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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This document specifies general requirements for production, labelling, test methods and performance
requirements for the manufacture of biological indicators including inoculated carriers and suspensions

intended for use in validation and monitoring of sterilization processes. Other parts of

ISO 11138

provide additional specific requirements for biological indicators for defined sterilization processes.

le F.1. The

A graphic description of a biological indicator and its components is presented in Tab
presentation includes the two types of biological indicators which are covered by ISO 11138

(all parts).

This shows that inoculated carriers can be presented directly to the sterilizing agent without prior

packaging, or included in a primary package that permits access by the sterilizing agent.

resistance characteristics depend on the type of test organism, its numbergsythe

preparation, the substrate upon which it is inoculated, environmental conditions.dutring

and drying and the effects of the primary package. Advice on selection, use and interpretatio
of biiological indicators can be found in [SO 14161.

For|any individual sterilization process, including those covered in relevant parts of 1SO
resistance of the biological indicator will also depend on its microenvironment during
thegry, this could lead to an infinite variation in the preparation of‘biological indicators. N
stetfilization process could be manipulated in infinite variety to suit each possible set of co
which products could be exposed. It has, therefore, been a routine practice to manufacturg
ind]cators that, when exposed to a set of conditions in a defined.sterilization process, provide
chafacteristics expressed as D values and, where relevant, z values. Such values are set
relgvant parts of ISO 11138.

The ISO 11138 series represents the current “state‘of-the-art” according to the experts re
manufacturers, users and regulatory authorities_inivolved in developing this document.
Biological indicators for specific sterilization' processes not covered by reference test co
relgvant parts of ISO 11138 should complywith the general requirements in this documen
the|resistance testing procedures. Sueh-biological indicators might not be well enough
or might be used for novel sterilization processes, or might be represented by isolated
microorganisms. If microorganisms other than risk group 1 (WHO 2004) are included in thes
indicators, appropriate safety measures (e.g. containment) are necessary.

Stal
(sed

1dards exist providing _pvequirements for the validation and control of sterilization
Bibliography).

NO1
for §

E It is possibleythat some countries or regions have published other standards covering r¢
terilization or.biglogical indicators (see Bibliography).

method of
noculation
h of results

11138, the
testing. In
loreover, a
nditions to
e biological
resistance
out in the

presenting

nditions in
[, including
described,
bioburden
e biological

processes

quirements
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INTERNATIONAL STANDARD

ISO 11138-1:2017(E)

Sterilization of health care products — Biological
indicators —

Part 1:
General requirements

1

Thi
cha
con

Thi
Reqg
par

NOT

Thi
of 1
ren]

Scope

5 document specifies general requirements for production, labelling, test methods and pe
Facteristics of biological indicators, including inoculated carriers and Guspensions,
ponents, to be used in the validation and routine monitoring of sterilization processes.

5 document specifies basic and common requirements that are applicable to all parts of
uirements for biological indicators for particular specified processes are provided in tl
Es of SO 11138. If no specific subsequent part is provided, this décument applies.

E National or regional regulations can apply.

5 document does not apply to microbiological test systems for processes thatrely on physi
hicroorganisms, e.g. filtration processes or processes that combine physical and/or 1
oval with microbiological inactivation, such as usé’ef washer disinfectors or flushing an

of pipelines. This document, however, can contain' elements relevant to such microbiol

Sys

2

Thd
con
und

ISO
vali

ISO
a pd

ISO
age

ISO

ems.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest édition of the referenced document (including any amendmen

11135, Sterilization of health-care products — Ethylene oxide — Requirements for the dé
Hation and routine control of a sterilization process for medical devices

11737-1:2006,Sterilization of medical devices — Microbiological methods — Part 1: Deter
pulation of miicroorganisms on products

14937, Stenilization of health care products — General requirements for characterization of
nt and_ the development, validation and routine control of a sterilization process for medical

rformance
and their

[SO 11138.
e relevant

alremoval
mechanical
 steaming
ogical test

bir content
pplies. For
[s) applies.

velopment,

mination of

1 sterilizing
devices

17665-1, Sterilization of health care products — Moist heat — Part 1: Requirements for the d4

velopment,

validation and routine control of a sterllization process jor medical devices

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

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

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

© IS0 2017 - All rights reserved
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31
biological

indicator

test system containing viable microorganisms providing a defined resistance to a specified
sterilization process

[SOURCE: 1

3.2
carrier

SO/TS 11139:2006, 2.3]

supporting material on or in which test microorganisms are deposited

3.3
colony for]
CFU
individual

3.4

culture colllection number

unique ide
collection

3.5

culture conditions

combinatic
multiplicat

Note 1 to eq
for incubati

[SOURCE: I

3.6

D value
D1o value
time or do

stated conglitions

Note 1 to ¢
inactivation

[SOURCE: 1
3.7

inactivation

loss of abil

[SOURCE: ]

ming unit

visible units of growth of microorganisms arising from a single cell or multiple e€lls

ntification of the test organism allocated by a scientifically recognized service cult

n of growth media and manner of incubation used to promote germination, growth anc
ion of microorganisms

try: The manner of incubation can include the temperature, time and any other conditions spec
bn.

SO/TS 11139:2006, 2.10]

be required to achieve inactivation'of 90 % of a population of the test microorganism uf

ntry: Other critical process.variable(s) exhibiting first order inactivation kinetics can achiev
0of 90 % of a population of-the test microorganism under stated conditions.

SO/TS 11139:2006,2.11, modified]

ty of mi¢roorganisms to grow and/or multiply

SO/TS11139:2006, 2.21]

ure

| /or

fied

der

E dn

3.8

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

Note 1 to entry: See Annex F.

3.9
nominal p
manufactu

opulation
rer’s stated number of viable microorganisms

Note 1 to entry: This is generally expressed in log1o function (e.g. 109).
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https://standardsiso.com/api/?name=98a7265ba8950ebacace83a12e9835fc

1SO 11138-1:2017(E)

3.10
primary package
element of the packaging system which maintains the integrity of the product

Note 1 to entry: The packaging system protects the inoculated carrier from damage and contamination without
preventing penetration of the sterilizing agent.

3.11
process challenge device
PCD
item designed to constitute a defined resistance to a sterilization process and used to assess
performance of the process

[SOPURCE: ISO/TS 11139:2006, 2.33]

3.1

resjstometer
testl equipment designed to create defined reference combinations of therphysical and/dr chemical
varj]ables of a sterilization process

[SOPRCE: ISO 18472:2006, 3.11, modified]

3.1
secpndary package
confainer in which biological indicators are packed for transport and storage

3.1

self-contained biological indicator
biological indicator presented in such a way that the'primary package, intended for incubatign, contains
thelincubation medium required for recovery ofthe test organism

3.1

surjvival-kill window
ext¢nt of exposure to a sterilization précess under defined conditions where there is a tranfition from
all biological indicators showing gréwth to all biological indicators showing no growth

3.1

surjivor curve
graphical representation. of the inactivation of a population of microorganisms with |increasing
exposure to a microbigidal agent under stated conditions

31
suspension
vialle test organisms suspended in a fluid

Note¢ 1 tosentry: Suspension can be a biological indicator if ready to use in a sealed glass ampoule of may be an
inteymédiate component used to produce an inoculated carrier or biological indicator.

3.18
viable count
actual number of recoverable colony-forming units or other appropriate units

Note 1 to entry: See Annex A.

3.19

zvalue

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

Note 1 to entry: See ISO 11138-3 and ISO 11138-4.

© IS0 2017 - All rights reserved 3
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4 General manufacturing requirements
4.1 Manufacturing controls

4.1.1 Quality management systems

A formal quality system (e.g. ISO 13485, GMPs or other national or regional requirements) to cover all
operations required by this document shall be established, documented and maintained. In particular,
precautions at all stages of production to minimize contamination that would adversely affect the
performance of the biological indicator shall be taken.

4.1.2 Traceability
4.1.2.1 Traceability of manufacturing components shall be maintained.

4.1.2.2 Manufacturing components shall include all materials incorporated in, et ‘coming into difect
contact with, the test organism suspension, the inoculated carrier and/or its primary package.

4.1.3 Finished product requirements

The finishgd product shall comply with the following requirements:

a) labelling (4.3);

b) manufpcturing (Clause 5);

c) resistgdnce characteristics (6.4);

d) storagp and transport (4.4);

e) incubation (7.3).

NOTE1  Advice on methods for the use of biological indicators is provided in ISO 14161.

NOTE 2  National and/or regional reqguirements might exist, for example, in the various national or regipnal
pharmacopgeias.

4.1.4 Pefsonnel

The procedures and metlods in this document shall be carried out by suitably trained and experierfced
laboratory|personnel (Seee.g. SO 13485).

4.2 Testlorganism

4.2.1 Stiain

4.2.1.1 Test organisms shall be of a defined strain, available through a recognized culture collection,
and shall be identified by appropriate test methods. A statement of traceability shall be provided to the
purchaser upon request.

4.2.1.2 The test organism shall be a strain that is

a) suitable for handling without special containment facilities, does not need specific containment
procedures for handling and does not have specific transport or mailing requirements (e.g. Risk
Group 1, WHO 2004), and

4 © IS0 2017 - All rights reserved
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b) sufficiently stable to maintain its resistance characteristics for the duration of the stated shelf-life
when transported and stored in accordance with label directions.
NOTE Traditionally, the test organisms of biological indicators have been bacterial spores, usually derived

from Bacillus or Geobacillus species.

4.2.1.3 Test organisms other than bacterial spores may be used if they have been shown to provide

app

4.2,

ropriate resistance to the sterilization process.

2 Originating inoculum for suspension

4.2
a)
b)
4.2

thel
org

4.2
vali

4.2
The

4.3

4.3
ino

Intd

2.1 The initial inoculum for each batch of test organism suspension shall be
traceable to the reference culture and available through a recognized culture cellection

verified as to its identity and purity.

2.2 The methods used for maintaining test organism cultures shall be designed
m from contamination and to minimize any induced changes in theinherent properties
hnisms.

dated.

3 Test organism count

viable test organism count of the suspension shall be determined in accordance with An
Information to be provided by the manufacturer (labelling)

1 The following information shall-be provided on the label of each individual unit of §
fulated carrier packaging and biolegical indicator:

a unique code by which the manufacturing history can be traced;
the name of the test,erganism;

an indication of the-sterilization process for which the suspension, inoculated carriers o
indicators are“suitable;

the expiry\date, expressed according to ISO 8601, e.g. YYYY-MM-DD;

the manufacturer’s name, trademark, address or other means of identification.

and

to protect
of the test

2.3 Verification tests are specific for each strain of test’organism and shall be documented and

nex A.

uspension,

 biological

223-1, and

raationally recognized symbols may be used where appropriate (see 4.1.3, ISO 15

ISO

©IS

11140-1).
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4.3.2

on or within the secondary packaging of each batch of product.

Table 1 — Information to be provided by the manufacturer

In addition to the information provided in 4.3.1, the information given in Table 1 shall be provided

. . . Inoculated Biological
Information requirement Suspension . ..
carrier indicator
The nominal volume of suspension, in ml Required — —
The process for which the product is suitable for use,
the resistance and the procedure and carrier used to Required Required Required
determine fhe resistanced
The specifipd storage conditions Required Required Required
Disposal ingtructions Required Required Required
Instructions for use, especially data about the medium,
incubation pnd other conditions to be used for recov- . . .
. o Required Required Required
ery of test grganisms after exposure to the steriliza-
tion procesf
The numbeyr of test organisms per ml (suspension), or . , .
per unit (injoculated carrier or biological indicator)a Required Requined Required
The numbeyr of product units in the secondary pack — Required Required
A referencd to this document Required Required Required

a  Testme

hodology used to determine resistance and population should be sugplied by the manufacturer upon requ

Pst.

4.3.3 Ifa
manufactu
on the requ

4.3.4 If 4
instrument

4.4 Stor

4.4.1 Storage and transport conditiens for the test organism suspension shall be maintained such

the test or
subsequen

442 Ifi
does not aq

4.4.3 Storage ‘and transport conditions for inoculated carriers shall be maintained such that
carriers comply with the requirements of this document and where relevant, a subseqy

inoculated

ired recalibration procedures.

age and transport

I part of ISO 11138

11138

noculated capgiers are packaged for storage or transport, they shall be packaged in a way
[versely affectthe nominal population or performance of individual inoculated carriers.

specific instrument is required to detect outgrowtlvof the biological indicator, the instrunjent
Fer shall specify use of that instrument and provide a certificate of calibration and informa

fion

pplicable, information shall be provided on required maintenance service of the specified
including detailed instructions of how.to perform the maintenance, service and its freque

ncy.

that

panism suspension complies with the requirements of this document and, where relevant, a

that

the
lent

part of ISO

4.4.4

Individually-packaged biological indicators shall be placed in a secondary package for transport

and storage. Packaging for transport and storage shall ensure that biological indicators comply with this
document and, where relevant, a subsequent part of ISO 11138.

© ISO 2017 - All rights reserved
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5 Specific manufacturing requirements
5.1 Suspensions

5.1.1 Culture medium and incubation conditions shall consistently produce test organism suspensions
that meet the performance requirements of this document and any relevant subsequent part of
[SO 11138.

5.1.2 The suspending medium for the test organism suspension shall not adversely affect the stability
of fhre—test-organismand—shal-be—compatible—wi e—procedures—and—materiats—emptgyed in the
manufacture of inoculated carriers and biological indicators.

5.1/3 The method of harvesting and subsequent treatment of suspensions to be used in the Jnoculation
of carriers shall ensure that residues do not adversely influence the performance ofthe inoculated carrier
or Hiological indicator.

5.2 Carrier, primary and secondary packaging

5.2]1 The materials of the carrier and the primary and secondary packaging shall not dontain any
confamination (physical, chemical or microbial) that would a@versely affect the performgnce of the
biological indicator.

5.2{2 The carrier, the primary and secondary packagirig;’and the specified storage conditiqns shall be
des]gned so that the performance characteristics of thié biological indicator meet the requirements of
thig document throughout the stated shelf life of the product. The purchaser shall be provided with a
statement of the maximum and minimum values-0f each dimension of the carrier on request.

5.2{3 During and after the sterilization process, the carrier and the primary packaging shall not retain
or release any substance to such an extentthat, on transfer to the incubation medium, under|the culture
confitions, the growth of low numbersof surviving test organisms will be inhibited. Testing shall comply
with Annex B.

5.2/4 The carrier, the primary packaging, and the secondary packaging shall withstanid planned
tranjsport and handling atthe point of use, without damage or breakage.

5.2/5 Raw materials used for the carrier and the primary packaging shall withstand expofsure to the
stetjilization proeess for which they are intended in such a way that the performance charagteristics of
thelinoculatedsgarrier or biological indicator are maintained. Compliance shall be tested by gbservation
of the carriér)and the primary packaging exposed to the extreme ranges and rates of change of the
chemicaland physical variables of the sterilization process.

NOTE Reference sterilization conditions can be found in relevant parts of ISO 11138.

5.3 Inoculated carrier

5.3.1 Theinoculated carrier shall be made of materials that will withstand exposure to the sterilization
process without distortion, melting, corrosion or other failure that would impair the use of the inoculated
carrier.

5.3.2 Only one strain of test organism shall be used in a batch of inoculated carriers, unless the
manufacturer has demonstrated that the use of multiple strains does not significantly affect test organism
performance in the specified sterilization process.

© IS0 2017 - All rights reserved 7
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5.3.3 Prior to inoculation, the carrier shall be sterilized in accordance with ISO 17665-1, ISO 11135,
and ISO 14937 or other relevant sterilization methods. If sterilization is not practicable, acceptable
bioburden limits of the carrier prior to inoculation may be established in accordance with ISO 11737-

1:2006, An

nex B.

5.3.4 Carriers shall be inoculated so as to maintain a consistent microbial population (see 6.3).

5.4 Biol

54.1 In
carriers in

54.2 Th

5.5 Self;

The perfor
culture mgq

process.

6 Detefmination of population and resistance

6.1 Gen

6.1.1 Th
conforman
part of ISO

6.1.2 Re;j
specified ir
sterilizatio

6.1.3 It

biological indicators that do not meet the minimum population and/or resistance criteria specifie

ISO 11138 These biologicalindicators are acceptable provided that
a) all other requirements’ of ISO 11138 (including the method of test for population and resista
are mqt,
b) the productififormation includes a clear statement of the population and resistance, and
c) EhT product label carries a clear warning that the population and/or resistance (as appropriat
elow the vatue specififed I the refevant partof 1ISO1T1138:

ogical indicators

T eIttt S S e T OO ST Tt cort o oot T o T

A primary pack.

TOrCTIT TTrerrvrercrorrrroeerm

e primary packaging shall be validated for its intended use (see Annex B).

contained biological indicators

mance of self-contained biological indicators shall be validated, including the ability of
dium to promote growth of the test organisms after being subjected to the steriliza

eral resistance requirements

e resistance of each lot/batch of biologicalvindicators shall be tested to demonst
ce with the performance requirements specified in this document and any relevant subseqt
11138.

istance characteristics of biological indicators intended for sterilization processes
any subsequent part of ISO 11188 shall be defined using the specific critical variables of
h process (see ISO 14937).

s recognized that the walidation and monitoring of some sterilization processes may

ted

the
fion

rate
lent

not
that

use
1 in

1ce)

) is

6.1.4 Resistance testing shall include determination of the viable count and determination of the
resistance characteristics (see 6.3 and 6.4).

6.2 Test organism

The test organism shall be specified (see 4.2).

6.3 Population of test organisms

6.3.1 The viable count shall be determined (see Annex A).

© ISO 2017 - All rights rese
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6.3.2 Population verification shall be achieved when results fall within 50 % to 300 % of the
manufacturer’s stated nominal population. Confirmation test results of the population determined by end
users or manufacturers during stated shelf life may meet the 50 % to 300 % range, but could fall below
the minimum population specification as defined in this document. In these cases, the original population
is considered to be verified if the confirmation test results are within the 50 % to 300 % range.

6.4

Resistance characteristics

6.4.1 Resistance characteristics shall be determined by a combination of the following methods:

a)
b)
c)

6.4
of 1
(sed

6.4

manufacturer during the stated shelf life using the method specified by the manufacturer.

Ided
this
cur
5 x
test
the

Rels
ind

The
tot

Con
life
int

restilts are withinthe’+20 % range.

6.4
org
Anr

determination of the D value through the construction of a survivor curve (see AnnexC]
determination of the D value through a fraction negative method (see Annex D); and

verification of the survival/kill response characteristics (see Annex E).

2 The values obtained by these methods shall be within the ranges spéeified in the rel
50 11138. At least two of these values shall be included in the labelling of the biologica
4.3).

3 The D value shall be within +20 % of the manufacturer’s stated value when determ

ideal occur, but linearity shall be maintained within-acceptable limits. Construction of]

101, whereas the fraction negative method establishes a statistically based calculation o
organisms below that level. Good correlation of the D values obtained by the two m
‘efore be used to establish that there are ng'serious deviations from a linear survivor cut

bvant parts of ISO 11138 might require additional determinations [e.g. z value for
cators for moist heat sterilization(ISO 11138-3) or dry heat sterilization (ISO 11138-4)]

resistance characteristics specified in this document and any subsequent part of ISO 1
he specific test conditions,stated in those parts.

firmation test results of-the D value determined by end users or manufacturers during s
may meet the +20 % requirement, but could fall below the minimum D value specification
his document. In these cases, the original D value is considered to be verified if the confir

4 The@urvivor curve, when plotted as a semi-logarithmic curve of the logig of the
Ainism eount against time, shall be linear with a coefficient of determination, r2, of at leg

lex )!

; or

bvant parts
indicators

ned by the

lly, the survivor curve is linear over the full range of inactivation. In practice, devigtions from

a survivor

e by enumeration establishes the resistance forsirviving populations greater than appfroximately

f surviving
bthods can
ve.

biological

1138 apply

tated shelf
as defined
mation test

viable test
st 0,8 (see

6.5

Test conditions

Resistance characteristics and population shall be determined using specified testing conditions (see
Table 2).
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Table 2 — Minimum test samples according to method

Test method according to Minimum number of | Minimum number of |Minimum total number
I1SO 11138-1 test samples exposure conditions of test samples
Initial count of viable test 4 o 4
organisma
Annex C survivor curve method 4 5 20
Annex D fraction negative method 20 5b 100b
Annex E survival-kill window 50 2 100
Minimum tatalnumber dpppnding on choice of combination of methods: 124 or 204

parts of ISO
a  The vial

b Theext

NOTE Compmon test conditions for specific sterilisation methods have developed over time and are presented in reley

a condition for accepting the test results as valid.

11138.
le count of the unprocessed inoculated carrier or biological indicator.

a set of testing conditions at the exposure subsequent to t¢ (see Table D.1) is not used in the ¢alculations, b

ant

It is

7 Culture conditions

7.1 Incu
7.1.1 Th

7.1.2 In
incubator {

7.2 Growth medium

7.2.1 Th
of less than

7.2.2 Lalpelling shall include information on culture conditions after exposure to the steriliza

process (se

7.2.3 Th

residuals that might influence the viability of the test organism (see 5.2.3).

bator
e incubator shall be set to provide, and monitored to confi¥m, the specified culture conditi

addition to routine monitoring of temperature, ¢he temperature distribution within
hall be validated.

100 test organisms.

e 4.3).

e growth medium.'shall be validated to ensure that it can neutralize any sterilizing ag

Dns.

the

e gsrowth medium shall be specified @nd demonstrated to support the growth of an inocujum

fion

rent

7.3 Incubation
7.3.1 The¢ incubation time and temperature shall be validated.
7.3.2 Instructions for incubation (see Table 1) shall be provided. A reference incubation time is

commonly recognized to be seven days for established sterilization processes, such as moist heat
and ethylene oxide, using well characterized test organisms, such as Geobacillus stearothermophilus
and Bacillus atrophaeus, respectively. Where sufficient data are not available to support a reference
incubation time of seven days for a novel sterilization method, at least 14 days shall be used as the
reference incubation time on which to base the validation.

NOTE 1

NOTE 2

10

National or regional requirements for incubation time validation can also exist.

It is possible to have a validated incubation time that is shorter than the reference incubation time.
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7.4 Software validation

For incubators which incorporate software or which are medical software in themselves, the software
shall be validated according to the state of the art taking into account the principles of development
lifecycle, risk management, validation and verification.

7.5 Incubation time using detection system

If a specific detection system is to be used with a specific biological indicator, then the combination of
the two shall be specified by the manufacturer and used when determining the incubation time.

© IS0 2017 - All rights reserved 11
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A.1 Gen,

Annex A
(normative)

Determination of viable count

ral

A.1.1 En
suspension
forming un
above 5 x 1

A12 Th
through A.
the determ
using the s

A.1.3 Alt
may be use

A.2 Minimum number of test samples

A minimun

A.3 Sani

A3.1 Th
organisms
beads, grin
appropriat

A.3.2 Th
necessary,
the methoqg

For culturg
of CFUs be

imeration techniques are used to determine the number of viable test organismj

its (CFUs). This method is used when the expected number of recoverable test’organisn
01 CFUs.

k. This method applies to both processed and unprocessed test samples and can be used
ination of initial viable count (unprocessed samples) as well ds for D value determina
irvivor curve method (processed samples).

brnative methods of enumeration with demonstrated equivalence to direct plating technig
d.

h of four test samples from each lot/batch-er exposure shall be used.

ple preparation and culture:methods

b test samples shall be placed in an appropriate volume of suspending medium. The
shall be eluted from the test samples by a validated procedure (e.g. maceration with g
ding and/or blending in.a homogenizer and/or blender, vortexing, ultrasonication or o
e procedure). See ISO.11737-1.

in appropriatesterile dilution fluid. Numbers of CFUs should be within a specified rangd
used whenever possible.

ween 30 and 300 are considered to be the most accurate.

in

,on inoculated carriers, or from packaged biological indicators, by counting of distinct colony

s is

e relevant products shall be examined for recoverable test organismg in accordance with{A.2

for
fion

ues

test
lass
her

e concentration)of microorganisms in the suspensions shall be adjusted by dilution, if

for

s peured into molten agar or spread on solidified agar in regular size Petri dishes, numbers

A3.3 An

appropriate method for the enumeration of viable organisms shall be used.

Appropriate methods include membrane filtration techniques, direct spreading on semi-solid agar
growth medium or mixing with molten tempered agar growth medium (see ISO 11737-1).

A.3.4 The biological indicator manufacturer shall identify or make available a suitable medium for
recovery of test organisms and/or complete data and instructions for the preparation of such a medium.

12
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A.4 Incubation and enumeration

A.4.1 The plated samples or the membrane filters shall be incubated at temperatures and times
specified by the manufacturer.

In general, the incubation times and temperatures are 55 °C to 60 °C for not less than 48 h for
thermophilic microorganisms and 30 °C to 37 °C for not less than 48 h for mesophilic microorganisms.

NOTE Desiccation of the growth medium can adversely affect growth at elevated incubation temperatures.

A4E—#wrmmmmmmw'mmmg-m plates or
meinbrane filters shall be counted and the mean number of recoverable test organisms per\gppropriate

unit shall be calculated.
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Annex B
(normative)

Determination of growth inhibition by carriers and primary
packaging materials exposed to sterilization processes

B.1 Prir

This methg
intended s
of the test
been teste
Specificati

B.2 Mat

B.2.1 A g

Iciple

d is used to determine the suitability of the carrier and primary packaging matetials for
Lerilization process by identifying possible inhibitory effects of these materials on gro
organisms after sterilization. The physical properties of these materials ghall have alre
d for suitability (see 5.2 and 5.3). Test methods are given in relevant parts of ISO 11
bns for resistometers are given in ISO 18472,

erials

uspension of test organisms of the same strain shall b@ pfepared in the same manne

the organis
determine
viable org

B.2.2 Th
culture con

B.2.3 Th

B.2.4 Teq
accordancg

B.3 Pro

B.3.1 Prg

specified i the cultute-conditions. Use the same volume of growth medium as typically used for

suspension

B.3.2 Ta}

ms to be used for inoculation of carriers. The suspension shall be of known populatior]
by viable count, to permit dispensing of test samples with a population of less than
isms.

b incubator shall be set to provide, and monitered to confirm, the temperature specified in|
ditions.

e growth medium shall be as specified'in the culture conditions.

t samples shall be uninoculated carriers or primary packaging materials prepared
with B.3.

cedure

pare fifteen/gontainers of growth medium and equilibrate to the incubation tempera

, inoculated carrier or biological indicator.

le-a representative sample of eighteen previously sterilized uninoculated carriers and di

the
ivth
ady
38.

[ as
, as
100

the

in

ure
the

Fide

the carrier

L vt o i gronine Af b Thaog chall bha mnacleagnd 10 tha sl hend 10 thn oo 40
THEY €-Ppac

of

ST TIIIIC - S TO O P S UT Cvv UT STIort o oS CO I crrerrocC T o oS T T trrc o oo CeoT

the biological indicators.

NOTE I

f sterilization is not practicable, see 5.3.3.

B.3.3 Take six groups of the carriers from the sample taken in B.3.2, each containing two carriers, and

then expos

e them to the sterilization process.

B.3.4 Set the operational conditions of the resistometer to the values specified in the relevant parts of

ISO 11138,

as appropriate.

B.3.5 At the end of the process, unwrap the carriers and aseptically transfer them to the growth
medium without subjecting them to intermediate treatment. Place the contents of one group of two

14
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carriers into each of the six containers of growth medium previously equilibrated to the incubation
temperature (see B.3.1). Record the time taken to complete the transfer.

B.3.6 Incubate the growth medium containing the carrier samples at the specified temperature for
2 h + 10 min to allow any inhibitory substances to desorb from the carriers. Remove the growth medium
from the incubator and inoculate each container with a volume of the test organism suspension calculated
to contain less than 100 test organisms. Return the inoculated medium to the incubator. Incubate for the
validated time period specified for recovery of biological indicators under normal conditions of use.

B.3.7 _Control is performed by transferring the three remaining groups of two carriers, not exposed
to the process, to the three remaining containers of incubation medium. Incubate these coitainers for
2 h i 10 min, then inoculate each container with less than 100 test organisms, and incubate them for the
spefified incubation time in the same manner as described in B.3.6.

B.3|8 Microorganism identification may be performed if the use of non-sterilecatriers is sfispected of
inflfiencing the test results.

B.3|9 For growth medium controls, incubate three containers of grewth medium, witholit carriers,
for R h # 10 min. Then inoculate each container with less than 100 test’organisms and inculpate for the
spefified incubation time in the same manner as described in B.3.6.

B.3|10 The remaining three containers of growth medium afe used as negative media controls. Incubate
thege non-inoculated media containers for the validated time period specified for recovery of biological
indjcators under normal conditions of use.

B.4 Interpretation of results

B.4{1 If “no growth” occurs in one or more’of the growth media controls, the test procedute shall not
be 1legarded as valid.

NOTE “No growth” in the growth media controls can be indicative of failure to control the population of the
testlorganism inoculum or of inappfieptiate recovery conditions (i.e. growth medium, incubation timg, incubation
temperature etc.).

B.4{2 If “no growth” oécur's in one or more of the carrier controls, the carrier shall not be fjegarded as
suitable for the manufacture of inoculated carriers or biological indicators.

NOTE “No growth” in the carrier control where growth occurred in the growth medium can ipdicate that
the farrier mategial is inhibitory to the growth of the test organism.

B.4|3 If.‘mo growth” occurs in one or more of the six tests of carriers exposed to the sterilization
professythe carrier material shall not be regarded as suitable for the manufacture of inoculalled carriers
or hiological indicators

NOTE “No growth” can be caused by either high levels of absorption of sterilant or by degradative changes in
the carrier material during the sterilization process.

B.4.4 If “growth” occurs in one or more of the negative media controls, the test procedure shall not be
regarded as valid.

NOTE “Growth” in the negative media control could indicate that the media samples have been contaminated.
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B.5 Determination of growth inhibition by primary packaging materials

B.5.1 Samples of the primary packaging material shall be tested in a similar way as the carrier material
(i.e. follow steps B.1 through B.4 using the primary packaging materials as the test samples).

B.5.2 The test shall be carried out using samples of primary packaging material equivalent to twice the
area normally in contact with the inoculated carrier, or for self-contained biological indicators, equivalent
to the area normally in contact with the recovery medium. The test samples shall be immersed in the
growth medium.
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Annex C
(normative)

D value determination by survivor curve method

C.1—Principle

This method determines the number of surviving test organisms by direct counting of-colohy forming
units (CFUs). This method is also referred to as the “direct enumeration method”. See' also Ahnex A.

NOTE The method has a practical lower limit of approximately 5 x 101 CFUs.

C.2l Materials

C.2]1 Test samples representing spore suspensions, inoculated carriers or packaged| biological
indicators shall be included in the materials. A minimum of 20 test samples are required for this method.

NOTE Test methods are given in relevant parts of ISO 11138/Specifications for resistometers pre given in
ISO[18472.

C.2)2 The incubator shall be set to provide, and momnitored to confirm, the temperature spegified in the
culture conditions.

C.2{3 The growth medium as specified in the culture conditions shall be included in the materials.

C.3| Procedure

C.3{1 Test samples shall be siibjected to defined exposure conditions. The range of exposufes shall be
stated. See Table 2.

C.32 A minimum offive exposures shall be used and shall include
a) |one exposure‘in which the sample is not subjected to the sterilant (e.g. 0 time exposure)
NOTE The sterilant can be absent or replaced by an inert gas or medium.

b) |at least one exposure in which the viable population is reduced to 0,01 % of the origingl inoculum
(Alog1o reduction), and

c¢) aminimum of three exposures covering the intervals between exposure a) and exposure b) above.

C.3.3 Not less than four test samples shall be used for each exposure in each determination. The same
number of replicates shall be used for each exposure.

C.3.4 If the sterilizing agent leaves a residue in or on the test samples, this shall be neutralized as
rapidly as possible so as not to interfere with the test results. If a neutralization procedure is required, it
shall be validated.

C.3.5 Within 2 h of each exposure, the test samples shall be treated to remove the test organisms from
the carrier and a viable count assay performed (see Annex A) using the specified culture conditions and
methods stated by the manufacturer for recovery under normal conditions for use.
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C.3.6 The suspensions shall be adjusted in appropriate sterile dilution fluid. For cultures poured into
molten agar or spread on solidified agar in regular size Petri dishes, numbers of colony forming units
between 30 and 300 are considered to be statistically valid.

C.3.7 Using all the data obtained, plot the logig of the surviving population against exposure time in
minutes, dose level or other process variable and determine the best-fit rectilinear curve by regression
analysis using the method of least squares. Survivor data points within 0,5 logarithms of the initial
population shall not be included in the regression analysis. Calculate the negative reciprocal of the slope
of the line obtained, which is equal to the D value in minutes, dose level or other process variable at the
stated exposure conditions.

a) The sltl»pe of the best-fit rectilinear curve is calculated using Formula (C.1):

()~ (45)

m=-———o8w"= |98

(Hc) - (AZ)

where
m is the slope of the best-fit rectilinear curve;
n is the number of data points;

G =P[¢(logypy)]
-0

B =¥ (logypy);
Z(tz).

An examplp of regression analysis is given inf Table C.1.

C =

Table €.1.— Examples of regression analysis

Recoveread Exposure
populatiop2 | condition
y (minutes or 2 2
other critical logiay t t(log1ay) (log10y)
paranieter)
th
y1 t1=0,0 log1oy1 (t12)=0 t1(logioy1) = 0 (log10y1)?
y2 t2 log10y2 (t22) t2(logiay2) (log1qy2)?
Y3 3 log10y3 (£34) t3(log1ay3) (log1ay3)“
Y4 ta log10y4 (t4?) ta(logiy4) (log1ay4)?
Vs ts log1qys (ts%) ts(logiays) (log1qys)?
i=5 i=5 i=5 i=5 i= 2
2
4= B =Y log,yy, C= (’i ) G= [’i (lOgloyi):' E= (logloy,-)
i=1 i=1 i=1 i=1 =
A551_gned A B c G E
variable

b Any critical process parameter, e.g. time (t).

a  According to C.3.7, data points within 0,5 logarithms of y1 shall not be included in the regression analysis.

18
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b) Example calculations for the slope of the best-fit rectilinear curve are found in Table C.2 and below.

Table C.2 — Examples of calculations for slope

Exposure
Recovered condition
. (minutes or 2 2
population2 other critical log1oy t t(log1oy) (log10y)
Y parameter)
t D
y1l=2,5 %106 t1=0,0 log1gy1 = 6,397 9 (t12)=0 t1(log1gy1) =0 (logray1)2fF 40,933 1
y4=3,4x105 t2=2,0 log1gy2 = 5,531 5 (t22)=4 t2(logioy2) = 11,063 0 | (loguoy2)?fF 30,597 5
y3=3,1x 104 t3=4,0 log1gy3 =4,4914 | (t32)=16 | t3(logigy3) = 17,965 64 (logiqy3)2}= 20,1727
ya=1,7 x 103 t4=6,0 log1gya = 3,2304 | (ta?2) =36 | ta(logiqya) = 19,382 40| (logigya)?}= 10,4355
y4=19x102 | =80 |logiqys=2,2788| (ts2)=64 | ts(logiays)=182304 | (logiys){=5,1929
i= i=5 =5 2 i=5 i=5 2
A=21 B =7 log,y; c=>(t) G ZZ[’i(Ogmyiﬂ E= (log 0)’,-)
i=1 i=1 j= i1 i=1
i\lsai‘iirl‘)‘fg A=20 B=21,9300 C=120 G = 66,641 4 E=107,3317

According to C.3.7 Data points within 0,5 logarithms of y1 shall not'be included in the regression analysis.

Any critical process parameter, e.g. time (t).

(nG)-(4B)

" (nC) —(AZ)
) [(5)(66,641 4)}—[(20)(21,930 0)}
[(5)(120)]< (202)
. (333,207 0)—(438,600 0)
(600> (400)
1053930
n="-0,527 0

The D value is equal to the negative reciprocal of the slope obtained and is calculated using

Formula (C.2):

Dvalue:—l(1 J
m

Using the above calculated slope, the resulting D value is:

1

———— |=1,897 5 min(rounded to one decimal place D =1, 9 min)
-0,5270

© IS0 2017 - All rights reserved
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C.3.8 The value obtained for the coefficient of determination, r2, for the linearity of the survivor curve
shall be not less than 0,8.

a) The coefficient of determination, r2, for the linearity of the survivor curve is calculated using

Formula (C.3):

N GROICON

) (a2 [(2)- (2] -

2
where all ariables are as defined in C.3.7 a) and E = 2 (logloy) .

b) Example calculations for the coefficient of determination, r2, for the linearity of the survivor curve

Using the yalues from Table C.2:

, [(66,6414) - [(20) (21,9300/5)} T

r ==
120)—(202/5)}[(107,3317)—(21,93002/5)}
, [(66,6414) ~ (87,7200 T
T 120)—(80)}[(107,3317)—(96,1850)]
, (21,078 6}2
2|
[40][11,146 7}
, 414,307 4
Q2 e
445,868 0
r? =0[996 5
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Annex D
(normative)

D value determination by fraction negative method

Princinle
cipie

D.1
on

gro
of t

restlts obtained with this data. A “total kill analysis” is also a fraction negative method in w|

test
Thi

D.1
pro

NO']
alte

D.1

1 This method determines the number of surviving test organisms by indirect,calculg
he recoverable number of microorganisms as determined by visual observation’ of groy

tion based
vth in fluid

vth medium. The method referred to as “fraction negative analysis” is a methied in which a fraction

he test samples shows no growth (the fraction negative range) and the calculation is bz

samples show no growth and the calculation is based on the results obtained with this re
b method is used when the recoverable number of test organisms isdess’'than 5 CFUs/unit

2 The Holcomb-Spearman-Karber procedure (see D.3.1) and*Limited-Holcomb-Spearn
cedure (see D.3.2) require successive exposures which spamthe fraction negative range.

E Other methods can be applicable, particularly when.the survival-kill window is know
Fnative method is provided by the Stumbo-Murphy-Cochran procedure (see D.3.3).

3 Test samples shall be subjected to defined~exposure conditions remaining within

sed on the
hich all the
quirement.
bf measure.

han-Karber

h. One such

a defined

winfdow (steady-state), except the process variable used to calculate the D value. Where the process

var
var

equifivalent time “U”. Both terms are foundtin the literature.

NOT
pro

D.1
exp

D.2

D.2

biologicaliindicators.

ables are considered to be acceptably narrow, time is expressed as “t”. Where the contro
ables is too wide to be considered ednstant, methods of integration may be used t

E In the following subclauses ‘and formulae of this annex, the variable “t” can be replaced |
ess variable used to calculate the D value.

4 The number of samples exposed, n, in each exposure and the intervals between
psures, d, both affect the reliability of the test.

Materials

1 Testisamples shall be representative of spore suspensions, inoculated carriers o

of process
p calculate

y any other

sequential

+ packaged

D.2

NOTE

L

rnerelevant resistometer sndll be used.

the ISO 18472.

Test methods are given in relevant parts of ISO 11138. Specifications for resistometers are given in

D.2.3 The incubator shall be set to provide, and monitored to confirm, the temperature specified in the
culture conditions.

D.2.

4 The growth medium shall be as specified in the culture conditions.

© IS0 2017 - All rights reserved

21


https://standardsiso.com/api/?name=98a7265ba8950ebacace83a12e9835fc

1ISO 11138-1:2017(E)

D.3 Procedure

D.3.1 Ho

D.3.1.1 P

Icomb-Spearman-Karber procedure (HSKP)

rocedure

D.3.1.1.1 Test samples shall be subjected to graded exposures to the defined exposure conditions with
all process variables, except time, remaining constant. The total number of test samples shall be not less
than 100. The minimum number of 20 replicates shall be used for each exposure.

D.3.1.1.2

A minimum of five exposure conditions shall be used including at least one set of sam

bles

in which all test samples show growth, two sets of samples in which a fraction of the test samples slhow

growth, an

NOTE

D.3.1.1.3
as rapidly ¢
it shall be v

D.3.1.1.4

D.3.1.1.5
volume of {
manufactu
and/or the
manufactu
shall be fol

D.3.1.1.6

The cultur
incubation
medium, g
characteris

]£etails of requirements for specific resistometer process parameters are providedin'relevant p|
of ISO 11138.

1 two sets of test samples, from sequential exposures, in which no growth is observed.

When the sterilizing agent leaves a residue in or on the test samples,'this shall be neutral
s possible so as not to interfere with the test results. If a neutralizatien procedure is requi
alidated.

Samples shall be cultured after exposure according to th€ manufacturer’s specified methc

Arts

zed

Ired,

d.

Each inoculated carrier is transferred aseptically, to a test tube containing an adeq
he specified growth medium. The volume of meditum shall be the same for each replicate.

complete data for preparing one (see alsg74.3). If the growth medium is included by
er as an integral part of the biological indicator, the manufacturer’s culturing instruct
owed.

The test samples shall be incubated following the manufacturer’s specified meth
bs shall be examined after the manufacturer’s recommended incubation time or validd
time period (see 7.3). Growth of the test organism can be indicated by turbidity of the b
rowth on the surface of the-broth, or sediment at the bottom of the tube, depending upon
tics of the test organismand broth medium. If the growth medium is an integral part of

biological
might be i
instructio

D.3.1.1.7
organisms

D.3.1.2

ndicator, e.g. self-contained biological indicators, growth or no growth of the test organ
dicated by a pH-color change, and shall be interpreted according to the manufactur
S.

The results are recorded as the ratio of inoculated carriers with non-recoverable
o thetotal number of inoculated carriers tested at each sub-lethal exposure.

ate
‘l!l‘he
rer of the biological indicators shall identify ex make available a suitable recovery medjum

the
ons

bds.
ited
foth
the
the
ism
er's

test

D.3.1.2.1 The calculations are based on a minimum of five exposure conditions and shall include at least

— one set of samples in which all tested samples show growth,

— twose

ts of samples in which a fraction of the samples shows growth, and

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

NOTE

HSKP is similar to the Limited Holcomb-Spearman-Karber procedure (see D.3.2), except that it uses

a generic formula which is not limited to the same number of replicates at each exposure condition or constant
time intervals between exposures.

22
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D.3.1.2.2 The average D value is calculated using Formula (D.1):

U
D= HSK (D.1)
log,,N, +0,250 7
where
k-1
= U.;
Uysk Z i
=1
No is the average viable count per indicator determined by the total viable count method
(see Annex A);
U; is the ith treatment time;
k is the first exposure point with all units negative.
The data required for the calculation are given in Table D.1.
Table D.1 — Examples of data collected for HSKP
Time of exposure to Number of test samples Number of test samples showing
sterilizing agent exposed no growth
(min)
t n r
t1 (U1 ny ri(r=0)a
t2 n2 2
t3 n3 r3
ty ng ra
ts (Uk-1) ns rs
te (U) ne re (r = ne)
ty nz r7 (r=nz)a
NOTE t; is defined as the longest exposure time to the sterilizing agent in the exposure set where all test sgmples show
growth. Exposure times tpthrough t5 are increasing exposure times in the fraction negative area. Exposure tines tg and t7
areltwo sequential exposuretimes at which all samples show no growth.
a | The testis valid4f tliere are no negative units, i.e. no negative test samples (r = 0), with all units showing growth at the
exppsure preceding/ts, and all negative test samples (r = n7), i.e. none showing growth at the exposure subsequent to tg.

D.3|1.2.3 <For times of exposure to sterilizing agent, t1 to ts, the factors x and y are calculated as shown:

o it lin
-
! 2
r1+1 rl
Yi= -
ni+1 ni
where

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

n; is the number of test samples exposed to the sterilizing agent at exposure time t;.
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At ty, all test samples show growth and so y; =

Fi

n; 4

From the calculated values of x; and y; above, the value U; can be calculated for each exposure time, ¢;,

as follows:

U, =%

i Yi

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

sum of U; foreach exposure time t4 to tg:

=6
Uysk T 2 Ui
i=1
D.3.1.2.5 |Where the interval between exposure times, d, is constant and the "sime numbef of
test samplps, n, is used at each exposure time, the mean to sterility, Uysk, carizbe calculated uging
Formula (0).2):
d d
UHSK 3 Uk - E - = ri (b.2)
n “
i=1
where
Uk is the first exposure time when all units are negatiye;
d isthe exposure interval.
D.3.1.2.6 |The mean D value, D, can be calculatedwsing Formula (D.3):
- U
D= HSK (p.3)
logloN0 + 0,250 7
NOTE1  The Euler constant=0,57772.
NOTE 2 ,577 2/In10 = 0,250 /7,
where
No is thdinitial viable'count of test organisms per test sample (see Annex A).
D.3.1.2.7 The 95 % confidence interval for D (p = 0,05), Dc¢alc, is calculated using Formula (D.4):
Deale= D+ 2V (D.4)
D.3.1.2.8 The variance, V, is calculated using Formula (D.5):
2,302 6 )
V=a (D.5)
InN, + 0,577 2
24 © IS0 2017 - All rights reserved
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D.3.1.2.9 The “a” for the variance is calculated using Formula (D.6):

=6 2 (n,—r;)
a=025%, [ty ~f5 | |7 —5— (D.6)
i=2 ni (ni_1 )
D.3.1.3 Example calculation of the Holcomb-Spearman-Karber procedure (HSKP)

Examples of calculation of the HSKP are given in Table D.2.

Tah 8 : and-nren-constantnymber of
samples
Exposure time Number of test samples exposed Number of'test sanples
to sterilizing agent showingno growth
min
t n ri
t1=10 n1=20 r1=0
t2=18 n2=19 r2=4
t3=28 ny=21 r3=8
ty =40 ng =20 re=12
t5:50 n5=20 r5:16
te = 60 ne =20 re =20
t7=70 ny =20 r7=20

D.3|1.3.1 Calculate y; and y; (for each exposure):

= b+l
2

b = by + g

1= 2 W)
2

b = 10+18 - 14
2

) = 18+28_23
2

s = 28+40_34
2

4

Yo = 0+50=45
2

X5 = 50+60=55
2

Y6 = 60+70=65
2

iz a

n. n.
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Y2 =

Y3 =

Y4 =

Y5 =

Y6 =

NOTE

D.3.1.3.2

Ui=XxiYi

Ur=x1

Uz =23

Uz =34

Us =45

Us = 55

Us

63

1¢ 12
20 20

29 _16_
20 20

20 20 _

For the calculations of y4 and ys, both y = 0,2. This happens.because of the number of test sam|
showing no

0,2

0,2

=0
20

growth increase at a constant rate in this example.

Calculate U; for each exposure time, t;:

v1=14 x 0,21 = 2,94
x 0,17 = 3,91

x 0,22 = 7,48
x0,2=9,0

x 0,2 = 14,0

XO:O

ples

D.3.1.3.3 The mean time to sterility, Uysk, is calculated using Formula (D.7):

26

Uysg =M1+ U2 + U3+ Ha + Us + e

U

H

sk =294+391+748+9,0+11,0+0=34,33

(D.7)
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.1.3.4 The mean D value, D, is calculated using Formula (D.8):

D.3
- U
D= HSK (D.8)
log,,N, +0,250 7
where
No is the initial population of 1 x 105;
D _ 2% 99 = 6,54 min.
5,000+ 0,250 7
D.3}1.3.5 The 95 % confidence interval for D (p = 0,05), D¢alc, is calculated usingBormula (I).9):
Dealc= D2V (D.9)
D.3|1.3.6 The variance, V, is calculated using Formula (D.10):
2
2,302 6
=a (D.10)
InN, + 0,557 2
D.3}1.3.7 The “a” in the variance formula for each t; and summing all results is calculated using
Formula (D.11):
a = 0,25 S [z‘ t T da B
=0, . - 1. ne——
i=2 (i1 (=1 l n;’(n; -1)
a=0,251(¢1,, —t, )%y Qe gy —t5 ) rzg (tg41 —t34)%| 13 3
nlz(n1 -1 nzz(n2 -1 n32(n3 -1
n,'<n ne —r, n,—r
+(tgpy —t4 )’ r4%74 +(tspy —t5q)?| 75 % +(tgpy —too1)’ re% (D.11)
hy<(n, -1 ng“(ng -1 neg(ng —1
a=0,25 x [(28 - 10)2 x 4 15=4 . 29917+
361x18
(40, 18)2 x 8 (ﬂw =5,707 0 +
441 %20
J
(50 - 28)2 x 20712 =6,1137 +
400%x19
20-16
(60 - 40)2 x 20-16 3,368 4 +
400%19
20-2
(70 - 50)2 x 2020 =0,000 O
400x19
a=0,25[2,9917+5,7070+6,113 7 + 3,368 4 + 0,000 0] = 0,25 x 18,180 8
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a=0,25x18,1808=4,5452

D.3.1.3.8 The variance, V, is calculated using Formula (D.12) now that “a” is calculated:

2,302 6

_ (D.12)
In N, +0,577 2
where
No =1 x105;
r 2
2,302 6
= 1,545 2
v In(1x10°)+0,577 2
2,302 6
= 4,545 2
11,513+0,577 2
= 4,545 2 x (0,190 45)2
= 4,545 2 x 0,036 27;
vV =016409.

D.3.1.3.9 |The 95 % confidence interval for D (p = 0,053 Dcalc, is calculated using Formula (D.13):

D.3.1.3.10| Lower confidence limit:

Dcalc = B - 2\/;

=6,541+2 /0,164 9

= 6,54 | (2 x 0,4061).= 5,73

D.3.1.3.11|Upper confidence limit:

Dcalc = D+2\/V

=6,54+2 /0,164 9

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

D.3.2.1 Calculations using LHSKP

D.3.2.1.1 The calculations for LHSKP are based on a minimum of five exposure conditions and shall

inc

D.3|2.1.2 LHSK procedure is similar to HSKP (see D.3.1), except that it uses a formula which 1
samje number of replicates at each exposure condition and constant time intervalsbetween e

lude at least
one set of samples in which all tested samples show growth,

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

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

equires the

Kposures.
Table D.3 — Examples of data collected for LHSKP with constant time intervals and
constant number of samples
Exposure time to sterilizing agent| Number of test samples exposed¢| ‘Number of test samples showing
. negative resulfs
min
t n ri
t1 (U1) ny ri(r=0)
to nz ra
t3 nz r3
t5 (Uk-1) ns rs
te (Uk) ne re (r=n)
t7 ny r7(r=n)a
a  |The test is valid if there are no negativejunits, i.e. no negative replicates (r = 0), at the exposure precedirlg Uy, and all
negptive replicates, i.e. all replicates showing a positive result (r = n) at the exposure subsequent to U.
D.3|2.1.3 The mean time to sterility, Uysk, is calculated using Formula (D.14):
k-1
d d
Unsk = Uk - — = Z r (D.14)
20N\ ‘=
where
Unsk»is the mean time to sterility;
% is the first exposure to show no growth of the replicates;
d is the time or dose interval between exposures (being identical);
n is the number of replicates at each exposure (identical number at each exposure, e.g. 20);
k-1
z r; is the sum of the negatives between Uz and Uk-1 inclusive.
i=1
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D.3.2.1.4 The mean D value, D, can be calculated using Formula (D.15):

UHSK

D =

log,,N, +0,250 7

NOTE

(D.15)

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

D.3.2.1.5 The variance, V, is calculated using Formula (D.16):

d2 k-1
V= —] D.ri(n-r) (Dl16)
2
n“(n-1) i=
D.3.2.1.6 |The standard deviation (SD) is calculated using Formula (D.17):
sp=+ (D}17)
D.3.2.1.7 |The 95 % confidence interval for D (p = 0,05), Dcalc, is calculated’using Formula (D.18):
D.3.2.1.8 |D lower confidence limit
_ Usk —2SD
log, 4N, +0,250 7
D.3.2.1.9 |D upper confidence limit
_ Uysk +2SD
log, 4N, + 0,250 7
D.3.2.2 Example calculations of the Limited Holcomb-Spearman-Karber procedure (LHSKP)
Examples ¢f calculation of the LHSKP are given in Table D.4.
Table D4 — Examples of data with constant time intervals and constant number of samplds
Exposure fimé to sterilizing agent| Number of test samples exposed | Number of test samples showing
. negative results
min
t n i
t1 =20 (Uy) ny =20 ri=0(r=0)
ty =22 np =20 rp=1
t3=24 n3=20 r3=7
t4 =26 ng =20 ra=15
ts = 28 (Uk-1) ns =20 rs =19
te =30 (Uk) ng =20 re=20 (r=n)a
t7=32 n7 =20 r7=20(r=n)

a

The test is valid if there are no negative units, i.e. no negative replicates (r = 0), at the exposure preceding Uy, and all
negative replicates, i.e. all replicates showing a positive result (r = n) at the exposure subsequent to Uy.

30
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D.3.2.2.1 The D value is calculated using Formula (D.19):

U
HSK (D.19)
log,,N, +0,250 7

D=

where

No=1x 106

D.3.2.2.2 The mean exposure time Uysk required to obtain no growth (sterility) is calculated using
Formuta (D207

d d k-1
Unsk =Uk- — - — Z ri (D.20)
2 n “
i=1
whére
U, =30;
d =2;
n =20;

Unsk =30—%—%X(O+O+1+7+15+19)=24,8;

I 24,8
D 6,000 +0,2507

= 3,97 min (rounded to one decimal place D = 4,0 min).

D.3|2.2.3 The variance, V, is calculated-using Formula (D.21):

g2 ka1 52
(n-r)=—="——x|(1x19 7 x 13 15 x 5 19 x 1)| = 0,107 4 D.21
T o= S —(1x19) + (7x33) + (15 5) + (19x 1) (D.21)

V=

D.3|2.2.4 The standard deviation (SD) is calculated using Formula (D.22):

SD = \V
SD =_J0:107 4 =0,327 7 (D.22)

D.3.2.2.5 The 95 % confidence intervals for D (p = 0,05), Dcalc, is calculated using Formula (D.23):

Deale= D +2SD (D.23)

Uysg — 25D
log,,N, +0,2507

D lower confidence limit =

24,8-(2x0,3227) 24 144
" 6,000+0,2507  6,2507

= 3,86 min
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D upper confidence limit =

where

No =1

Uysk +2SD _24,8+(2><O,3227)_ 25,455

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

x 106

D.3.3 The Stumbo-Murphy-Cochran-Procedure (SMCP)

D.3.3.1 Procedure

D.3.3.1.1
methods o

D.3.3.1.2
characteris

D.3.3.1.3
the numbe
fraction ne

D.3.3.1.4
three runs

D.3.3.1.5

D.3.3.1.6
be used an
D.3.1 and [}
window of

D.3.3.2 (

D.3.3.2.1

tics are predictable.

I of units negative for growth, r, the number of replicates, n, at @ne exposure time within
bative range and the initial number of microorganisms per replicate, No.

in the fraction negative range in order to confirm reproducibility.

(d the condition r/n less than 0,9 shall bé met in order to establish test criteria equivaler]

Other methods of analysing fraction negative data may be used when equivalen¢e with
D.3.1 and D.3.2 is demonstrated.

SMCP, a most probable number (MPN) method, can be practical to usemwhen the respd

The formula for SMCP requires one result in the fraction negative ¥ange consisting of tinj

To obtain valid data using SMCP, the D value should be‘calculated as the average of at 1

The same materials apply as those in D.2.

For a confidence interval of 95 %, not less than 50 replicates at each exposure condition §

).3.2. Test samples shall be subjected-to a defined exposure condition within the survival
the batch/lot.

alculations using the Stumbo-Murphy-Cochran-Procedure

The D value is calculated using Formula (D.24):

t 0

log ;A —logy, B

the

nse

et
the

past

hall
tto
kill

24)

is the exposure time;

log10 A

log10 B

32

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

is the log1g of population after exposure time, t.
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