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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
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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

mntent-of this Int ti L_Standard i it date—th f _bhiological-indicat
products. The—intent—of-thistnternational-Standard—is—notto—mandate—the—use—of HOHOGHGH—HACHGAHOFS
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ational Standard, users will find guidance on selection of the correct biological indicator for
rilization process and critical parameters as well as guidance on its appropriateruse.

puld 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 manifacturers are not a
ossible uses of their product. Manufacturers, therefore, label biolagieal indicators accordi
d use. It is the responsibility of the users of biological indicatorS)to select, use, recover
results as appropriate for the particular sterilization process usetk

performance of a biological indicator can be adversely affected by the conditions of storagg

pr to its use, by the use of the biological indicator or.by the sterilizer process paramete
incubation procedure used after exposure to the praeess, including outgrowth temperature
um type, supplier and specific lot, can affect measured resistance as a function of recovery
hese reasons, the recommendations of the biological indicator manufacturer for storage ang
llowed. After exposure, biological indicators should be aseptically transferred (if applicable
specified by the biological indicator manufacturer.

sterile. Biological indicators are utilized to test the effectiveness of a given sterilization prg
pment used, by assessing microbial lethality according to the concept of sterility assurance
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Sterilization of health care products — Biological indicators —
Guidance for the selection, use and interpretation of results

1

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

cope

results from

application of biological indicators when used in the development, validation andhroutine nponitoring of

steriljzation processes. This International Standard applies to biological indicators‘-for which
Stanfards exist.

NOTI 1 See, for example, the ISO 11138 series.

NOTE 2  The general information provided in this International Standard can have useful application for
biological indicators not currently addressed by existing International Standards, e.g., new and developin

proce

This
micr:

This
disin

This

2

The
refer
docu

ISO
valid|

ISO
requ

ISO

SSes.

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

fectors or flushing and steaming of pipelines.

International Standard is not intended to apply to liquid sterilization processes.

Normative references

ences, only the edition ,eited applies. For undated references, the latest edition of the
ment (including any amendments) applies.

11135-1, Sterilization-of health care products — Ethylene oxide — Part 1: Requirements for @

ation and routine~control of a sterilization process for medical devices
11138-1:2006, Sterilization of health care products — Biological indicators — Par
rements

1 1138-2, Sterilization of health care products — Biological indicators — Part 2: Biological |

following referenced documients are indispensable for the application of this document.

International

rocesses and
g sterilization

removal of

International Standard is not intended to apply te;combination processes using, for example, washer

For dated
referenced

evelopment,

1: General

ndicators for

ethy/en_e_axid_e sterilization processes

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

mois

t 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-t

emperature 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

£ 4l 2l PR 1 £o11 H 4 ol alafiaid: 1
For the purppses-ormtsaocumentthe-romnowmg-termsanaaettonsappty:

31
accreditatign
procedure by which an authoritative body gives formal recognition that a body or person is competent to tarry
out specific fasks

NOTE1  Sge ISO/IEC 17011081,

NOTE 2  Agcreditation does not itself qualify the laboratory to approve any particular product. However, accreditation
can be relevgnt to approval and certification authorities when they decide whether or not to accept data produced by a
given laboratqry 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/er sterile barrier system

[ISO/TS 1119, definition 2.2]

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

[ISO/TS 11119, definition 2.3]

3.5

D value
Dyg value
time or dosq required to achieve inactivation of 90 % of a population of the test microorganism under sfated
conditions

[ISO/TS 11139, definition 2.77]

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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process of obtaining and documenting evidence that equipment has been provided and installed in

acco

rdance 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
LR
redu

3.1
oper
oQ
proc
wher

[ISO
3.12

duction

ction in number of viable microorganisms, expressed in log units

ational qualification

pss of obtaining and documenting evidence that installed equipment opérates within predete
used in accordance with its operational procedures

TS 11139, definition 2.27]

perfoprmance qualification

PQ

proc
with
yield

[ISO

3.13
prog
PCD
item
the p

[ISO

3.14
prog
PCL

pss of obtaining and documenting evidence that the_equipment, as installed and operated in
operational procedures, consistently performs-in* accordance with predetermined criteria
5 product meeting its specification

TS 11139, definition 2.30]

ess challenge device

designed to constitute a defined resistance to a sterilization process and used to assess pe
rocess

TS 11139, definition-2:33]

ess challenge Tocation

site that simulates “worst case” conditions as they are given for sterilizing agent(s) in the goods to

3.15

rmined limits

accordance
and thereby

rformance of

be sterilized

pro
spec

L

ified 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

cond

ition 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
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reference microorganism
microbial strain obtained from a recognized culture collection

[ISO/TS 111

3.18

39, definition 2.39]

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

NOTE1 A

dapted from 1ISO 11138-1 definition 3 15 and ISO 184722006 definition 3 11

NOTE2 A

3.19

so referred to as Biological Indicator Evaluator Resistometer (BIER).

spore-log-r¢duction

SLR
log of initial

3.20
sterile
free from via

[ISO/TS 111

3.21
sterility ass
SAL
probability o

NOTE
assurance of

[ISO/TS 111

3.22
sterilization
validated prq

NOTE n
microorganisry
very low num

[ISO/TS 111

3.23
sterilization|

pore population, Ny, minus the log of the final population, Ng

ble microorganisms

39, definition 2.43]

urance level

a single viable microorganism occurring on angtém after sterilization

The term SAL takes a quantitative value, generally 10% or 10-3. When applying this quantitative va

Sterility, an SAL of 1078 has a lower value but provides a greater assurance of sterility than an SAL of 1

39, definition 2.46]

cess used to render product free from viable microorganisms
a sterilization process; the nature of microbial inactivation is exponential and thus the survival
er, it can never-bereduced to zero.

39, definition 2.47]

cycle development

ue to
,3.

of a

h on an individual-item can be expressed in terms of probability. While this probability can be reduced to a

procedure f

T Oetermimation of the—appropriate processing parameters thatare consistent with—attairmim

desired specifications and label claims for a given product or group of products

3.24
sterilization

cycle validation

the

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

EXAMPLE

or person that provides a product

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

© 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)

|SO 44420 4 aafiait: 2.401
rrTo0™ T, UTIITIUIT U. TO]

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

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

3.28
user
perspn or body employing biological indicators for a given purpdse

NOTIE 1 See 1SO 9000141,
NOTE 2  The user is the customer who is the recipient of-a product provided by the supplier. In a contra¢tual situation,
the uper is called “purchaser.” The user could be the customer, beneficiary or purchaser. The user can be g¢ither external

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

3.29
z valpe
change in exposure temperature of a thermal sterilization process, which corresponds to a tenfold change in
D value

NOTE See ISO 11138-3 and ISO 11138-4.

4 General

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

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

NOTE Employing quality management systems such as ISO 13485!’! 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 combination of

population apd inated
with particul d be
required.

4.7 Biological indicators are not intended for use in any process other than that specified by the
icator
candidates pased on their known resistance to the specific method of sterilization, as certified by the

The user should ensure that the biological indicator has been qualified for use with the particular range of
sterilization gonditions that are used. This could require information in addition.to that given in the labdlling.

reaction exgected from the indicator, e.g., the effect of sub-optimal mpisture conditions on the bioldgical
indicators uUsed in an ethylene oxide process. Users who employ biological indicators outsidel the
manufacture's labelled recommendations should thoroughly chafacterize the resistance of the bioldgical
indicators to|the particular sterilization process. The relationship_of;the response of the biological indicafor to
process pargmeters should be clearly demonstrated.

4.8 It is ihcumbent upon those responsible for the stéfilization of product to ensure that the type of
biological indlicator employed to validate and/or routinely monitor a given sterilization process is appropriate
for that use.

4.9 The manufacturer's recommendations faor the use and storage of the biological indicators should alvays
be followed.|Failure to do so can compromise, the integrity of the biological indicator. If the user removep the
inoculated carrier from the biological indicator's primary packaging, changes in the resistance characterjstics
can occur. Guidance should be sought.from the manufacturer on the extent of this change, or the usef can
evaluate chpnges in the resistance-—characteristics. The user should document that the performiance

411 Thosg who employ biological indicators for validation and/or routine monitoring of sterilization should be
properly traiped in theiruse. The time between completion of the sterilization process and the testing of the Bl
should be jugtified-as described in 8.2.4. Transferral of microorganisms exposed to the sterilization process to
the approprigte’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.

6 © 1SO 2009 — All rights reserved
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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
physjcal and/or chemical parameters and/or microbiological challenge forms the basis fordeclaring the
steriljzation process as nonconforming (see ISO 13485[71 and 1ISO 9001[22),

5.1.3 Biological indicators consist of a defined population of test organisms presented in“such
to allow their recovery following sterilization processing. For example, test organisms.employed
oxidg sterilization processes can be spores of a suitable strain of Bacillus subtilis or. Bacillus atH
noted in ISO 11138-2. For steam sterilization or moist heat sterilization, the test*organisms empl
sporgs of a suitable strain of Geobacillus stearothermophilus, as noted in IS©1138-3. Test org
than| bacterial spores can be used if they have been shown to provide appropriate resisf
steriljzation process.

A manner as
for ethylene
ophaeus, as
oyed can be
hnisms other
ance to the

tics such as
value for the
Annex E and

5.1. The basis of all formulae used to determine biological indi¢ator resistance characteris
D va|ues is that the inactivation reaction follows first-order kineties, with the requirement that the
coefficient of determination, 12, for the linearity of the survivor.curve be not less than 0,8 (see /

Anngx F). The strain, the production method, the suspensior’ fluid, the carrier and packaging
affeqt the resistance characteristics of the finished product{see ISO 11138-1).

materials all

aracteristics
opment and

valid indicator for
use i llenge to the
process during validation should be correlated with the challenge to the process during routine mdnitoring.

5.1. ng methods
and the testing conditions. Depending upon placement within the load and the specific lethal ¢onditions at
thos¢ discrete locations, biological indicators from the same lot may show different survival capabilities
(see(7.2.3). Users of biological indicators should note that ten indicators spread throughout the [load are not

to 11.3.1).

5.2.1 nt and other
studi bropriate for
asse ations within

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

© 1SO 2009 - All rights reserved
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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 requi

re aseptic techniques.

5.24 The
defined con
supplier of

inoculation S
material or fl

5.3 Inocu

5.3.1 Inoc
carrier mate

Dvaiuc dllul, WiIL‘,II dpplUpl;diU, ﬁlb‘ vaiut:, dalc bUIIbtdllt vaiucb Ulliy ullulﬂl ljb‘icllllillw
ditions. The resistance characteristics of a spore suspension provided by a manufactur
biological indicators might not correspond to the resistance characteristics for direct prq
tudies. The resistance characteristics should be measured for the carrier employed-(solid ¢
uid) as well as for the specific sterilization cycle employed.

lated carriers

ulated carriers consist of a defined population of test organisms inectlated on or in a sui
ial (see 1SO 11138-1:2006, Annex B). Caution should be exercised-to ensure that the integr

and
Br or
duct
prrier
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the carrier material selected is sufficient to withstand sterilization processing” without degradation and to

minimize the
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establish tha
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5.4 Self-c

loss of the inoculated test organisms during transport and handling.

resistance characteristics of a test organism in suspension can be considerably changed

h or in carriers. Several factors can influence the resistance characteristics, such as the su
he suspension is inoculated (e.g., solid materials, viscous products or fluids), the way the sj
d and otherwise treated, the methods of drying, etc.

h inoculated carrier is removed from the\ “biological indicator primary package for

, cycle validation studies, or for process«¢hallenge devices used for routine process monitg
responsibility of the user to provide a.rationale for this application. It should be recognized
e of the microorganism on the inoculated carrier could differ from the labelled resistance @
blogical indicator.

resistance characteristics of an inoculated carrier provided by the manufacturer of biolg
ight not correspond to the-resistance characteristics established in direct product inocul
carrier material Should be evaluated by the biological indicator manufacturer or the us

t the sterilizing.agent for which the biological indicator is intended neither retains nor relg

b 1ISO 11138-1:2006, 5.2).

ontained biological indicators

upon
rface
ores

Cycle
ring,
that
f the

gical
ation

er to
ases

bstances (e.gy Sterilizing agent residuals) to such an extent that the recovery of low numbegrs 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

incubation might not be possible.

Due to the low volume and the possibility of evaporation of the growth medium, prolonged post-exposure
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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).

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

heat sterilization of aqueous fluids.

monitor moist
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6.1

6.1.1
biolo
mon
basig

6.1.2

contained biological indicators are generally larger than biological indicators that consis
lated carrier in a primary packaging, and may not fit into locations within the device (that r
bss challenge locations. Unless a biological indicator can be placed into a load without de
wise potentially compromising its primary packaging, the biological indicator should not be
ser should be aware that the claimed resistance characteristics can be dependent on the
od employed in the sterilization cycle.

Other biological indicators

gical indicators in their simplest form consist of an inoculated- carrier in primary padg
lated carrier can take a variety of forms, including paper strips;ythreads, metal coupons or ¢
ble for inoculation. The primary packaging is chosen to permit the sterilizing agent to pen
lated carrier while maintaining a sterile barrier after processing.

Selection of supplier

General

The user of biological indicators should, whenever possible, purchase to standard specifi
pgical indicators manufactured according to specifications given in the 1ISO 11138 series, phs
bgraphs or other applicable standards. The user should consider the particular sterilization pr|

for the choice of biological indicator.

for t

perfgrmance characteristics needed.

6.1.

biological indicaiors obtained consistently meet the specified characteristics. Such assurarn
provided by one’or more of the following:

When the user has_a process that requires performance characteristics that differ from th
e biological indicater;.it is the responsibility of the user to verify that the biological indic

The user{of"biological indicators should have a system in place to provide assura

only of an
epresent the
forming it or
used. Also,
air-removal

kaging. The
ther carriers
etrate to the

cations, e.g.,
rmacopoeial
pcess as the

e label claim
ator has the

hce that the
ce may be

a) [nfermation from the manufacturer covering the performance characteristics of the lot pf biological
ndicators prepared:;

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 resistangectharacteristicsby-theusertsconsideredunnecessary:

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

6.2 Documentation

6.2.1 Geng¢ral
6.2.1.1 The labelling requirements for biological indicators are given in ISO(11138-1:2006, 4.3.

6.2.1.2 The labelling includes the information presented on the primary’and secondary packaging gf the
biological indlicator as well as any included package inserts providing additional information beyond that which
can be printed on the packaging. The purchaser might need or want*a certificate of conformity to preduct
standards and/or quality system standards to include in appropriate-documentation files.

6.2.1.3 When a statement of performance or compliance\to a standard is provided by the manufagturer
as a certificgte, the user should have confirmation of the competence of the manufacturer as indicated by the
second sentgnce of 6.2.2.1.

6.2.1.4 f an independent (third-party) test laberatory is used to confirm the performance characteristics of
biological indicators, the test laboratory should:be accredited for the specific test methods used |(see
ISO/IEC 17(25!2! and ISO/IEC 17011[3]),

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

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

6.2.2 Manufacturer audit

6.2.2.1 f necessary; the user should confirm that a qualified auditing body, e.g., a certification body} has
performed ap audit of the biological indicator manufacturer. Alternatively, the user could perform the audit

NOTE The . auditing standard 1SO 19011[%] gives guidance on requirements for the process of auditing, the
qualification cfiteria 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

TECOVETY TTediunT emptoyed—and-mcubation conditiorns;

p)
uality control:

)

P) storage stability and continued conformance of the finished product tg'its label claims.

storage stability and continued resistance of the biological indicator until its expiration-dafe;

label claims for the finished product;

6.2.2
perta
declz

.3 The manufacturer should be able to provide adequate dacumentation of the qua
ining to the manufacturing of biological indicators and provide documentation of conformity o
red specifications.

lity systems
f products to

7 Biological indicators in process development

7.1 | General

711
proc

For additional information on process_development, refer to the sterilization standargs for those

psses (e.g., ISO 17665-1, ISO 11135-1 and1SO 14937).

7.1.2
be d

If a biological indicator is usedfor-process development, the appropriateness of the indicator should

btermined.

7.1.3
prod

Sterilization processes yary widely with regard to their operational characteristics and
icts that are sterilized. While“each application is unique, it can be acceptable to group simila

the type of
r products in

the s
proc
imp3g
thos
the

steril

!

ame category for the/purposes of the development, validation and routine monitoring of 3
pss. Careful consideration should be given to those aspects of product design or packagin
rt an additional challenge to the sterilization process. Biological indicators can be used f{
locations on_the) product which represent a rigorous challenge to the process, and likewisg
xtent to which™ different types of product are related with regard to the challenge pres
zation process. This could lead to the selection of a particular product configuration for furthg

sterilization

g which can
o determine
to establish
ented to the
r analysis.

714
for a

Physical and/or chemical parameters and microbiological results should be reviewed an
ceeptability prior to acceptance of the process.

d interpreted

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

NOTE The 1SO 11138 series permits resistance characteristics other than the minimum required for-moniforing
purposes.

7.2.2 Thesge criteria can be addressed by placing biological indicators or inoculated Carriers with, for
example, a |population of 108 test organisms meeting minimum resistance requirements at the prdcess
challenge lofation(s) within product throughout the load. These locations within the load should have peen
previously demonstrated to present a challenge to the sterilization process and_cCorrelate with the ‘most
difficult to sterilize” locations, such that choosing these locations will secure the appropriate log reductign for
the entire product load. At least a six-log reduction in the population of organisms should be demonstfated
within one-hglf the normal holding time of the cycle to be validated when all of the biological indicator$ are
statistically gquivalent 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|the population of test organisms in excess of six logs, it\is possible that no growth of thg test
organism copld 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 uppefend of the half-cycle window.

7.2.3 Placement of the biological indicator either within the product or within the load is likely to alter its
apparent registance characteristics in comparison to the\resistance noted on the labelling of the bioldgical
indicator. Thjs can require adjusting the half-cycle expasure period to compensate for the additional resistance
caused by the placement of the biological indicator in the product or load. Similar adjustments could be
needed wheh test organism suspensions are used\to prepare inoculated product (see 5.2).

7.2.4 Suitdble physical and/or chemical probes should be used to establish temperature distributions,|etc.,
that can aid|in determining placement decations for the biological indicators. A sufficient number of probes
should be prepared with biological indicators placed at the previously determined location within the prodyct.

NOTE For moist heat sterilization,-the z value of the biological indicator can be different from the z value of 10 °C,
which is nornpally assumed for process lethality based on temperature measurements. This can lead to discrepgncies
between the iptegrated process-lethality determined by use of biological indicators and the lethality determined by direct
temperature measurements.

7.3 Combined biological indicator and bioburden method

7.3.1 The|combined biological indicator and bioburden method requires the population and microorggnism
resistance ot-the prnrhmf bicburden-to be known. This method-has the ad\/nnfngn of pnrmiHing a-reduction 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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108 can be
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 1173
bioburden variation, it could be necessary to characterize bioburden and bioburden resistance
basis.

7-1. Due to
on a routine

Studies of the reS|stance of the total bloburden populatlon could be reqwred in order to assure that the

of the same factors noted in 5.4 and 7.2, with regard to the placement of the biblogical indic
locajons within the product and load which present a rigorous challenge to the*sterilization
method is only applicable when data are sufficient to be subjected to valid statistical analysis a
high [level of confidence that the bioburden data is representative of “worst<case” conditions. The
causes of variation, such as raw materials, process control, and seasonal variations. Considerati

give
withi
chall
indic|

to the presence and nature of the bioburden distribution in the préduct. As the distribution

n the product can vary significantly, it is important to determine how this distribution cz
bnge presented by the product to the sterilization process’and thereby affect the choice
ator.

7.3.6
cons
agai
esta

Determination of the product bioburden and _its species and resistance distribut
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 estin
lished.

7.3.7
seleq
cons|
num

The fundamental criteria of the combined biological indicator/bioburden methodolg
ting processing conditions that reducé the population of the bioburden to 109. An additional
stent with the labelling of the product should be applied to the holding period (see Figy
per of replicate cycles for which, this should be demonstrated during sterilization cycle

depends on the accuracy and confidence limits of the bioburden estimates.
7.3.8 Microorganism strains/whose resistance is greater than the overall resistance of
biobyrden may be empleyed as biological indicators if their sterilization kinetics satisfy the

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

7.3. If the resistance of the bioburden is greater than that of commercially available biologic

resisfant strains isolated from the bioburden should be considered for inclusion in process
studies (seeldSO 11135-1 and ISO 17665-1). Alternatively, the holding period should be increase
determined by the relatlve resistance of the bioburden and the b|olog|cal |nd|cator or a biological i

e this would
as great an
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nd there is a
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Figure A.2).
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Hevelopment
d by a factor
indicator with

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 For information on validation and routine control and the applicability of absolute bioburd

en 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
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 Placementand-handling-of-biological-indicators

8.2.1 Validation of a sterilization process requires documentation that the process is capable of consisfently
producing product that meets its predetermined specifications (see ISO 17665-1, 1SO 11435-1| and
ISO 14937).

8.2.2 The|number of biological indicators in products and/or product loads should be doctimented.

8.2.3 Theluser should document the placement of the chosen biological indicators-in"the sterilizer chamber,
within the prpduct load or a process challenge device (see Annex B). Other considerations to be addressgd in
biological indicator placement within the product load are loading patternsi_load density and geometry,
process challenge location(s), placement of physical and/or chemical sensorsior probes, potential stratifigation
of physical elements, the effect of packaging, etc.

8.2.4 The|biological indicators should be removed from the stefilizer load as soon as possible after the
process, without compromising the safety of personnel. They shalld be tested within a specified time inferval
that has begn established for that product and process. The: time intervals between preparation of the
indicators and their use in the sterilization process, and between the end of the process and the culturipg of
the indicators should be justified in order to demonstrate {ffat these intervals have no effect on the results of
the biological testing of the sterilizer or sterilization process. These justified time intervals should ngt be
exceeded. I]‘the biological indicators are handled in a-manner other than those stated by the manufacfurer,
the procedutes should be validated to determine.if they affect the performance of the biological indicator{ Any
established {ime intervals should be followed.

8.2.5 Natipnal or regional requirements.for worker safety should be observed when removing the bioldgical
indicators frgm the sterilizer.

8.3 Steriljzer qualification

8.3.1 Initigl qualification is~pefrformed to obtain and document evidence that the sterilizer, its serviced and
ancillary equipment have_been provided and installed in accordance with its specifications, and that the
sterilizer fupctions within® predetermined limits when operated in accordance with instructions [(see
ISO 17665-1 and 1SOA1135-1).

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

8.3.2

biological indicators for specific types of load (see Annex B).

8.4 Perfo

rmance qualification

Manufacturers of sterilizers might have performed tests in their factories prior to delivery using

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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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
conforms to requirements.

8.6 Requalification

8.6.1

the process

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

previous biological indicator.

8.6.2 When using moist heat or ethylene oxide sterilization, ISO 17665-1 or ISO 11135-fappli¢
8.6.3
be e
syste
the

requ
corre

A minimum frequency for evaluating the resistance characteristics of a biological indicat
stablished. Considerations leading to different intervals for requalification{of* the biologi
m could include seasonal changes, product and material changes as well as equipment ¢
resistance characteristics of the biological
blification should be performed. If the recovery medium is changed, the’ new growth mediu
lated to the previous one used and the choice of new growth medium.should be validated (s§

h
indicator change outside the predeterrx

&

or lot should
cal indicator
nges, etc. If
ined limits,
m should be
be also 12.4).

9 Biological indicators in routine monitoring

9.1 | General

9.1.1 Biological indicators provide a method for demonstrating microbial lethality in a sterilization process;
however, fractional (e.g. half cycles), may need.fo be conducted during validation in order to|quantify the

lethality. For well-developed processes whereparametric release has been validated, biologig
may |[not be necessary for routine monitoring.of'some sterilization processes (e.g. moist heat sten
ISO [17655-1, ethylene oxide, see ISO 11135-1 or dry heat, see ISO 20857).

9.1. The type of biological indicator and its placement in the product or product load should &
with product load locations that have been determined during the sterilization development or the
the ricrobiological challenge system used for routine monitoring of the sterilization process diffg
used in the validation of the. process, the relationship between the system for validation an
monitoring should be documented.

9.1. The specified\time intervals between preparation of the indicators and sterilization, and
end pf the process~and the culturing of the indicators should be justified in order to demonstra
interyals have noceffect on the outgrowth of the biological indicator (see 8.2.4).

9.1. Biological indicators for routine monitoring that are used in the combine
indicptof/bioburden method (7.3) will not comply with all parts of the 11138 series if the popu

al indicators
ilization, see

e consistent
validation. If
ers from that
i for routine

between the
e that these

1 biological
ation and/or

resistance is below the minimum requirements of the respective part (see 1ISO 11138-1:2006, 6.1.

B).

9.2 Placement and handling of biological indicators

9.21

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 Nptional guidance documents can require the use of unexposed controls.
mical

n the

9.2.4 The|process should be considered acceptable only when the desired physical and/or-che
parameters have been reviewed and the microbiological results interpreted and both found to comply wit|
desired critefia.

9.3 Proceéss challenge device (PCD)

9.3.1 A prpcess challenge device in combination with biological indicators can be used both for validation

and routine

Process ch3

challenge d
process. Th
challenged (

9.3.2

9.3.3 Prog
“biological tqg
used instead
product load
represented

10 Resulf

10.1 Gene

10.1.1 The
sterilization
process.

101.2 Ino

Prog
parameters {hat influence the sterilization process. Composition of a process challenge device depends o
type of cycle

monitoring of sterilization cycles as well as for sterilizer testing)by sterilizer manufactu
llenge devices are designed so that the placement of the bioldgical indicator within the prg
bvice constitutes a location that is deemed to represent aysuitably stringent challenge 1
b design of the process challenge device can vary according to the nature of the product
see Annex B for various examples of process challengecdevices).

ess challenge devices should be designed with<consideration given to the various prg
to be monitored, as well as the type of product4o be sterilized.

ess challenge devices can be commercially available as prefabricated sets, often ¢

st packs.” Single-use biological test packs are manufactured by various companies and ma
of in-house process challenge devices. Process challenge devices and their placement i

should represent a challenge to the process that is equivalent to or greater than the chall
by the product load.

S

ral

criteria for acceptance of a sterilization process as satisfactory should be decided upon durin
cycle _development, using relevant standards for the validation and control of the steriliz

rers.
cess

the
o be

cess
n the

alled
y be
h the
enge

g the
ation

aer 10 oDlaln rellable Tesults, routine procedures snould be established and malntained

should be carried out by trained technicians using appropriate equipment.

10.2 Interpretation of results

and

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.

NOT Some indicator organisms might be gram variable.

sterilization
s should be
e only a part

10.2}J4 The particular sterilizer, type of product, and the loading of the product all affeet the
procgss. The resistance characteristics of the biological indicator system used in-the proces
established for the overall system to be effective. Acceptable data from the biological‘indicator ar
of th¢ data necessary to show that the sterilization process has been successful.

10.2
invey
test g

i be further
cate a faulty

5 Cultures showing growth that is not confirmed to be the indicator organism shoul
tigated to determine the cause of the positive growth. Frequent test contaminants can indi
ystem or inadequate training of personnel.

11 Application of biological indicator standards

11.1| General assessment of biological indicator{performance by the user

11.1]1 The two main characteristics of a biologicalyindicator are the nominal population of mig
and the resistance of the biological indicator to the-sterilization process, expressed as the D value

roorganisms

11.1]2 The biological indicator should bettransported, stored and handled to ensure that [the nominal

popy
incul
shou
perig
valid

111
para
the g
of eli

1.1
resu

lation and resistance characteristiecs are maintained during the shelf life. Sterilization of cult
ation conditions, equipment maintenance, and training of laboratory personnel are som
Id be defined and controlled to'ensure appropriate performance of the biological indicator. T
dically verify the biological indicator population. When the above-mentioned areas are cq
hted, routine biological indicator testing by the user might not be necessary.

3 The user should-note any deviation from the process that is employed and the referen
meters that has been defined for the process. If the sterilizer cycle parameters or load are th
eviations in the‘biological indicator's resistance characteristics, the user should investigate t
minating these variations and requalify the process.

4 Variations in resistometer performance can in some instances give different resistance ch
ts far the indicator. In such cases, the manufacturer should, on request, give information on

ure medium,
b areas that
he user can
ntrolled and

ce set of the
e reason for
he possibility

aracteristics
Hetails of the

relev

abttesting 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 me

ad from that recommended hy the manufacturer the method should bhe validated

11.2.4 The
should not 4
effect on the

11.2.5 The
comparable

11.2.6 The
microbial co

11.2.7 Atte

dependent ¢n a variety of factors including dilution and pipetting erfory” calibration of pipetting dey

technician ti
plate counts

11.2.8 The
the nominal

fluid for disintegration should not influence the number of surviving microorganisms (e

growth of the microorganism (see Clause 12).

user should follow the manufacturer's recommended procedures for recoevery to er
results.

sterilized fluid and the processed, inoculated carrier should be treatéd)aseptically to avoiq
ntamination or cross-contamination that could bias the results.

ntion should be given to the accuracy of the plate counts.~The accuracy of plate cour

@ining, and the number of colony-forming units (CFUs) per plate. It is generally accepted
should be between 30 CFUs and 300 CFUs per plate for greatest statistical accuracy.

population of an indicator from a given batch ortlet of indicators is being tested by the use

g., it

e a growth medium) and should not otherwise negatively influence the result by any-inhibitory

sure

any

ts is
ices,
that

ISO 11138 series limits deviations from the labelled ‘nominal number. The user should note that if

, the

deviations can exceed the limits given in the relevant part(s)-of ISO 11138. This could be caused, for exafnple,

by different ¢

11.3 Residtance determination

11.3.1 Geng¢ral

If the user ¢
item to be

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

estimated on
calculation g
(i.e. parts of
series provid

The main difference between the three approaches is given below.

ulture media used or different enumeration-and counting techniques (see Reference [17]).

hooses to verify the label claims or determine the D value of the biological indicator in or o
sterilized, then they should employ the same conditions as the manufacturer. This incl

calculated usingtthree approaches: the survivor curve method, the fraction-negative methog
f the survival-Kill window. After exposure to incremental time intervals of the sterilization prg
the holding:time), the indicators are tested using the methods outlined in a) to ¢). The ISO 1
es requiréments for each method, which can be used in combination to estimate resistance.

h the
udes
n be
and
cess
1138

a) Survivo

P R |
CUrve 1m1icuioud

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.
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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]).

11.3J2 Survivor curve method

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

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

11.3J3 Fraction-negative method

Therg are several such methods in use, called fraction-negative orrqiiantal methods. Growth or ron-growth is
observed 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),.Two other commonly used statistical methods, the
Holcpmb-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 by a constant
timeinterval and if an identical number(ofjreplicates 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. |[SO 11138-1
spedffies at least 20 replicates at-€ach interval for the LHSKP (see Table 1 and Figure A.4).

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

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

D= Unsk (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
k-1
Unsk = ZUZ' )
i=1

Examples off calculations are presented in Annex C.
c) StumbojMurphy-Cochran Procedure (SMCP):
The formula| for the Stumbo-Murphy-Cochran Procedure requires one result inithe fraction-negative rgnge,
consisting of time, ¢, the number of units negative for growth, » and the/number of replicates, n, af one
exposure tinje within the fraction-negative range, and the initial number of microorganisms per replicate, ;.
The D valuelis calculated using Equation (5).

D= t (5)

logo No —10g10 ('nnj
r

To obtain a higher level of confidence using the Stumbo-Murphy-Cochran Procedure, the D value should be
calculated gs the average of at least three.tuns in the fraction-negative range in order to copfirm
reproducibilify.
For further details on procedures, see Anfiex C.
11.3.4 Survjval-kill response characteristics
This method requires a total 6fy100 biological indicators with 50 replicates at the two conditions identifigd as
the time at yhich all indicators will show growth and the time at which no indicators will show growth |after
exposure to the specified conditions (see Annex G).
11.4 :z value determination
11.4.1 Genéral

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 b value (min) (plotted on logarithmic scale)
X  temperature (°C)
1 gne log reduction
2 zlvalue (°C)

Figure¥— Graphically plotting the z value

11.4;3 Mathematically calculating the z value

MatHematically calculating the line-of-best-fit is the statistical method to accurately represent the|slope of the
data] The line-of-best-fit 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
Zyi=b+mzxi (6)
= =
n n n 2
inyi =b2xl~ +m2xi (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 2

in logy; = bz X+ mz x; 9)

i=1 i1 i=1
Using the method of least squares, Equation (10) is established for the slope of the line:

}’l‘ n n
nz‘(xi |09J/i)—zxiz|°9J/i
S i=1 i:12 (10)
n 2 n
i1 i=1

where

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

x  replesents temperature;

y  repfesents D value.
From this fofmula, the z value can be calculated by the absolute value of the reciprocal of this slope:

- H (11)

m

Examples off calculations are presented in Annex E (see’also ISO 11138-3 and ISO 11138-4).
11.4.4 Corrglation coefficient, r, for the z value
The correlation coefficient, r, is a mathematical value that indicates the precision with which the D value$ can
be predicted by a linear regression of 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 gf the
correlation cpefficient, 72, is referred 1o as the coefficient of determination. The coefficient of determination is a
measure of how well the regression line represents the data. An 2 value of 0,800 0 or greater is considered
an acceptable model fit. The-detailed calculations appear in Annex E.
NOTE The D values should be expressed to four decimal places to increase the accuracy of the above coeffigients
when used in fthe calculations in 11.4.3.
11.5 F(7, ,lequivalent 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.

)

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

T—Tret

F(Tref'z) :10[ ! (12)
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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 formula for calculating £ using this change in the microbial population at the specified progess conditions
is giyen by Equation (13).

(1, -y = Dr (log Ny — log N) (13)
where
" is the temperature;

is the specific z value;

D, is the D value at the specified temperature T;
Vo is the initial spore population or bioburden;
Ve is the final spore population or bioburden.
This [change in spore population is the spore-log-reduction (SLR) which is represented by Equatioh (14).

BLR = log N, — log Ng (14)
The fhermal-death-time can therefore.be“expressed using Equation (15).
=Dy x SLR (15)
The process spore-log-reduction is then used to calculate the product sterility assurance level (SAL).

11.7| Sterility assunance level (SAL) calculation

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

SAD = 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 t
and/or contr

Echnical equipment, INCIUdNg automatic or adjustable pipettes, should be periodically calibfated

lled.

11.8.4 The|control and maintenance of technical equipment should be documented.

12 Cultune conditions

12.1 General

12.1.1 Manufacturers of biological indicators are required by ISO 11138-1-t¢ provide information to the
as to the culfuring conditions (i.e. incubation temperature, incubation period’and choice of growth mediu
the user employs other culturing conditions, these should be validated-by the user.

user
m). If

12.1.2 The
attention to
with each ag
found for thi
defined critig

procedures should be performed in a laboratory aréa defined for this purpose, giving p

oper

bseptic technique and good laboratory practice. Itiis good practice to include negative comtrols

say performed when using general laboratory aréas for these assays. If a defined area cann
5 purpose, or if there is any risk of cross-contamination, the procedure should be performeg
al zone (e.g., a sterile bench or biosafety gabinet with no air exchange between the critical

bt be
in a
zone

and surroundling areas where biological indicators or microorganisms of the same or similar growth propeérties
are being manufactured, packaged or otherwise handled).
12.1.3 Cult

Lire conditions recommended by the manufacturer of the biological indicator should be followgd. If

incubation conditions other than those recommended by the manufacturer are employed, they should be
validated to fletermine their effect on the performance of the biological indicator.

12.1.4 For yalidation purposes, the incubation conditions should be carefully considered. The user is adyised
to seek information in available faternational Standards, such as the ISO 11737 series (see Clause 2).

12.2 Incubation temperature

12.2.1 The|labelling of the biological indicator should always be consulted with regard to the recommehded
incubation tgmperature. Failure to incubate biological indicators at the appropriate incubation temperature can

invalidate the testresults.

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.

12.3
incul
reco

2~ For non-standard or New SteriliZation processes not covered by current International ot
ation period should be validated against current national requirements; 1SO 111381
mmends an incubation period of 14 d.

Self-

recoyery over prolonged incubation periods.

Care
proc

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

12.3{3 A biological indicator manufacturer may validate a design of a spore carrier/recov
combination (e.g. a spore strip sold with recovery medium as a kit or a self-contained biologic
The feduced incubation time validation for this product does not hiave to be repeated by the end

as the end user uses the product with the same sterilization agent as that used in the validation
validpted and used in ethylene oxide). If the end user intends to use a spore car
medjum/incubation temperature combination that has not-been validated by a manufacturer (e.g.
used with a recovery medium not sold as part of a kit),.the end user should validate a reduced ing
using a defined statistical sampling plan and procedure with pre-established acceptance criteria.

12.4 Choice of growth medium
124
infor
man
reco

1 Most manufacturers of biologicalvindicators either provide the culture medium directl

ifacturers can vary significantly; ‘thus, it is important to follow the biological indicator m
mmendations.

12.4]2 For validation of biological indicator incubation times, the inherent variability of the cul
makes it advisable to screen the performance of several medium lots and to reserve suitable qua
found to provide the désired growth performance. This would allow comparison with new lots.

12.4]3 Selection,0of a suitable culture medium requires consideration of many variables, such as
culture mediufmyand the presence of inhibitory substances such as salts, pH indicators or antib
substances‘in-the culture medium can affect the recovery of sterilizing agent-stressed test organis

12.4/4-Users should not overprocess the culture medium, as extended sterilization can induce

ndards, the
2006, 7.3.2

contained biological indicators might not have been designed with sufficient volume of media to allow for

d monitoring

ery medium
al indicator).
iser, as long
(e.g. design
rier/recovery
a spore strip
ubation time

y or provide

mation regarding the preparation of-a suitable culture medium. The culture medium employed by different

anufacturer's

ure medium
ntities of lots

he pH of the
iotics. Other
ms.

changes that

can d growtn-promao g proper aDINTy O

numbers of microorganisms should be dem.onstrated (see References [10], [12], [13] and [21])

rowth of low

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

a lot 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 third-party testing facility could be a testing laboratory that is in compliance with ISO/IEC 1702§
ognised quality system for the service.

that has a

13.2 Mini

um requirements for replicates and total number of biological indicators

Table 1 — Minimum samples according to method

(2] or

wi

Test mdthod in accordance

h 1SO 11138-1

Minimum number of
test samples

Minimum number of
exposure periods

Minimum total numi
of test samples

er

Initial count @

f viable test organism 2

4

4

Survivor curv
(see Annex H

e method

)

4

5

20

(see Annex @

Fraction negdtive method

)

20

5b

100°

Survival-kill v
(ISO 11138-1

indow
:2006, Annex E)

50

100

Minimum totd

I number depending on choice of combination of methods: 124 or 204

@  The viablg

b The extrd
condition for ai

count of the unprocessed inoculated carrier or biological indicator.

set of testing conditions at the exposure_subsequent to z; (see Table C.1) is not used in the calculations, bu
cepting the test results as valid.

is a

A total of at
five exposur|
LHSKP, with
with 20 repli
be at least
minimum of
characteriza
(1ISO 11138-

east 20 biological indicators_is needed for the survivor curve method (see Annex F), with at
b periods and four replicates for each period. Annex C covers the minimum requirements fd
a total of at least 100.biological indicators. A minimum of five graded exposure periods are

least
r the
used

cates each. One exposure period should result in all positive biological indicators. There should

two sequential-exposures that result in no positive biological indicators. There should
two intermégdiate exposures that result in fractional responses. The survival-kill wi
ion requirés~a total of 100 biological indicators with 50 replicates at the two cond
1:2006, Annex E). The resistance characteristics are determined according to ISO 11138-1, v

requires app

204 bioIogicTI indicators respectively, depending upon the methods chosen.

lication.of at least two methods out of the three mentioned. This implies the use of at least 1

be a
ndow
tions
vhich
P4 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 equipment, including the relevant resistometer (see ISO 18472).

For further information, see 11.8.

26
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14 Personnel training

Personnel responsible for the placement, retrieval, testing, and all other handling of biological ind

61:2009(E)

icators 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 Btorage and handling

15.1| The vendor or supplier is responsible for shipment or transport to the user andshould
temperature variations that occur during transport do not have an adverse effect on the-labellg
chargqcteristics. The vendor or supplier should make agreements with the user on means of trans
ensure that conditions are adequate to retain the performance characteristics of{biological indig
the transportation.

15.2| The recommendations of the manufacturer with regard to the,storage and handling
indicptors should always be followed. Failure to follow these recommeéndations could adverse
integrity and performance of the biological indicator and lead to incarrect assumptions regarding

ensure that
d resistance
portation, to
ators during

of biological
ly affect the
the efficacy

of the sterilization process. In general, biological indicators should always be maintained in thgir protective

packiging until ready for use. A biological indicator is delivered ready-to-use and in a packaging
protgcts it from extraneous microbiological influences. Biolegi¢al indicator storage should take
tempgerature, relative humidity, chemical influences and light.

15.3| Biological indicators consisting of non-hazardous microorganisms can be handled withot
and ghipment and transport should follow international rules for transport of non-hazardous microg

16 DPisposal of biological indicators

Accgrding to 1ISO 11138-1, the biological indicator manufacturer is required to provide disposal
Inactivated biological indicators can‘be disposed of as household waste. Expired or unused in
also |be disposed of as househald waste if the microorganism is of a non-hazardous natur

system that
into account

t restriction,
rganisms.

instructions.
dicators can
e. However,

manyfacturers' disposal instruetions, which often require sterilization prior to disposal, should be followed.

National regulatiens can define biological indicators as hospital waste, and disposal of th
indicators could be coyered by regional or national regulations.

bse biological

© 1SO 2009 - All rights reserved
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Annex A
(informative)

Microbiological inactivation kinetics and enumeration techniques

Y14

162

A

 J

1Q"

102

1q°

1q°

1q°

<V

Y2V
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Key

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

NOTE 1 Log reduction for product achieved prior to the minimum sterilization process time (see 3.10):
NOTE 2 For the purposes of this illustration, time and dose are shown as highly controlled steady-state ¢onditions and

migh{ not apply to process vessel conditions.

Figure A.1 — Examples of relationship between the biological indicatorand the product bioburden in
a reference microorganism method
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Y14

10°

10°

10*

1073

1q*

1q°

Y2V

Key

X time or dgse
Y1 number of suryviving microorganisms (plotted on logarithmic scale)
Y2 probability of-asurviving microorganism (plotted on logarithmic scale)

curve representinga six fog reductiomof Bt wittrmimimom speciffed Tesistarnce

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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1 log

0.9 a1

10-°C

A
Y

100 106 110 115 120 125

Key

témperature (°C)
I value, minimum (plotted on logarithmic scale)
z|value (°C)

- < X

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

© 1SO 2009 - All rights reserved

31


https://standardsiso.com/api/?name=ea9dbce70721db094707c9e0090bd99d

ISO 14161:2009(E)

Y14

107

10°

10°

10*

10°

10°

Xy

10"

1073

10

1 0-6 h

Y24
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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

ral

A process c
defined res
commerciall

sterilization process than would be represented by the load.

The device
sterilizing ag
sterilized an
process cha

In some pro

B.2 Helic

The helix co
challenging

NOTE N

B.3 Stanc

Standard te

penetration ¢f steam into the pack is attained at the levels at which the process variables are set.

The standar
indicators in

NOTE N

nallenge device can have several configurations and uses. It is an item designed to copstit
stance to a sterilization process and used to assess performance of the process.
available process challenge device should represent a similar or greater challenge-to’the u

s constituted so that a biological indicator can be arranged in the placepmost difficult fo
ent to reach. The design of the process challenge device depends on/the kind of goods f{
d the sterilization procedure. The biological indicator should not interfére-with the function @
lenge device.

ess challenge devices, an inoculated carrier can be used in place of a biological indicator.

11°4

S

hsists of a coiled tube with a gas-tight capsule for the inoculated carrier at one end, intende
Sterilizing agent penetration into long hollow instruments.

htional standards for specific sterilizers could include requirements for such helices.

lard test packs

5t packs are used in large steam sterilizers for porous loads to check that rapid and un

1 test pack is comprised of porous sheets wrapped in a particular configuration with biolg

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

B.4 User'[s process challenge devices

bide. They are designed to test the efficacy of the steam sterilization process for porous loads.

Ute a
The
ser's

Ir the
o be
f the

d for

form

gical

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.
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C.1.2
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alterr

C.1.3
rema
acce
cons
foun

C.1.4
expo

C.2

C.2.1
biolo

C.2.2

NOTE

ISO 141

Annex C
(informative)

61:2009(E)

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

s no growth (the fraction negative range) and the calculation is based on theyresults obtaing
A “total kill analysis” is also a fraction negative method in which all the test 'samples show n
alculation is based on the results obtained with this requirement. Fraction negative method i
bcoverable number of test organisms is less than 5 x 109 CFUs/unit of. feasure.

The Holcomb-Spearman-Karber Procedure (see C.3.1) and” Limited-Holcomb-Spea
bdure (see C.3.2) require successive exposures which span thefraction negative range.

F Other methods could be applicable, particularly when the fraction negative range is know
ative method is provided by the Stumbo-Murphy-Cochran Procedure (see C.3.3).

Test samples should be subjected to defined exposure periods with all process variables,
ining within defined windows (steady-state).--Where the process variables are consig
ptably narrow, time is expressed as “/’. \Where the control of process variables is too
dered constant, methods of integration . can be used to calculate equivalent time “U”. Bo
i in literature references.

| The number of samples exposed, 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 ¢
gical indicators.

The rélevant resistometer should be used.
E Test methods are given in subsequent parts of the ISO 11138 series. Specifications for resi
inAs0O 18472.

ased on the
vth medium.

method referred to as “fraction negative analysis” is a method in which a fraction of the {est samples

d with these
b growth and
5 used when

rman-Karber

n. One such

except time,
ered to be
wide to be
h terms are

h sequential

r packaged

stometers are

given

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

cultu

re conditions.

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

© 1SO 2009 - All rights reserved
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C.3 Methods

C.3.1 Holcomb-Spearman-Karber Procedure (HSKP)

C.3.11

C.3.1.1.1

Introduction

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

Alhan-thoe-ctarilizina-aaantlagvwac—a—roc an-thataoct camanlac thic challd bha oo te

as rapidly a
should be v3

C.3.113
exposure ac

C.3.1.1.4

the specified
medium is i
culturing ins
available a s

C.31.15

cultures sho
time (see alg
growth on th
of the test o

biological inglicator), growth or the lack of growth of the test/organism should be interpreted according t

manufacture

Growth of th
by a change

C.3.1.1.6

the total number of inoculated carriers. tested at each sub-lethal exposure.

C.3.1.2 Cglculations using the HSKP

C.3.1.21
one set

two sets

torili= + ] iduaain
Ve e oSteTrmzZmg agerticave s o oSOt T O O tiCtC ST ST TP o triro— oroTra—oc—Toot

5 possible so as not to interfere with the test results. If a neutralization procedure is requir
lidated.

a)
-

To obtain a higher level of confidence using the HSKP, samples should be“cultured
cording to the manufacturer's specified method.

n

F-ach inoculated carrier is transferred aseptically to a test tube containing-an adequate volurn
growth medium. The volume of medium should be the same for each-feplicate. If the g

ructions should be followed. The manufacturer of the biological indicators should identify or
uitable recovery medium and/or the complete data for preparing.@ne (see also 12.1 and 12.4).

The test samples should be incubated following the mianufacturer's specified methods.
Ild be examined after the manufacturer's recommended:incubation period or validated incub
0 12.2 and 12.3). Growth of the test organism can bevindicated by turbidity of the broth medgi
e surface of the broth, or sediment at the bottom of the tube, depending upon the character,
rganism. If the growth medium is an integral part-of the biological indicator (e.g. a self-contai
D
r's instructions.

e test organism in self-contained biological indicators can be shown by a colour change ca
in pH.

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

The calculations are based on a minimum of five exposure periods and should include at leas
of samplesi\in which all tested samples show growth;

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

two sets

NOTE

Of Samptes; fronT Ssequentialexposures, T which o growttT s observed(see Tabte €717

number of replicates at each exposure period or constant time intervals between exposures.

C.3.1.2.2

D=

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

Unsk

log

36

10 NO + 0,250 7

—

lized

d, it

after

e of

owth

;

hcluded by the manufacturer as an integral part of the biological dndiCator, the manufactyrer's

ake

The

ation

um,

stics

ned
the

used

sto

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 of data collected for HSKP

Exposure period Number of test samples Number of test. samples
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
@  The test is valid if there are no negative units, i.e..ne.negative test samples (» = 0), with all units showing growth
at the exposure preceding ¢,, and all negative testsamples (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 all test
samples show growth. Exposure periods &y to #; are increasing exposure periods in the fraction negative| area.
Exposure periods #g and ¢, are two sequential exposure periods at which all samples show no growth.

C.3.1.23 For times of expesure to sterilizing agent, 7, to #, the factors y and y are calcplated using
Equgtions (C.1) and (C.2).

i+t
m=% (C.1)
v+ N\
=RV — (C.2)
st ni
where

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

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

+1

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

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
Unsk = ZU i

i=1

(C.4)

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).

d d]
UHSK‘”K—E—;Z% C.5)
i=1
C.3.1.2.6 [The mean D value, D, can be calculated using Equation (1). See 11.3.3.
P Unsk
D= 1
|09|10N0 + 0,250 7 ( )
NOTE 1 The Euler constant = 0,577 2.
NOTE 2 04577 2/In10 =0,250 7.
where N is the initial viable count of test organisms per test sample (see(IS© 11138-1:2006, Annex A).
C.3.1.2.7 [The 95 % confidence interval for D (p = 0,05), D, is Galculated using Equation (C.6).
Deaie =|D £ 24V C.6)
C.3.1.2.8 [The variance, V, is calculated using Equation+(C.7).
2,302 6 ?
V=a|{———— C.7)
nNg + 0,577 2
C.3.1.2.9 [The “a” for the variance is calculated using Equation (C.8).
8 2 (n,-r)
a=0.25 (t. 1 ) Ll C.8)
;[ (l+1) (l 1) {l ni2<nz’_1)
C.3.1.3 Example 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
Expgsure period to sterilizing Number of test samples 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
t5 =60 ng =20 re =20
t7=170 ny =20 ry=20

38
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C.3.1.3.1 Calculate y; and y for each exposure period, ¢;:

ISO 14161:2009(E)

t+t;
Xi =ZT(Z+1) (C.9)
_ it
x= 2
10 +18
= =14
V4 2
18 + 28
= =23
Y2 2
s = 28 + 40 _34
2
74 = 40 + 50 _ 45
2
50 + 60
= =55
43 2
P 60+ 70 -65
2
_ntl
€ n;+1 n;
N +1 _ iz
/1 nq +1 nq
4 0
=—-—=0,21
1779 20
8 4
=— —-—=07
27217 19
12,8
=—==—=0,22
73”200 21
1612 57
74720 20
20 16
:———:O,
757 %0 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.
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C.3.1.3.2 Calculate U; for each exposure period, ¢;:
Ui =XV (C1 0)
U=xnxn=14x021=294
Up,=23x0,17=3,91
Uz =34x0,22=7,48
Uy=45x02=90
Us=55|x0,2=11,0
Ug=65|x0=0
C.3.1.3.3 [The mean time to sterility, Ungk, is calculated using Equation (C.11).
i=6
Unsk =D U, (C.11)
i=1
UHSK: U1 +U2+ U3+U4+ U5+U6
Unsk =R.94+391+7,48+9,0+11,0+0=234,33
C.3.1.3.4 [The mean D value, D, is calculated using Equation (1). See 11.3.3.
D= Unsk (1)
|Ogr|0 NO + 0,250 7
where
Ny is the initial population of 1 x 109
D=—f 3433 6 samin.
5,000 + 0,250 7
C.3.1.3.5 [The 95% confidence interval for D (»=0,05), D, is calculated using Equation (C.6).
See C.3.1.2f.
Deare =|D £257 C.6)
C.3.1.3.6 Thevariance, 7, IS calculated using Equation (C.7). See C.3.1.2.08.
2,302 6 ?
V=a| ———"— (C.7)
InNg + 0,577 2
C.3.1.3.7 The “" in the variance formula for each 7, and summing all results is calculated using
Equation (C.8). See C.3.1.2.9.
i=6 o
a=025Y) m=n) (C.8)

40

2

1
i=1 i (ni _1)

J]

[(t(i+1)_t(i—1))2(ri ,
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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 g — 7 2 ng —r
(t(4+1)_t(4—1)) [r4rz(4—4))]+(t(5+1)_t(5_1)) [F5—n( 5= 's) ]Jr

42 (ng -1 5% (n5 1)

(t(6+1) - ’(6—1))2[r6 %ﬂ

—0.25x (28— 102x4 [ 1224 | _29917+
361x18

40 — 18)2 x =5,707 0 +
441><20

50— 282x 12 | 22=12 | _g1137+
400 % 19

60402 x 16 | 22=10 | _33684+
400 % 19

70-502x 20 | 22=2% | _0.000 0
400 % 19

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

= —2’302 6 (C.7)
INNg +0,577:2
where
Vo =1x 105,

2
" :4,5452{ 2’3026 —‘ =4,5452 (M 230?‘
\II \%

2
W = 4,545 2 x (0,190 45)f =
[MUTXTOT JF U077 L] J

=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):
Degic =D - 24V (C.12)
=6,54-2 ,/0,164 9

=6,54 - (2% 0,406 1)=5,73

C.3.1.3.11 Upper confidence limit is calculated using Equation (C.13):

Dealc =2y (€C.13)

6,54 + 2,/0,164 9

6,54 + (2 x 0,406 1) = 7,35
C.3.2 Limited Holcomb-Spearman-Karber Procedure (LHSKP)

C.3.2.1 Cdlculations using the LHSKP

C.3.2.1.1 [The calculations for the LHSKP are based on a minimum of five exposure periods and should
include at least:

— one set of samples in which all tested samples show growth;
— two setq of samples in which a fraction of the samples shows growth;
— two setq of samples in which no growth is observed (see Table C.3).

C.3.2.1.2 | HSK procedure is similar to HSKP (see C.3.1), except that it uses a formula which requireg the
same numbgr of replicates at each exposure peried and constant time intervals between exposures.

Table C.3 -~ Examples of data collected‘for LHSKP 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;
t-(U;) ny ry (r=0)2
I Ny P
3 "3 "3
Iy Ty T4
15 (U _1) 5 "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.3.2.1.3 The mean time to sterility, Uy g, is calculated using Equation (C.14).
UHSK Uk————Zr (C14)
i=1
where

Upysk s the mean time to sterility;

”lc is-the first eXposure to.show.no grn\ufh of the rnplinafnc;

4 is the time or dose interval between exposures (being identical);

1 is the number of replicates at each exposure (identical number at each expesure, e.g. 20);
i — 1

z r;  is the sum of the negatives between U, and U, _ 4 inclusive.

C.3.21.4 The mean D value, D, can be calculated using Equation‘(1). See 11.3.3.

D= Uhisk (1)
logqg Ng +0,250 7

NOTE When following the method above, the LHSK procedure makes it possible to calculate the vdriance, 7, the
standard deviation (SD) and the 95 % confidence interval (the upper and lower confidence limits).

C.3.2.1.5 The variance, V, is calculated using Equation (C.15).

= Z n—r;) (C.15)

———X
n? n - 1 =1
C.3.2.1.6 The standard deviation (SD) is calculated using Equation (C.16).

5D = 1 (C.16)

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

calc D +2SD (C.17)

C 3 g 40 1 £ial L Y
R TR Y LUWCTT CUTTITUTTICT T

U -28D
Deaic = | R (C.18)
0g10 NO +0,250 7
C.3.2.1.9 Upper confidence limit
U +2SD
Degle = —HK (C.19)

|Og1o 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
t, =22 n, =20 ro=1
t3=24 ny =20 r3=17
14=26 ny =20 ry=15
t5=28 (U;_4) ng =20 rs=19
15 =30 (U)) ng =20 rg =20 (r=n)e
t; =32 ny =20 r7 =20 (r'=n)
@8  THe test is valid if there are no negative units, i.e. no negative replicates (r = 0), at the exposure preceding U,, and
all negative 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 1478:3.

D= Unsk (1)
|0gr|0 NO +O,250 7

where Ny =1 x 108.

C.3.2.2.2 |The mean exposure period, (time to sterility), Uygk, required to obtain no growth (sterility) is
calculated uging Equation (C.14). See C.3.2.1.3.

k-1
d d I
UHSK=Uk_E_;Z”i (J14)
i=1
where
d=2;
n=20.
2 2
Upsk =P0A S —— 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—>< er (n—rl-) (C.15)
n (I’l—1) i=1

—Lx X + (7 X + x5)+ x1) | =
" @7 [(1x19) + (7 x13) + (15 x5) + (19x1)| = 0,107 4
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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.3.2.25 The 95 % confidence limits for D (»p=0,05), D
and (C.19). See C.3.2.1.7, C.3.2.1.8 and C.3.2.1.9.

are calculated using Equations (C.17), (C.18)

calc’

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
where Ny =1 x 108.
C.3.2.2.7 Upper confidence limit
U +2SD
Dealc =7 (C.19)
0g19 No +0,2507
24,8 +(2x0,3227
_ ( ) _ 25456 _, o7 i)

6,000 +0,2507 6,250 7

C.3.B 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 equivalefce with the
methods of C.3.1 and C:3:2 is demonstrated.

C.3.3.1.2 The formdla for the SMCP requires one result in the fraction negative range consistipg of time, ¢,
the pumber of units negative for growth, », the number of replicates, n, at one exposure perigd within the
fraction negative range and the initial number of microorganisms per replicate, N,.

lated as the

C.3.3.1:3" To obtain a higher level of confidence using the SMCP, the D value should be calc

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.
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C.3.3.2 Calculations using the SMCP
C.3.3.2.1 The D value is calculated using Equation (C.20).

t

P= log4g A —log4o B (€20
where
t is the exposure period;
log4g 4 | is logq of initial population, Ny, per replicate;
logq 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= ! (5)
logho No —log1g ('”’:j
or
D= 4 (C.21)
logho Nog —log1g N,
where
N:Ui ig the natural log of the quotient of the number of replicates per test divided by the numbger of

>

bgative samples;

N

ig the number of replicates per exposure period;

~N

ig the number of units sterile ©ryshowing no growth.
C.3.3.2.3 [The 95 % confidence Intérval for D (p = 0,05), D, is calculated using Equation (C.22).

t

Deaic = 1
log1o No~10g10 {'”(H
a

! i1,96xﬁlix—1_r/n

n \'n n

—~
O
N

»

where a =

C.3.3.2.4 The formula above can only be used if n x Iyn=r
n n

>0,9.
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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.

t

log1g No —l0g1g ['n(nﬂ
p

is the exposure period;

D =

where

Vo is the initial viable count per test organism per sample =P x 106;
his 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.3.3.3.2 _The 95 % confidence interval for D (p = 0,05), De1c is calculated as follows.

~ n—r
If ny =X

(®)

>to 0,9, then the 95 % confidence interval can be calculated using Equationl (C.22). 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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24

where

37

a=—-—

100

calc = 1
6,000 —log4q {In(ﬂ
a

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

063

=0,37

=0,37

=0,37

=0,37

a= 046

+1,96 x \j0,37 X 1’00

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

+1,96 x 0,048 28
5

24

Degic =

D,

calc =

Upper config

D,

1
6,000 —logq | In[ —
°g1°[n(o,465ﬂ

24
6,000 —log4 (0,765 7)

24
6,000 (-0,1159)

%
6,000 +0,115 9

24

=3,92
6,1159

ence limit;

t

calc =

,
where a = —
n

Deyic =

48

AR
log19 No —log1g |”L*J
a

~1.96 % LXM
’ \ n n

24

o]
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where

37 \/37 . 1-37/100

a=>1_1
100 100 100

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

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

=0,37 -1,96,/0,002 331
=0,37-1,96x0,048 28
=0,37 - 0,095 =0,275

24
6,000 — logyq | In[ ———
’ 1017 0,275

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

Dcalc =

~ 24
6,000 - 0,111

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

Examples of documentation for biological indicators prepared by the

D.1 Gene

D.1.1 Sou

There are di
from a mai
1ISO 11138 {
available su
to inoculate
could be prg
from the prg
found in or
relevant mic

Biological in

ral

user

ces of microorganisms

ferent sources of microorganisms for biological indicators. Biological indicators ceuld be deliv
ufacturer as a ready-to-use system with resistance characteristics in aceordance with
eries. Consult the main document for commercially available biological indicators. Commerj
Epensions of microorganisms delivered from a manufacturer of biologieal-indicators can be
products, thereby using the product as the carrier. Alternatively, an“in=house-made suspem
duced from a commercially available strain. In particular circumstances, microorganisms iso
duction plant (in-house isolates) can represent the most resistant microorganisms likely f
bn the products to be sterilized. In such cases, biological indicators can be produced usin
roorganism (see 7.3 and 7.4).

licators can be prepared from microorganisms from one of three sources:

Suspension

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

Inoculated carrier

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

Inoculated carrier

Suspension from
commercial strain
(see D.3)

Inoculated carrier

Figure D.1 — Sources of microorganisms

D.1.2 Documentation

A list of relevant documents can include:

ered

the

cially
used

sion

lated
0 be
y the

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

work instructions for handling of the microbiological systems after sterilization-cycle processing;

a)

indicators;
b)
c) protoco

50

Is for validation studies and results.
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