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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
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ld Trade Organization (WTQO) principles in the TFechnical Barriers to Trade (TBT) se
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5 first edition cancels and replaces [SO.14161:2009, which has been technically revised.
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Introduction

This document provides guidance regarding the selection, use and interpretation of results of biological
indicators used to develop, validate and monitor sterilization processes. The procedures described
in this document are of a general nature and do not, of themselves, constitute a comprehensive
development, validation or monitoring programme with regard to the sterilization of health care
products. The intent of this document is not to stipulate the use of biological indicators in a process
but, if they are used, to provide guidance for their proper selection and use in order to avoid misleading

results.

In this doq
particular
on its appr

ument, users will find guidance on selection of the correct biological indicator fort
sterilization process (see the ISO 11138 series) and critical parameters as well as gtidd
bpriate use.

The selectipn of an appropriate biological indicator for the particular process used is critical. There

wide varie
able to for
according {
recover an

The perfor
transport
sterilizer

Ly of sterilization processes in common use, and biological indicator manufacturers are
bsee all possible uses of their product. Manufacturers, therefore, label biological indica
o their intended use. It is the responsibility of the users of biological indicators to select,
 interpret the results as appropriate for the particular sterilization-process used.

mance of a biological indicator can be adversely affected by the conditions of storage
prior to its use, by inappropriate/non-indicated use of thesbiological indicator or by
cess parameters. In addition, the incubation procedureused after exposure to the prog

0
including lill;cubation temperature and culture medium type, supplier and specific batch, can af

measured

of the biolq
exposure, §
biological i

It is impor
load being

resistance as a function of recovery and growth. For’these reasons, the recommendat
gical indicator manufacturer for transportation, storage and use should be followed. A
he aseptic transfer (if applicable) and incubation-of biological indicators as specified by
Indicator manufacturer is critical for obtaining eorrect results.

fant to note that biological indicators are nhot intended to indicate that the products in
sterilized are sterile. Biological indicators are utilized to test the effectiveness of a g

sterilizatign process and the equipment used, by assessing microbial lethality according to the con

of sterility
NOTE ’

biological i
sterilizatior]

Vi

assurance level. Suitable training is'necessary for personnel conducting these studies.

'he general information provided in this document can have useful application for processes
hdicators not currently addressed by existing International Standards, e.g. new and develo
processes.
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Sterilization of health care products — Biological

in

dicators —

Part 7:
Guidance for the selection, use and interpretation of results

1

Thi
biol
pro

Scope

5 document provides guidance for the selection, use and interpretation of results from ap
ogical indicators when used in the development, validation and routine monitoring of s
Cesses.

plication of
ferilization

It does not consider those processes that rely solely on physical removal of microorganisms, e.g.

filty

It is
sted

Itd
vap
atm

Itis

Thd

For

ISO

3.1

ation.

not applicable to combination processes using, for example, washer-disinfectors or fl
jming of pipelines.

bes not specify requirements for the selection and uselof biological indicators intended
prised hydrogen peroxide processes for isolator*and room biodecontamination pq
ospheric pressure.

not applicable to liquid immersion sterilization processes.

Normative references

re are no normative references in this document.

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and IEC maintaifi-terminological databases for use in standardization at the following ad

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

dase|

ti¢ technique

ishing and

to monitor
ocesses at

dresses:

conditions and procedures used to minimize the risk of the introduction of microbial contamination

[SOURCE: ISO 11139:2018, 3.16]

3.2

bioburden

pop

ulation of viable microorganisms on or in a product and/or sterile barrier system

[SOURCE: ISO 11139:2018, 3.23]
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3.3
biological
BI

indicator

test system containing viable microorganisms providing a specified resistance to a specified

sterilizatio
[SOURCE: I

3.4
D value
D19 value

n process

S0 11139:2018, 3.29, modified — "BI" has been added to term.]

time or dos
microorga

[SOURCE: ]
3.5

e required under stated conditions to achieve inactivation of 90 % of a population of the
nisms

SO 11139:2018, 3.75]

holding time

period dur
[SOURCE: I
3.6

ng which process parameters are maintained, within their specified tolerances

SO 11139:2018, 3.133]

inoculated carrier

supporting
[SOURCE: 1
3.7

inoculation

addition of

3.8
log reduct
LR

reduction

Note1toe

3.9
operation

0Q

material on or in which a specified number of viable testmicroorganisms has been depos

SO 11139:2018, 3.144]

a defined amount of a characterized microbial entity into or on to an item

ion

number of viable microorganisms

:f
ry: Expressed in log units.

hl qualification

process of

test

ted

btaining anddocumenting evidence thatinstalled equipment operates within predetermined
limits wheh used in aceerdance with its operational procedures

[SOURCE: ISO 11189:2018, 3.220.3]

3.10

performance qualircation

PQ

process of establishing by objective evidence that the process, under anticipated conditions, consistently
produces a product which meets all predetermined requirements

[SOURCE: I
3.11

SO 11139:2018, 3.220.4]

process challenge device

PCD

item providing a defined resistance to a cleaning, disinfection, or sterilization process and used to
assess performance of the process

[SOURCE: 1

2

SO 11139:2018, 3.205]

© ISO 2019 - All rights reserved
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3.12

process challenge location

PCL

site chosen within a load as the position at which the least microbiological inactivation is expected to
be delivered

[SOURCE: ISO 11139:2018, 3.206]

3.13
process parameter
specified value for a process variable

Note 1 to entry: The specification for a process includes the process parameters and their tolerances
[SOPRCE: I1SO 11139:2018, 3.211]

31

process variable
chemical or physical attribute within a cleaning, disinfection, packaging, or sterilizatign process,
chapges in which can alter its effectiveness

EXAMPLE Time, temperature, pressure, concentration, humidity, watelength.
[SOURCE: ISO 11139:2018, 3.213]

3.15
ref¢rence microorganism
microbial strain obtained from a recognized culture collection

[SOPRCE: ISO 11139:2018, 3.228]

3.16
resjstometer
testl equipment designed to create specified combinations of the physical and/or chemical parameters
of a|sterilization process

[SOPRCE: 1SO 11139:2018, 3.233}

3.1Y
spare log reduction

SL

negptive exponent to-the base 10 describing the decrease in the number of spores

Note 1 to entry: Itisexpressed as a logarithm.
[SOPRCE: 1S0-11139:2018, 3.260]

31
sterile
free from viable microorganisms

[SOURCE: ISO 11139:2018, 3.271]

3.19

sterility assurance level

SAL

probability of a single viable microorganism occurring on an item after sterilization

[SOURCE: ISO 11139:2018, 3.275, modified — Note 1 to entry has been deleted.]

© IS0 2019 - All rights reserved 3
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3.20
sterilization
validated process used to render product free from viable microorganisms

Note 1 to entry: In a sterilization process, the nature of microbial inactivation is exponential and thus the survival
of a microorganism on an individual item can be expressed in terms of probability. While this probability can be
reduced to a very low number, it can never be reduced to zero.

[SOURCE: ISO 11139:2018, 3.277]

3.21

survival-kitwindow
extent of exposure to a sterilization process under specified conditions where there is a transitigi/ffom
all biologicpl indicators showing growth to all biological indicators showing no growth

[SOURCE: IISO 11139:2018, 3.292]

3.22

third par
person or body that is recognized as being independent of the parties involved,as concerns the issue in
question

Note 1 to enftry: Parties involved are usually supplier (“first party”) and purchaser (“second party”) interest.

3.23

z value
change in temperature of a thermal sterilization or disinfectioiprocess that produces a tenfold change
in D value

Note 1 to enftry: It is expressed in degree Celsius (°C).

[SOURCE: SO 11139:2018, 3.326]

4 General

4.1 This|document provides guidance on biological indicators that can apply generally for [any
sterilizatiop process, including new-sterilization processes covered by ISO 14937.

4.2 The [use of biological dadicators is normally documented in the user’s standard operafing
procedureg (SOPs), proceduzes, or instructions.

NOTE Employing quality management systems such as ISO 13485 usually satisfies this provision.

4.3 Bioldgical.ifidicators should be used in combination with physical and/or chemical measurem¢nts
in demonsfrating the efficacy of a sterilizing process. When a physical and/or chemical variablg of
a sterilizatjormprocess is outside its specified limits, the reason for the sterilizer's inability to achjeve
its process parameters should be evaluated and the problem corrected. Similarly, when an indicator
failure takes place when the physical and/or chemical variables of the sterilization process are within
the specified limits, the reason for the sterilizer’s failure to inactivate the indicator should be evaluated
and the problem corrected. Systems and/or procedures should be established to evaluate any deviations
from the cycle process limits, and reasons for accepting any deviation should be fully documented.

4.4 A suitable biological indicator consists of carrier material and packaging and has a microbiological
component that is known to be suitable for handling without special containment facilities (e.g. Risk
Group 1, WHO, 2004). The growth conditions should be well documented, and the use of the indicator
should be as simple and well described as possible to avoid misinterpretation by the user.

4 © IS0 2019 - All rights reserved
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4.5 A biological indicator represents a microbiological challenge to a sterilization process and is used
to verify that a sterilization process has the ability to inactivate microorganisms that have a known
resistance to a referenced sterilization process. Test microorganisms employed in biological indicators
typically have resistance to sterilization which exceeds that of common bioburden microorganisms,
although some microorganisms can exhibit a resistance to sterilization in excess of that of the test
microorganisms. The appropriate biological indicator provides a challenge to the sterilization process
which exceeds that of the bioburden through a combination of population and resistance. If there
is reason to believe that the goods to be processed could be contaminated with particularly resistant
microorganisms, extended sterilization processing, based on the bioburden, could be required.

4.6 Biological indicators are not intended I0or use In any sterifization process other than that SpECifiEd

by
sele
ster

The
of g
the
infa
con
ind
resi
resj

4.7
ind
that

4.8
ind
of t
prify
cha
or i
per

4.9

4.1
rou

the biological indicator manufacturer on the product labelling. Microbial species and
cted as biological indicator candidates based on their known resistance to the specific
ilization. The use of an inappropriate biological indicator can give misleading results.

user should ensure that the biological indicator has been qualified for use with the parti
terilization conditions that are used. This could require information in.addition to th
labelling. When biological indicators are used outside reference conditions, the user ¢
rmation on the reaction expected from the indicator, e.g. the effect of sub-optim

cators outside the manufacturer’s labelled recommendations(should thoroughly char
stance of the biological indicators to the particular sterilization process. The relation
ponse of the biological indicator to process parameters should be clearly demonstrated.

The user who is responsible for the sterilization of product should ensure that the type g
cator employed to validate and/or routinely monitor a given sterilization process is appi
use.

The manufacturer’s recommendations for the transportation, storage and use of thg
cators should always be followed. Failtite to do so can compromise the performance chal
he biological indicator. If the user #emoves the inoculated carrier from the biological
hary packaging, or adds additional\packaging over the primary packaging, changes in the
Facteristics can occur. Guidance should be sought from the manufacturer on the extent of
he user can evaluate changes in the resistance characteristics. The user should docume
formance characteristics-of the inoculated carrier are appropriate for their use.

Biological indicators’should not be used beyond the expiration date stated by the manu

) Users who-emiploy biological indicators for sterilization process development, validat
Fine monitoring of sterilization should be properly trained in their use.

4.1

I The~time between completion of sterilization process and incubation should be

malllufacturer’s stated time or should be justified as described in 8.2.3.

!

strains are
method of

fular range
at given in
an require
moisture

ditions on the biological indicators used in an ethylene oxide process. Users who employ biological

terize the
ship of the

f biological
opriate for

biological
Iracteristics
indicator’s
resistance
his change,
nt that the

facturer.

ion and/or

within the

4.12 Transfer of microorganisms exposed to the sterilization process to the appropriate recovery
medium should be done using aseptic technique.

4.13 Self-contained biological indicators are specifically designed to eliminate the need for aseptic
handling because all of the components required to effect post process incubation are enclosed within
the primary packaging which need not be opened (see 5.4).

4.14 The ISO 11138 series gives requirements for the information that the manufacturer shall provide
for biological indicators. The information might be provided on the label, as a packet insert or as a general
specification accompanying the biological indicators. The ISO 11138 series also includes minimum
requirements for resistance characteristics. Testing conditions and methods are given as reference
methods.

© IS0 2019 - All rights reserved
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4.15 Users of biological indicators come from a wide variety of industries, private enterprises and health
care facilities. Users are not generally required to perform resistance assays on biological indicators
but can have differing requirements for their quality assurance systems, which may include audits by
regulators or Notified Bodies (see 6.2.2). If a user wishes to carry out a population and/or resistance
determination it is essential that they use the method specified by the manufacturer.

4.16 The verification of resistance characteristics by the user is an alternative to and/or complementary

to an audit,

5 Chars
5.1 Gen

5.1.1 Big
process (s¢
process m
sterilizatio

Biological

inoculated
carriers sy
penetrate f{

5.1.2 A {
and/or che
process de
the desirec
declaring t

5.1.3 Big
manner as

when necessary.

. L. Ebiolosiealindi
bral

logical indicators provide means to assess directly the microbial lethality cof.a steriliza
e ISO 13485 and Reference [16]). When used in conjunction with physicalhand/or chen
pnitors, biological indicators can provide an indication of the effettiveness of a g
h process.

ndicators, in their simplest form, consist of an inoculated carriér in primary packaging.
carrier can take a variety of forms, including paper strips, threads, metal coupons or of

o the inoculated carrier while maintaining a sterile bartier after processing.

terilization process should be considered as satisfactory only when the desired physg
mical parameters and microbiological results, as'determined by an appropriate steriliza
velopment, validation and monitoring programme have been realized. Failure to ach

physical and/or chemical parameters andyor microbiological challenge forms the basig
he sterilization process as nonconforming (See ISO 13485 and I1SO 9001).

logical indicators consist of a defined population of test organisms presented in sud
to allow their recovery following sterilization processing. For example, test organi

employed for ethylene oxide sterilization processes can be spores of a suitable strain of Bacillus sub

or Bacillus
test organi
[SO 11138
appropriat

5.1.4 Th
D values is
the value f
0,8 (see An
the carrier

atrophaeus, as noted in [S@~11138-2. For steam sterilization or moist heat sterilization,
bms employed can be spores of a suitable strain of Geobacillus stearothermophilus, as note
3. Test organisms otlter than bacterial spores can be used if they have been shown to proj
e resistance to the Sterilization process.

e basis of all formulae used to determine biological indicator resistance characteristics suc
that the inaetivation reaction follows first-order log-linear kinetics, with the requirement
br the coefficient of determination, r2, for the linearity of the survivor curve be not less t

and‘packaging materials and the testing conditions all affect the resistance characteristig

fion
ical
ven

The
her

itable for inoculation. The primary packaging is chosen<o, permit the sterilizing agenjt to

ical
fion
eve

for

h a
kms
tilis
the
d in
Fide

h as
fhat
han

nexessErand F). The strain of the test organism, the production method, the suspension fluid,

s of

the biologi

cal-indicators (QPP ISO 111 ?9-1)

5.1.5 The design and construction of a biological indicator can result in unique resistance
characteristics and can vary depending on whether the biological indicator is intended for use in the
development and validation of a sterilization process or for use in routine monitoring. If the design of the
biological indicator for use in routine monitoring differs from that employed to validate the sterilization
processes, the challenge to the process during validation should be correlated with the challenge to the
process during routine monitoring.

5.1.6 Depending upon placement within the load and the specific sterilization process conditions at
those discrete locations, biological indicators from the same batch can show different survival capabilities
(see 7.2.3). Users of biological indicators should note that 10 indicators spread throughout the load are
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not considered replicates due to the differences in lethality that may exist throughout the chamber and
load (see Note to 11.3.1).

5.2 Test organism suspension for direct inoculation of products

5.2.1 Direct inoculation of test organisms on or in product can be necessary in process development
and other studies when the use of a biological indicator is not feasible. Direct inoculation can be
appropriate for assessing factors such as product sterilisability, identification of the most difficult to
sterilize locations within the device, and localized microbiological effects, e.g. moist heat versus dry heat

env

ronments.

The
stel
of t
tho
refe
and

5.2
spe
test
the
cha

rationale for the selection of the “most difficult-to-sterilize” site(s) on a produtt -0
ilization load should be documented based on experimental data or derived fronmprior
he particular sterilization methodology. In practice, the “most difficult-to-sterilize” site
be locations that are most likely to provide high resistance to the sterilizatiényprocess.
r to specific sterilization standards (e.g. ISO 17665-1 and ISO 11135) for/guidance in d
selecting difficult-to-sterilize locations.

2 To assess the efficacy of sterilization at a particular site or location on the product,

organisms to prepare inoculated carriers or inoculated products requires caution. This
materials on to which test organisms are inoculated _¢an" alter the test organisms’
Facteristics. The resistance can be higher or lower due té deposition as a monolayer on

(clumping), coating effects, and/or bacteriostatic or bactericidal effects of the material.

5.2
of r
of 1
test
Ino
frad

5.2
The
not
cha
for

5.3
5.3

suit]
the

3 The methods used to recover test organisms should be validated to ensure an ade
pcovery from the product (see ISO 11737-1).Test organism recovery should be expresse
ercent recovery of the population of the ariginal inoculum. A change in survival charag
organisms due to inoculation can affeet the observed percent recovery of the origina
fulated products may be assayed with either survivor curve (enumeration/direct ca
tion-negative procedures (see FiguresA.4). These assays require aseptic techniques.

4 The Dvalue and, when appropriate, the z value, are constant values only under defined

resistance characteristics 9f a spore suspension provided by a biological indicator sup
correspond to the resi§tance characteristics for direct product inoculation studies. The
racteristics should bé measured for the carrier employed (solid carrier material or fluid
the specific sterilization cycle employed.

Inoculated-carriers

1 Inoculated carriers consist of a defined population of test organisms inoculated
ablé carrier material (see ISO 11138-1:2017, Annex B). Caution should be exercised to ¢

r within a
knowledge
represents
Dne should
ptermining

the desired

Cies and population of test organisms can be inoculated at those sites. The use of suspensions of

is because
resistance
multilayer

quate level
bd in terms
teristics of
inoculum.
unting) or

conditions.
plier might
resistance
as well as

on or in a
bnsure that

carrier material selected is able to withstand sterilization processing without adversely :

ffecting its

per
and

handling.

ormance characteristics and to minimize the loss of the 1noculated test organisms during transport

5.3.2 The resistance characteristics of a test organism in suspension can be considerably changed
upon deposition on or in carriers. Several factors can influence the resistance characteristics, such as the
surface on to which the suspension is inoculated (e.g. solid materials, viscous products or fluids), the way
the spores are dispersed and otherwise treated, the methods of drying, etc.

5.3.3 Ifaninoculated carrier is removed from the biological indicator primary packaging or additional
packaging is placed over the primary packaging for cycle development, cycle validation studies, or for
process challenge devices (PCDs) used for routine process monitoring, then it is the responsibility of
the user to provide a rationale for this application. It should be recognized that the resistance of the
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microorganism on the inoculated carrier could differ from the labelled resistance of the packaged
biological indicator.

5.3.4 The resistance characteristics of an inoculated carrier provided by the manufacturer of biological
indicators might not correspond to the resistance characteristics established in direct product inoculation
studies.

5.3.5 The carrier material should be evaluated by the biological indicator manufacturer or the user
to determine that the sterilizing agent for which the biological indicator is intended neither retains nor
releases inhibitory substances (e.g. sterilizing agent residuals) to such an extent that the recovery of low
numbers i inhibited (see ISO 11138-1:2017, 5.2).

5.4 Selficontained biological indicators
Self-contaiped biological indicators consist of either a) or b).

a) An ampoule containing growth medium and a carrier inoculated with test prganisms contained
withinfan outer vial so that the sterilizing agent obtains access to the inoculated carrier through a
sterile|barrier or a tortuous path.

After ¢xposure to the sterilization process, the growth medium is Brought into contact with|the
inoculfited carrier by breaking the ampoule of growth mediumsthereby eliminating the neefl to
asepti¢ally transfer the inoculated carrier to a separate viallof*growth medium. The biological
indicator manufacturers’ recommendations should be followed for incubation of self-contained
biological indicators.

NOTE1 Due to the low volume and the possibility of evaporation of the growth medium, prolonged fost-
exposufre incubation might not be possible.

Chemital residuals resulting from processes such'as ethylene oxide or vapour hydrogen peroxidelcan
inhibitf growth of surviving organisms. The biological indicator manufacturer’s recommendatjons
should| be followed for proper handling-fincluding aeration) of biological indicators priof to
incuinon (see 8.2.3).

b) Aher

etically sealed ampoule containing a suspension of test organisms in growth medium.

These |are referred to as sealédsampoule biological indicators. After exposure to the process,|the
sealed|ampoule is incubated intact, and no aseptic transfer is required.

NOTE 4 This type of indicator is sensitive only to exposure time and temperature and is primarily usdd to
monitof moist heat stetilization of aqueous fluids.

Self-cantained biglogical indicators are generally larger than biological indicators that consist
only of an ingcutlated carrier in a primary packaging, and might not fit into locations within|the
produg¢t that-represent the process challenge locations (PCLs). If a biological indicator cannot
be plafed,into a load without deforming it or otherwise potentially compromising its prinfary
paCkagius, thenadifferent biulusi\,a} rdieator-showtdbetused: A}ou, the-tsershotddbeawarethat
the claimed resistance characteristics can be dependent on the air-removal method employed in
the sterilization cycle.

6 Selection of supplier
6.1 General

6.1.1 The user of biological indicators should, whenever possible, make purchase decisions ensuring
that the biological indicators chosen meet standard specifications. The user should consider the
particular sterilization process as the basis for the choice of biological indicator.
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6.1.2 When the user has a process that requires performance characteristics that differ from the label
claim for the biological indicator, it is the responsibility of the user to verify that the biological indicator
has the performance characteristics needed.

6.1.3 The user of biological indicators should have a system in place to provide assurance that the
biological indicators obtained consistently meet the specified characteristics. Such assurance can be

provided by one or more of the following:

a) information from the manufacturer covering the performance characteristics of the batch of
biological indicators prepared;

NOTE Requirements for information supplied by manufacturers of biological indicators aIre provided
by the ISO 11138 series.

b) |a statement from the manufacturer that the biological indicators meet the agreed spegcifications
between the supplier and the user;

c) |if needed, various degrees of testing of each batch of biological indicators received by the user, to
verify that the performance characteristics meet the agreed specifications between the supplier
and the user.

6.1J4 When the user has established a high level of confidence in-the supplier (see 6.1.3),[the testing

performed by the user can be minimal. At a minimum, the user~should have a mechanism to ¢nsure that

a shipment of biological indicators contains all agreed-upon/documentation, such as appropriate label

infgqrmation, packet inserts, storage and handling instructions, etc. There should be a mefhanism to

enspire that the BI supplier continues to maintain the expected quality standards, such as a BI supplier
or Bl manufacturer’s declaration of conformity to standards. If the user has not established the supplier

relationship required to be ensured of consistent\biological indicator performance, additid

cou
the
Anr

6.1
test
recq
the
stay|

d be necessary until an appropriate assurance ‘can be established that the biological indic
BI manufacturer’s label claim and/or user requirements. (For information on documer
exD.)

5 Testing by the user, if deemed necessary, can consist of population assays and defined
5 such as D value or survival:kill time on samples from each new batch of biological
ived (see also 8.6 and Clause:11). Testing should be conducted under exact conditions s
manufacturer. Provided that the biological indicator manufacturer produces the based up
idard specifications, i.e, the ISO 11138 series, and the user uses the biological indicator as i

nal testing
ators meet
jtation, see

resistance
indicators
pecified by
bn detailed
htended by

the considered

unr

biological indicator:manufacturer, testing of the resistance characteristics by the user is
ecessary.

Thg manufacturer’s label claims for resistance, such as D values, z values (if any) and sfirvival-Kill

resyilts are determined using a resistometer (see [SO 18472).

6.2| Documentation

6.2.1 General
6.2.1.1 The labelling requirements for biological indicators are given in ISO 11138-1:2017, 4.3.

6.2.1.2 The labelling includes the information presented on the primary and secondary packaging of
the biological indicator as well as any included package inserts providing additional information beyond
that which can be printed on the packaging. The user might need or want evidence of conformity to
product standards and/or quality system standards to include in appropriate documentation files.

6.2.1.3 When a statement of performance or conformity to a standard is provided by the manufacturer
as a certificate, the user should have confirmation of the competence of the manufacturer as indicated by
the second sentence of 6.2.2.1.
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6.2.1.4 If an independent (third party) test laboratory is used to confirm the performance
characteristics of biological indicators, the test laboratory should be accredited for the specific test
methods used (see ISO/IEC 17025 and ISO/IEC 17011).

6.2.1.5 The status of the manufacturer of the biological indicator with regard to conformity to the
appropriate quality standard, such as ISO 13485 or other quality assurance programmes should be
verified. If conformity to the appropriate standards can be demonstrated, an audit might not be necessary.

6.2.2 Manufacturer audit

6.2.2.1 Ifnecessary, the user should confirm that a qualified auditing body has performed an atdjt of
the biologifal indicator manufacturer. Alternatively, the user could perform the audit.

NOTE The auditing standard ISO 19011 gives guidance on requirements for the process of ‘auditing| the
qualificatioh criteria for quality system auditors, and the management of audit programmes.

6.2.2.2 A qualified auditor should perform the audit, as part of the purchaser's*quality system. If an
audit of the biological indicator manufacturer is performed, the following should be considered:

a) testorganism:
1) strain selection and maintenance;

2) copditions for culturing of test organisms, including:growth medium and compongnts,
ingubation temperature and period;

3) harvesting, purity and cleanliness of the test organism;

4) vigble test organism count and biochemical ch@racteristics of the test organism;

b) biological indicator:

1) qualifying of components for use in:the preparation of biological indicators, such as carjrier
material and primary packaging,.and consideration of any potential toxic effects of these
materials on the test organisms;

2) population of the test organisms during manufacture of the biological indicators;

3) copsistency (e.g. growth promotion, pH, stability) and fill volume of any growth medjum
supplied with the biglogical indicator;

4) repistance of thebiological indicator, including the type of test equipment and its calibratfion,
the recovery medium employed and incubation conditions;

c) quality eontrol:

5) stlrage stability and continued resistance of the biological indicator until its expiration date;

1) label claims for the biological indicator;

2) storage stability and continued conformity of the biological indicator to its label claims.

6.2.2.3 The manufacturer should be able to provide adequate documentation of the quality systems
pertaining to the manufacturing of biological indicators and provide documentation of conformity of
products to declared specifications.
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Biological indicators in process development

General

7.1.1 For additional information on process development, refer to the sterilization standards for those

pro

cesses (e.g. ISO 11135, IS0 14937, 1SO 17665-1 and ISO 20857).

7.1.2 When a biological indicator is used for process development, the appropriateness of the indicator

sho
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monitoring of a sterilization process. Careful consideration should be given to those aspects
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7.1
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biological indicators and/or bioburden studies, as well as from documentation on the distrib

ster

7.1

of npany of the same factors noted in 5.4 and 7.2, with regard to the placement of the biologic

int
pro
ana
con
var
the
tod
pro

Det

uld be determined.

3 Sterilization processes vary widely with regard to their operational characteristics a
roducts that are sterilized. While each application is unique, it can be acceptableto gr
Hucts in the same product family for the purposes of the development, validation

gn or packaging which can impart an additional challenge to the sterilization process
cators can be used to determine those locations on the product which represent a rigorou
he process, and likewise to establish the extent to which different types of product are r
ird to the challenge presented to the sterilization process. Thisccould lead to the sel
ficular product configuration for further analysis.

4 Biological indicators should be used in combination with*appropriate physical and/

d the type
up similar
d routine
of product
Biological

s challenge

blated with

ection of a

r chemical

isurements of the process parameters in order to demonstrate the efficacy of a sterilization process.

5 General advice on the number of biological indicators per sterilizer volume cannot

rect number of biological indicators to use can be determined from data collected fro

ilizing agent throughout the load.

6 Implementation of the cdmbined biological indicator/bioburden method requires co
hose locations within theyproduct and load which present a rigorous challenge to the §
Cess. The method is(only applicable when data are sufficient to be subjected to valid
lysis and there is ahigh level of confidence that the bioburden data are representative of “y
ditions. There ar€many causes of variation, such as raw materials, process control, an

product. As;the distribution of bioburden within the product can vary significantly, it ig
eterminé. how this distribution can affect the challenge presented by the product to the §
ress and thereby affect the choice of biological indicator.

e given, as

depends on the reproducibility of the cycles ascwell as the potential for differences in the process
hmeters throughout the load during sterilization. However, other sterilization standprds could
yide guidance on the recommended number<of biological indicators to be used, e.g. ISO 11135. The

the use of
tion of the

hsideration
h] indicator
terilization
statistical
vorst-case”
d seasonal

ations. Consideration should be given to the presence and nature of the bioburden disfribution in

important
terilization

ermination of the product bioburden and its species and resistance distributio

1 requires

consideration of the factors discussed in the ISO 11737 series. The method selected should be validated
against the requirements of those standards and the statistical confidence of the bioburden estimate be
established.

7.2 Overkill approach

7.2.1 This method is often referred to as the “half-cycle method” or “overkill sterilization method” and
is discussed in ISO 14937. This method is based on the following assumptions:

a)

that the biological indicator (reference microorganism) provides a greater challenge than the
bioburden;

b) that the full sterilization process achieves an SAL of at least 10-6 (see ISO 11135 and ISO 14937);

© IS0 2019 - All rights reserved 11


https://standardsiso.com/api/?name=ee7fe1a5dbe93688864177230c6a0b43

ISO 11138-7:2019(E)

c) that, at half cycle, the user can typically demonstrate at least a 6-log reduction (see Figure A.1).
NOTE The ISO 11138 series permits resistance characteristics other than the minimum required for

monitoring purposes.

7.2.2 These overkill criteria can be addressed by placing biological indicators or inoculated carriers
with, for example, a population of 106 test organisms meeting minimum resistance requirements at the
PCL(s) within product throughout the load. These locations within the load should have been previously
demonstrated to present a challenge to the sterilization process and correlate with the “most difficult-to-
sterilize locations, such that choosmg these locatlons will secure the approprlate log reduction for the

lf the normal holdmg tlme or dose of the sterlllzatlon process to be Valldated whe all

of the biolg
showing gi
half-cycle ¢
is possible
in Figure A
at the uppe

7.2.3 Placement of the biological indicator either within the product or within the load is likel

alter its ap
the biologi
additional
adjustmen
(see 5.2).

glcal indicators are statistically equivalent samples. The percentage of biological indica
owth can be correlated to the log reduction achieved [see Note to 11.3.1 c)]. If testing u
onditions demonstrates a reduction in the population of test organisms in excess of six log
that no growth of the test organism could result, depending on the sample sizé”As illustr{
1, there is a 1 % probability of positive growth with a spore-log-reduction (SLR) of eight
r end of the half-cycle window.

parent resistance characteristics in comparison to the resistafice noted on the labellin
Cal indicator. This can require adjusting the half-cycle exposurte period to compensate for
Fesistance caused by the placement of the biological indicater in the product or load. Sin

for's
der
s, it
ited
0gs

y to
b of
the
ilar

s could be needed when test organism suspensions are used to prepare inoculated product

7.2.4 Suitable physical measurements should be used\to establish the process challenge locat

ons

throughout the load that can aid in determining placement locations for the biological indicators.

A sufficienf number of probes should be prepared with biological indicators placed at the previo
determinedl location within the product.

NOTE f

of 10 °C, which is normally assumed for process lethality based on temperature measurements. This can

to discrepa
lethality de

7.3 Com

731 Th

microorgamnism resistange of the product bioburden to be known. This method has the advantag

permitting
agent and i

7.3.2 The

or moist heat sterilization, the z value-of the biological indicator can be different from the z v

hcies between the integrated process lethality determined by use of biological indicators and
ermined by direct temperaturé measurements.

bined biological indicator and bioburden method

e combined biolegical indicator and bioburden method requires the population

a reductieriin cycle exposure period and minimizing exposure of the product to the sterilij
s discussed in 1SO 14937.

h

1sly

hlue
ead
the

and
b of
ring

CESS

combined biological indicator/bioburden methodology requires selecting pro

conditions That deliver a process lethality sulficient to Inactivate the bioburden to the labelled product
sterility assurance level (SAL). The number of replicate cycles required to demonstrate the appropriate
efficacy will depend on the confidence in accuracy and degree of bioburden inactivation repeatability
determined in bioburden evaluations. Figure A.1 shows the general relationship between the inactivation
of a biological indicator and the inactivation of product bioburden. Since the bioburden is typically less
resistant to the sterilizing agent than is the biological indicator, the desired SAL can normally be achieved
with less treatment than would be recommended when using the overkill method. The extent of the
required treatment is dependent upon the relationship between the biological indicator and bioburden
relative to population and resistance to the sterilizing agent.

7.3.3 For this procedure, the appropriate biological indicator with a test organism population of
less than 106 CFU (colony-forming units) per carrier can be employed, as long as the desired SAL can
be demonstrated. The variation in bioburden should be considered when determining the minimum
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biological indicator population that should be used to validate a sterilization process. The population of
the biological indicator should not be less than 103 test organisms per carrier (see Figure A.1).

7.3.4 Procedures for the estimation of the product bioburden are discussed in ISO 11737-1. Due to
bioburden variation, it could be necessary to characterize bioburden and bioburden resistance on a
routine basis.

Studies of the resistance of the total bioburden population could be required in order to ensure that
the challenge provided is less than that of the biological indicator. One possible method to determine
this would be to run sub-lethal sterilization cycles to determine that the bioburden population does not

sur

7.3]5 The fundamental criteria of the combined biological indicator/bioburden methpdolo
seldcting processing conditions that reduce the population of the bioburden to\109. An
safdty factor consistent with the labelling of the product should be applied to the’holding |

jological indicator (kill curve log-linear within a coefficient of determination of 0,8). How
cator organisms might be less resistant to the process than'those specified in the 1SO 11

Figure A.2).

7 If the resistance of the bioburden is greaterrthan that of commercially availablg
cators, resistant strains isolated from the biobuirden should be considered for inclusion|
elopment studies (see ISO 11135 and ISO 17665-1). Alternatively, the holding period or d
ncreased by a factor determined by the \rélative resistance of the bioburden and the
cator or a biological indicator with a higher population creating a challenge greater than
resistant strains may be used.

7.4

Bioburden method

7.4
esti
ind
use

1 Reference should berhade to the ISO 11737 series for the appropriate microbiological
nate the bioburden. Some bioburden microorganisms can have greater resistance than th
cators described inthe’/ISO 11138 series. Bioburden microorganisms with higher resistan|
1 as a model biolegieal indicator (see 7.3). The method is discussed in ISO 14937.

7.4
met
spe
int

2 Information on validation and routine monitoring and the applicability of absolute
hods is given in the relevant International Standards for the particular sterilization proce
Cifications for an absolute bioburden method, without any reference to biological indicaton]
ne ISO(11737 series.
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or equal to
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8 Biological indicators in sterilization validation

8.1 General

When biological indicators are used in the validation process, one should also consider the type(s) of
biological indicators that can be used in the routine monitoring. Different biological indicators can
provide varying degrees of challenge to the sterilization process (see Figure A.2). If different biological
indicators are used for validation and routine monitoring, both should be included in the validation
studies so that the resistance relationship of the two can be established and documented.
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Validation of a sterilization process requires documentation that the process is capable of consistently
producing a product that meets its predetermined specifications (see ISO 11135, ISO 14937, 1S0O 17665-1
and ISO 20857).

8.2 Placement and handling of biological indicators
8.2.1 The number of biological indicators in products and/or product loads should be documented.

8.2.2 The user should document the placement of the chosen biological indicators in the sterilizer
chamber, withi e product-load-ora-PCD (see ex B). Other considerationsto be addressed in
indicator placement within the product load are loading patterns, load density and geometry,
PCL(s), plqcement of physical and/or chemical sensors or probes, potential stratification of phydical
elements, the effect of packaging, etc.

alla he nrod o0ad o oo _Anne

8.2.3 The biological indicators should be removed from the sterilizer load as soon as possible after|the
process, without compromising the safety of personnel. They should be tested within a specified fime
interval that has been established for that product and process. The time intervals between preparafion
of the indicators and their use in the sterilization process, and between the ‘end of the process fand
the culturipg of the indicators should be justified in order to demonstratecthat these intervals have no
effect on the results of the biological testing of the sterilizer or sterilization process. These justified

time intery
those statd
performan

8.24 Ap
indicators

8.3 Ster

83.1 1Q

als should not be exceeded. If the biological indicators are-handled in a manner other {
d by the manufacturer, the procedures should be validated to determine if they affect
Ce of the biological indicator. Any established time intervals should be followed.

blicable requirements for worker safety should\bé&é”observed when removing the biolog
rom the sterilizer.

jlizer qualification

hnd OQ are performed to obtain_dnd document evidence that the sterilizer, its services

ancillary equipment have been provided and.installed in accordance with its specifications, and that]

sterilizer fi
[SO 11135,

Biological
distributio

inctions within predetermined-limits when operated in accordance with instructions
ISO 17665-1 and ISO 2085%).

indicators can be used’in 0Q/PQ, for example, to establish evidence of uniformit)
I of sterilizing agents:

8.3.2 Manufacturers of \sterilizers might have performed type tests using biological indicators

specific tyyl

es of load (see Annex B).

8.4 Performance qualification

Following

han
the

ical

and

the
see

; of

for

is

conducted to document the reproducibility and the efficacy of the sterilization process, including its
ability to produce product meeting its predetermined quality specifications. Validation establishes
process conformity with predetermined specifications; relevant International Standards such as
[SO 11135, ISO 14937, ISO 17665-1 and ISO 20857 can apply. Different biological indicators can provide
varying degrees of challenge to the sterilization process (see Figure A.2). Correlation between the
biological indicators used for cycle development and validation and routine monitoring should be
established and documented.
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8.5 Review and approval of validation

Upon successful completion of qualifications, a review of the validation documentation, including
biological indicator performance, is necessary prior to beginning manufacture, in order to verify that
the process conforms to requirements.

8.6 Requalification

8.6.1 When performing requalification, the same resistance characteristics, number of biological
indicators, their placement in product load, etc., should be used. If a new biological indicator is being
qua]lified for the process, it is important to establish and document a correlation betwegn the new
biological indicator and the previous biological indicator.

8.6
sho

2 When using moist heat or ethylene oxide sterilization processes, ISO 17665-1 or [ISO 11135

uld be used.

8.6)3 A minimum frequency for evaluating the resistance characteristics of\a biological indifator batch
shopld be established. Considerations leading to different intervals for requalification of th¢ biological
indicator system could include seasonal changes, product and mateiial changes as well as|equipment
chapges, etc. If the resistance characteristics of the biological indicator-change outside the priietermined
limits, requalification should be performed. If the recovery mediwm is changed, the new growth medium
shopld be correlated to the previous one used and the choice.of'new growth medium should He validated

(seg¢ also 12.4).

NO1T
exp
rec

tics can be
if stored as

E For biological indicators purchased from a qualified supplier, resistance characteris
bcted to remain within the expected tolerance (see 1S '11138-1) throughout the labelled shelf-life
mmended on labelling.

9 (Biological indicators in routine{monitoring

9.1 General

9.1
pro

1 Biological indicators provide a method for demonstrating microbial lethality in a g
Cess; however, fractional (g7g. half cycles), might need to be conducted during validation

qu

tify the lethality. For~well developed, validated processes parametric release may be pqg

terilization
in order to
ssible (e.g.

bments can
' processes

ethylene oxide, see ISO-11135; or dry heat, see ISO 20857), however local regulatory requir
alsq require the use 6fbiological indicators as part of process monitoring and batch release. Fo
whgére the process.variables cannot be reliably measured and therefore parametric release| of batches
is njot possiblebiological indicators provide the best available alternative for demonstrating microbial
lethality in the)sterilization process. See ISO 11135 for ethylene oxide and ISO 20857 for dry heat.

9.1 should be
con DN process
development or the validation. If the microbiological challenge system used for routine monitoring of the
sterilization process differs from that used in the validation of the process, the relationship between the
system for validation and for routine monitoring should be documented.

2~ The type of biological indicator and its placement in the product or product load
cistent with prndnr‘f load locations that have bheen determined dnring the sterilizati

9.1.3 The specified time intervals between preparation of the indicators and sterilization, and between
the end of the process and the culturing of the indicators should be justified in order to demonstrate that
these intervals have no effect on the performance of the biological indicator (see 8.2.3).

9.1.4 Biological indicators for routine monitoring that are used in the combined biological indicator/
bioburden method (Z7.3) will not comply with all parts of the ISO 11138 series if the population and/or
resistance is below the minimum requirements of the respective part (see ISO 11138-1:2017, 6.1.3).
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9.2 Plac

ement and handling of biological indicators

9.2.1 During cycle development and validation, biological indicators are placed in those sites within
the product and load that present a rigorous challenge to the sterilization process. During routine
monitoring, it could be desirable to place the biological indicators in more accessible locations using
a PCD (see 9.3). In these situations, the placement of the biological indicators should be correlated
with the locations employed during cycle development or validation to ensure that the integrity of the
sterilization process is not compromised. Consistent placement of the biological indicators employed for
routine monitoring should also be ensured.

9.22 Th
proper har
should be 1
time perio
appropriat
(see Clausd
eliminated

9.2.3 In
viability of]
these chec
biological i
suitability

NOTE

9.2.4 Th
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with the d¢

9.3 Proc

e directions of the supplier of the biological indicator should be followed with regard(to
dling of the biological indicator subsequent to sterilization. In general, biological indica

d that is justified (see Clause 11). They should then be aseptically transferred to

hddition to the qualification requirements on medium growth propérties (see Clause 12)

bf the growth conditions.

National guidance documents can require the use of unexposed controls.

sired criteria.

ess challenge device

9.3.1 A FCD in combination with biglegical indicators can be used both for validation and rou

monitoring
within the

of sterilization cycles. PCDs are designed so that the placement of the biological indic
PCD constitutes a locatien that is deemed to represent a suitably stringent challenge to

process. The design of the PCD\can vary according to the nature of the product to be challenged

Annex B fo

9.3.2 PC
influence t
as well as

local stand

F various examplesof PCDs).

Ds should bel designed with consideration given to the various process parameters

he sterilization process. Composition of a PCD depends on the type of cycle to be monito
the type-of product to be sterilized. Examples of process challenge devices can be foun
ard$ such as ANSI/AAMI ST79 (steam sterilization), EN 285 (steam sterilizers), EN 1

(EO sterilif

eFs).

the biological indicator (see Clause 11), the user could also perform abbreviated version
ks during routine monitoring of the sterilization process. For.example, using an unproceg
hdicator incubated in the growth medium indicates both theviability of the indicator and|

b process should be considered acceptable only when the desired physical and/or chem
have been reviewed and the microbiological results interpreted and both found to comply

the
fors

'emoved from the load without compromising the safety of personnel and within @ specified

the

e growth medium within the defined time period and incubated at the properitemperatiires
 12). When self-contained biological indicators are employed the need for aseptic handlir
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9.3.3 PCDs canbe commercially available as prefabricated sets, often called “biological test packs”. PCDs
and their placement in the product load should represent a challenge to the process that is equivalent to
or greater than the challenge represented by the product load.

16
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10 Interpretation and acceptance criteria

10.1 General

10.1.1 The criteria for acceptance of a sterilization process as satisfactory should be decided upon
during the sterilization process development, using relevant standards for the validation and control of
the sterilization process.

10.1.2 In order to obtain reliable results, routine procedures should be established and maintained and

shoptde—es

10.2.2 Any biological indicator test results showing growth of the‘indicator when no growth would
be ¢xpected can be an indication of an inadequate process, a défective biological indicator, 4 faulty test
system or laboratory/operator error and should lead to an investigation. Action to be taken upon growth
of a|biological indicator subsequent to sterilization processing can vary with institutional and| regulatory
policies and could require that the batch of product be.rejected as non-sterile. The identjification of
growth as that of the test organism should be confirmed, and an effort made to identify the dause of the
growth. Consistent growth of biological indicators*after sterilization processing can be indjcative of a
steifilization process that was not delivered in acegrdance with the validated parameters, an jnadequate
steifilization process or could possibly be due to-the use of a biological indicator batch with ai unusually
higllz]resistance to the sterilizing agent. If an investigation indicates that the sterilization pfrocess was
delivered appropriately and there is no significant change in the biological indicator that would affect its
performance in the sterilization process,then the sterilization process should be repeated. Gram staining
in cpmbination with colonial and cellular morphology or genetic identification methods can lpe useful in
det¢rmining that the growth is net the indicator organism.

NOTE Some indicator organisms can be gram variable.

10.2.3 The particular sterilizer, type of product, and the loading of the product all affect the sfterilization
profess. The resistance characteristics of the biological indicator used in the process|should be
estgblished for thé.overall system to be effective. Acceptable data from the biological indicatof are only a
parf of the datauiecessary to show that the sterilization process has been successful.

10.2.4 Gultures showing growth that is not confirmed to be the indicator organism should| be further
investigated to determine the cause of the positive growth. Frequent test contaminants car} indicate a
faullytest system or inadequate training of personnel

11 Application of biological indicator standards
11.1 General assessment of biological indicator performance by the user

11.1.1 The two main characteristics of a biological indicator are the nominal population of
microorganisms and the resistance of the biological indicator to the sterilization process, expressed as
the D value.

11.1.2 The biological indicator should be transported, stored and handled to ensure that the nominal
population and resistance characteristics are maintained during the shelf life. Sterilization of culture
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medium, incubation conditions, test equipment maintenance, and training of laboratory personnel are
some areas that should be defined and controlled to ensure appropriate performance of the biological
indicator. The user can periodically verify the biological indicator population. When the above-mentioned
areas are controlled and validated, routine biological indicator testing by the user might not be necessary.

11.1.3 The user should note any deviation from the process that is employed and the reference set of the
parameters that has been defined for the process. If the sterilizer cycle parameters or load are the reason
for the deviations in the biological indicator's resistance characteristics, the user should investigate the
possibility of eliminating these variations and requalify the process.

11.1.4 Vatiations in resistometer performance can in some instances give different resistgnce
characterigtics results for the indicator. In such cases, the manufacturer should, on request,”give
informatioh on details of the relevant testing conditions.

11.1.5 Ifthe user establishes data on the nominal population count or the D value and these are outside
the limits rfequired by the relevant standards or outside the label information, the useris encouraged to
seek information from the manufacturer to ensure that the same techniques, methods, and conditfons
are used to obtain the datal17][18][19][20][21][22][23][24][25],

11.2 Nominal population of test organism

11.2.1 1SQ 11138-1 requires the manufacturer to report the nominal population of test organismis of
each biological indicator as part of the labelling information. The requirements are given in the standards
for the mirfimum number of microorganisms on a biological indicator or inoculated carrier to ensufe a
minimum fesistance of the indicator. When tested, the populdtion should be between 50 % and 30D %
of the nonpinal population. The BI population as labelled by the manufacturer should be used in all
calculationg following verification. The biological indicator manufacturer should be consulted to engure
that the same techniques and procedures are used, because variations in testing procedures can affect
the population determination results. [ISO 11138-1Ixrequires the manufacturer to provide this information
on request

11.2.2 Spores, such as Geobacillus stearothermophilus, can require a heat-shock procedure in ofder
to obtain greater accuracy in counts.iSeveral combinations of temperature and time have been ysed
successfully. The results can be inflienced by the mechanical treatment of the inoculated carrier fand
thus by th¢ microorganisms, during’ preparation of the aliquots[19]. Different laboratory practices and
even variations in the performanee of individual personnel can lead to different results.

11.2.3 Th¢ method for removing spores from the inoculated carrier should be validated and can include
mechanical disintegration of the carrier or other methods, such as ultrasonication. If the user applies a
different method frém 'that recommended by the manufacturer, the method should be validated.

11.2.4 The fluid for disintegration should not influence the number of surviving microorganisms (e.g.
it should rot=he a grn\/\lfh mpdinm) and should not otherwise npgnﬁvplv influence the result hy any
inhibitory effect on the growth of the microorganism (see Clause 12). The fluid should be sterilized prior
to use and its sterility validated.

11.2.5 The user should follow the manufacturer's recommended procedures for recovery to ensure
comparable results.

11.2.6 The sterilized fluid and the processed, inoculated carrier should be treated aseptically to avoid
any microbial contamination or cross-contamination that could bias the results.

11.2.7 Attention should be given to the accuracy of the plate counts. The accuracy of plate counts is
dependent on a variety of factors including dilution and pipetting error, calibration of pipetting devices,
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technician training, and the number of colony-forming units (CFUs) per plate. It is generally accepted
that plate counts should be between 30 CFUs and 300 CFUs per plate for greatest statistical accuracy.

11.3 Resistance determination

11.3.1 General

If the user chooses to verify the label claims or determine the D value of the biological indicator in or
on the item to be sterilized, then they should employ the same conditions as the manufacturer. This
includes employing the specific parameters for the relevant resistometer. The biological indicator
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stance can be estimated or calculated using three approaches: the survivor curve

b intervals of the sterilization process (i.e. parts of the holding time), the indicators are t
methods outlined in a) to c). The ISO 11138 series provides requirements for‘each met|
be used in combination to estimate resistance.

main differences between the three approaches are as described in a) to'c).

Survivor curve method: This method requires counting of colonies..Depending upon the
inoculated carrier and the properties of the microorganism, this 6ften implies the use of 1
degradation of the inoculated carrier (performed using aseptic techniques) with
retrieval and counting of the total retrievable count of CFUS.on solid medium (e.g. distin
on agar plates).

Fraction-negative method: This method requires growth/no-growth determination ar
aseptic transfer of the intact inoculated carrier nto the fluid culture medium. The
performed without any mechanical, microbiological or thermal influence on the inocula

Survival-kill response characteristics: This ds based on a fraction-negative method, gi
limits where all samples show growth and\upper limits where none of the indicators shg
after exposure to the whole sterilization' process or after time or dose intervals of the s
process (see ISO 11138-1:2017, Annex-E).

E The determination of D values from any series of exposures generally applies averag

ion to the results from the sample set. Combining data in this fashion has a statistical restricti
only be combined when the-samples are statistical equivalents. For example, if 10 samples are

8.2 Survivor curve method

5 method is;also referred to as the “direct enumeration method” and the “enumerati
hod.” THis ‘method makes use of direct counting procedures (see ISO 11138-1) and
formed-on inoculated carriers (see Figure A.4).

further details on procedures, see 11.2 and Annex F.

ughout a sterilization chamber, they are not all true equivalents. However, multiple samples clus
e location within the sterilizer chamber can be considered true equivalents (see EN 285 and Refd

thod, the

e
tion-negative method and calculation of the survival-kill window. After exposure. te ri)lcremental
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11.3.3 Fraction-negative method

There are several such methods in use, called fraction-negative or quantal methods. Growth or non-
growth is observed relative to the number exposed (see Figure A.4).

This document gives the common reference method for the ISO 11138 series, which is the Limited
Holcomb-Spearman-Karber Procedure (LHSKP). Two other commonly used statistical methods, the
Holcomb-Spearman-Karber Procedure (HSKP) and the Stumbo-Murphy-Cochran Procedure (SMCP),
may be used under particular conditions (see Annex C).

a) Limited Holcomb-Spearman-Karber Procedure (LHSKP): This procedure can be used if the successive
exposure conditions, such as times or doses, differ by a constant time interval and if an identical
number of replicates is exposed at each exposure time interval. For example, exposures could be at
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3 min, 5 min, 7 min and 9 min, which represent a 2-min time interval. ISO 11138-1 specifies at least

20 replicates at each interval for the LHSKP (see Table 1 and Figure A.4).

NOTE The critical parameter “time” can be replaced by “dose” in some sterilization processes such

as ozone.

b) Holcomb-Spearman-Karber Procedure (HSKP): This method is similar to the LHSKP but uses
generic formula which does not require use of the same number of replicates nor that constant t
intervals be used.

c) Stumbo-Murphy-Cochran Procedure (SMCP): The formula for the SMCP requires one result in
fractigmregative Tange, comnsisting of tine, ¢, the romber of umnits regative for growtly, 7ard

numbdr of replicates, n, at one exposure time within the fraction-negative range, and the in
numbgr of microorganisms per replicate, Np.

To obtlin a higher level of confidence using the SMCP, the D value should be calculated as
average of at least three runs in the fraction-negative range in order to confirm repreducibility:.

For furthey details on procedures, see Annex C.

11.3.4 Sufvival-kill response characteristics

This methad requires a total of 100 biological indicators with 50 replicates at the 2 conditions identi

the
ime

the
the
tial

the

fied

as the time at which all indicators will show growth and the timefat which no indicators will show

growth after exposure to the specified conditions (see Annex G).
11.4 z value determination

11.4.1 Geperal

The z valud is equal to the negative reciprocal of the'slope of the best-fit rectilinear curve as determined

by regresdion analysis. The z value allows the user to express equivalent lethality for ther
sterilizatign processes. The z value calculation-is the only means of expressing the measured lethz
under varipble process conditions which eah range from massive slow-to-heat loads to low den
loads that achieve steady-state conditions more quickly.

The z valug¢ can be determined with enly two process D values. However, the resulting value will K
wide confidence limits. For thissreason, it is preferred to calculate the z value from three or n
process D yalues, as specifieddn SO 11138-3 (see Figure A.3).

11.4.2 Graphically pletting the z value

The z valug can bedetermined by graphically plotting the log of the D value versus temperature;ln a

semi-log sdalel2ZIxFhe line-of-best-fit will be linear (Figure 1) and the z value estimate is the neg
reciprocal pf the'slope.
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Figure 1 — Graphically plotting the z value

11.4.3 Mathematically calculating the(z value

Thd

whg

slope of the best-fit rectilinear €urve is calculated using Formula (1):
(nG)-(4B)
(nC)- (Az )

m =

re

m is the slop€ of the best-fit rectilinear curve;

n isthenumber of D value/temperature pairs;

@)= Y [1(logio »)];

N
Il

2[0]
B = ¥ (0s:07)];
G

t isexposure time;

y  is minimum D value.
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The z value is equal to the negative reciprocal of the slope obtained and is calculated using Formula (2):

3

m

z value = —1[ (2)

11.4.4 Correlation coefficient, r, for the z value

The correlation coefficient, r, is a mathematical value that indicates the precision with which the
D values can be predicted by a linear regression of temperatures and respective D values. A correlation
coefficient of +1,000 0 or -1,000 0 would indicate that all data points lie on the linear regression line. The
square of the correlation coefficient, rZ,is referred to as the coefficient of determination. The coefficjent
of determination is a measure of how well the regression line represents the data. An r2 value of 9,800 0
or greater |s considered an acceptable model fit. The detailed calculations appear in Annex E:

NOTE 1]
calculationd

'he above calculations are expressed to four decimal places to not reduce the accuragy ‘of the alpove
. Rounding to one decimal place occurs at the end of the calculation.

11.5 F(T,4) equivalent sterilization value determination

F(T, 7) is def the

F(Tref, z) T€C

ined as the process equivalent minutes at any reference temperature Tref. Calculation of]
juires the z value to be known, as shown by Formula (3):

ey

'he temperature;

in__y}ef
VA

F 3
( (3)

ref,z

where

T is

Tref is the reference temperature;

z  is the specific z value.

The most common F value is Fp, uséd 'in moist heat sterilization. Fg is a specific F value for|the

equivalent
for moist h
recently in|

biological indicators, the actual process time at any temperature is calculated to the specific referg

temperatu
integratior

11.6 Establishing spore-log-reduction

minutes at 121,1 °C using/a z value of 10,0 °C. This has become the worldwide stand
eat process design. F-equivalent values have been applied in moist heat, dry heat and ny
ethylene oxide sterilization processes[28]. When validating and monitoring processes u

Fe as a functiof of the specific z value for that particular biological indicator. This allows
of lethality and is used to calculate the actual SLR value for the process.

The thernj

ard
ore
bing
nce
the

al<death-time curve is a method of comparing F values on a logarithmic scale ver

sus

temperature. This method allows the process to be expressed relative to its effectiveness in reducing
the spore challenge. The F value represents equivalent time at a specified process temperature, which
in conjunction with the D value, allows the calculation of the reduction in the number of spores of a
homogenous population by a specific amount. This result is the lethality delivered in the process
expressed as a SLR and can be expressed as the log of the initial spore population, Ny, minus the log of
the final population, Np. The formula for calculating Fr using this change in the microbial population at
the specified process conditions is given by Formula (4).

Fir,7)=Dr (logNg —log N ) (4)
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where

T isthe temperature;
z  isthe specific z value;
D7 is the D value at the specified temperature T;

Np is the initial spore population or bioburden;

Nr is the final spore population or bioburden.
Thif change in spore population is the SLR which is represented by Formula (5):
SLR=log N, —logNg (5

The thermal-death-time can therefore be expressed using Formula (6):
Fr =D xSLR (6)

The process SLR is then used to calculate the product SAL.

11.[7 Sterility assurance level calculation

The probability of a non-sterile unit from a micrebial control process is expressed as SAL. The SAL

calqulation uses Formula (7):

(SLR-log N )

SAL =10~ (7)

whegre

No  isthe initial spore pepulation or bioburden;
SLR s the spore-log-reduction.

Theg commonly acceptedSAL is 10-6, i.e. one in a million chance of having a non-sterile unit|Therefore,
the[total integrated-lethality should deliver an excess of six more SLR equivalents than th¢ microbial
challenge that was'sterilized.

NOTE THis)concept is graphically expressed in Figures A.1 and A.2.

11.8 Test equipment

11.8.1 Particular attention should be given to the kind of resistometer used. ISO 18472 gives
requirements for special resistometers to be used in order to comply with the requirements of the
standards.

11.8.2 A pilot plant sterilizer or a production sterilizer can provide useful information but should not be
relied upon to verify manufacturers' label claims. Attention should be given to the set of parameters and
the number of vacuum pulses as well as the depth of vacuum.

11.8.3 All technical equipment, including automatic or adjustable pipettes, should be periodically
calibrated and/or controlled.

11.8.4 The maintenance of technical equipment should be documented.
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12 Culture conditions

12.1 General

12.1.1 Manufacturers of biological indicators are required by ISO 11138-1 to provide information to the
user as to the culturing conditions (i.e. the time from the end of the sterilization process to the beginning
of the incubation). If the user employs other culturing conditions, these should be validated by the user.

12.1.2 The procedures should be performed ina laboratory area deflned for thls purpose g1v1ng proper
attention te C -
controls wjth each assay performed when using general laboratory areas for these assays If a def' ed

area canno
be perforn
between th
same or Siij

12.1.3 Culture conditions recommended by the manufacturer of the biologieal indicator should

followed. I
should be ¥

12.2 Incu

12.2.1 Th
recommen
incubation

12.2.2 Tes
sensitivity
at incubati
at incubat
indicators
60 °C, and

pn temperatures below the recomménded incubation temperature and decreased recoy

be found for this purpose, or if there is any risk of cross-contamination, the procedute sh

ed in a defined critical zone (e.g. a sterile bench or biosafety cabinet with noair'éxchg
e critical zone and surrounding areas where biological indicators or microorganisms of]
hilar growth properties are being manufactured, packaged or otherwise handled).

culture conditions other than those recommended by the manufacturer are employed, t
ralidated to determine their effect on the performance of the biological indicator.

bation temperature

b labelling of the biological indicator should always be consulted with regard to
led incubation temperature. Failure to incubatec¢hiological indicators at the appropr
temperature can invalidate the test results.

t organisms that have been exposed td“a sterilization process can exhibit increz
to variations in incubation temperature{Some test organisms can exhibit increased recoy

on temperatures above the recommended incubation temperature. In general, biolog
bf Geobacillus stearothermophilus-can be incubated at temperatures in the range of 55 °

uld
nge
the

be

the
iate

sed
rery
rery
ical
C to

biological indicators of Bacillus atrophaeus can be incubated at temperatures in the range of

30 °C to 37|°C or according to the specifications provided by the manufacturer.

12.3 Incubation period

12.3.1 The¢ incubation,period required could vary with the nature of the biological indicator jand
sterilizatioh process; {SO 11138-1:2017, Annex B recommends a period of 7 d for biological indicafors

for establig
manufactu

The incub

hed progesses. The labelling of the biological indicator and other information provided by
Fer should be consulted in this regard.

the

htion period information provided by the biological indicator manufacturer is validz

ted

using defi

ed eXposUre and incubation conaitions. T e eXposure conditions can vary from those imn

the

user’s facility. Therefore, the user may consider verification of the biological indicator manufacturer's
recommendations for incubation time, based on the user’s quality policies and procedures.

12.3.2 For non-standard or new sterilization processes not covered by current International Standards,
the incubation period should be validated against current national requirements; ISO 11138-1:2017,
Annex B recommends an incubation period of 14 d.

12.3.3 A biological indicator manufacturer may validate a design of a spore carrier/recovery medium
combination (e.g. a spore strip sold with recovery medium as a Kkit, or a self-contained biological
indicator). The reduced incubation time validation for this product does not have to be repeated by the
end user, as long as the end user uses the product with the same sterilizing agent as that used in the
validation (e.g. design validated and used in ethylene oxide). If the end user intends to use a spore carrier/
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recovery medium/incubation temperature combination that has not been validated by a manufacturer
(e.g. a spore strip used with a recovery medium not sold as part of a kit), the end user should validate a
reduced incubation time using a defined statistical sampling plan and procedure with pre-established
acceptance criteria.

12.3.4 Self-contained biological indicators might not contain a sufficient volume of media to allow
for recovery over prolonged incubation periods in some test settings, without media dry out. The
manufacturer should be contacted for instructions on how to carry out extended incubations for their
self-contained biological indicators.

ersareTre e g = -contained
indicators do not retain or release e wth of low
d for more

12.4 Choice of growth medium

12.4.1 Most manufacturers of biological indicators either provide thie)culture medium |directly or
proyide information regarding the preparation of a suitable cultureZmedium. The cultufe medium
employed by different manufacturers can vary significantly; thus, itis important to follow the biological
indicator manufacturer's recommendations.

12.4.2 For validation of biological indicator incubation times, the inherent variability of the culture
medlium makes it advisable to screen the performance ofiseveral medium batches and to resefve suitable
quapntities of batches found to provide the desired grewth performance. This would allow domparison
with new batches.

12.4.3 Selection of a suitable culture medium*requires consideration of many variables, quch as the
pH Jof the culture medium and the presence of inhibitory substances such as salts, pH inficators or
antibiotics. Other substances in the culture medium can affect the recovery of sterilizing ageht-stressed
testforganisms.

12.4.4 User-supplied culture medium should not be overprocessed, as extended sterilization|can induce
chapges that can affect its growth-promoting properties. The ability of the culture medium fo promote
the [growth of low numbers‘ef microorganisms should be demonstrated[17]1{22][29][30],

12.4.5 Each batch of growth medium should be checked by a suitable growth promotign test and
conipared with a<batch previously used, so as to determine batch-to-batch consistency. The growth
promotion testing should include the specific test organism used in the biological indicator.

13|Third-party considerations

13.1 General

13.1.1 Additional testing, whether in-house or by third-party laboratories, might not be able to duplicate
a manufacturer's label claims due to inherent variation in test systems and personnel. For this reason,
tolerances are stated in ISO 11138-1:2017, Annex Bl24][25][26],

13.1.2 Third-party facilities should employ the test equipment and test methods, including all parallel
and repeated tests, that are required by the relevant International Standards.

13.1.3 A third-party testing facility could be a testing laboratory that is in conformity with 1SO/
IEC 17025 or that has a recognized quality system for the service.
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13.2 Minimum requirements from ISO 11138-1 for replicates and total number of
biological indicators

Table 1 — Minimum samples according to method

Test method in accordance Minimum number of | Minimum number | Minimum total number
with ISO 11138-1 test samples of exposure condi- of test samples
tions
Initial count of viable test organisma 4 — 4
Survivor curve method M c -
(see Annex]F) i - i
Fraction-nggative method 20 5b 100b
(see Annex|C)
Survival-kifl window
(IS0 11138}1:2017, Annex B) 50 2 400
Minimum tptal number depending on choice of combination of methods: 124 or 204

NOTE Comiyj
parts of the

The vial

b The ext
a condition fj

a

hon test conditions for specific sterilization methods have developed over time and are presented in subseq
SO 11138 series.

le count of the unprocessed inoculated carrier or biological indicator.

a set of testing conditions at the exposure subsequent to tg (see Table C.1),isriot used in the calculations, b
or accepting the test results as valid.

lent

It is

A total of
with at lea
requireme
exposure [
biological

biological i
responses.
50 replicaf
determine
of the thre
depending

At least thiree D value determinations at three different temperatures are required to estimate

z value for
processes 1

ISO 111381

13.3 Test]

A testing I

at least 20 biological indicators is needed for the survivor curve method (see Annexy F

st five exposure periods and four replicates for eachi-period. Annex C covers the mini
nts for the LHSKP, with a total of at least 100 biological indicators. A minimum of five gr

hdicators. There should be a minimum of two intermediate exposures that resultin fracti
The survival-kill window characterization requires a total of 100 biological indicators {
es at the two conditions (ISO 11138-1:2017, Annex B). The resistance characteristics
1 in accordance with ISO 11138-1,which requires application of at least two methods
e mentioned. This implies the use of at least 124 or 204 biological indicators respectiy
upon the methods chosen.

moist heat sterilization processes in accordance with ISO 11138-3 and dry heat steriliza
n accordance withdS0"11138-4[25],

1:2017, Annex®B'yequires four replicates for the determination of viable count.
equipment

hboratory that performs tests in accordance with the ISO 11138 series applies the requ

test equipy

vith
are
out
rely,

the
[ion

red

hent, including the relevant resistometer (see ISO 18472).

For further information, see 11.8.

14 Personnel training

Personnel responsible for the placement, retrieval, testing, and all other handling of biological indicators
need to be suitably trained. This training should be documented, and the adequacy of the training should
be periodically assessed. There should be written procedures for the testing and handling of the biological
indicators as well as for supporting activities such as preparing and sterilizing culture medium.

When aseptic techniques are used, particular attention should be given to training personnel in these

techniques
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Storage and handling

15.1 The vendor or supplier is responsible for shipment or transport to the user and should ensure
that temperature variations that occur during transport do not have an adverse effect on the labelled
resistance characteristics. The vendor or supplier should make agreements with the user on means
of transportation, to ensure that conditions are adequate to retain the performance characteristics of
biological indicators during the transportation. Likewise, if a user purchases biological indicators and
stores them at a central repository for subsequent further distribution, that user should ensure that
conditions are adequate to retain the performance characteristics of the biological indicators during the
transportation.
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ster
non
prid

Bio

D

4

The recommendations of the manufacturer with regard to the storage and handling o
cators should always be followed. Failure to follow these recommendations could adve
integrity and performance of the biological indicator and lead to incorrect assimption
efficacy of the sterilization process. In general, biological indicators should always be

heir protective packaging until ready for use. A biological indicator is delivered ready-
packaging system that protects it from extraneous microbiological influences. Biologic3

B Biological indicators consisting of non-hazardous microorganisms can be handlg
riction, and shipment and transport should follow internatiofial rules for transport of non
roorganisms.

Disposal of biological indicators

prding to ISO 11138-1, the biological indicator manufacturer is required to provid
ructions. Inactivated biological indicators.@an be disposed of as household waste. Ex

-hazardous nature. However, manufacturers' disposal instructions, which often require s
r to disposal, should be followed.

ogical indicators can sometimes'be defined as hospital waste.

age should take into account temperature, relative humidity, chemical influences and light.

If biological
'sely affect

regarding
maintained
to-use and
1 indicator

d without
thazardous

e disposal
bired, non-

ile and unused indicators can also be disposed of as household waste if the microorgamnism is of a

Ferilization
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Annex A
(informative)

Microbiological inactivation Kinetics and enumeration techniques

Y1
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10°
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103

A

102 \

10! \

100 \

A J

10+ \
of N

10° \

>V

7N\

10*
10°
10°
Y2v
Key
X  time or dose
Y1l number of

(plotted on logarithmic scale)

Y2 probability of

(plotted on logarithmic scale)

biological indicator
bioburden
D value

NOTE 1

28

surviving microorganisms

surviving microorganisms

O 0 N O U1 H»

half-cycle window

minimum sterilization process conditions

six log reduction (63 % positives)

seven log reduction (10 % positives)

eight log reduction (1 % positives)

theoretical twelve log reduction (0,000 1 % positives)

Log reduction for product achieved prior to the minimum sterilization process conditions.
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NOTE 2  For the purposes of this illustration, time and dose are shown as highly controlled steady-state
conditions and might not apply to process vessel conditions.

Figure A.1 — Examples of relationship between the biological indicator and the product
bioburden in a reference microorganism method

Y1
108 3 4

N / /

10
10
10°
I
2
102 2 \
10! AN

10°

1
10 N
102 AN

103 N 5 7
10+ \\r/

10°

10° /

Y2

Key
X |time or dose

Y1 |number of sufyiving microorganisms (plotted on logarithmic scale)

Y2 |probability gfa surviving microorganism (plotted on logarithmic scale)

curve representing a six log reduction of Bl with minimum specified resistance
curverepresenting a four log reduction of BI with 1,5 x minimum specified resistance

minimum half-cycle window

minimum sterilization process conditions
theoretical eight log reduction (Dpj = 1,5 x Dpjin)
theoretical twelve log reduction (D] = Dpin)

N O U W

equivalent challenges

Figure A.2 — Examples of equivalent biological challenges with preparations of different
resistance
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01
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Key

X  temperpture, °C

Y D valugl minimum, plotted on logarithmic scale

1 zvalue)°C

Figure A.3 — Example-of a z value determination (see 11.4)
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Y14
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103

102

10!

10°

< ¥

101

102

103
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t
Y2}

Key

X  exposure time or dose

Y1 number of surviving microorganisms (plotted on logarithmic scale)

Y2 probability of a surviving microorganism (plotted on logarithmic scale)

1 direct enumeration method: number of microorganisms determined by counting colonies formed by viable
organisms

2 fraction-negative method: number of microorganisms estimated from fraction-negative methods
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3 total inactivation (or “kill”) method: fraction-negative methods for showing no growth of the indicator

Figure A.4 — Areas for D value determination methods under uniform conditions
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Annex B
(informative)

Process challenge devices

B.1

AP
to g
PCI
rep

The
stel

operating cycle. The biological indicator should not interfere with the furiction of the PCD.

In spme PCDs, an inoculated carrier can be used in place of a biological indicator.

B.2
Thd

for thallenging sterilizing agent penetration into long hollow instruments.

NOT

B.3

Standard test packs are used in large.steam sterilizers for porous loads to check that rapid a
penetration of steam into the pack is attained at the levels at which the process variables ar¢

LD can have several configurations and uses. It is an item designed to constitute a defined

resented by the load.

General
=enera:

sterilization process and used to assess performance of the process. The commerciall
should represent a similar or greater challenge to the user's sterilization process tha

resistance
y available
h would be

device is constituted so that a biological indicator can be arranged in the place most difficult for the

ilizing agent to reach. The design of the PCD depends on the kind of goods to be steriliZ

Helices

helix consists of a coiled tube with a gas-tight capsule for the inoculated carrier at one en
E National standards for specific sterilizer§’can include requirements for such helices.

Standard test packs

ed and the

1, intended

hd uniform
set.

standard test pack comprises porous sheets wrapped in a particular configuration with biological

cators inside. They are-désigned to test the efficacy of the steam sterilization process for pqg

E National standards for specific sterilizers can include requirements for such standard tes

rous loads.

[ packs.

kaging and
user's PCD

[ biological

1nd1cators w1thout destroylng the goods to be sterlhzed The user could need one or several devices to
cover the PCL(s).

B.5 Biological test packs

This is a common description of commercially available PCDs that have a claimed level of resistance.
Biological test packs can be re-usable or single-use items, depending on the materials used and the
process parameters.
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Annex C
(informative)

Formulae for D value determination by fraction-negative method

Adapted from I1SO 11138-1:2017, Annex D.

NOTE
C.1 Prin
C.1.1 Th

ciples

s method establishes the number of surviving test organisms by indirect calculation b4

on the rec¢verable number of microorganisms as determined by visual observation of-growth in f

growth me
of the test
results obt
test sample
Fraction-ng
unit of mea3

C.1.2 Th
Procedure

NOTE
alternative

C.1.3 Teq

dium. The method referred to as “fraction-negative analysis” is a methodin*which a frac
samples shows no growth (the fraction-negative range) and the calculation is based on
hined with these data. A “total kill analysis” is also a fraction-negative.method in which all

sed
Juid
fion
the
the

s show no growth and the calculation is based on the results obtained with this requiremlent.

boative method is used when the recoverable number of test organisms is less than 5 CE
sure.

e Holcomb-Spearman-Karber Procedure (see C.3.1) and\Limited-Holcomb-Spearman-Kat
(see C.3.2) require successive exposures which span the fraction-negative range.

ther methods can be applicable, particularly when the survival-kill window is known. One
method is provided by the Stumbo-Murphy-Cochran Procedure (see C.3.3).

Us/

ber

uch

t samples should be subjected to definéd exposure conditions remaining within a defined

window (s
variables a

teady-state), except the process variable used to calculate the D value. Where the pro¢

e considered to be acceptably narrow, time is expressed as “t”. Where the control of pro

ess
CESS

variables ik too wide to be considered coemstant, methods of integration may be used to calculate
equivalentftime “U”. Both terms are found in the literature.

NOTE

C14 Th
exposures,

C.2 Mat

C.2.1 Teq

IIn this annex, the variable ‘¢” can be replaced by any other process variable used to calculate the D v

d, both affect théfeliability of the test.

erials

lue.

e number of samplés exposed, n, in each exposure and the intervals between sequential

biological i

dicators

t samples should be representative of spore suspensions, inoculated carriers or packe1ged

C.2.2 The relevant resistometer should be used.

NOTE
are given in

ISO 18472.

Test methods are given in subsequent parts of the ISO 11138 series. Specifications for resistometers

C.2.3 The incubator should be set to provide, and monitored to confirm, the temperature specified in

the culture

conditions.

C.2.4 The growth medium should be as specified in the culture conditions.

34
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C.3 Procedure
C.3.1 Holcomb-Spearman-Karber Procedure (HSKP)
C.3.1.1 Procedure

C.3.1.1.1 Test samples should be subjected to graded exposures to the defined exposure

conditions

with all process variables, except time, remaining constant. The total number of test samples should be

not less than 100. A minimum number of 20 replicates should be used for each exposure.

C.3
in W
gro

1.1.2 A minimum of five exposure conditions should be used including at least one;set

NOTE Details of requirements for specific resistometer process parameters are provided in re
of the ISO 11138 series.

C.3

C.3
vol

me of the specified growth medium. The volume of mediuni‘should be the same for eac

Theg manufacturer of the biological indicators should idenfify”or make available a suitabl

medlium and/or the complete data for preparing one (seealso 12.2 and 12.4). If the growth
included by the manufacturer as an integral part of the biological indicator, the manufacturer
instiructions should be followed.

C.3{1.1.5 The test samples should be incubated following the manufacturer's specifi
Thd cultures should be examined after the manufacturer's recommended incubation time

turbidity of the broth medium, growth on‘the surface of the broth, or sediment at the bottom
de
intggral part of the biological indicator (e.g. a self-contained biological indicator), growth or n

Fhich all test samples show growth, two sets of samples in which a fraction of the test sar
vth, and two sets of test samples, from sequential exposures, in which no growthyis ebsery

1.1.3 Samples should be cultured after exposure according to the manufacturer’s specifi

nding upon the characteristics ©ofthe test organism and broth medium. If the growth mg¢

of samples
hples show
Fed.

evant parts

ed method.

1.1.4 Each inoculated carrier is transferred aseptically to @'test tube containing ap adequate

h replicate.
e recovery
medium is
s culturing

methods.

e
i‘ validated
incybation time period (see also 12.2 anid-12.3). Growth of the test organism can be in

dicated by
bf the tube,
pdium is an
b growth of

the [test organism might be indicated by a pH colour change and should be interpreted accof]
matufacturer’s instructions.

ding to the

C.3
org

1.1.6 The results-are recorded as the ratio of inoculated carriers with non-recoverable test

hinisms to the totakhumber of inoculated carriers tested at each sub-lethal exposure.

C.3]1.2 Calculations using the HSKP

C.3{1.2,1~The calculations are based on a minimum of five exposure periods and should inclfide at least

one set of samples in which all tested samples show growth

— two sets of samples in which a fraction of the samples shows growth, and

— two sets of samples, from sequential exposures, in which no growth is observed (see Table C.1).

NOTE HSKP is similar to LHSKP (see C.3.2), except that it uses a generic formula which is not limited to the
same number of replicates at each exposure condition or constant time intervals between exposures.
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C.3.1.2.2 The average D value is calculated using Formula (C.1). See 11.3.3.

U
= HSK (€.1)
logloNO + 0,250 7
where
k-1
Uysk = Z U

=1

No is the average viable count per indicator determined by the total viable count method
(s¢e I1SO 11138-1:2017, Annex A);

U; is the ith treatment time;
k  isthe first exposure point with all units negative.

The data r¢quired for the calculation are given in Table C.1.

Table C.1 — Examples of data collected forr HSKP

Time of exposure Number of test samples Number of test samples
to sterilizing agent exposed showing no growth
(min) n ri
t
t1(U1) ni ri(r=20)3
t2 n 2
t5(Uk-1) ns rs
t6(Uk) neg re(r=ne)
t7 ny r7(r=nz)3
NOTIE t; is defined as the lohgest exposure time to the sterilizing agent in the exposure set where all test
samples show growth. Expesiire times ¢ to ts are increasing exposure times in the fraction-negative area.
Expg@sure times t and t7are two sequential exposure periods at which all samples show no growth.
a  [Thetestisvalidif there are no negative units, i.e. no negative test samples (r = 0), with all units showing
groyth at the exposure preceding t1, and all negative test samples (r = n7), i.e. none showing growth at the
expgsure subséquent to tg.

C.3.1.2.3 |For\times of exposure to sterilizing agent, t1 to ts, the factors y and y are calculated uging
Formulae (JC.2) and (C.3):

i ¥t
2
Fiv1)y i
Y = (’;__. (C.3)
N1y M
where

ri is the number of test samples showing no growth at exposure condition ¢;;

n; is the number of test samples exposed at exposure condition ¢;.
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rl.+1

At tq, all test samples show growth and so y; is the number of test samples R
n. +
1

From the calculated values of y; and y; above, the value U; can be calculated for each exposure period, t;,

using Formula (C.4).
Ui=2Xi7i (C4)

C.3.1.2.4 The mean time to sterility, Uysk, from any of the test samples can then be calculated as the

sum-of U; for each exposure pprind t+ totg as shown hy Formula (C5):

Uhsk = Z,U,- (C.5)

C.3]1.2.5 Where the interval between exposure times, d, is constant and thé same numer of test
sanjples, n, is used at each exposure time, the mean to sterility, Uysk, can be cdlculated using Foffmula (C.6).

U r, (C.6)

d d!
U —

HSK -
where

Uk is the first exposure time when all units are negative;

d isthe exposure interval.

C.3]1.2.6 The mean D value, D, can be calculated using Formula (C.7). See 11.3.3.

U
HSK €7)
loglONO + 0,250 7

D=

NOTE1  The Euler constant = 0;577 2.
NOTE2 0,577 2/In10 = 0,250'7.

where Ny is the initial viable count of test organisms per test sample (see ISO 11138-1:2017, Annex B).

C.3[1.2.7 The 95% confidence interval for D (p =0,05), Dcal, is calculated using Formula ([.8):

Deje =DE 2V (C.8)

C.3.1:2:8—The vartance, v, s catcutated using Formuta (€97

2
Voo 23026 (€9)
InNg +0,5772

C.3.1.2.9 The “a” for the variance is calculated using Formula (C.10).

a=0,252 (t(i+1) —t(i_l))z I u (C.10)
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C.3.1.3 Example calculations using the HSKP
C.3.1.3.1 See Table C.2.

Table C.2 — Examples of data with non-constant time intervals and non-constant number of

samples
Exposure time to sterilizing | Number of test samples ex- |Number of test samples show-
agent posed ing no growth
(min) n ri
t
t1=10 n1 =20 r1=0
t2=18 nz=19 rp=4
t3 =28 n3 =21 r3=8
t4=40 n4=20 ]"4_:12
t5:50 n5=20 r5:16
te = 60 ne =20 ¥ =20
t7=70 n7=20 ]"7:20
C.3.1.3.2 |Calculate y; and y; for each exposure period, t;:
tilt i+
Xi=—T -
2
t +t1+1)
X1= 5
19+18
= =14
X1 5
18+28
=— =23
X2 5
28+40
X3 = =34
2
40 +
14 __O 50 _45
2
50+.60
=— =55
Xs 9
60+70
Z6 = :65
2
n;+1 n;
rn+l nrg
M=——7""—
ng+1 ng
4 0
= — = 0'
719" 20

38 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=ee7fe1a5dbe93688864177230c6a0b43

1ISO 11138-7:2019(E)

_20_20_,

7620 20"

NOTE For the calculations of y4 and ys, both ys = 0,2. This happens because thé number of est samples

shoying no growth increase at a constant rate in this example.

C.3]1.3.3 Calculate U; for each exposure period, ¢;:
Ui=xivi

U1=x1v1=14x0,21=294

Uz =23x%x0,17=391

U3 =34x0,22=748

Us=45%0,2=9,0

Us=55x%x0,2=11,0

Us=65%x0=0

C.3]11.3.4 The mé€artime to sterility, Uys, is calculated using Formula (C.11):

1=6
Unsk ZZ.UI'
i=1

U8k = 41 + pp + U3 + pa + Us + e

(C.11)

Unsk =294 +391+748+9,0+ 11,0+ 0=234,33

C.3.1.3.5 The mean D value, l_), is calculated using Formula (C.12). See 11.3.3.

D= Unsk
loglo NO + 0,250 7

where

© IS0 2019 - All rights reserved
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Ng is

D=

5,000+0,2507

C.3.1.3.6 The 95 % confidence interval for D (p = 0,05), Dcal, is calculated using Formula (C13).

8-7:2019(E)

the initial population of 1 x 105;

34,33 =6,54 min.

See C.3.1.2.7.
Deye =D+2V (C.13)
C.3.1.3.7 |The variance, V, is calculated using Formula (C.14). See C.3.1.2.8.
2,3026 ’
V=a|lt—— (g14)
nNy+0,5772
C.3.1.3.8 |The “a” in the variance formula for each t; and summing all results is calculated uging
Formula (d.15). See C.3.1.2.9.
=6 2 n;—r;
a=0,252 (t[i+1)_t[i—1)) ri# (C 15)
2
i=2 n;* (n; -1)
2 (nl—rl) 2 (nz—rz) 2 (n3—r3)
a=0,25|(t —teq- rp ————— |+(t —t(y_ Fy —=—=— 4 (tg,1 —t3_ r
_( (1+1) "t 1)) (1n12(n1_1)] ((2+1) (2 1)) anz(nz—l) (3+1 3 1) 3n32(n 1)

5

2
1) —f(6—1)) T'e

(ng —ry)

2 +(f(5+1)—t(5—1))2 Is
ng (ny 1)

H

(ns—rs)
ng’ (ns—1)

2
1)‘f(4—1)) s +
(n6_r6)

ne” (ng —1)

a=0,25x(28-10)? x4 22425 9917+
361x18
(40-18)2x8| 2221257070+
44120
(50-28)% xa2[ 22712 16 1137+
400x19
(60-0)% x16[ 22710 )_3 3684+
460519
(70-50)?x20{ 22729 1_4 0000
400x19
a=0,25 (2,991 7 + 5,707 0 + 6,113 7 + 3,368 4 + 0,000 0) = 0,25 x 18,180 8

a=0,25

40

x 18,180 8 = 4,545 2
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C.3.1.3.9 The variance, V, is calculated using Formula (C.16) now that “a” is calculated. See C.3.1.2.8.

2
Voo 23026 (C.16)
InNy +0,577 2

where
Nog =1x105
- £,5UZ 0 -|2 F £,9UZ 0 - 2
V. =4,5452 '5 =4,5452 ’ =4,5452><(0,1904E) =
In(1x10°)+0,577 2 11,513+0,577 2

=4,5452 % 0,036 27 = 0,164 9.

C.3/1.3.10 The 95 % confidence interval for D (p = 0,05), Dcalc, is calculatedrusing Formula(C.17). See
C.3.J1.2.7.

Deye =DE2V (C.17)

C.3{1.3.11 Lower confidence limit:

Dealc :B—Zﬁ

=6,54-2./0,164 9
= 6,54 - (2 x 0,406 1) = 5,73

C.3]1.3.12 Upper confidence limit:

Dealc :B+2\/V

=6,54+2,/0,1649
= 6,54 + (240,206 1) = 7,35

C.3{2 Limited"Holcomb-Spearman-Karber Procedure (LHSKP)

C.3)2.1, \€alculations using the LHSKP

C.3.ZT.T The calculations for the LHSKP are based on a mimimum oI five exposure conditions and
should include at least

— one set of samples in which all tested samples show growth,
— two sets of samples in which a fraction of the samples shows growth, and

— two sets of samples in which no growth is observed (see Table C.3).

© IS0 2019 - All rights reserved 41


https://standardsiso.com/api/?name=ee7fe1a5dbe93688864177230c6a0b43

ISO 11138-7:2019(E)

Table C.3 — Examples of data collected for LHSKP with constant time intervals and constant

number of samples

Exposure time
to sterilizing agent Number of test samples ex- |Number of test samples show-
) posed ing negative results
(min)
n ri
t
t1 (U1) ni ri(r=0)
t2 np ra
13 3 I3
ts (Uk-1) ns rs
te (Uk) ne re (r=n)
t7 ny r7 (r=n)2
a  Thetestis valid if there are no negative units, i.e. no negative replicates (r = 0), at the exposure preceding Uy,
and all negative replicates, i.e. all replicates showing a positive result (r = n) at the exposure.subsequent to U.
C.3.2.1.2 |LHSK procedure is similar to HSKP (see C.3.1), except that it usesf formula which requireq the
same numlber of replicates at each exposure condition and constant time intervals between exposurgs.
C.3.2.1.3 |The mean time to sterility, Uysk, is calculated using Formla (C.18):
k-1
d d
Upsk FUk—5—— 2. Ti (cl18)
2 n:
i=1
where
Unsk | is the mean time to sterility;
Uk is the first exposure to show ne_growth of the replicates;
d is the time or dose interydlbetween exposures (being identical);
n is the number of replicates at each exposure (identical number at each exposure, e.g. 20);
k-1
2 ri | is the sum ofthe negatives between U; and Uy - 1 inclusive.
i-1
C.3.2.1.4 |The ntean D value, D, can be calculated using Formula (C.19). See 11.3.3.
— U
D= R (C.19)

10g10 NO +0,250 7

NOTE

the standard deviation (SD) and the 95 % confidence interval (the upper and lower confidence limits).

C.3.2.1.5 The variance, V, is calculated using Formula (C.20):

d2 k-1
V= X ri(n—r;
n? (n—1) 1221 i(n=ri)

42

When following the method above, the LHSK procedure makes it possible to calculate the variance, V,

(C.20)
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C.3.2.1.6 The standard deviation (SD) is calculated using Formula (C.21).

SD=V (C.21)

C.3.2.1.7 The 95 % confidence interval for D (p =0,05), Dcalc, are calculated using Formula (C.22).

Daje =D%2SD (C.22)

C.3]2°T.8 Lower contidence imit

b __ Ungc—25D
<lc " og,o Ny +0,250 7

C.3{2.1.9 Upper confidence limit

5 __ Unsg+2SD
@l " og 1o No +0,250 7

C.3{2.2 Example calculations using the LHSKP
C.3{2.2.1 See Table C.4.

Table C.4 — Examples of data with constant tithe intervals and constant number of gamples

Exposure time
to sterilizing agent Number\of test samples ex- | Number of test samples show-
posed ing negative results
(min)
n ri
t
t1=20 (U1) ny =20 ri=0(r=0)
tp =22 ny =20 rp=1
t3 =24 n3 =20 ry3=7
ty =26 ng =20 ra=15
ts = 28.(Ux- 1) ns =20 rs =19
te=30 (Uk) ne =20 re=20(r=n)
t7=32 ny =20 r7=20(r=n)
a  Thetestisvalidif there are no negative units, i.e. no negative replicates (r = 0), at the exposure preceding Uj,
and allnegative replicates, i.e. all replicates showing a positive result (r = n) at the exposure subsequent to| Uy.

C3")"l") TL IaY 1 D3 1 lotad 5 A ] falslo R TN & 141 29D
[ Y Ty -1y~ I'IICc Iricdir - vdiuc, L7, 15 Ldiltuldityu uauxs T UIIIUIA | L. JJ. JC0 L 1.J.J.

= U
D= HSK (C.23)
log19 Ny +0,2507
where
No =1 x 106.
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C.3.2.2.3 The mean exposure time, (time to sterility), Uysk, required to obtain no growth (sterility) is
calculated using Formula (C.24). See C.3.2.1.3.

k-1
d d
Upsk =Up === 2 Ti (C.24)
2 n
i=1
where
Urx =30;
D =4,
N =20.
2 2
Uysk :30-—5—%x(0+0+1+7+15+19):24,8.
- 21,8 . : :
D= =3,97 min (rounded to one decimal place D = 4,0 min).
6,000+0,2507
C.3.2.2.4 |The variance, V, is calculated using Formula (C.25). See C.3.2.1.5,
dz k-1
V=— X ¥ ri(n—ry) (C|25)
n“(n-1) 3
22
=—= x| (1x19)+(7x13)+(15x5)+(19x1) | =0,107 4
(20)T (20-1)
C.3.2.2.5 |The standard deviation (SD) is calculated.using Formula (C.26). See C.3.2.1.6.
SD=+V (c|26)

SD=./0,107 4 =0,3277

C.3.2.2.6
See C.3.2.1

P 7).

The 95 % confidencevinterval for D (p = 0,05), Dcal, are calculated using Formula (C.
7,C.3.2.1.8 and C.3231.9.

D

calc 7

C.3.2.2.7

D+2SD (C

Lower.confidence limit

Uygk —25D

27)

D

cale =

24,8

log19 Ny +0,2507

2x0,3227
( ) = 24,144 =3,86 min

6,000+0,2507

where

No=1

44

6,2507

x 106,
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2.2.8 Upper confidence limit

b __ Ungc+2SD
@l Jog 1o No +0,2507

_ 24,8+(2x0,3227) 25,455

= = =4,07 min
6,000+0,2507 6,2507

C.3.3 Stumbo-Murphy-Cochran Procedure (SMCP)

C3

C.3
met

C.3
tim
witl

C.3
thrd

C3

C.3
sho

equiivalent to C.3.1 and C.3.2 (see Reference [31]). Test samples should be subjected to a define

con

C3

C3

whd

3.1 Procedure

3.1.1 Other methods of analysing fraction-negative data may be used when eguivalen
hods of C.3.1 and C.3.2 is demonstrated.

3.1.2 The formula for the SMCP requires one result in the fraction-negative range ca
b, t, the number of units negative for growth, r, the number of replicates, n, at one exp
hin the fraction-negative range and the initial number of microorgafiisms per replicate, Ny

3.1.3 To obtain valid data using the SMCP, the D value should be calculated as the averag
e runs in the fraction-negative range in order to confirm réproducibility.

3.1.4 The same materials apply as those in C.2.

3.1.5 For a confidence interval of 95 %, not less than 50 replicates at each exposur
uld be used and the condition r/n less than;0,9 should be met in order to establish

dition within the fraction-negative rangé.of the batch.
3.2 Calculations using the SMCP

3.2.1 The D value is calculated using Formula (C.28).

t
B log,9 A—log (‘B

pIre

t is the exposure time;

logioA is log1g of initial population, Ny, per replicate;

e with the

nsisting of
osure time

P of at least

b condition
pst criteria
d exposure

(C.28)

C.3.

or

©IS

1 D . 1 L 1 - L. .
10510 D 15105710 U1 PpOpPUldUIl AILCT €XPOSUIlcT LIIIIC, L.

3.2.2 Formula (C.28) can be restated for fraction-negative data sets. See 11.3.3.

t

D=
log19 Ny —logq [lnﬁj
r

t
logyg No —logyo Ny,

02019 - All rights reserved
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where
log1o Nyi  =log1o (In n/r) orlogio [2,303 logig (n/r)]
Nyi is the natural log of the quotient of the number of replicates per test divided by the
number of negative samples;
n is the number of replicates per exposure period;
r 1s the number of units sterile or showing no growth.
C.3.3.2.3 |The 95 % confidence interval for D (p =0,05), Dcalc, is calculated using Formula,(C.29).
t
Dcalc 7 (C
(1)
logyg N —logqg|In=—=
a
where
a=" 4,06 D x 1=/
n n n
C.3.3.2.4 |Formula (C.29) can only be used if n-DT0 s greater than or equal to 0,9.
n n
C.3.3.3 Example calculations using the SMCP
C.3.3.3.1 |See Table C.5.
Table €.5 — Calculations of D value using only one data set in the fraction-negative range
Exposure time Number of test samples ex- |Number of test samples show-
. posed ing no growth
(min)
t n r
24 100 37
C.3.3.3.2 |The D valueds-calculated using Formula (C.30). See 11.3.3.
D= : ©
log19 A10810 B
where
t is the exposure time;
No is the initial viable count per test organism per sample = 1 x 106;
log1pA  =logyg of initial population, Ny, per sample;
log10B  =logig of population after exposure time, t, or
46 © IS0 2019 - All rights reserved
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C3

If n|

For

=log1o (In n/r) orlogio [2,303 log1o (n/n)];

n is the number of replicates per exposure time;
r is the number of units sterile or showing no growth.
24

D=
6,000—logq, (In2,7027)
24

D=

1ISO 11138-7:2019(E)

6,000=tog 1 (0,99%3)
D 24
6,000—(-0,0025)

24
6,0025

r n—r

n n
mulae (C.31) and (C.32). See C.3.3.2.3.

Low

whg

whg

rer confidence limit:

t

D, =
@l " Jog Ny —log (In1/a)

re

a=L+196x rl-r/n
n n n

24

calc = 1
6,000-log [ln [— ﬂ
a

re

D

=4,00min (rounded to one decimal place D = 4,0 min)

3.3.3 The 95 % confidence interval for B (p = 0,05), Dcalc, is calculated as follows.

. :ﬂﬂ,%x\/ 37 ,,1-37/100
100 100" 100

—-—— is greater than or equal to 0,9, then the 95 % confidence interval can be calculated using

(C.31)

0,63

100

:0,37+1,96><\/0,37><

=0,37+1,96x,/0,37x0,006 3
=0,37+1,96x,/0,002331

=0,37+1,96x0,048 28
a = 0,465

© IS0 2019 - All rights reserved
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24

1
6,000-1o In
g“’[ [0,465 H

B 24
6,000—log1((0,7657)

Dcalc =

24

" 6,000—(—0,1159)

~ 24
6,000+0,1159

6,1159

Dcalc

]

Upper conflidence limit:

t

calc = 1
log19 No —logyg {ln (— ﬂ
a

D

l32)

where
a _T 196 [Ty 1rim
n n n
24
Dcalc = 1
6,000~-log g [ln [— ﬂ
a
where
. =3_7_1’96\/37X1—37/100
100 100 100
=0,37-1,96 0,37><E
100
=0,37-1,96,/0,37x0,0063
=0,37-1,96,/0,002331
=0,37-1,96x0,048 28
a =0,37 - 0,095=0,275
48
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24
Dcalc = 1
6,000-1o In
810 { (0,275 ﬂ
_ 24
6,000—log((1,291)
B 24
6,000—-0,111
24
D =———=4,08
calc 5,889
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Annex D
(informative)

Examples of documentation for biological indicators prepared by

D.1 Genleral

D.1.1 So

There are
delivered f
with the IS
indicators.
of biologic
Alternativg
In particul
represent {
In such cas

Biological

Figure D.1
house stra

the user

irces of microorganisms

ndicators can be prepared from microorganisms’from one of three sources as showt
Commercial suspension; suspension from commercial strain; and suspension from|
n.

Suspension
Commercial In-house
suspension suspension
(see D.2)

Inoculated.carrier ‘ ‘

Suspension from Suspension from
commercial strain in-house strain
(see D.3) (see D.4)

Inoculated carrier Inoculated carrier

Jifferent sources of microorganisms for biological indicators. Biological indi¢ators could be
rom a manufacturer as a ready-to-use system with resistance characteristics in accordd
D 11138 series. The main document should be consulted for commercially available biolog
Commercially available suspensions of microorganisms delivered-from a manufactyrer
hl indicators can be used to inoculate products, thereby using.the product as the car
ly, an in-house-made suspension could be produced from a cemmercially available sty
hr circumstances, microorganisms isolated from the production plant (in-house isolates)
he most resistant microorganisms likely to be found in{gr*on the products to be sterili
es, biological indicators can be produced using the relevyant microorganism (see 7.3 and |

nce
ical

Fier.
Qin.
can
ved.
.4).

| by
in-

Figure D.1 — Sources of microorganisms

D.1.2 Documentation

D.1.2.1 Alist of relevant documents can include the following:

a) work instructions for production and handling of microbiological strains, preparation of in-house
suspensions, inoculation of carriers, and handling of inoculated carriers and in-house biological

indicators;

b) work instructions for handling of the microbiological systems after processing;

c) protocols for validation studies and results.

50
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D.1.2.2 The user is advised to define basic elements such as the following:

a) the method of sterilization to be used in the routine production of products, e.g. moist heat, dry
heat, gaseous or other sterilization method;

b) which of the critical variables of the sterilization process is measured directly during the routine
production of products, e.g. time, temperature, pressure.

NOTE This list of elements to document is not necessarily exhaustive.

D ammerciallyrauailabla clrcmancias
L GUTITIIIICTCTIAaTly avdaita

WhEn using commercially available suspensions, the following elements should be documened:
a) |name of manufacturer of suspension;

b) [name and identification of the microorganism;

c) |origin of the strain/reference to a recognized culture collection number;

d) |number of microorganisms to be detected per defined volume of'suspension;
e) |suspending medium;

f) |batch number or other means of identification;

g) |resistance characteristics as given by the manufactureér of the suspension (see 5.2 and 5.3);

h) |recommended culture conditions for retrieval*of viable microorganisms from the suspgnsion, e.g.
time, temperature and growth medium;

i) |storage conditions;
j) [|stability information (expiry date orequivalent).

NOTE This list of elements to document is not necessarily exhaustive.

D.3 Suspension fromaa;,eommercially available strain

When using suspensionsprepared from a commercially available strain, the following eleménts should
be documented:

a) |name of mattfacturer or supplier of the strain;
b) |name of'the microorganism;

c) |reference to a recognized culture collection number;

d) The manufacturer s Instructions for handling of the strain,

e) relevantinformation on processing elements for preparing the suspension from the strain;
f) storage conditions;

g) means of identification of the stored and processed strain/batch number;

h) stability information.

NOTE This list of elements to document is not necessarily exhaustive.
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