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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-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft Internation

adop
Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO

This |second edition cancels and replaces the first edition<(l5O 14161:2000), which has bee
revisgd.

14161 was prepared by Technical Committee ISO/TC 198, Sterilization of health care produg

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fer\Woting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.
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Introduction

This International Standard provides guidance regarding the selection, use and interpretation of results of
biological indicators when used to develop, validate and monitor sterilization processes. The procedures
described in this International Standard 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. T
process but,
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rilization process and critical parameters as well as guidance on its appropriateuse.

uld select a biological indicator that is appropriate for the particular process to be used. Th
y of sterilization processes in common use, and biological indicator manufacturers are not a
ossible uses of their product. Manufacturers, therefore, label biological indicators accordi
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im type, supplier and specific lot, can affect measured resistance as a function of recover
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Sterilization of health care products — Biological indicators —
Guidance for the selection, use and interpretation of results

1

This

appligation of biological indicators when used in the development, validation and 'routine f
sterilization processes. This International Standard applies to biological indicators “for which
Stan

NOTH
NOTE

biolog
proce]

This

micrd

This

disinflectors or flushing and steaming of pipelines.

This

2

The

refergnces, only the edition cited applies. For undated references, the latest edition of th

cope

International Standard provides guidance for the selection, use and interpretation” of

ards exist.
1 See, for example, the ISO 11138 series.

2  The general information provided in this International Standard can have useful application for
ical indicators not currently addressed by existing International Standards, e.g., new and developi
5Ses.

International Standard does not consider those processes that rely solely on physica
organisms, e.g., filtration.

International Standard is not intended to apply to\combination processes using, for exar

nternational Standard is not intended to apply'to liquid sterilization processes.

Normative references

following referenced documents are indispensable for the application of this documen

results from
nonitoring of
International

brocesses and
hg sterilization

removal of

nple, washer

t. For dated
b referenced

t 1: General

ndicators for

document (including any amendments) applies.

ISO 11135-1, Sterilizatioh.of health care products — Ethylene oxide — Part 1: Requirements for ¢levelopment,
validation and routiné control of a sterilization process for medical devices

ISO 11138-1:2006, Sterilization of health care products — Biological indicators — Pal
requirements.

ISO 11138-2, Sterilization of health care products — Biological indicators — Part 2: Biological
ethylere~exide-steriization-processes

ISO 11138-3, Sterilization of health care products — Biological indicators — Part 3: Biological indicators for
moist heat sterilization processes

ISO 11138-4, Sterilization of health care products — Biological indicators — Part 4: Biological indicators for
dry heat sterilization processes

ISO 11138-5, Sterilization of health care products — Biological indicators — Part 5: Biological indicators for
low-temperature steam and formaldehyde sterilization processes

ISO 11737-1, Sterilization of medical devices — Microbiological methods — Part 1: Determination of a
population of microorganisms on products
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ISO 14937, Sterilization of health care products — General requirements for characterization of a sterilizing
agent and the development, validation and routine control of a sterilization process for medical devices

ISO 17665-1, Sterilization of health care products — Moist heat — Part 1: Requirements for the development,
validation and routine control of a sterilization process for medical devices

ISO 18472:2006, Sterilization of health care products — Biological and chemical indicators — Test equipment

3 Terms and definitions

For the purpgses-ofthis-document-the-following-terms-and-definitions-apphy-

31
accreditatioh
procedure by which an authoritative body gives formal recognition that a body or person is competent to|carry
out specific tasks

NOTE1  Sage ISO/IEC 1701181,

NOTE 2  Agcreditation does not itself qualify the laboratory to approve any particular preddct. However, accredjtation
can be relevapt to approval and certification authorities when they decide whether or net.to accept data produced by a
given laboratofy in connection with their own activities.

3.2
aseptic technique
conditions and procedures used to exclude the introduction of microbial contamination

3.3
bioburden
population of| viable microorganisms on or in a product and{or sterile barrier system

[ISO/TS 11189, definition 2.2]

3.4
biological indicator
BI
test system [containing viable microorganisms providing a defined resistance to a specified sterilization
process

[ISO/TS 11189, definition 2.3]

3.5

D value
Dyg value
time or dose| required to achieve inactivation of 90 % of a population of the test microorganism under dtated
conditions

[ISO/TS 11139, definition 2.11]

3.6

holding time

period for which the sterilization variable within the sterilizer and at all points within the load are continuously
within the limits specified for the sterilization stage

3.7
inoculated carrier
supporting material on or in which a defined number of viable test organisms have been deposited

NOTE1  SeelSO 11138-1.

NOTE 2  The test organism is a microorganism used for the manufacture of inoculated carriers.

2 © 1SO 2009 - All rights reserved
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3.8

installation qualification

IQ

process of obtaining and documenting evidence that equipment has been provided and installed in
accordance with its specification

[ISO/TS 11139, definition 2.22]

3.9
inoculation
addition of a defined amount of a characterized microbial entity into or on to an item

3.10

log reduction
LR
redugtion in number of viable microorganisms, expressed in log units

3.11
operational qualification
oQ
procgss of obtaining and documenting evidence that installed equipment opérates within predetgrmined limits
when used in accordance with its operational procedures

[ISOATS 11139, definition 2.27]

3.12
perfgrmance qualification
PQ
procégss of obtaining and documenting evidence that thesequipment, as installed and operated in accordance
with pperational procedures, consistently performs-in“accordance with predetermined criterialand thereby
yield$ product meeting its specification

[ISOATS 11139, definition 2.30]

3.13
process challenge device
PCD
item Hesigned to constitute a defined resistance to a sterilization process and used to assess pgrformance of
the process

[ISOATS 11139, definition-2)33]

3.14
process challengé.location
PCL
site that simulates “worst case” conditions as they are given for sterilizing agent(s) in the goods td be sterilized

3.15
processparametet
specified value for a process variable

NOTE The specification for a sterilization process includes the process parameters and their tolerances.

[ISO/TS 11139, definition 2.34]

3.16
process variable
condition within a sterilization process, changes in which alter microbicidal effectiveness

EXAMPLE Time, temperature, pressure, concentration, humidity, wavelength.

[ISO/TS 11139, definition 2.35]

© 1SO 2009 - All rights reserved 3
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3.17
reference microorganism
microbial strain obtained from a recognized culture collection

[ISO/TS 11139, definition 2.39]

3.18

resistometer

test equipment designed to create defined reference combinations of the physical and/or chemical variables of
a sterilization process

NOTE 1  Adapted from ISO 11138-1, definition 3.15 and ISO 18472:2006, definition 3.11.

NOTE 2  Algo referred to as Biological Indicator Evaluator Resistometer (BIER).

3.19
spore-log-rgduction
SLR
log of initial gpore population, Ny, minus the log of the final population, Ng

3.20
sterile
free from viaple microorganisms

[ISO/TS 11189, definition 2.43]

3.21
sterility asstirance level
SAL
probability offa single viable microorganism occurring on anfitem after sterilization

NOTE THe term SAL takes a quantitative value, genefally 10-¢ or 10-3. When applying this quantitative vaue to
assurance of gterility, an SAL of 108 has a lower value but-provides a greater assurance of sterility than an SAL of 1p3.

[ISO/TS 11189, definition 2.46]

3.22
sterilization
validated process used to render preduct free from viable microorganisms

NOTE In| a sterilization progcess; the nature of microbial inactivation is exponential and thus the surviva| of a
microorganisnp on an individual-itém can be expressed in terms of probability. While this probability can be reducefd to a
very low number, it can neverbéreduced to zero.

[ISO/TS 11189, definition'2.47]

3.23
sterilization|cycle development
procedure for determination of the appropriate processing parameters that are consistent with attaining the
desired specifications and label claims for a given product or group of products

3.24

sterilization cycle validation

documented procedure for obtaining, recording and interpreting the results required to establish that a process
will consistently yield product complying with predetermined specifications

3.25
supplier
organization or person that provides a product

EXAMPLE Producer, distributer, retailer or vendor of a product, or provider of a service or information.

4 © 1SO 2009 - All rights reserved
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NOTE 1 A supplier can be internal or external to the organization.
NOTE 2  In a contractual situation, a supplier is sometimes called “contractor.”
[ISO 9000, definition 3.3.6]

3.26

survival-kill window

extent of exposure to a sterilization process under defined conditions where there is a transition from all
biological indicators showing growth (survival time) to all biological indicators showing no growth (kill time)

[ISO 14384 definition-3-18]

3.27
third|party
persgn or body that is recognised as being independent of the parties involved, as_concerns|the issue in
question

NOTH 1 See ISO/IEC Guide 2111,
NOTH 2  Parties involved are usually supplier (“first party”) and purchaser (“second party”) interests.

3.28
user
persan or body employing biological indicators for a given purpase

NOTH 1 See 1SO 9000141,
NOTH 2  The user is the customer who is the recipient ofia product provided by the supplier. In a contrafctual situation,
the uger is called “purchaser.” The user could be the customer, beneficiary or purchaser. The user can be [ither external

or intgrnal to the organization and represents the “second party.”

3.29
z valtie
change in exposure temperature of a-thérmal sterilization process, which corresponds to a tenfgld change in
D value

NOTH See ISO 11138-3 and\SO 11138-4.

4 General

4.1 | This International Standard provides guidance on biological indicators that can apply gengrally for any
sterilization preeess, including new sterilization processes not yet covered by International Standgrds.

4.2 | The.use of biological indicators is normally documented in procedures and/or instructions.

NOTE Employing quality management systems such as 1ISO 13485l7! usually satisfies this provision.

4.3 Biological indicators should always be used in combination with physical and/or chemical
measurements in demonstrating the efficacy of a sterilizing process. When a physical and/or chemical
variable of a sterilization process is outside its specified limits, the reason for the sterilizer's inability to achieve
its process parameters 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. 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.

© 1SO 2009 - All rights reserved 5
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4.5 No formal approval system exists, internationally, for biological indicators that are marketed and used
for stated purposes or under stated conditions. Some national regulatory authorities, however, have particular
requirements for biological indicators and for the choice and use of biological indicators for the validation and
control of products marketed as sterile or sterilized.

4.6 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 organisms employed in biological indicators typically have resistance to
sterilization which exceeds that of common bioburden microorganisms, although some organisms can exhibit
a resistance to sterilization in excess of that of the test organisms. The appropriate biological indicator
provides a challenge to the ster|I|zat|on process wh|ch exceeds that of the bioburden through a comb|nat|on of
population ard

with particul
required.

4.7 Biolog
manufacturef

candidates lpased on their known resistance to the specific method of sterilizationnas certified b
manufacturef.

The user sh
sterilization (
When biolog
reaction exp
indicators u
manufacture
indicators to

D'

arly re5|stant organisms, extended ster|I|zat|on processing, based on the bioburden, .cou

cal indicators are not intended for use in any process other than that specified b

buld ensure that the biological indicator has been qualified for usé«with the particular ran
onditions that are used. This could require information in addition-to that given in the lab
ical indicators are used outside reference conditions, the user‘can require information o
ected from the indicator, e.g.,
sed in an ethylene oxide process. Users who employ biological indicators outside
's labelled recommendations should thoroughly characterize the resistance of the biol

on the product labelling. Microbial species and strains are selected as bielogical ind

The use of an inappropriate biological indicator can give misleading resdlts.

the
cator
y the

the effect of sub-optimal mgisture conditions on the biol

the particular sterilization process. The relationship ,0f the response of the biological indic

I—: .
gical

ge of
ling
the

the
gical
or to

process pargmeters should be clearly demonstrated.

be of
Driate

4.8 It is ipcumbent upon those responsible for the sterilization of product to ensure that the ty
biological ingicator employed to validate and/or routinely monitor a given sterilization process is appro
for that use.

49 Them
be followed.

anufacturer's recommendations fot the use and storage of the biological indicators should a
Failure to do so can compromjsé.the integrity of the biological indicator. If the user remove
inoculated carrier from the biological indi€ator's primary packaging, changes in the resistance characte
can occur. (1uidance should be sought‘from the manufacturer on the extent of this change, or the use
evaluate ch@nges in the resistance-Characteristics. The user should document that the perforn
characteristi¢s of the inoculated catrrier are appropriate for their use.

ways
s the
istics
r can
ance

4.10 Biologj|cal indicators should not be used beyond the expiration date stated by the manufacturer.
411 Those
properly train
should be jus
the approprig

Id be
he Bl
ss to

who empley/biological indicators for validation and/or routine monitoring of sterilization shou
ed in theiruse. The time between completion of the sterilization process and the testing of 1
tified\as' described in 8.2.4. Transferral of microorganisms exposed to the sterilization proce
te-recovery medium should be done using aseptic technique.

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

4.13 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 include audits of vendors and/or
manufacturers (see 6.2.2).

4.14 The verification of resistance characteristics by the user is an alternative to and/or complementary to an
audit, when necessary.
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5 Characteristics of biological indicators

5.1 General

5.1.1 Biological indicators provide means to assess directly the microbial lethality of a sterilization process
(see References [8] and [9]). When used in conjunction with physical and/or chemical process monitors,
biological indicators can provide an indication of the effectiveness of a given sterilization process.

5.1.2 A sterilization process should be considered as satisfactory only when the desired physical and/or
chemical parameters and microbiological results, as determined by an appropriate sterilization cycle
development, validation and monitoring programme have been realized. Failure to achieve the desired

phys
steril

5.1.3
to all
oxidg
noteq
sporeg
than

steril

5.1.4
D val
coeff
Anne
affec

5.1.5
and

validation of a sterilization process or for use in~+outine monitoring. If the design of the biologica

!

use i
proce

5.1.6

and fhe testing conditions. Dependihg upon placement within the load and the specific lethal

thosdq
(see
cons
to 11

5.2

5.2.1
studi
asse

zation process as nonconforming (see I1SO 13485[7] and 1ISO 9001[22]),

Biological indicators consist of a defined population of test organisms presented-in/such
bw their recovery following sterilization processing. For example, test organisms-employed
sterilization processes can be spores of a suitable strain of Bacillus subtilisyor-Bacillus at|
in ISO 11138-2. For steam sterilization or moist heat sterilization, the test'organisms emp|
s of a suitable strain of Geobacillus stearothermophilus, as noted in ISQ_11138-3. Test org
bacterial spores can be used if they have been shown to provide appropriate resis
zation process.

The basis of all formulae used to determine biological indicator resistance characteris
ues is that the inactivation reaction follows first-order kinetics; with the requirement that the
cient of determination, 2, for the linearity of the survivor:gurve be not less than 0,8 (see
X F). The strain, the production method, the suspension’fluid, the carrier and packaging
the resistance characteristics of the finished product.(see ISO 11138-1).

The design and construction of a biological-indicator can result in unique resistance c
can vary depending on whether the biological’ indicator is intended for use in the deve

h routine monitoring differs from that employed to validate the sterilization processes, the ch
ss during validation should be correlated with the challenge to the process during routine m

The resistance characteristics of biological indicators vary according to the manufactu

discrete locations, biological indicators from the same lot may show different survivg
/.2.3). Users of biological.indicators should note that ten indicators spread throughout the
dered replicates due.to the differences in lethality that exist throughout the chamber and lo
3.1).

Test organism suspension for direct inoculation of products

Direchinoculation of test organisms on or in product can be necessary in cycle developm
bs when' the use of a biological indicator is not feasible. Direct inoculation can be ap
bsing factors such as product sterilizability, identification of the more difficult to sterilize log

the d

cal and/or chemical parameters and/or microbiological challenge forms the basis for,_dleclaring the

a manner as
for ethylene
rophaeus, as
oyed can be
Anisms other
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tics such as
value for the
Annex E and
materials all
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nitoring.

ing methods
conditions at
| capabilities
load are not
bd (see Note

ent and other
propriate for
ations within

bvice and localized minrnhinlngir\al effects e g maoist heat versus rlr'\]/ heat environments
5 —6-G= -

The rationale for the selection of the “most difficult to sterilize” site(s) on a medical device or within a
sterilization load should be documented based on experimental data or derived from prior knowledge of the
particular sterilization methodology. In practice, the “most difficult to sterilize” site represents those locations
that are most likely to provide high resistance to the sterilization process. One should refer to specific
sterilization standards (e.g., ISO 17665-1 and ISO 11135-1) for guidance in determining and selecting difficult-
to-sterilize locations.

5.2.2 To assess the efficacy of sterilization at a particular site or location on the product, the desired
species and population of test organisms can be inoculated at those sites. The use of suspensions of test
organisms to prepare inoculated carriers or inoculated products requires caution. The materials on to which
test organisms are inoculated can alter the test organisms' resistance characteristics. The resistance can be
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higher or lower due to deposition as a monolayer or multilayer, coating effects, and/or bacteriostatic or
bactericidal effects of the material. The methods employed to recover the test organisms following processing
should be validated to ensure an adequate level of recovery from the product (see 1SO 11737-1). Test
organism recovery should be expressed in terms of percent recovery of the population of the original inoculum.

5.2.3 Direct inoculation of products or materials with a test organism suspension can cause prolonged or
decreased survival of test organisms. This may affect the observed percent recovery of the original inoculum
relative to what is expected under specified sterilization conditions. Inoculated products may be assayed with
either survivor curve (enumeration/direct counting) or fraction-negative procedures (see Figure A.4). These
assays require aseptic techniques.

deflned conditions. The re5|stance charactenshcs of a spore suspensmn prowded by a manufactu
supplier of biological indicators might not correspond to the resistance characteristics for direct-pr
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lated carriers

Inoclilated carriers consist of a defined population of test organisms inoculated on or in a su

al (see 1SO 11138-1:2006, Annex B). Caution should be exercised-o ensure that the integ
naterial selected is sufficient to withstand sterilization processing without degradation a
loss of the inoculated test organisms during transport and handling.

resistance characteristics of a test organism in suspension can be considerably changed
or in carriers. Several factors can influence the resistance characteristics, such as the s
e suspension is inoculated (e.g., solid materials, viseous products or fluids), the way the s
| and otherwise treated, the methods of drying, etc.

If ap inoculated carrier is removed from the\ biological indicator primary package for
development,

cycle validation studies, or for process*challenge devices used for routine process monit
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responsibility of the user to provide a“rationale for this application. It should be recognized that

e of the microorganism on the inocutated carrier could differ from the labelled resistance
logical indicator.

f the

resistance characteristics ©ofyan inoculated carrier provided by the manufacturer of biolggical

ght not correspond to the Tesistance characteristics established in direct product inocu

carrier material_should be evaluated by the biological indicator manufacturer or the us
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er to

t the sterilizing~agent for which the biological indicator is intended neither retains nor rel¢ases

inhibitory su
inhibited (se

5.4 Self-

stances (e:g.; sterilizing agent residuals) to such an extent that the recovery of low numb
1ISO 11138+1:2006, 5.2).

ntained biological indicators

Br's is

Self-contained biological indicators consist of either a) or b).

a) An ampoule containing growth medium and a carrier inoculated with test organisms contained within an
outer vial so that the sterilizing agent obtains access to the inoculated carrier through a sterile barrier or a

tortuous path.

After exposure to the sterilization process, the growth medium is brought into contact with the inoculated
carrier by breaking the ampoule of growth medium, thereby eliminating the need to aseptically transfer
the inoculated carrier to a separate vial of growth medium. The biological indicator manufacturers'
recommendations should be followed for incubation of self-contained biological indicators.

NOTE Due to the low volume and the possibility of evaporation of the growth medium, prolonged post-exposure
incubation might not be possible.

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=04c62f882bd86819ac937165f5992d2f

ISO 14161:2009(E)

Chemical residuals resulting from processes such as ethylene oxide or vapour hydrogen peroxide can
inhibit growth of surviving organisms. The biological indicator manufacturer's recommendations should be
followed for proper handling (including aeration) of biological indicators prior to incubation (see 8.2.4).

b) A hermetically sealed ampoule containing a suspension of test organisms in growth medium.
These are referred to as sealed-ampoule biological indicators. After exposure to the process, the sealed
ampoule is incubated intact, and no aseptic transfer is required.
NOTE This type of indicator is sensitive only to exposure time and temperature and is primarily used to monitor moist
heat sterilization of aqueous fluids.
Self-¢ontained biological indicators are generally larger than biological indicators that consisjt only of an
inocylated carrier in a primary packaging, and may not fit into locations within the devicecthat fepresent the
procgss challenge locations. Unless a biological indicator can be placed into a load without dgforming it or
otherwise potentially compromising its primary packaging, the biological indicator should not bg used. Also,
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ser should be aware that the claimed resistance characteristics can be dependent on th
bd employed in the sterilization cycle.

Other biological indicators

pical indicators in their simplest form consist of an inoculated “carrier in primary pac
lated carrier can take a variety of forms, including paper strips, threads, metal coupons or
ble for inoculation. The primary packaging is chosen to permit the sterilizing agent to pern
lated carrier while maintaining a sterile barrier after processing.
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6 $Pelection of supplier

6.1 | General

6.1.1| The user of biological indicators should, whenever possible, purchase to standard specifications, e.g.,

biological indicators manufactured accarding to specifications given in the ISO 11138 series, pharmacopoeial

monaggraphs or other applicable standards. The user should consider the particular sterilization pfocess as the

basid for the choice of biological indicator.

6.1.2] When the user has,a process that requires performance characteristics that differ from the label claim

for the biological indicater,~it is the responsibility of the user to verify that the biological indigator has the

performance characteristics needed.

6.1.3| The user<of-biological indicators should have a system in place to provide assurahce that the

biological indieators obtained consistently meet the specified characteristics. Such assurapce may be

provifled by.one‘or more of the following:

a) ipformation from the manufacturer covering the performance characteristics of the lot |of biological
ihdicators nrenared:

NOTE Requirements for information supplied by manufacturers of biological indicators are provided by the

ISO 11138 series.

b) a statement of conformity from the manufacturer that the biological indicators meet the agreed
specifications;

c) if needed, various degrees of testing of each lot of biological indicators received by the user, to verify that

the performance characteristics meet the agreed specifications.
6.1.4 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 ensure that a
shipment of biological indicators contains all agreed-upon documentation, such as appropriate label
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information, packet inserts, storage and handling instructions, etc. There should be a mechanism to assure
that the vendor continues to maintain the expected quality and manufacturing standards, such as a vendor's
or manufacturer's declaration of conformity to standards. If the user has not established the vendor
relationship required to be assured of consistent biological indicator performance, additional testing could be
necessary until an appropriate assurance can be established that the biological indicators meet the vendors'
and/or manufacturers' label claim and/or user requirements.

6.1.5 Testing by the user, if deemed necessary, can consist of population assays and survival-kill
resistance tests on samples from each new lot of biological indicators received (see also 8.6 and Clause 11).
Provided that the manufacturer of biological indicators manufactures to detailed standard specifications, i.e.
the 1SO 11138 series, and the user uses the biological indicator as intended by the manufacturer, testing of

the reSlstan charactarictice hvytha nicar ic aoncidarad iinnacaccgry
uuuuuuuuuuuuuuuu DY HSeHS-6oRSIGereaHRRecesSSahy~

The manufagturer's label claims for resistance, such as D values, z values (if any) and survival-killcresul{s are
determined ysing a resistometer (see 1ISO 18472).

6.2 Documentation

6.2.1 Gengdral
6.2.1.1 he labelling requirements for biological indicators are given in ISO @1138-1:2006, 4.3.
6.2.1.2 he labelling includes the information presented on the primary’and secondary packaging ¢f the

biological indicator as well as any included package inserts providing additional information beyond that yhich
can be printed on the packaging. The purchaser might need or want a certificate of conformity to prpduct
standards arld/or quality system standards to include in appropriate’documentation files.

6.2.1.3 hen a statement of performance or complianceto a standard is provided by the manufagturer
as a certificate, the user should have confirmation of the competence of the manufacturer as indicated hy the
second sentgnce of 6.2.2.1.

6.2.1.4 an independent (third-party) test labaratory is used to confirm the performance characteristjcs of
biological indicators, the test laboratory shodld-'be accredited for the specific test methods used| (see
ISO/IEC 170R5!2! and ISO/IEC 17011[3]),

6.2.1.5 The status of the manufacturer of the biological indicator with regard to conformance tp the

appropriate quality standard, such as 1SO 13485l7] or other quality assurance programmes should be vefified.
If compliancg to the appropriate standards can be demonstrated, an audit may not be necessary.

6.2.2 Manuyfacturer audit

6.2.2.1 If necessaryy'the user should confirm that a qualified auditing body, e.g., a certification body, has
performed an audit of\the biological indicator manufacturer. Alternatively, the user could perform the audif.

NOTE THe~auditing standard 1SO 19011[%! gives guidance on requirements for the process of auditingr, the
qualification ciiteria 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) propagation of test organisms, including growth medium and components, growth temperature and
incubation period;

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

4) viable test organism count and biochemical characteristics of the test organism;
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b) biological indicator:

1) qualifying of components for use in the preparation of biological indicators, such as carrier 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) consistency (e.g., growth promotion, pH, stability, etc.) and fill volume of any growth medium
supplied with the biological indicator;

4) resistance of the biological indicator, including the type of test equipment and its calibration, the

ra-eoniervr—maadi-ra—amalaved-and-inaerbatian W~ H P
TCLUUVET Yy THITUTUTIT TITTYTU yCU - arru miouvativim CUTTUIIUTTS,

L5

) storage stability and continued resistance of the biological indicator until its expiration_date;
c) quality control:

1) label claims for the finished product;

2) storage stability and continued conformance of the finished product td its label claims.

6.2.2|3 The manufacturer should be able to provide adequate documentation of the quality systems
pertajning to the manufacturing of biological indicators and provide documentation of conformity @f products to
decldred specifications.

7 Biological indicators in process development

7.1 | General

7.1.1| For additional information on process-development, refer to the sterilization standards for those
procgsses (e.g., ISO 17665-1, ISO 11135-1 and1SO 14937).

7.1.2| If a biological indicator is used/forprocess development, the appropriateness of the indjcator should
be dgtermined.

7.1.3| Sterilization processes yary widely with regard to their operational characteristics and the type of
products that are sterilized. While each application is unique, it can be acceptable to group simildr products in
the same category for the (purposes of the development, validation and routine monitoring of & sterilization
procgss. Careful consideration should be given to those aspects of product design or packaging which can
impaft an additional _challenge to the sterilization process. Biological indicators can be used fo determine
thosq locations on, the/product which represent a rigorous challenge to the process, and likewis¢ to establish
the gxtent to which different types of product are related with regard to the challenge presented to the
sterilization process. This could lead to the selection of a particular product configuration for furthgr analysis.

7.1.4] Physical and/or chemical parameters and microbiological results should be reviewed and interpreted
for agc€eptability prior to acceptance of the process.

7.1.5 Biological indicators should always be used in combination with appropriate physical and/or chemical
measurements of the process parameters in order to demonstrate the efficacy of a sterilization process.

7.1.6  General advice on the number of biological indicators per sterilizer volume cannot be given, as this
depends on the reproducibility of the cycles as well as the potential for differences in the process parameters
throughout the load during sterilization. However, other sterilization standards could provide guidance on the
recommended number of biological indicators to be used, e.g., ISO 11135-1. The correct number of biological
indicators to use can be determined from data collected from the use of biological indicators and/or bioburden
studies, as well as from documentation on the distribution of the sterilizing agent throughout the load.
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7.2 Overkill approach

7.21 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 at least a twelve-log reduction of the biological indicator
(see ISO 11135-1 and ISO 14937) or delivers an Fy;, of 12 (see ISO 17665-1) with minimum resistance
characteristics (see Figures A.1 and A.2 and ISO 11138-3);

c) that, at half cycle, the user can typically demonstrate at least a six-log reduction (see Figure A.1).

NOTE
purposes.

THe 1SO 11138 series permits resistance characteristics other than the minimum required for (mon|toring

7.2.2 Thes
example, a

e criteria can be addressed by placing biological indicators or inoculated, ¢arriers with, for
population of 108 test organisms meeting minimum resistance requirements at the prgcess
challenge logation(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 fmost
difficult to st¢rilize” locations, such that choosing these locations will secure the appropriate log reductipn for
the entire prpduct load. At least a six-log reduction in the population of organisms should be demons{rated
within one-half the normal holding time of the cycle to be validated when all of the biological indicators are
statistically €quivalent samples. The percentage of biological indicators showing growth can be correlated to
the log reduction achieved [see Note to 11.3.1.c)]. If testing under _half-cycle conditions demonstrates a
reduction in fthe population of test organisms in excess of six logs, .it)is possible that no growth of thé test
organism colild result, depending on the sample size. As illustrated,in Figure A.1, there is a 1 % probability of
positive growth with a spore-log-reduction of eight logs at the upper-end of the half-cycle window.

7.2.3 Plac
apparent res
indicator. Th

bment of the biological indicator either within_the product or within the load is likely to aIIer its
istance characteristics in comparison to the-resistance noted on the labelling of the biolggical
S can require adjusting the half-cycle exposure period to compensate for the additional resisfance

caused by t

ne placement of the biological indicator in the product or load. Similar adjustments cou

needed when test organism suspensions are used\to prepare inoculated product (see 5.2).

7.2.4 Suitd
that can aid
should be pr

NOTE Fq

ble physical and/or chemical probes should be used to establish temperature distributions
in determining placement tocations for the biological indicators. A sufficient number of p
bpared with biological indicators placed at the previously determined location within the prod

r moist heat sterilization;-the z value of the biological indicator can be different from the z value of

d be

etc.,
obes
ict.

0°C,

which is normally assumed for process lethality based on temperature measurements. This can lead to discrepgncies
between the integrated process lethality determined by use of biological indicators and the lethality determined by|direct
temperature measurements.

7.3 Combined biological indicator and bioburden method

731 The

H At Aiiat bl eal ok [} VAL Thi thad
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combined biological indicator and bioburden method requires the population and microorggnism
th advuantan [ SN HEV I SV RPN | 1
uaure GUVGIILGHU T PUIIIIILLIII\\.’ A TOUULL On In
cycle exposure period and minimizing exposure of the product to the sterilizing agent and is discussed in
ISO 14937.

7.3.2 The combined biological indicator/bioburden methodology requires selecting process conditions that
deliver a process lethality sufficient to inactivate the bioburden to the labelled product sterility assurance level.
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 sterility assurance level 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.
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7.3.3 For this procedure, the appropriate biological indicator with a population of less than 108 can be
employed, as long as the desired sterility assurance level can be demonstrated. The variation in bioburden
should be considered when determining the minimum 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 reS|stance of the total bloburden populatlon could be reqwred in order to assure that the

run fract|onal stenhzatlon cycles to determine that the b|oburden population does not survive as great an
sure as does the biological indicator.

7.3.5
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Implementation of the combined biological indicator/bioburden method requires. consideration of many

e same factors noted in 5.4 and 7.2, with regard to the placement of the biological indicptor in those
ons within the product and load which present a rigorous challenge to the”sterilization process. The
pbd is only applicable when data are sufficient to be subjected to valid statistical analysis apd there is a
evel of confidence that the bioburden data is representative of “worst{ease” conditions. Th¢re are many
bs of variation, such as raw materials, process control, and seasonak variations. Consideratipn should be
to the presence and nature of the bioburden distribution in the product. As the distribution|of bioburden
the product can vary significantly, it is important to determine how this distribution can affect the
nge presented by the product to the sterilization process{and thereby affect the choice|of biological
tor.

7.3.6| Determination of the product bioburden and.its species and resistance distribufion requires
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deration of the factors discussed in the ISO 11737 series. The method selected shall
st the requirements of those standards and the;statistical confidence of the bioburden estir
lished.

The fundamental criteria of the .gombined biological indicator/bioburden methodol
ting processing conditions that reducé_the population of the bioburden to 100. An additional

be validated
hate shall be

Dgy requires
safety factor

stent with the labelling of the préduct should be applied to the holding period (see Figdire A.1). The

er of replicate cycles for which.this should be demonstrated during sterilization cycle

development

depehds on the accuracy and confidence limits of the bioburden estimates.
7.3.8] Microorganism strains-whose resistance is greater than the overall resistance of|the product
biobyrden may be employed as biological indicators if their sterilization kinetics satisfy the friteria for a

biolo
orgar

7.3.9

jical indicator (Kill-curve log-linear within a coefficient of determination of 0,8). However, th
isms may be leSs resistant to the process than those specified in the ISO 11138 series (see

If the resistance of the bioburden is greater than that of commercially available biologig

resis

studig

ant strains’ isolated from the bioburden should be considered for inclusion in process
s (see~ISO 11135 1 and ISO 17665-1). Alternatively, the hoIding period should be increase

ese indicator
Figure A.2).

al indicators,
development
d by a factor
ndicator with

a h|g her-pap
7.4 Bioburden method
7.41 The reader should refer to the ISO 11737 series for the appropriate microbiological methods to

estimate the bioburden. Some bioburden microorganisms can have greater resistance than the biological
indicators described in the ISO 11138 series. Bioburden microorganisms with higher resistance could be used
as a model biological indicator (see 7.3); the method is discussed in ISO 14937.

7.4.2

©I1SO

For information on validation and routine control and the applicability of absolute bioburden methods,
the reader is referred to the relevant International Standards for their particular sterilization process (see
Clause 2). Detailed specifications for an absolute bioburden method, without any reference to biological
indicators, are given in the ISO 11737 series.
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8 Biological indicators in sterilization validation

8.1 General

If 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.

8.2 Place
8.21
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ISO 14937).
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of physical e
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ation of a sterilization process requires documentation that the process is capable of consis
roduct that meets its predetermined specifications (see I1SO 17665-1, 1SO 11135-1

humber of biological indicators in products and/or product loads should be documented.

icator placement within the product load are loading patterns,‘load density and geon
enge location(s), placement of physical and/or chemical sensors‘or probes, potential stratifig
ements, the effect of packaging, etc.

biological indicators should be removed from the sterilizer load as soon as possible aftg
out compromising the safety of personnel. They should be tested within a specified time in

d their use in the sterilization process, and between the end of the process and the cultur
5 should be justified in order to demonstrate_that these intervals have no effect on the resu
| testing of the sterilizer or sterilization_process. These justified time intervals should n
the biological indicators are handled in a“manner other than those stated by the manufag
s should be validated to determineifithey affect the performance of the biological indicator
me intervals should be followed.

Im the sterilizer.

fently
and

Liser should document the placement of the chosen biological indicators-in the sterilizer chamber,
within the pr@duct load or a process challenge device (see Annex B). Other considerations to be addresg

ed in
netry,
ation

r the
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turer,
. Any

nal or regional requirements«<for worker safety should be observed when removing the biolggical

8.3 Sterilizer qualification

8.3.1 Initig] qualification is pefformed to obtain and document evidence that the sterilizer, its service$ and
ancillary eqdipment havelbeen provided and installed in accordance with its specifications, and thgt the
sterilizer furjctions within® predetermined limits when operated in accordance with instructions | (see
ISO 17665-1|and 1ISO\11135-1).

Biological indicators can be used in OQ/PQ, for example, to establish evidence of uniformity of distributjon of
sterilizing agents.

8.3.2 Manufacturers of sterilizers might have performed tests in their factories prior to delivery using
biological indicators for specific types of load (see Annex B).

8.4 Performance qualification

Following completion of sterilizer qualification (see 8.3), performance qualification (PQ) testing 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 product compliance with
predetermined specifications; relevant International Standards such as I1SO 17665-1, 1ISO 11135-1 and
ISO 14937 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, performance qualification 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 certify 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 qualified for the
process, it is important to establish and document a correlation between the new biological indicator and the
previpus biological indicator.

8.6.2] When using moist heat or ethylene oxide sterilization, ISO 17665-1 or ISO 111351 appligs.

8.6.3] A minimum frequency for evaluating the resistance characteristics of a biological indicator lot should
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stablished. Considerations leading to different intervals for requalification \ef the biolog
m could include seasonal changes, product and material changes as well as*equipment ch
resistance characteristics of the biological indicator change outside the predetern
lification should be performed. If the recovery medium is changed, the’new growth mediy
ated to the previous one used and the choice of new growth medium“should be validated (s

Biological indicators in routine monitoring

General

Biological indicators provide a method for. demonstrating microbial lethality in a steriliza
ver, fractional (e.g. half cycles), may need-to' be conducted during validation in order to
ity. For well-developed processes where(parametric release has been validated, biologig
hot be necessary for routine monitoringlof some sterilization processes (e.g. moist heat ste
7655-1, ethylene oxide, see 1ISO 114135-1 or dry heat, see ISO 20857).

The type of biological indicator and its placement in the product or product load should
broduct load locations that have been determined during the sterilization development or thg

cal indicator
Bnges, etc. If
hined limits,
m should be
e also 12.4).

ftion process;
quantify the
al indicators
ilization, see

pe consistent
validation. If

the npicrobiological challenge system used for routine monitoring of the sterilization process differs from that

used
moni

9.1.3

in the validation of the -process, the relationship between the system for validation an
oring should be documented.

The specified time intervals between preparation of the indicators and sterilization, and

d for routine

between the

end of the process/and the culturing of the indicators should be justified in order to demonstrate that these

intery

9.1.4

als have no'effect on the outgrowth of the biological indicator (see 8.2.4).

indicators for that are used in the combineg]

indic
resis

9.2

9.21

Biglegical routine monitoring

ttor/bioburden method (7.3) will not comply with all parts of the 11138 series if the popu

Placement and handling of biological indicators

d  biological
lation and/or
3).

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 process challenge
device (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.
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9.2.2 The directions of the supplier of the biological indicator should be followed with regard to the proper
handling of the biological indicator subsequent to sterilization. In general, biological indicators should be
removed from the load without compromising the safety of personnel and within a specified time period that is
justified (see Clause 11). They should then be aseptically transferred to the appropriate growth medium within
the defined time period and incubated at the proper temperatures (see Clause 12).

9.2.3 In addition to the qualification requirements on medium growth properties (see Clause 12) and viability
of the biological indicator (see Clause 11), the user could also perform abbreviated versions of these checks
during routine monitoring of the sterilization process. For example, using an unprocessed biological indicator
incubated in the growth medium indicates both the viability of the indicator and the suitability of the growth

conditions.

NOTE

9.24 The
parameters |

desired criteffia.

9.3 Process challenge device (PCD)
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National guidance documents can require the use of unexposed controls.
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bcess challenge device in combination with biological indicators can bé used both for valig
monitoring of sterilization cycles as well as for sterilizer testing_by sterilizer manufact

vice constitutes a location that is deemed to represent a)suitably stringent challenge
design of the process challenge device can vary according to the nature of the product
ee Annex B for various examples of process challenge devices).

hat influence the sterilization process. Composition of a process challenge device depends @
to be monitored, as well as the type of product.fo be sterilized.

pss challenge devices can be commercially available as prefabricated sets, often
5t packs.” Single-use biological test-packs are manufactured by various companies and m
of in-house process challenge dévices. Process challenge devices and their placement
should represent a challenge to the process that is equivalent to or greater than the chal
by the product load.
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lenge devices are designed so that the placement of the biolegical indicator within the process

b the
to be

pss challenge devices should be designed with*consideration given to the various process

n the
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10 Results

10.1 General

10.1.1 The priteria for acceptance of a sterilization process as satisfactory should be decided upon durirlg the
sterilization ¢ycle .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

should be ca

rried out by trained technicians using appropriate equipment.

10.2 Interpretation of results

10.2.1 A validated sterilization process in which all the pre-set parameters have been met should show no
growth of the biological indicator.

10.2.2 Based on the principles of the use of biological indicators in ISO 11135-1, a sterilization process
where pre-set minimum parameters have not been met could show growth of the biological indicator.

10.2.3 Any biological indicator test results showing growth of the indicator when no growth would be
expected can be an indication of an inadequate process, a defective biological indicator or a faulty test system

16
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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 lot of
product be rejected as non-sterile. The identification of growth as that of the test organism should be
confirmed, and an effort made to identify the cause of the growth. Consistent growth of biological indicators
after sterilization processing can be indicative of a sterilization process that was not delivered in accordance
with the validated parameters, an inadequate sterilization process or could possibly be due to the use of a
biological indicator lot with an unusually high resistance to the sterilizing agent. If an investigation indicates
that the sterilization process 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 combination with colonial and cellular morphology may be useful in determining
that the growth is not the indicator organism.

NOTEH Some indicator organisms might be gram variable.

10.2.4 The particular sterilizer, type of product, and the loading of the product all affect the sterilization

proce
estal]
of the

10.2.
inves

ss. The resistance characteristics of the biological indicator system used in the “proces
lished for the overall system to be effective. Acceptable data from the biological indicator a
data necessary to show that the sterilization process has been successful.

b Cultures showing growth that is not confirmed to be the indicatgr’ organism shoul
tigated to determine the cause of the positive growth. Frequent test contaminants can ind

s should be
e only a part

d be further
cate a faulty

test dystem or inadequate training of personnel.

11 Application of biological indicator standards

11.1| General assessment of biological indicator performance by the user

11.1.
and t

' The two main characteristics of a biologicalindicator are the nominal population of mi
he resistance of the biological indicator to the sterilization process, expressed as the D valug.

roorganisms

11.1.
popu
incub
shou
perio
valid

the nominal
ure medium,
e areas that
[he user can
bntrolled and

P The biological indicator should .be;‘transported, stored and handled to ensure that
ation and resistance characteristics ;are maintained during the shelf life. Sterilization of cul
ation conditions, equipment mainténance, and training of laboratory personnel are som
d be defined and controlled to\ensure appropriate performance of the biological indicator. ]
Hically verify the biologicallindicator population. When the above-mentioned areas are ¢
ted, routine biological indicator testing by the user might not be necessary.

11.1.8 The user should. hote 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.

haracteristics
details of the

11.1.4 Variations in resistometer performance can in some instances give different resistance ¢
resulfs for. the indicator. In such cases, the manufacturer should, on request, give information on
relevanttesting conditions.

11.1.5 If the user establishes data on the nominal population count or the D value and these are outside the
limits required by the relevant standards or outside the label information, the user is encouraged to seek
information from the manufacturer to ensure that the same techniques, methods, and conditions are used to
obtain the data (see References [12], [14], [18], [19], [20], [21], [30], [31] and [32]).

11.2 Nominal population of test organism

11.2.1 The manufacturer shall give the nominal population of test organisms of each biological indicator as
part of the labelling information. The requirements are given in the standards for the minimum number of
microorganisms on a biological indicator or inoculated carrier to ensure a minimum resistance of the indicator.
When tested, the population should be between 50 % and 300 % of the nominal population. The biological
indicator manufacturer should be consulted to ensure that the same techniques and procedures are used,
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because variations in testing procedures can affect the population determination results. ISO 11138-1 requires
the manufacturer to provide this information on request.

11.2.2 Spores, such as Geobacillus stearothermophilus, can require a heat-shock procedure in order to
obtain greater accuracy in counts. Several combinations of temperature and time have been used
successfully. The results can be influenced by the mechanical treatment of the inoculated carrier and thus by
the microorganisms, during preparation of the aliquots (see Reference [18]). Different laboratory practices and
even variations in the performance of individual personnel can lead to different results.

11.2.3 The 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 met

hod from that recommended by the manufacturer, the method should be validated.

11.2.4 The
should not b
effect on the

11.2.5 The
comparable

11.2.6 The
microbial corn

11.2.7 Atten
dependent d
technician tr.
plate counts

11.2.8 The
the nominal
deviations cg
by different o

11.3 Resis

11.3.1 Gengdral

fluid for disintegration should not influence the number of surviving microorganisms(e
e a growth medium) and should not otherwise negatively influence the result by any inhi
growth of the microorganism (see Clause 12).

user should follow the manufacturer's recommended procedures for recovery to e
esults.

sterilized fluid and the processed, inoculated carrier should be treated aseptically to avoi
tamination or cross-contamination that could bias the results.

n a variety of factors including dilution and pipetting erfor,” calibration of pipetting de
pining, and the number of colony-forming units (CFUs) per plate. It is generally acceptec
should be between 30 CFUs and 300 CFUs per plate for\greatest statistical accuracy.

SO 11138 series limits deviations from the labelledsnominal number. The user should note
bopulation of an indicator from a given batch orJot of indicators is being tested by the use
n exceed the limits given in the relevant part(s)-of ISO 11138. This could be caused, for exa
ulture media used or different enumeration-and counting techniques (see Reference [17]).

fance determination

If the user ¢
item to be

ooses to verify the label.claims or determine the D value of the biological indicator in or 0
terilized, then they _should employ the same conditions as the manufacturer. This inc

g., it
bitory

hsure

| any

tion should be given to the accuracy of the plate counts<The accuracy of plate coufts is

ices,
that

hat if
I, the
mple,

n the
udes

employing the specific parameters for the relevant resistometer. The biological indicator resistance can be

estimated or|calculated using.three approaches: the survivor curve method, the fraction-negative metho

i and

calculation of the survival-kilhwindow. After exposure to incremental time intervals of the sterilization prgcess

(i.e. parts of [he holding time), the indicators are tested using the methods outlined in a) to c). The ISO 1
series provides requiréments for each method, which can be used in combination to estimate resistance.

The main difference between the three approaches is given below.

1138

a)

Survivor curve method

This method requires counting of colonies. Depending upon the type of the inoculated carrier and the
properties of the microorganism, this often implies the use of mechanical degradation of the inoculated carrier
(performed using aseptic techniques) with subsequent retrieval and counting of the total retrievable count of
colony forming units on solid medium (e.g., distinct colonies on agar plates).

b) Fraction-negative method

This method requires growth/no-growth determination and employs aseptic transfer of the intact inoculated
carrier into the fluid culture medium. The transfer is performed without any mechanical, microbiological or
thermal influence on the inoculated carrier.

18 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=04c62f882bd86819ac937165f5992d2f

ISO 14161:2009(E)

c) The survival-kill window

This is based on a fraction-negative method, giving lower limits where all samples show growth and upper
limits where none of the indicators shows growth after exposure to the whole sterilization process or after time
intervals of the sterilization process (see ISO 11138-1:2006, Annex E).

NOTE The determination of D values from any series of exposures generally applies averaging in some fashion to
the results from the sample set. Combining data in this fashion has a statistical restriction. The data can only be combined
when the samples are statistical equivalents. For example, if ten samples are distributed throughout a sterilization
chamber, they are not all true equivalents. However, multiple samples clustered in the same location within the sterilizer
chamber can be considered true equivalents (see References [25] and [28]).

11.3.R2 Survivor curve method

This method is also referred to as the “direct enumeration method” and the “enumeration;-numper method.”
This [method makes use of direct counting procedures (see ISO 11138-1) and should be performed on
inocylated carriers (see Figure A.4).

For flirther details on procedures, see 11.2 and Annex F.

11.3.B Fraction-negative method

Ther¢ are several such methods in use, called fraction-negative or«quantal methods. Growth or mon-growth is
obsefved relative to the number tested (see Figure A.4).

This (International Standard gives the common reference method for the 1SO 11138 series, which is the
Limited Holcomb-Spearman-Karber Procedure (LHSKP).-Fwo 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 periods, such as times or doses, differ hy a constant
time |nterval and if an identical number ‘of replicates is exposed at each exposure period interval. For example,
exposures could be at 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).

NOTH The critical parameter.“time” can be replaced by “dose” in some sterilization processes such ag radiation and
ozong.

The mean D value, 5, is calculated using Equation (1).

D Yhsk (1)
|Og10 NO +0,2507

where

Ny s the initial inoculum of test organisms per test sample;

k—1

d
-2 (2)

=

Unsk =Uy -

N | X

Examples of calculations are presented in Annex C. For more information on LHSKP, see ISO 11138-1 and
Block[®l.
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b) Holcomb-Spearman-Karber Procedure (HSKP):

This method is similar to the LHSKP but uses the generic formula which does not require use of the same
number of replicates nor that constant time intervals be used.

The D value is calculated using Equation (3).

D= UHSK (3)
|Og10 NO + 0,250 7
where
e —1
Unsk = ZUZ' )
i=1

Examples of|calculations are presented in Annex C.
c) Stumbo{Murphy-Cochran Procedure (SMCP):
The formula|for the Stumbo-Murphy-Cochran Procedure requires one result insthe fraction-negative range,
consisting of time, 7, the number of units negative for growth, » and the <@aumber of replicates, n, af one
exposure time within the fraction-negative range, and the initial number of-migroorganisms per replicate, |V,.
The D value |s calculated using Equation (5).

D= t (5)

logjg No —Iog1o(lnnj
r

To obtain a higher level of confidence using the Stumbo-Murphy-Cochran Procedure, the D value shoyld be
calculated as the average of at least threexruns in the fraction-negative range in order to cgnfirm
reproducibility.
For further détails on procedures, see Apngx C.
11.3.4 Survival-kill response characteristics
This method|requires a total 6100 biological indicators with 50 replicates at the two conditions identifigd as
the time at which all indicaters will show growth and the time at which no indicators will show growth| after
exposure to fhe specified-conditions (see Annex G).
11.4 z valup determination
11.4.1 General

The z value is the change in exposure temperature of a thermal sterilization process, which corresponds to a
tenfold change in D value. The z value allows the user to express equivalent lethality for thermal sterilization
processes. The z value calculation is the only means of expressing the measured lethality under variable
process conditions which can range from massive slow-to-heat loads to low density loads that achieve steady
state conditions more quickly.

The z value can be determined with only two process D values. However, the resulting value will have wide
confidence limits. For this reason it is preferred to calculate the z value from three or more process D values,
as specified in ISO 11138-3. (See Figure A.3.)
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11.4.2 Graphically plotting the z value

The z value can be determined by graphically plotting the log of the D value versus temperature on a semi-log
scale (see Reference [33]). The line-of-best-fit will be linear (Figure 1) and the z value estimate is the negative
reciprocal of the slope.

Y A
100 |
10
1<
1
2
A
01 | | | | >
110 115 120 125 130 X
Key
Y DOvalue (min) (plotted on logarithmic scale)
X  tgmperature (°C)
1 ope log reduction
2  z)alue (°C)

Figure 1*— Graphically plotting the z value

11.4.p Mathematically calculating the z value

Mathpmatically calcutating the line-of-best-fit is the statistical method to accurately represent thg slope of the
data.|The line-of-béstfit can be found using log-linear regression analysis.

Equations (6)and (7) are used to derive the equation of a linear regression line.

n n
Vi=b+m in (6)
i=1 i=1

n n n
inyi =b2xl~ +m2xi2 (7)
i=1 i=1 i=1
where

b is the y intercept of the regression line;

m is the slope;

n is the number of x, y points.
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The above equations are modified to include the x, log y pairs to reflect the log-linear scale, thus:

n n
Zlogyl- =bn+ min (8)
i=1 i=1

n n n
in logy; =bei +m2xi2 (9)
i=1 i1 i=1

Using the method of least squares, Equation (10) is established for the slope of the line:
nz (x; |09J/i)—zxiz|°9J/i
m= i= =1 = (10)

nfx,.z_[zx,.] 2

i—1 i=1

where
n is the number of D value/temperature pairs (data points);

x  repfesents temperature;

y  reptesents D value.

From this formula, the z value can be calculated by the absolute value*of the reciprocal of this slope:
- H (11)

m
Examples of|calculations are presented in Annex E (see-also 1ISO 11138-3 and ISO 11138-4).

11.4.4 Corre¢lation coefficient, r, for the z value

The correlatipn coefficient, r, is a mathematical value that indicates the precision with which the D valuep can
be predicted by a linear regression ofi\temperatures and respective D values. A correlation coefficignt of
+ 1,000 0 or |- 1,000 0 would indicate\that all data points lie on the linear regression line. The square ¢f the
correlation coefficient, 72, is referred.to as the coefficient of determination. The coefficient of determinatiop is a
measure of ;tow well the regressijon line represents the data. An 2 value of 0,800 0 or greater is consiglered
an acceptable model fit. The-detailed calculations appear in Annex E.

NOTE THe D values sheuld be expressed to four decimal places to increase the accuracy of the above coefficients
when used in the calculations in 11.4.3.

11.5 F(7, ;) pquivalent sterilization value determination

F(r, ;) is defined as the process equivalent minutes at any reference temperature 7. Calculation of the
Fir 2 requires the z value to be known.

[T_Tref j
_ z

F(Tref,Z) =10 (12)
The most common F value is Fj, used in moist heat sterilization. Fy is a specific F value for the equivalent
minutes at 121,1 °C using a z value of 10,0 °C. This has become the worldwide standard for moist heat
process design. F equivalent values have been applied in moist heat, dry heat and more recently in ethylene
oxide sterilization processes (see Reference [29]). When validating and monitoring processes using biological

indicators, the actual process time at any temperature is calculated to the specific reference temperature as a
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function of the specific z value for that particular biological indicator. This allows the integration of lethality and
is used to calculate the actual spore-log-reduction (SLR) value for the process.

11.6 Establishing spore-log-reduction (SLR)

The thermal-death-time curve is a method of comparing F values on a logarithmic scale versus 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 spore-log-reduction (SLR)
and can be expressed as the log of the initial spore population, N, minus the log of the final population, NE.
The fiormula Tor calculating 7 using this change in the microbial population at the speciiied proceps conditions
is given by Equation (13).

Iﬂ(T’ Z) = DT (|Og NO - |0g NF) (13)
wherg

1 is the temperature;

is the specific z value;

N1

Dy is the D value at the specified temperature T,
No s the initial spore population or bioburden;
Ng s the final spore population or bioburden.
This ghange in spore population is the spore-log-reduction (SLR) which is represented by Equatidn (14).

$LR = log N,y — log Ng (14)
The thermal-death-time can therefore be expressed using Equation (15).
Fr=DrxSLR (15)
The process spore-log-reduection is then used to calculate the product sterility assurance level (SAL).

11.7| Sterility assurance level (SAL) calculation

The probability of a non-sterile unit from a microbial control process is expressed as sterility assurance level
(SAL). The SAL calculation uses Equation (16).

SAL = 10~ (SLR-logNo) (16)

where N is the initial spore population or bioburden.

The commonly accepted minimum SAL is 10-° or less than one chance in a million of having a non-sterile unit.
Therefore, the total integrated lethality shall deliver an excess of six more spore-log-reduction equivalents
than the microbial challenge that was sterilized.

NOTE This concept is graphically expressed in Figure A.1 and Figure A.2.
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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. Manufacturers
of biological indicators shall comply with the relevant standard in the ISO 11138 series if they declare
conformity to these 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 tg
and/or contrg
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11.8.4 The pontrol and maintenance of technical equipment should be documented.

12 Culture conditions

12.1 General

12.1.1 Man
as to the cul
the user emg
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attention to @septic technique and good laboratory practice. It"is good practice to include negative co

with each as
found for this
defined critic
and surround
are being ma

12.1.3 Culty

incubation ¢
validated to ¢

12.1.4 For

to seek inforfnation in available-International Standards, such as the ISO 11737 series (see Clause 2).

12.2 Incub

12.2.1 The
incubation te
invalidate the

ifacturers of biological indicators are required by ISO 11138-1-10. provide information to the
uring conditions (i.e. incubation temperature, incubation period“and choice of growth mediu
loys other culturing conditions, these should be validated by.the user.

procedures should be performed in a laboratory area defined for this purpose, giving p
say performed when using general laboratory areas for these assays. If a defined area cann
al zone (e.g., a sterile bench or biosafety eabinet with no air exchange between the critical
ing areas where biological indicators or, microorganisms of the same or similar growth prop
nufactured, packaged or otherwise handled).

re conditions recommended by the manufacturer of the biological indicator should be follow
pbnditions other than those recommended by the manufacturer are employed, they shou

etermine their effect on the\performance of the biological indicator.

alidation purposes, the-incubation conditions should be carefully considered. The user is ad

ation temperature

abelling-of the biological indicator should always be consulted with regard to the recommg
mperature. Failure to incubate biological indicators at the appropriate incubation temperatur
test results.

user
m). If

roper
htrols
ot be

purpose, or if there is any risk of cross-contamination, the procedure should be performed in a

zone
brties

ed. If
d be

vised

nded
B can

12.2.2 Test organisms that have been exposed to a sterilization process can exhibit increased sensitivity to
variations in incubation temperature. Some test organisms can exhibit increased recovery at incubation
temperatures below the recommended incubation temperature and decreased recovery at incubation
temperatures above the recommended incubation temperature. In general, biological indicators of Geobacillus
stearothermophilus can be incubated at temperatures in the range of 55 °C to 60 °C, and biological indicators
of Bacillus atrophaeus and Bacillus subtilis can be incubated at temperatures in the range of 30 °C to 39 °C or
according to the specifications provided by the manufacturer.
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12.3 Incubation period

12.3.1 The incubation period required could vary with the nature of the biological indicator and sterilization
process; ISO 11138-1:2006, 7.3.2 recommends a period of 7 d for biological indicators for established
processes. The labelling of the biological indicator and other information provided by the manufacturer should
be consulted in this regard.

The information provided by the biological indicator manufacturer is established under specific conditions that
might not apply in the user's facility. Therefore, the user should consider verification of the biological indicator

manufacturer's recommendations for incubation time.
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ation period should be validated against current national requirements; 1SO 111381
nmends an incubation period of 14 d.

ontained biological indicators might not have been designed with sufficient volume of medi
ery over prolonged incubation periods.

is needed when considering the use of self-contained biological indicators in validating an
sses where delayed growth is possible due to the potential of sterilizingZagent residuals.

B A biological indicator manufacturer may validate a design, of a spore carrier/reco
ination (e.g. a spore strip sold with recovery medium as a kit,yor a self-contained biologiq
duced incubation time validation for this product does not have to be repeated by the end
end user uses the product with the same sterilization, agent as that used in the validatior
If the end user intends to use a spore ca
im/incubation temperature combination that has not/een validated by a manufacturer (e.g.
with a recovery medium not sold as part of a kit), the end user should validate a reduced in
a defined statistical sampling plan and procedure with pre-established acceptance criteria.

Choice of growth medium

I Most manufacturers of biologicalk indicators either provide the culture medium direct
nation regarding the preparation of'a suitable culture medium. The culture medium employe
facturers can vary significantly; thus, it is important to follow the biological indicator m
nmendations.

P For validation of biological indicator incubation times, the inherent variability of the cu
s it advisable to screén the performance of several medium lots and to reserve suitable que
to provide the désired growth performance. This would allow comparison with new lots.

B Selectionsof a suitable culture medium requires consideration of many variables, such as

ances._in the culture medium can affect the recovery of sterilizing agent-stressed test organis
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the pH of the

e medium and the presence of inhibitory substances such as salts, pH indicators or antibiotics. Other

ms.

f~Users should not overprocess the culture medium, as extended sterilization can induce

changes that

can affect its growth-promoting properties. The ability of the culture medium to promote the growth of low
numbers of microorganisms should be demonstrated (see References [10], [12], [13] and [21]).

12.4.5 Each lot of growth medium should be checked by a suitable growth promotion test and compared with

alot

©I1SO

previously used, so as to determine lot-to-lot consistency.
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13 Third-party requirements

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 11138-1:2006, 6.3.2 and 6.4.3 (see References [31], [32], and [33]).

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 thi (2] or

that has a re

rd-party testing facility could be a testing laboratory that is in compliance with ISO/IEC 1702}
cognised quality system for the service.

13.2 Minimum requirements for replicates and total number of biological indicators

Table 1 — Minimum samples according to method

Test method in accordance Minimum number of Minimum number of Minimum total number
with ISO 11138-1 test samples exposure periods of test samples
Initial count of viable test organism @ 4 - 4
Survivor curvé method 4 5 20
(see Annex F
Fraction negdtive method b b
(see Annex Q) 20 5 100
Survival-kill window
(ISO 11138-112006, Annex E) 50 2 100
Minimum tota) number depending on choice of combination of.methods: 124 or 204

@  The viable

b The extra
condition for ag

count of the unprocessed inoculated carrier or bidlogical indicator.

set of testing conditions at the exposure subsequent to #; (see Table C.1) is not used in the calculations, byt is a

cepting the test results as valid.

A total of at |

east 20 biological indicators.is needed for the survivor curve method (see Annex F), with at

least

five exposur¢ periods and four replicates for each period. Annex C covers the minimum requirements for the

LHSKP, with
with 20 repli
be at least

minimum of

characterizafion requires™a total of 100 biological indicators with 50 replicates at the two cond

(ISO 11138-
requires app
204 biologicsa

a total of at least 100 biological indicators. A minimum of five graded exposure periods are
ates each. One exposure period should result in all positive biological indicators. There s
fwo sequentialcexposures that result in no positive biological indicators. There should
two intermédiate exposures that result in fractional responses. The survival-kill wi

:2006, Annex E). The resistance characteristics are determined according to ISO 11138-1,
ication-of at least two methods out of the three mentioned. This implies the use of at least 1
| indicators respectively, depending upon the methods chosen.

used
hould
be a
hdow
tions
vhich
24 or

At least three D value determinations at three different temperatures are required to estimate the z value for
moist heat sterilization processes in accordance with ISO 11138-3 and dry heat sterilization processes in
accordance with ISO 11138-4. (See Reference [32].)

ISO 11138-1

:2006, Annex A requires four replicates for the determination of viable count.

13.3 Test equipment

A testing laboratory that performs tests in accordance with the 1ISO 11138 series needs to apply the required

test equipme

For further in

26

nt, including the relevant resistometer (see 1ISO 18472).

formation, see 11.8.
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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.

15 §

15.1

temp
chars

ensu

the tn

15.2

btorage and handling

cteristics. The vendor or supplier should make agreements with the user on means of tran
e that conditions are adequate to retain the performance characteristics of biological indi
ansportation.

The recommendations of the manufacturer with regard to the (sterage and handling

The vendor or supplier is responsible for shipment or transport to the user and should
brature variations that occur during transport do not have an adverse effect on_the labellg¢d resistance

ensure that

sportation, to
cators during

of biological

indicators should always be followed. Failure to follow these recommendations could adversgly affect the

integ

pack

prote|

temp

15.3

and s

16 |

Acco
Inact
also

mandy

NOTH
indicgtors could be covered by regional or national regulations.

©I1SO

cts it from extraneous microbiological influences. Biolagical indicator storage should take
brature, relative humidity, chemical influences and light:

Biological indicators consisting of non-hazardous microorganisms can be handled witho
hipment and transport should follow internatioral rules for transport of non-hazardous micro

Disposal of biological indicators

rding to 1ISO 11138-1, the biological indicator manufacturer is required to provide disposal
vated biological indicators can:be disposed of as household waste. Expired or unused ir
be disposed of as household waste if the microorganism is of a non-hazardous natu
facturers' disposal instructions, which often require sterilization prior to disposal, should be f

National regulations can define biological indicators as hospital waste, and disposal of th

ity and performance of the biological indicator and lead to incorrect assumptions regarding
of the sterilization process. In general, biological indicators should.always be maintained in th
hging until ready for use. A biological indicator is delivered.ready-to-use and in a packaging

the efficacy
pir protective
system that
into account

Lt restriction,
brganisms.

instructions.

dicators can
e. However,
bllowed.

ese biological

2009 — All rights reserved
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Annex A
(informative)

Microbiological inactivation kinetics and enumeration techniques
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X time or dose 4 half-cycle window
Y1 number of surviving microorganisms 5 minimum sterilization process time
(plotted on logarithmic scale) 6 six log reduction (63 % positives)
Y2 probability of surviving microorganisms 7 seven log reduction (10 % positives)
(plotted on logarithmic scale) . . o -
1 biolonical indicat 8 eightlog reduction (1 % positives)
!0 cgicatindicator 9 theoretical twelve log reduction (0,000 1 % positives)
bioburden
3 Dvalue
NOTH 1 Log reduction for product achieved prior to the minimum sterilization process time (see 3.10):
NOTH 2 For the purposes of this illustration, time and dose are shown as highly controlled steady-state fonditions and
might|not apply to process vessel conditions.

Figu

re A.1 — Examples of relationship between the biological indicator and the product bjoburden in
a reference microorganism method
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Y14

10°

10°

10*

162

10?

101

1014

101°

Key

X time or dose

Y1 number of suryiving microorganisms (plotted on logarithmic scale)

Y2 probability éf-a surviving microorganism (plotted on logarithmic scale)

curve representing a six log reducfion of BI with minimum specified resistance

curve representing a four log reduction of Bl with 1,5 x minimum specified resistance
minimum half-cycle window

minimum sterilization process time
theoretical eight log reduction (Dg, = 1,5 x D,
theoretical twelve log reduction (Dg, = D

min)

min)

N o o WN -

equivalent challenges

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

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

© 1SO 2009 — All rights reserved 31


https://standardsiso.com/api/?name=04c62f882bd86819ac937165f5992d2f

ISO 14161:2009(E)

Y14

107

10°

10°

10*

10°

10°

Xy

10"

1073

10

1 0-6 N

Y24

32 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=04c62f882bd86819ac937165f5992d2f

ISO 14161:2009(E)

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
fraction-negative method: number of microorganisms estimated from fraction-negative methods

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 General

A process challenge device can have several configurations and uses. It is an item designed to constitlute a
defined resistance to a sterilization process and used to assess performance of the process.| The
commercially available process challenge device should represent a similar or greater challenge'to the diser's
sterilization grocess than would be represented by the load.
The device iIs constituted so that a biological indicator can be arranged in the place imost difficult fqr the
sterilizing agent to reach. The design of the process challenge device depends on the kind of goods fo be
sterilized and the sterilization procedure. The biological indicator should not interfére with the function ¢f the
process challenge device.

In some prodess challenge devices, an inoculated carrier can be used in place-of a biological indicator.

B.2 Helices

The helix consists of a coiled tube with a gas-tight capsule forthe inoculated carrier at one end, intendgd for
challenging dterilizing agent penetration into long hollow instruments.

NOTE National standards for specific sterilizers could in¢lude requirements for such helices.

B.3 Standard test packs

Standard tegt packs are used in large\steam sterilizers for porous loads to check that rapid and urfiform
penetration df steam into the pack is attained at the levels at which the process variables are set.

The standard test pack is comprised of porous sheets wrapped in a particular configuration with biolggical
indicators ingide. They are desighed to test the efficacy of the steam sterilization process for porous loads.

NOTE National standards for specific sterilizers could include requirements for such standard test packs.

B.4 User'f process challenge devices

This type of process challenge device is specially designed to meet the criteria for the process challenge
location(s) in the load. The packaging and design should reflect the standardized load to be examined and
varies with the load. The user's process challenge device serves as a “dummy” to replace the actual goods for
this location and to allow removal of biological indicators without destroying the goods to be sterilized. The
user could need one or several devices to cover the process challenge location(s).

B.5 Biological test packs
This is a common description of commercially available process challenge devices 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.

34 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=04c62f882bd86819ac937165f5992d2f

CA

C.1.1
recoy
The

show
data.
the c
the re

C.A1.2

ISO 14161:2009(E)

Annex C
(informative)

Formulae for fraction negative methods for D value calculations

(adapted from 1ISO 11138-1:2006, Annex D)

'General

This method establishes the number of surviving test organisms by indirect calculation
erable number of microorganisms as determined by visual observation of growth in fluid gro
method referred to as “fraction negative analysis” is a method in which a fraction of the

pased on the
wth medium.
fest samples

S no growth (the fraction negative range) and the calculation is based on theresults obtaingd with these

A “total kill analysis” is also a fraction negative method in which all the test samples show n
blculation is based on the results obtained with this requirement. Fraction negative method
coverable number of test organisms is less than 5 x 100 CFUs/unit of\rieasure.

The Holcomb-Spearman-Karber Procedure (see C.3.1) and Limited-Holcomb-Spes

Proc

NOT

dure (see C.3.2) require successive exposures which span the fraction negative range.

Other methods could be applicable, particularly when-ihe fraction negative range is kno

alternptive method is provided by the Stumbo-Murphy-Cochran Procedure (see C.3.3).

CA.

Test samples should be subjected to defined exposure periods with all process variables

remajning within defined windows (steady-state).>Where the process variables are consi
acceptably narrow, time is expressed as “’. Where the control of process variables is tog
considered constant, methods of integration camn be used to calculate equivalent time “U’. Bo

foun

CA1.
expo

C.2

C.21
biolo

C.2.2

NOTH

in literature references.

The number of samples expesed, n, in each exposure and the intervals betwee
sures, d, both affect the reliability of the test.

Materials

Test samples-Should be representative of spore suspensions, inoculated carriers
jical indicators)

The rélevant resistometer should be used.

Test methods are given in subsequent parts of the ISO 11138 series. Specifications for res|
in1SO 18472.

Db growth and
s used when

rman-Karber

vn. One such

except time,
Hered to be
wide to be
th terms are

h sequential

br packaged

stometers are

given

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.

©I1SO

2009 — All rights reserved
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C.3 Methods

C.3.1 Holc

C.3.1.1 Int

C.3.1.1.1

omb-Spearman-Karber Procedure (HSKP)

roduction

Test samples should be subjected to graded exposures to the defined exposure period 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.3.1.1.2
as rapidly as
should be va

C.3.113
exposure ac

C.3.1.1.4
the specified

possible so as not to interfere with the test results. If a neutralization procedure is requi
idated.

To obtain a higher level of confidence using the HSKP, samples should be “eultured

ording to the manufacturer's specified method.

growth medium. The volume of medium should be the same for each Teplicate. If the g

medium is ipcluded by the manufacturer as an integral part of the biological indicator, the manufact

culturing inst|
available a s

C.3.1.1.5
cultures sho

ructions should be followed. The manufacturer of the biological indicators should identify or

The test samples should be incubated following the manufacturer's specified methods

Id be examined after the manufacturer's recommended<incubation period or validated inculj

time (see alg§o 12.2 and 12.3). Growth of the test organism can bedndicated by turbidity of the broth me
growth on the surface of the broth, or sediment at the bottom of\the tube, depending upon the charactefistics

of the test o
biological ing
manufacture

Growth of th
by a change

C.3.1.1.6
the total num

C.31.2 Ca
C.3.1.21
one set

two sets|

two sets

NOTE
number of rep

C.3.1.2.2

D=

ganism. If the growth medium is an integral partiof the biological indicator (e.g. a self-cont
icator), growth or the lack of growth of the test-organism should be interpreted according 1
['s instructions.

b test organism in self-contained biolegical indicators can be shown by a colour change cza
in pH.

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

ber of inoculated carriers tested at each sub-lethal exposure.

Iculations using the HSKP

The calculations are based on a minimum of five exposure periods and should include at lea

bf sampleStin which all tested samples show growth;

of sgamples in which a fraction of the samples shows growth;

itable recovery medium and/or the complete data for preparing-one (see also 12.1 and 12.4]).

Fach inoculated carrier is transferred aseptically to a test tube containing-an adequate volufne of

fowth
irer's
make

The
ation
Hium,

hined
o the

used

ms to

5t

of samples, from sequential exposures, In which no growth Is observed (see |able C.T1).

licates at each exposure period or constant time intervals between exposures.

The mean D value, D, is calculated using Equations (1) and (4). See 11.3.3.

Unsk

|Og10 NO +0,2507

36

HSKP is similar to LHSKP (see C.3.2), except that it uses a generic formula which is not limited to the same

(1)
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where
k-1
Unsk = X Ui (4)
i=1

Ny is the average viable count per indicator determined by the total viable count method
(see 1ISO 11138-1:2006, Annex A).

The data required for the calculation are given in Table C.1.

Table C.1 — Examples ot data collected for HSKP

Exposure period Number of test samples Number of test. samplgs
to sterilizing agent exposed showing no-growth
(min)
t n r;
4(Uy) ny rq(r=0)3
2 ny P
‘3 N3 "3
Iy 1y T4
15(Ug_1) ns s
ts(Up) ng re(r = ng)
t7 ny r 7(” = ’77)a
@8  The test is valid if there are no negative units, i.e. AO*negative test samples (» = 0), with all units showing prowth
at the exposure preceding ¢,, and all negative test‘samples (r=n,), i.e. none showing growth at the exposure
subsequent to .
NOTE t, is defined as the longest exposure period to the sterilizing agent in the exposure set where gll test
samples show growth. Exposure periods\#,/to #; are increasing exposure periods in the fraction negativg area.
Exposure periods 7 and ¢, are two sequential exposure periods at which all samples show no growth.

C.3.1.2.3 For times of expesure to sterilizing agent, #; to #, the factors y and y are calqulated using
Equations (C.1) and (C.2).

1

. :% (C.1)
v+ Y

= LNV (C.2)
ny R ni

wher

W

r; is the number of test samples showing no growth at exposure period #;

n; is the number of test samples exposed at exposure period .

At ¢4, all test samples show growth and so 7 is the number of test samples ol

n;

From the calculated values of y; and ¥ above, the value U, can be calculated for each exposure period, ¢,
using Equation (C.3).

Ui=x7 (C.3)
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C.3.1.24 The mean time to sterility, Uygk, from any of the test samples can then be calculated as the sum
of U; for each exposure period ¢4 to #5:

i=6

Upsk = ZUI' (C.4)
i=1

C.3.1.2.5 Where the interval between exposure period, d, is constant and the same number of test samples,
n, is used at each exposure period, the mean time to sterility, Uygk, can be calculated using Equation (C.5).

J 4=8
Upsk = =—=—> . C5
HeK === gr. (C.5)
C.3.1.2.6 The mean D value, D, can be calculated using Equation (1). See 11.3.3.
P Unsk
D= 1
log{gNg + 0,250 7 ™M
NOTE 1 THe Euler constant = 0,577 2.
NOTE 2 0,77 2/In10=0,250 7.
where N is the initial viable count of test organisms per test sample (see<ISO 11138-1:2006, Annex A).
C.3.1.2.7  The 95 % confidence interval for D (p = 0,05), D, e, is.calculated using Equation (C.6).
Degic =D £ 24V (C.6)
C.3.1.2.8 The variance, V, is calculated using Equation (C.7).
2,302 6 ?
V=a|l4+————— (C.7)
InNg + 0,577 2
C.3.1.2.9 The “a” for the variance is calculated using Equation (C.8).
=6 2 (i —1;)
a=025 (:. 1. ) s s AV cs8
:71,[ (i+1) ~Hi-1) [z pETp—] (C8)
C.3.1.3 Expmple calculation of the Holcomb-Spearman-Karber Procedure (HSKP)
Table C.2 + Examples of data with non-constant time intervals and non-constant number of samples
Expasure period to sterilizing |  Numberoftestsamples |  Number of test samples
agent exposed showing no growth
(min)
t n r;
;=10 ny =20 r=0
t,=18 ny=19 ry=4
t3=28 ng =21 r3=8
14=40 ny =20 ry=12
5 =50 ng = 20 rs=16
1 =60 ng =20 rg =20
t7=170 ny =20 ry=20
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C.3.1.3.1 Calculate y; and y for each exposure period, ¢;:

ISO 14161:2009(E)

t+tg;
Xi =ZT(Z+1) (C.9)
_ it
x= 2
10 +18
= =14
V4 2
18 + 28
= =23
Y2 2
s = 28 + 40 _34
2
40 + 50
= =45
a4 2
50 + 60
= =55
43 2
60+ 70
3 2
o+ o
"+l om
N +1 _ iz
nq +1 nq
1 = i - 1 = 0,21
19 20
o = i - i =017
21 19
3= E = i = 0,22
20~ 21
et
74720 20
_20_16 _
5720 20
_20_20_,
76720 20
NOTE For the calculations of 7, and %, both s = 0,2. This happens because the number of test samples showing no

growth increase at a constant rate in this example.

© 1SO 2009 - All rights reserved
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C.3.1.3.2

U, =1 X

Calculate U; for each exposure period, ¢;:

%

Up=a1 % 71 =14x0,21=294

U, =23x0,17 = 3,91

Us=34x0,22=7,48

Uy, =45x0.2=90

(C.10)

U5=55
U6=65

C.3.1.3.3

Uhsk =

Uhsk =
Unhsk =
C.3.1.34

D

< 0,2=11,0

x 0=0

The mean time to sterility, Ungk, is calculated using Equation (C.11).

J1+U2+U3+U4+U5+U6

P94 +3,91+7,48+9,0+ 11,0+ 0=234,33

The mean D value, D, is calculated using Equation (1). See 11.3.3.

Unsk

log
where

Ny s th

D=—1
5,0

C.3.1.35
See C.3.1.2.

Deaic =

ONO +0,2507

e initial population of 1 x 105

34,33

————— =6,54(min.
DO + 0,250 7

The 95% coffidence interval for D (p=0,05), D.g» is calculated using Equation

/.

4

D +2

—~

(1)

C.6).

(C.6)

C.3.1.3.6

V[

C.3.1.3.7

INNg + 0,577 2

he variance, 7, Is calculated using Equation (C.7). See C.3.1.2.8.

T

2,3026

Equation (C.8). See C.3.1.2.9.

i

i=1

2 i~
a:o,st[(fM—f(f—ﬂ) (ﬁ

40

=6

1

J]

(C.7)

The “g” in the variance formula for each ¢ and summing all results is calculated using

(C.8)
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“=°’25[(f(1+1) "(1—1))2[”1 %}“(724) _’(2_1))2 [Fz (ZLFZ))}L(%H —t3-1)2[”3 —(23 ), )}L

I’l2 (n2—1 n3 (n3—1

2 (l’l4—l"4) 2 (}15—7’5)
t — 1ty _ — |+ |? —ti5_ —_— |t
() ~ta-1)) [”4n4z(n4_1)] (t6+1) ~t-1)) [r5n

5”(n5 —1)
(t6+1) - 1(6—1))2[r6 %J]

§=025x (28— 102x4 | 19=4 | 29917+
361x18

40 — 18)2 x =5,707 0 +
441><20

50— 28)2x 12 | 22=12 | _g1137+
400 % 19

60— 402 x 16 | 22=10 | _33684+
400 % 19

70-50)2x 20 | 22220 | _ 0,000 0
400 % 19

¢4=0,25(2,9917+5,707 0+ 6,113 7 + 3,368 4 + 0,000 0) = 0,25 x 18,180 8
4=0,25x18,180 8 =4,545 2

C.3.1.3.8 The variance, V, is calculated using Equation (C.7) now that “4” is calculated. See C.3.1.2.8.

2

. 2,302 6 ©7)

INNg +0,577 2
wherg

]JOZ 1% 105,
2.302 6 2 23026 )

4 =4,5452( = W :4,5452( : ) =4,545 2 x (0,190 458 =

[TN(T<107)+0,577 2| (TT513F0,5772)

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

C.3.1.3.9 The 95 % confidence interval for D (p =0,05), D is calculated using Equation (C.6). See
C.3.1.27.

Deaic = =D+2Jy (C.6)
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C.3.1.3.10 Lower confidence limit is calculated using Equation (C.12):
Deae =D =24V (C.12)
=6,54-2 ,/0,164 9
=6,54 — (2x 0,406 1)=5,73
C.3.1.3.11 Upper confidence limit is calculated using Equation (C.13):
Degl = P2+ («.13)
=p,54 + 2,/0,164 9
=p,54 + (2x 0,406 1) =7,35
C.3.2 Limited Holcomb-Spearman-Karber Procedure (LHSKP)
C.3.2.1 Calculations using the LHSKP

C.3.21.1

one set

The calculations for the LHSKP are based on a minimum of\five exposure periods and s
include at led

st:

bf samples in which all tested samples show growth;

hould

s the

hber

— two sets|of samples in which a fraction of the samples shews growth;
— two sets|of samples in which no growth is observed.(see Table C.3).
C.3.2.1.2 LHSK procedure is similar to HSKP (sege C.3.1), except that it uses a formula which require
same numbdr of replicates at each exposure period and constant time intervals between exposures.
Table C.3 —+ Examples of data collected for LHSKP with constant time intervals and constant nun
of samples
Exposure period Number of test samples Number of test samples
to sterilizing agent exposed showing no growth
(min)
t n rl.
#HU,) ny ry (r=0)2
I ny "2
I3 13 3
Iy Ty T4
15 (U _4) N5 "5
ts (Uy) ng rg (r=n)
ty ny ry(r=n)@
@  The test is valid if there are no negative units, i.e. no negative test samples (= 0), with all units showing growth at
the exposure preceding U,, and all negative replicates (r=n), i.e. no replicate showing growth at the exposure
subsequent to U,.
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C.3.21.3 The mean time to sterility, Ug, is calculated using Equation (C.14).

UHSK Uk————Zr (C14)
i=1
where
Upysk s the mean time to sterility;
A is the first exposure to show no growth of the replicates;
q is the time or dose interval between exposures (being identical);
is the number of replicates at each exposure (identical number at each exposure, e.p. 20);
-1
z r;  is the sum of the negatives between U, and U, _ 4 inclusive.
1
C.3.21.4 The mean D value, D, can be calculated using Equation(d). See 11.3.3.
— U
H - HSK (1)
logqg Ng +0,250 7
NOTH When following the method above, the LHSK procedure makes it possible to calculate the variance, 7V, the
standprd deviation (SD) and the 95 % confidence interval (the upper and lower confidence limits).
C.3.2.1.5 The variance, V, is calculated using.Equation (C.15).
=~ X Z n—r;) (C.15)
n? (n-1) =
C.3.21.6 The standard deviation (SD) is calculated using Equation (C.16).
$D= v (C.16)
C.3.21.7 The 95% confidence limits for D (» =0,05), D, are calculated using Equations ([C.17), (C.18)
and (C.19)
Deag =D +2SD (C.17)
C.3.271-8 tower confidence fimit
U -28D
Deaic = | R (C.18)
0g10 NO +0,250 7
C.3.2.1.9 Upper confidence limit
U +2SD
Deaic = | Ho (C.19)
0g19 NO +0,250 7
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C.3.2.2 Example calculations of the Limited Holcomb-Spearman-Karber Procedure (LHSKP)

Table C.4 — Examples of data with constant time intervals and constant number of samples

Exposure period Number of test samples Number of test samples
to sterilizing agent exposed showing no growth
(min)
t n r;
ty =20 (Uy) ny=20 ry=0(r=0)2
ty=22 ny =20 ry=1
t3=24 ny =20 r3=17
14=26 ny =20 ry=15
t5=28 (U, _4) ng =20 rs=19
tg =30 (U ng =20 re =20 (r=n)4
t; =32 ny =20 r7=20 (k= n)
@8  Thp test is valid if there are no negative units, i.e. no negative replicates (r = 0), at the exposure preceding U,, and
all neggtive replicates, i.e. all replicates showing growth, (r = r) at the exposure subsequent to Uy
C.3.2.21 The mean D value, D, is calculated using Equation (1). See 11.3.3.
—= U,
D= HSK (1)
log{g Ng +0,2507
where Ny = 1x 108.
C.3.2.2.2 The mean exposure period, (time to steritity), Uygk, required to obtain no growth (sterility) is
calculated uging Equation (C.14). See C.3.2.1.3.
k-1
d d a)
UHSK =Uk_E_;Zri (u14)
i=1
where
d=2;
n=20.
2~ 2
Upsk =304 - — x(0+0+1+7+15+19)=24,8
2 20
- 24,8 . . .
D=——"——— =3,97 min (rounded to one decimal place D = 4,0 min)
6,000+ 0,2507
C.3.2.2.3 The variance, V, is calculated using Equation (C.15). See C.3.2.1.5.
d2 k-1
V:2—X Zrl. (n—rl.) (C15)
n®(n=1) 5
22
=—— x[(1x19) + (7x13) +(15x5) + (19x1)| =0,107 4
(20) (20 - 1)
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C.3.2.2.4 The standard deviation (SD) is calculated using Equation (C.16). See C.3.2.1.6.
SD= 1 (C.16)
SD=,/0,1074 =0,3277

C.3.2.2.5 The 95 % confidence limits for D (» =0,05), D, are calculated using Equations (C.17), (C.18)
and (C.19). See C.3.2.1.7, C.3.2.1.8 and C.3.2.1.9.

Degic = D +2SD (C.17)

C.3.2.2.6 Lower confidence limit

-2SD
Dcalc = Ubisi =25 (C.18)
|Og1o No + 0,2507

| 24,8 - (2x0,3227) 24,144

= = 3,86 min
6,000 + 0,250 7 6,250 7
wherg Ny =1 x 108.
C.3.2.2.7 Upper confidence limit
U +2SD
Doalc =7 (C.19)
0g19 No +0,2507
24,8 +(2x0,3227
! ( ) _ 25456 _, o7 i

6,000 +0,2507 6,250 7

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

C.3.3.1 Introduction

C.3.3.1.1 Other methods-of analysing fraction negative data may be used when equivalepce with the
methpds of C.3.1 and €.3,2 is demonstrated.

C.3.3.1.2 The fermula for the SMCP requires one result in the fraction negative range consist|ng of time, ¢,
the number of-units negative for growth, », the number of replicates, n, at one exposure peripd within the
fractipn negative’range and the initial number of microorganisms per replicate, N,.

C.3.3.1.3 * To obtain a higher level of confidence using the SMCP, the D value should be calclilated as the

Ay f ot oot the et th o frontian monatha ronag 1 Aot afirra—ranradaibilibv
aver YL U atiCaolt it TUTTo T UIC TTAabUUIT TTOyatve 1aryv imr ututcr tU vurimmim TOCPTUUUUIVITILY .

C.3.3.1.4 The same materials apply as those in C.2.

C.3.3.1.5 For a confidence interval of 95 %, not less than 50 replicates at each exposure period should be
used and the condition r/n < 0,9 should be met in order to establish test criteria equivalent to C.3.1 and C.3.2.
(See Reference [35].) Test samples should be subjected to a defined exposure period within the fraction
negative range of the batch/lot.

© 1SO 2009 — All rights reserved 45


https://standardsiso.com/api/?name=04c62f882bd86819ac937165f5992d2f

ISO 14161:2009(E)

C.3.3.2 Calculations using the SMCP

C.3.3.2.1 The D value is calculated using Equation (C.20).
t
D= (C.20)
|Og10 A —lOg10 B
where
t is the exposure period;
log4g 4 | is logq of initial population, Ny, per replicate;
logqg B | is logyq of population after exposure period, .
C.3.3.2.2 This equation can be restated for fraction negative data sets. See 11.3.3.
D= t (5)
n
log{g Ng —logqg (Inrj
or
D= ! €.21)
|Og 0 NO _|Og10 N/ui
where
N:Ui is|the natural log of the quotient of the ntimber of replicates per test divided by the numier of
ng¢gative samples;
n is|the number of replicates per exposure period;
r is|the number of units sterile or showing no growth.
C.3.3.2.3 The 95 % confidencerinterval for D (p = 0,05), D, is calculated using Equation (C.22).
t a)
Deaic = (C.22)
1
0919 No<19910 {'”(aﬂ
where a = "l g« |7y 121"

n

C.3.3.2.4 The formula above can only be used if n x I

46

\'n n

n—r

>0,9.

n n

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=04c62f882bd86819ac937165f5992d2f

ISO 14161:2009(E)

C.3.3.3 Example calculations of the Stumbo-Murphy-Cochran Procedure (SMCP)

Table C.5 — Calculations of D value using only one data set in the fraction negative zone

Exposure period Number of test samples Number of test samples
to sterilizing agent exposed showing no growth
(min)
t n rl.
24 100 37

C.3.3.3.1 The D value is calculated using Equation (5). See 11.3.3.

p = d (5)

log1g No —l0g1g ['n(nﬂ
p

1 is the exposure period;

wher

Y%

o s the initial viable count per test organism per sample =4/x 106;
is the number of replicates per exposure period;
is the number of units sterile or showing no growth.

24
D =
6,000 —log4q (In2,702 7)

24
D =
6,000 —log; (0,994 3)

24
D =
6,000 - (—0,002 5)

24
6,002 5

D =

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

C.3.33.2 The'95 % confidence interval for D (p = 0,05), De1c is calculated as follows.

¥ n—r . . . .
If n =% to 0,9 then the 95 % confidence interval can be calculated using Fqllnhnr (C22) See
n

n
3.3.2.3.
Lower confidence limit:

t

calc = 1
logNg —logqg {In(ﬂ
a
where a = = +1,96 x /ixm
n n n
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D,

24

where

37
a=—"

100

calc = 1
6,000 —log4q {In(ﬂ
a

+1,96><\/37 . 1-37/100
100 100

| 0,63

=0,37

=0,37

=0,37

=0,37

a= 046

+'I,9b><\jU,d/>< 100

+ 1,96 x /0,37 x 0,006 3
+ 1,96 x /0,002 331

+ 1,96 x 0,048 28
b

24

Degic =

Deaic =

Upper confid

Deaic =

1
6,000 —logq | In[
°g1°[n(o,465ﬂ

24

6,000 —log4 (0,765 7)

24

6,000 (-0,1159)

I S
6,000 +0,115 9

24

=3,92
6,115 9

ence limits

t

,
where a = —
n

Deyic =

48

A~
O
N

»

4
)

)

_1.96x L x 1=
’ n n

24

logqg No —10919

o]
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where

a=>1_1

37 \/37 ><1—37/100

100 100 100

=0,37 -1,96 /0,37 x&
100

=0,37 -1,96,/0,37 x 0,006 3

ISO 14161:2009(E)

d

=0,37 -1,96,/0,002 331

=0,37-1,96x0,048 28

=0,37-0,095=0,275

24

Dcalc

1
6,000 — log1q | In| ———
°910 { n(0,275ﬂ

~ 24
~ 6,000 - logqq (1,291)

~ 24
6,000 - 0,111

24
Deaic = ——— = 4,08
calc 5.889
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Annex D
(informative)

Examples of documentation for biological indicators prepared by the

user

D.1 Generat

D.1.1 Sources of microorganisms

There are different sources of microorganisms for biological indicators. Biological indicators could be deli
from a manufacturer as a ready-to-use system with resistance characteristics in aceordance wit
ISO 11138 sgries. Consult the main document for commercially available biological indicators. Comme
available sugpensions of microorganisms delivered from a manufacturer of biological-indicators can be
to inoculate products, thereby using the product as the carrier. Alternatively, an inhouse-made suspe
could be profluced from a commercially available strain. In particular circumstances, microorganisms isq
from the production plant (in-house isolates) can represent the most resistant microorganisms likely
found in or gn the products to be sterilized. In such cases, biological indicators can be produced usin
relevant micfoorganism (see 7.3 and 7.4).

Biological indicators can be prepared from microorganisms from ong, of three sources:

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

Figure D.1 — Sources of microorganisms

ered
 the
cially
used
hsion
lated
fo be
g the

D.1.2 Documentation

A list of relevant documents can include:

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 sterilization-cycle processing;

c) protocols for validation studies and results.
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