

*Medical Research Council ,Lancet. 
1959 Feb 28;1(7070):425-35



The importance of Moisture

• Dry Heat (<5% rh) 175 o C – 30 minutes

• How long to boil or bake an egg ?

Microorganism Moist Heat D value /Temp Dry Heat D Value

G stearothermophilus 2 .5 minutes/121

B coagulans 1.6 minutes/121 1000 mins / 110

B atrophaeus 0.44 minutes/121

Water molecules “catalyse” 
these reactions.

Moist Heat - 100 o C – 4-7 minutes



Moist Heat Sterilization – the engineering
• At atmospheric pressure (1 bar) water / steam has T = 100  oC
• To get the high temperatures required to achieve rapid microbial 

inactivation steam needs to be pressurised 
• The temperature of saturated steam is dependent on the pressure.
• As the pressure rises the temperature rises 

▫ the relationship is given in steam tables.
• In order to use pressurised steam we use a pressure vessel called an 

autoclave.
• In larger autoclaves steam is generated in a separate boiler and 

piped into the chamber

• Saturated steam is water vapour in equilibrium with liquid water.
▫ Describing bulk properties where some molecules condense and others vaporise
▫ Note at a given pressure



What do we need to achieve in a saturated steam process?

12

At this point sufficient air removed from all 
load surfaces (external and internal) to ensure 
presence of moisture and load at sterilizing 
temperature.

At this point sufficient time and 
temperature of exposure to ensure 
sterility (eg 134 to 137C for 3 mins)

Air Removal Sterilization Drying

At this point the load 
is sterile and dry



Monitoring Sterilization Processes using PI, CI & BI

IN
SI

DE
 A

 P
CD

Moist Heat Sterilization
Process Variables

Time Temperature Moisture 

Monitoring 
Sensors

Physical Indicators
Respond to the absence of air or 

detect presence of moisture

Chemical Indicators
Respond to defined process 

parameters

Biological Indicators
Respond to all process variables 

and demonstrate killProcess Variables are those which 
contribute to microbial kill and sterilization 
attainment.
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Biological and Chemical Indicators and Lumened Process Challenge Devices -PCD

Home Made • Commercially produced

EN ISO 17665 (10.5 ) states that 
“for saturated steam processes, the 
data shall include;
d) the results obtained from a 
process challenge device.”

A PCD is an item designed to 
constitute a defined challenge to a 
sterilization process and is used to 
assess performance of every 
process. 
PCD’s come in many forms 
including customer made devices 
and those commercially 
manufactured.



EU Medical Device Regulation

• REGULATION (EU) 2017/745 OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 5 April 2017 on medical devices, amending Directive 
2001/83/EC, Regulation (EC) No 178/2002 and Regulation (EC) No 
1223/2009 and repealing Council Directives 90/385/EEC and 93/42/EEC

• Chapter 1, General Requirements.
• 11.5 Devices labelled as sterile shall be processed, manufactured, 

packaged and, sterilised by means of appropriate, validated methods. 

BORING
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Validation and Routine Testing

Proving what we want is what we get.

A sterile product

But who is responsible for what?
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Sterility Assurance is Achieved By;

Validating ;
Documenting and carrying out a procedure which provides data showing 
we get what we want;  ie a sterile, safe, efficacious product.
Involves three steps – Installation Qualification, Operational Qualification 
and Performance Qualification

Routinely Monitoring;
Taking actions to ensure ongoing process efficacy.

Specifying;
Writing a detailed specification explaining what equipment is used, the 
process steps followed and how it is monitored
Reference to standards and regulatory requirement of great help in this 
process

STERILE PRODUCT
A sequence of actions which should be carried out. One step does not negate the need for the others. 



© 3M 2019. All Rights Reserved

Validation is a three step process - IQ, OQ, PQ
In

st
al

la
tio

n 
Q

ua
lif

ic
at

io
n Once the sterilizer has 

been installed by the 
supplier checks are made 
on such items as;
•Services –
•Electrical, Compressed 
Air, Steam quality, water 
supply, drainage, 
•Fixtures and Fittings –
•The build of the sterilizer
•Safety Systems

O
pe

ra
tio

na
l Q

ua
lif

ic
at

io
n The sterilizer is put 

through a series of tests, 
some of which are 
described in standards (eg
EN 285) or local guidance 
documents to confirm that 
it provides basic 
performance 
requirements.
This can include suchs
tests as BDT, 
Thermometric Small and 
Full Load tests etc

Pe
rf

or
m

an
ce

 Q
ua

lif
ic

at
io

n During this stage evidence 
is generated which 
demonstrates that the 
sterilizer can sterilize the 
loads which will be 
presented to it.
This is department specific 
since the loads will 
depend on what needs to 
be processed. 
Products can be grouped 
into product families and 
processing categories to 
simplify PQ

Carried Out by User or Manufacturer/Supplier                       Carried Out by the User



Responsibilities

Moist Heat 
Sterilization

Sterilizer 
Manufacturer

Refers to 
Equipment 
Standards 

EN 285 (Large))

EN 13060 
(small)

Equipment

Designed and 
Built to meet 

requirements in 
a standard

Basic Process       

Conducts Type 
Tests and Works 
Tests  to show 
Performance 

Tests in a 
standard met

Sterilizer User

Refers to 
Process 

Standards

EN ISO 17665

Implemented in 
local guidance

Validation

Installation 
Qualification

Operational 
Qualification

Performance 
Qualification

Routine 
Monitoring

Periodic Tests

Daily, Weekly, 
Quarterly, Yearly

Periodic 
Requalification 

(Validation)

Local/Prof 
Guidance

HTMs 
(E/W/S/NI

US AAMI 
ST’s

PDA TR’s



EXAMPLE OF IQ/OQ TESTS -STEAM QUALITY
NCG

• < 3.5 ml gas in 
100ml condensate

DRYNESS VALUE

• 0.95
• (5% liquid water)

SUPERHEAT

• <25oC

CONTAMINANTS

• CHEMICAL
• BIOCHEMICAL
• PHYSICOCHEMICAL



• EN 285 and EN 13060 test methods and approaches which establish the air removal and steam penetration 
performance of the sterilizer based on the thermometric and chemical indicator performance of a stack of 
textiles and a coiled helix  

• plus LRT, ADT, Load Dryness, Dynamic P test, ACT

Examples of Operational Qualification Tests

Expose 
Test PCD 
to a full 

cycle

Accept
Or 

Reject

Hollow Load TestStandard Test Pack Tests
Small Load Thermometric   Full Load Thermometric      Bowie and Dick 



The Thermometric Test, Small & Full Load

During the hold 
period temperature 

depression
<2 K

11

Temperature
Sensor

Positions

Full Load:
Same but fill empty space with 
additional textile packs
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Examples of Performance Qualification

E3 – medium to low complexity, suction 
tip most challenging

E7+ - very complex set, heavy (10kg) with 
complex lumened devices

1. Loads categorised into product 
families and processing 
categories in terms of 
sterilizability. Factors to consider;

Air removal / Steam Penetration
Weight (ease of drying)
SBS in use
Nature of the instrument;
Solid metal
Hollow instrument
Complex eg lumen surrounded 
by different materials eg Phaco

2. Select harder to sterilize loads for 
testing using thermometric 
measurement and CIs and BIs if 
appropriate



The UK approach to Validation and Routine Control 
of steam sterilizers



The UK guidance
• Devolution has created regional variations.
• Scotland, NI and Wales have their own HTM’s
▫ England – HTMs
▫ Wales – Welsh HTMs)
▫ NI – Test Protocols
▫ Scotland – SHTM’s
▫ Note: Ireland is a separate state with own guidance.

Specialist services by 
government employees

Specialist services by 
government employees

Specialist services by 
government 
employees Specialist services by 

external consultants 
and companies

Specialist services are provided by 
suitably trained and experienced 
sterilization technologists either 
employed, independent or part of a 
manufacturers organization.



Nine core documents
• 00 – Core Policy
• 01 – Decontamination
• 02 – Medical gases
• 03 – Ventilation
• 04 – Water
• 05 – Fire
• 06 – Electrical
• 07 – Environment
• 08 – Specialist

The Health Technical Memoranda Suite of Documents
Published by UK Dept Health



Health Technical Memorandum - 01-01 
Management and Decontamination of Surgical Instruments in Acute Care

• Part A – Management & Environment
▫ Formulation of LOCAL policy based on risk control        

• Part B – Common Elements
▫ Instruments, engineering specification, responsibility, safe 

ops. 
• Part C – Steam Sterilization
▫ Validation and Routine Control and Testing

• Part D – Washer Disinfectors                                              
▫ Validation and Routine Control and Testing                     

• Part E – Alternatives to Steam                                               
▫ General discussion on Low Temperature Sterilization
▫ Specifically on EO and vH2O2.
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Validation and Periodic Tests according to UK Guidance and EN ISO 17665 
Test IQ OQ PQ Annual Quarterly Weekly Daily

Bowie and Dick Test Yes Yes Yes Yes Yes

Safety Checks (weekly/ quarterly / annual) Yes Yes Yes Yes

Automatic Control Test Yes Yes Yes Yes

Air Leakage Test Yes Yes Yes Yes

Air Detector Function Test Yes Yes Yes Yes

Calibration Checks Yes Yes Yes

Thermometric Test – Small Load Yes Yes Yes

Non Condensable Gas in Steam Yes Yes

Steam Dryness Yes Yes

Steam Superheat Yes Yes

Steam Chemical Contaminants Yes Yes

Thermometric Test - Full Load Yes Yes

Hollow Load Test Yes Yes

Air Detector Performance Test – Small Load Yes Yes

Air Detector Performance Test – Full Load Yes Yes

Load Dryness – small load textiles Yes

Load Dryness – full load textiles Yes

Load Dryness – Metal Load Yes Yes

Production Load Dryness Yes Yes

Production Load cycle compatibility test Yes Yes

Dynamic Pressure Test – as specified by manuf and InsCo



© 3M 2019. All Rights Reserved

Validation and Routine Tests in UK Guidance
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On-board sensor systems.

What can contribute to the Green Light ?



Routine Monitoring using “on-board” Physical Indicators
Physical Indicators are those which monitor a 
physical property of the sterilization process 
mounted on the sterilizer
Thus;
Time - measured by the automatic controller
Temperature - measured by sensors 
Depends on location

Moisture
How? 
Moisture Sensors? 
Absence of air implies presence of steam 

hence moisture – air detectors?
Pressure measured by sensors
P is a cycle variable 

Process Variables

Time Temperature Moisture

?



Air / Steam Detectors ?
• Every UK porous load sterilizer has an air detector fitted (an option in EN285)

Principle of Operation:
• Residual Pressure Based.

• Capsule connected to the chamber drain sample content of chamber
• Controller isolates the capsule, condenses the steam, measures 

residual pressure
• If above a preprogrammed value – cycle aborted 

• Temperature Based
• Long thin tube attached to the chamber drain with vertical 

orientation.
• Temp sensor located at the closed end of the tube.
• Residual air reduces the temperature
• Controller aborts the process is temp below a preset level

• Optical Based.
• Long thin tube attached to chamber or drain with vertical orientation
• Optical sensor mounted along the length differentiating air from 

steam.
• If residual air forms a pocket in the tube, optical sensor detects and 

aborts cycle.



AUTOMATIC STEAM QUALITY TESTS 

• Standard methods for 
determining NCG and 
Dryness fraction are 
found in ISO 17665 and 
EN 285.

• Easy to use kit forms are 
available

• In line devices are also 
available giving 
continuous readout but 
usually fitted up-stream 
of chamber



Conclusions:
The responsibility for producing a sterile product rests 
with the User.
> We cannot assume that upon delivery a sterilizer is working 
correctly.

Validation tests are needed to confirm (IQ/OQ)
> We cannot assume that a sterilizer will effectively process every 
load item and load configuration we throw at it  

Validation tests are needed to confirm this (PQ).
> We cannot assume that a sterilizer will perform the same every 
time we use it.

Routine confirmatory tests are required on every load



THE END – QUESTIONS?
THE END – QUESTIONS?



Detection of Pass/Failure by “on-board” sensors
Time/ Temperature Failures – No issue – control system deals with it

But Temperature depends on where temperature is measured from
Drain – close to chamber or deep within – thermal lag
Chamber temp – top or bottom

AR&SP
Monitored by Air / Steam Detectors

Depends where located eg drain, chamber
Steam Quality – All measured up stream from the supply pipe not the chamber

NCG 
EN285 method > often infrequent eg quarterly, inherent bias eg solubility 
of CO2 a major NCG. Method and operator dependent
Dryness Fraction 
EN285 method very dependent on method and operator – crude 
calorimeter
Superheated steam 
EN285 method crude and of uncertain provenance
Routinely T/P correlation possible by controller but again measurement 
point dependent and not all sterilizers do this.

What do you do if your control system does not have this level of sophistication?

T

T



Content
• Regulatory Requirements, Patient Safety
• Some definitions, Sterile, Sterilization, Validation
• Processes which can be used
• Sterilizer and Sterilization standards
• How to achieve a sterile product - Exposure to Process Variables
• As an example Moist Heat
• Process variables for Moist Heat
• How to demonstrate presence of PV’s – PIs BIs CIs
• Examples of PI’s including built in devices
• How to ensure a satisfactory Process – Use of a correctly designed and  validated sterilizer and 

sterilization process and on going routine testing.
• The design and testing  of a moist heat sterilizer – EN 285, 13060
• Approach for validation of a moist heat sterilizer – EN ISO 17665:2024
• What is Type Testing / Works Testing
• What is validation – IQ, OQ, PQ – model loads/product families
• Routine testing using HTM01 01 program of periodic testing.
• Does the inbuilt monitoring systems tell you what you need to know? Air detectors, steam quality 

testing, etc
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The green light says yes.

But what does this mean?
• Many will assume an efficacious sterilization process 

yielding a sterile load and may release the load based 
on this

How true is this?
• This depends on the extent of process validation and 

the  “on-board” monitoring systems which allow the 
controller to make a judgement against pre-set 
specification and settings.

But what if we are not monitoring all of the process 
variables which yield a sterile product?
• Lets examine what we need to monitor, how we can 

do it and what can go wrong.

What can contribute to the Green Light Syndrome



Standards for Moist Heat Sterilization
Moist Heat 
Standards

Saturated 
Steam

Process       
cf ISO 14937

EN ISO 
17665:2024

Equipment 
cf ISO 22421

EN 285

EN 13060*

Contained 
Product

Process

EN ISO 
17665:2024

Equipment

ISO DIS 
19253 *

Local/Prof 
Guidance

HTMs 
(E/W/S/NI

US AAMI 
ST’s

PDA TR’s

• * In preparation



Some important definitions to consider in relation to MDR 11.5
• Sterile / Sterility
▫ State of being free from viable microorganisms

• Process/ processing
▫ Activity to prepare a new or used health care product for its intended use

• Packaging (system)
▫ Combination of a sterile barrier system and protective packaging

• Sterile Barrier System (SBS)
▫ Minimum package that minimises the risks of ingress of microorgansims and allows aseptic 

presentation of the sterile contents at the point of use
• Sterilize / sterilization
▫ Validated process used to render product free from viable microorganisms (sterile)

• Validation
▫ Confirmation process, through the provision of objective evidence, that the requiremensts for a 

specific intended use of application (a sterile product) have been fulfilled

• From ISO 11139: 2018/Amd1:2025



Consequences of non-sterile items being used
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Basic requirements
Steam or Moist Heat sterilization is achieved by exposing surfaces which need to be 
sterilized (the medical device) to;

• Adequate temperature eg 121 oC or 134 oC

• Adequate time eg 15 mins or 3 mins

• In the presence of moisture ie water molecules which may be in vapour or liquid 
state.

• These are the “Process Variables” for a moist heat sterilization process (ISO 
17665)

• Note pressure does not contribute to microbial kill. It is a cycle variable used 
to control the process.

3.213
process variable
chemical or physical attribute within a cleaning, disinfection, packaging, or sterilization 
process, changes in which can alter its effectiveness

EXAMPLE: Time, temperature, pressure, concentration, humidity, wavelength.
ISO 11139:2018 Sterilization of health care products - Vocabulary – Terms used in 
sterilization and related equipment and process standards (ISO11139:2018)

Commonly Used Time 
Temperature Relationships 
for moist heat sterilization
Temperature   

(o C )
Time (mins)

134 3*
132 4
126 10*
121 15*
115 30

rarely used today 

*Medical Research Council ,Lancet. 
1959 Feb 28;1(7070):425-35



Rates of Surgical Site Infection:
• The EU rates of Surgical Site Infection (SSI) range from 0.5 to 

9%.
• This is extremely damaging to patient wellbeing causing 

morbidity and mortality.
• This also costs HC Systems many Millions of Dollars per annum 

and increases patient hospital (re) admission by many days.
▫ $4000 to $22000 per patient incident

• SSI can be reduced by careful elimination  of each link in the 
chain of infection.

• One such link which can be broken is to ensure the delivery of 
surgical instruments to the surgeons hands which are;

• Clean, Sterile and Ready for use
▫ (undamaged and functional)

https://www.eloquesthealthcare.com/201
8/07/11/financial-impact-of-surgical-site-
infections-ssis/

https://www.onetogether.org.uk/downloads/OneTo
gether%20Surgical%20Environment%20Guide.pdf

https://www.eloquesthealthcare.com/2018/07/11/financial-impact-of-surgical-site-infections-ssis/
https://www.onetogether.org.uk/downloads/OneTogether%20Surgical%20Environment%20Guide.pdf


Dirty Instruments, unprocessed surgical sets, stained packs - 2016

https://www.sommerspc.com/blog/2016/12/improperly-sterilized-surgical-instruments-harming-u-s-patients/

DIRTY INSTRUMENTS

UNPROCESSED NON-
STERILE SETS

RECONTAMINATED SETS 

https://www.sommerspc.com/blog/2016/12/improperly-sterilized-surgical-instruments-harming-u-s-patients/


The relationship of standards
& UK guidance to legislation

EU 
Directives
eg MDD

UK Legislation
Eg Med Dev Regulation

Harmonised European Standards
eg EN 285, EN ISO 17665

Annex ZA

Health and Social Care Act
NICE
CQC
MHRA
Notified Bodies
HealthWatch
ACDP

BREXIT ?
The UK will develop its 

own legislation linked to 
designated standards.



ISO 17665 – medical devices Transition from three parts to one part

2006
Core 

requirements

2009
Extensive 
Guidance

2013
Product Families 

designation aimed at 
HC

2024
Requirements + Guidance + PF 

as informative annex

In 2017 revision begins to revise, update and combine



17665 – Moist Heat Sterilization 
HCP

•SSS
•Active Air Removal; 

(pre-vac)

•Heat Transfer by
•SS
•SAM
•Water Sprays
•Water Immersion

•SSS
•Passive Purging (Gravity 

Displacement)

SSS 
Ind

CPS
Ind

CPS
HC

SSS 
HC

Although the scope of this document is limited to medical devices, it specifies requirements and provides guidance that 
can be applicable to other health care products and industrial applications
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The Importance of Air removal and Steam penetration into 
loads- The Challenges
Typical load configurations (product families);

Simple – Solid instruments wrapped in permeable sterile barrier systems 

• Challenges – air removal and steam penetration relatively easy

• BUT

• Heavy solid sets may create foci for barrier layers of NCG around the device impeding steam pen – video below.

• Heavy solid sets in containers which do not allow free drainage – video.

• Complex – complex instruments with cavities and lumen 

• Challenges – air removal and steam penetration can be difficult

• Heavy porous masses – textile BDT

• Complex lumens – factors in Air removal and steam penetration

• Bore and length and the ratio between them (literature evidence)

• Surrounding mass and thermal conductivity (evidence)



Moist Heat Sterilization - Sterilizers



Moist Heat Sterilization Processes
Saturated Steam

Liquid Water

Time – Temperature Combination Integrated Lethality

Commonly Used Time 
Temperature Relationships 
for moist heat sterilization

Temperature
(o C )

Time 
(mins)

134 3* (F060)
132 4 (F050)
126 10*(F031)

121 15*(F015)
115 30(F07.5)

rarely used today 

*Medical Research Council Lancet. 
1959 Feb 28;1(7070):425-35

Perkins, 1956
Underwood, 1934

Cycle F0 value = 12 = 12 mins at 121oC
Bioburden = 1 x 106, D 121 < 1.0min
For every minute of exposure one log of 
spore count will be killed. Thus 12 logs of 
spore count is reduced so the final count 
will be 1 x 106 down to 1 x 10-6

ie SAL 10 -6

In contained product sterilization equivalent 
time at a reference temperature can be 
calculated by integrating the area under the T-t 
curve. 

Taking the temperature of each step above 110 
in the diagram the equivalent time at 121.1oC 
can be calculated using the equation. Adding the 
value of each step together gives the total 
equivalent heating time at 121.1oC.

From this calculations can be made to determine 
the SAL delivered

Fo = ∑10 ((T-121.1)/z).dt mins



ANNEX B
Developed by Industry Experts for Industrial Moist Heat Sterilization based on four approaches;
Establishment and evaluation of a sterilization process primarily based on microbiological inactivation

B2 Bioburden

• Least 
conservative 
approach with a 
sterilization 
process 
specifically 
designed for a 
specified product 
which will have 
limited heat 
tolerance.

• Must know BB

B3 BB/BI

• Sterilization 
process designed 
on the basis of a 
knowledge of the 
resistance of 
bioburden but 
also inactivation 
of a biological 
indicator with 
greater resistance

B4 Overkill

• Sterilization 
process designed 
to achieve a 12 
log reduction in a 
microorganism 
with an assumed 
D121 of 1 min.

• SAL => 10 -6

• FBIOLOGICAL 12’

Pharmacopeial

•Not in annex B 
but is used by 
industry. A 
standard 
pharmacopeial 
cycle is employed 
delivering very 
large overkill 

•121oC/15’ 
•134oC/3’

•SLR >10 35



Annex B – Choice of microbiological approach
Microbiological

Qualification Method

Product heat   sensitive?
Optimized process 

required?

Conservative 
Process using ref 

microg

B4 Overkill 
Method

Bioburden 
population and 

resistance known?

Least amount of   
heat exposure 

required?

B3 BB/BI 
Method

B2 BB 
Method



Annex B – B3 Combined BB and BI microbiological approach graphical
Microbial Species – G. stearothermophilus

10-2

10-4

10-3

10-6

Exposure Time

100

Po
pu

la
tio

n 
(lo

g)

10-1

10-5

105

103

104

101

106

102

D-value BI = 1 min

Population of BB

Process F value  = (log (100 – log 10-6) x 0.5 = 4’

D-value BB = 0.5 min

Population of BI

Exposure time of 5min gives counts ca 24

• Use of a BI meeting ISO 11138-3 with D121 > 
1.5min

• Test for thermophilic microorganisms 
should be carried out.
▫ Heat at 80 to 100oC for 10 to 15 mins
▫ Survivors should be isolated (genus and 

species), identified and resistance 
assessed.

▫ If no survivors then D value can be 
assumed <0.5min so less resistant than 
BI

• Process development;
• Determine most difficult to sterilize location 

in product (assessment /thermometric/ CI)
• Place BI’s in most difficult to sterilize 

location (PCD can be used)
• Use SBS equivalent to that to be used in 

production.
• Place packaged BI/PCD in most difficult to 

sterilize location in load
• Expose to sub lethal treatment and recover 

BI survivors by plate count or MPN.
• Calculate rate of inactivation of BI. Then use 

this result to determine the F value needed 
to reduce BB to the required SAL



Annex B – B3 Combined BB and BI microbiological approach

• Use of a BI meeting ISO 11138-3 with D121 > 1.5min
• Test for thermophilic microorganisms should be carried out.

▫ Heat at 80 to 100oC for 10 to 15 mins
▫ Survivors should be isolated (genus and species), identified and 

resistance assessed.
▫ If no survivors then D value can be assumed <0.5min so less 

resistant than BI
• Process development;
• Determine most difficult to sterilize location in product 

(assessment /thermometric/ CI)
• Place BI’s in most difficult to sterilize location (PCD can be 

used)
• Use SBS equivalent to that to be used in production.
• Place packaged BI/PCD in most difficult to sterilize location 

in load
• Expose to sub lethal treatment and recover BI survivors by 

plate count or MPN.
• Calculate rate of inactivation of BI. Then use this result to 

determine the F value needed to reduce BB to the required 
SAL

Bioburden characteristics
D121 = 0.5’, Pop = 100 CFU action level, SAL = 10-6

F value required = D121 x (logN0 – Log N)
F value required = 0.5 x (log 100 – log 10-6 ) = 4’

Biological Indicator characteristics
D121 = 1.0’, Pop = 106 CFU

The log reduction for the BI is;
LR = F value / D121
LR = 4 / 1 = 4

5 BI’s located in load, exposed for 5 mins to process
Survivor counts gave 23, 22, 24, 19, 17
Using the highest value of 24
LR = Log N0 – Log N
LR = log 106 – log 24 
LR = 6 – 1.4 = 4.6
Since 4.6 > the required 4.0, the product SAL is achieved



BS 2646-Autoclaves for Sterilization in Labs 

Liquid Sterilization 
Performance Test

Make Safe
Mixed Load

Equipment and 
Glassware

Fabric and Glassware 
Disinfection

Temperature distribution 
within the load

Model load of 500ml 
bottles (full load 9 to 50)
121oC / 15min cycle
During cycle all containers 
reach sterilization T for 
holding time
All bottle T within 2oC of 
each other
Thermal door interlock 
tested

Rapid and even 
temperature equilibration 

and hold T at t
Discard containers lined 
with a bag
Petri dishes with agar, 
stacked vertically to fill a 
discard container
50 ml bottles with 20ml 
water
Holding t at T but also 
equilibration time very 
important. Simulator

Thermal performance of 
an agreed challenge load

T and t maintained 
according to specification
Load dryness
Clean dry uncapped 500 or 
50 ml glass bottles –
orientation ?
Air removal acceptable
All T reach sterilization T 
and held for specified time
No condensate in bottles

Temp distribution within 
the load

T at t
Load dryness
Tested using an EN285 or 
13060 test pack
Successful air removal
Equilibration and holding 
time at a specified 
sterilization T
Test pack sensibly dry



A vision of the future – AI – No more testing?

KPI’s AI

PASS

FAIL

Hmm?

STERILIZER

PROCESS

LOAD

Complex Adaptive Systems
-Mike



KPI for a Porous Load Sterilization Process

The pressure set 
points achieved 
on each pulse of 
the air removal 
stage.

The rate of 
change of 
pressure 
between each 
set point.

The dilution 
factor for the 
cycle.

Measurement of 
a factor which 
integrates the 
overall quality of 
air removal

The come up time 
and rate of 
pressure change

The ave, min & 
max pressure 
during 
sterilization

The ave, min & 
max temperature 
during sterilization

Sterilization 
hold time

Pressure 
change 
rate 
during 
drying

Attained 
vacuum 
during 
drying

All checked by the 
automatic 
controller 
And
Independent 
monitoring system





PCD’s – challenge to penetration
• Home Made • Commercially produced



Chemical Indicators – Types according to ISO 11140-1

ISO 
11140-1

Type 1
Process

Type 2
Specific 

test

Type 3
Single 

Variable
Type 4
Multi 

Variable

Type 5
Integratin

Type 6
Emulating

• Applied externally
• Indicates if processed

• Bowie and Dick Test
• Helix Test

• Respond to one critical 
process variable

• Respond to two or more 
critical process variable

• Respond to all critical process 
variables = to a BI

• Respond to all critical process 
variables for specified process
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Biological Indicators – What they are and Standards
Definition: Test system containing viable microorganisms 
providing a defined resistance to a specified sterilization process. 

• (ISO 11139, Terminology)
Basic premise: If your process is effective enough to kill a 
large number of spores, it will also kill a lower number of less 
resistant organisms on the cleaned, disinfected medical 
devices. 

Kill the BI and you will sterilize the load.

Geobacillus
stearothermophilus

spores

BI Performance defined in:
EN ISO 11138 series
• Part 1 – General requirements
• Part 2 – Ethylene oxide
• Part 3 – Moist heat
• Part 4 – Dry heat
• Part 5 – Low temperature steam 

and formaldehyde
• LTSF

• Part 6 – Vaporised Hydrogen 
peroxide
• This is still in preparation by ISO TC 198 

wg4

Guidance for the selection, 
use and interpretation of 
results of biological 
indicators is provided in EN  
ISO 1138-7



Biological Indicators ( ISO 11138) – Type and 
Formats

Inoculated Carriers / Seeded Product

Spores are deposited on the surface of the device to 
be sterilized usually from a spore suspension and 
dried. The device is sterilized and the spores 
recovered and examined for survivors. Used during 
validation. Careful aseptic manipulation needed.

Spore Ampoules
Spores are suspended 
in a growth medium 
sealed inside a glass 
ampoule. After 
exposure the 
ampoules are 
incubated directly and 
observed for colour 
change. Only used in 
liquids in containers.

Spore Strips

Spores are deposited on strips of 
(usually) filter paper and enclosed 
within a permeable packet. The 
packet or individual strips are 
placed within product, sterilized 
and then recovered and examined 
for survivors by placing in growth 
medium. Great care must be taken 
to avoid recontamination and false 
positives. Aseptic handling needed.

Self-contained Biological Indicator (SCBI)

Spores are deposited on a carrier located at the 
base of an enclosure (tube). A vial of growth 
medium is included in the enclosure. The cap 
contains a filter allowing sterilant access but 
preventing recontamination after use. After 
exposure the glass vial is cracked allowing growth 
medium to flow onto the spore carrier and then 
incubated. No microbiological skills needed to use.



Moist Heat Sterilization ?

Moist Heat – thermal energy in the presence of moisture released by 
gaseous or liquid water
ISO 11139:2018 + A1 2024 
• A physics/engineering based definition

Moist Heat – thermal energy in the presence of moisture used as the 
sterilizing agent to achieve the specified requirements for sterility
ISO 17665:2024
• A microbiological based definition



Application Areas for Moist Heat Sterilization

Moist Heat 
Sterilization 

Saturated 
Steam 

Sterilization

SSD GPO (eg 
Dental)

Micro Waste -
CAT Clinal Waste

Lab Materials 
/ Testing 

Cycles

Contained 
Product 

Sterilization

Pharma Combined 
Product Micro Media Micro Waste -

CAT



Moist Heat Sterilization - Processes

Moist Heat Sterilization 
Processes

Saturated Steam 
Sterilization

Gravity Air Removal

Active Air Removal

Contained Product 
Sterilization

Steam Air Mix

Water Spray

Water Immersion

In Saturated Steam 
Sterilization 
processes chamber 
P = Saturated 
Steam Pressure

In Contained 
Product 
Sterilization 
Processes chamber 
P = Saturated 
Steam Pressure 
(Rigid) OR
Chamber P = SSP + 
P NCG 
overpressure
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