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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.
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Publication as an International Standard requires approval by at least 75 % 6fthe me

cas

ing a vote.

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Diregtives, Part 2.

main task of technical committees is to prepare International Standards. Draft Infernational
ndards adopted by the technical committees are circulated to the memberybodies [for voting.

er bodies

Attention is drawn to the possibility that some of the elements of this document may be th¢ subject of

—t

pa
ISO
Thi

ISO
pro

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

addition of the word “and” in 9.1, second paragraph;third sentence;

addition of the word “not” in 10.3.4.1, third paragraph;

correctionofthelanguageusedtodescriberequirementsforinterpretationofresultsduringa
dose experiment in the second paragraph.in’7.2.6.2, 7.3.7.2,9.2.6.3,9.3.7.3,9.4.6.3,and 9.5.7.

11137-2 was prepared by Technical Committee ISO/TC 198, Sterilization of health care pioducts.

5 third edition cancels and replaces the second edition (ISO~11137-2:2012), of which it cdnstitutes a
miror revision with the following changes:

verification
.

Hucts — Radiation:

Part 1: Requirements for deVelopment, validation and routine control of a sterilization
medical devices

Part 2: Establishing the sterilization dose

Part 3: Guidance’oh dosimetric aspects

11137 consists of the following-‘parts, under the general title Sterilization of Health care

brocess for
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Introduction

This part of ISO 11137 describes methods that can be used to establish the sterilization dose in
accordance with one of the two approaches specified in 8.2 of ISO 11137-1:2006. The methods used in
these approaches are:

— dose setting to obtain a product-specific dose;

— dose substantiation to verify a preselected dose of 25 kGy or 15 kGy.

Hhad o 3 A o 0 Mea o o

much to the ideas first pro ntire[191[20][21], Subsequently, standardized prdto
were developed[10][11], which formed the basis of the dose setting methods detailed in_the "‘ApAMI
Recommer]ded Practice for Sterilization by Gamma Radiation[6][8].

Methods 1] and 2 and the associated sterilization dose audit procedures use data derived from|the
inactivatiop of the microbial population in its natural state on product. The methods are based ¢n a
probability model for the inactivation of microbial populations. The probability’model, as appliefl to
bioburden made up of a mixture of various microbial species, assumes that each(such species has its gwn
unique Dipfvalue. In the model, the probability that an item will possess a surviving microorganism affter
exposure tp a given dose of radiation is defined in terms of the initial numper of microorganisms on|the
item prior ffo irradiation and the D1¢ values of the microorganisms. The niethods involve performgnce
of tests of pterility on product items that have received doses of radiation lower than the sterilization
dose. The qutcome of these tests is used to predict the dose needed t0 achieve a predetermined ster}lity
assurance |evel (SAL).

Methods 1|and 2 can also be used to substantiate 25 kGy if;én performing a dose setting exercise,|the
drilization dose for an SAL of 10-6isless than or equal to 25 kGy. The basis of the method devised
specifically for substantiation of 25 kGy, Method VD axwas put forward by Kowalski and Tallentire[16].
Subsequent evaluations involving computational techniques demonstrated that the underlying principles
were soundly based[15] and field trials confirmed thiat Method VD4 is effective in substantiating 25 KGy
for a wide Yariety of medical devices manufactured and assembled in different ways[18l.

A standardized procedure for the use of VD% for substantiation of a sterilization dose of 25 kGy
has been gublished in the AAMI Technical Information Report Sterilization of health care producty —
Radiation dterilization — Substantiation of 25 kGy as a sterilization dose — Method VDpaxl71, a texf on
which the jnethod described hereif is largely based. Method VD4« is founded on dose setting Meth¢d 1
and, as sugh, it possesses the high level of conservativeness characteristic of Method 1. In a simjilar
manner to[the dose setting methods, it involves performance of tests of sterility on product items that
have receiyed a dose of radiabion lower than the sterilization dose. The outcomes of these tests are ysed
to substantiate that 25 &kGy'achieves an SAL of 10-6.

Tolink the fise of VD, 3% for the substantiation of a particular preselected sterilization dose, the numeijical
value of thg lattef.expressed in kilograys, is included as a superscript to the VDyax symbol. Thus| for
substantiafion‘of a sterilization dose of 25 kGy, the method is designated Method VD ax25.

Method VDax 0 15 based on the same principies as Method VDmax2o. T e test procedure 15 simithar to
that of Method VDpax25, but Method VDpax 15 is limited to product with an average bioburden less than
or equal to 1,5. The outcomes of the associated tests of sterility are used to substantiate that 15 kGy
achieves a sterility assurance level of 10-6.

This part of ISO 11137 also describes methods that can be used to carry out sterilization dose audits
in accordance with ISO 11137-1:2006, Clause 12. Following establishment of the sterilization dose,
sterilization dose audits are performed routinely to confirm that the sterilization dose continues to
achieve the desired SAL.
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Sterilization of health care products — Radiation —

Part 2:

Establishing the sterilization dose

1 [Scope

Thip partof1SO 11137 specifies methods for determining the minimum dose needed to achievela specified
reqpirement for sterility and methods to substantiate the use of 25 kGy or 15 kGyas'the sterilization
dosg to achieve a sterility assurance level, SAL, of 10-6. This part of ISO 11137 alse Specifies methods of
stetfilization dose audit used to demonstrate the continued effectiveness of the sterilization flose.

Thip part of ISO 11137 defines product families for sterilization dose establishment and sterilization
dosp audit.

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated references, ‘only the edition cited applies. For undated
refgrences, the latest edition of the referenced document(including any amendments) appligs.

[SO| 11137-1:2006, Sterilization of health care products — Radiation — Part 1: Requiremdnts for the
development, validation and routine control of a sterilization process for medical devices

[SO|11737-1, Sterilization of medical devices)— Microbiological methods — Part 1: Determipation of a
population of microorganisms on products

[SO| 11737-2, Sterilization of medical) devices — Microbiological methods — Part 2: Tests|of sterility
performed in the definition, validation and maintenance of a sterilization process

3 |Terms, definitions,-and abbreviated terms

For[the purposes of this-document, the terms and definitions given in [SO 11137-1 and the following apply.
3.1 Terms and definitions

3.11

batch

definéd quantity of product, intended or purported to be uniform in character and quality] which has
beemrproduceddurinmgadefimed tycte of mrammufacture

[ISO/TS 11139:2006, definition 2.1]

3.1.

2

bioburden
population of viable microorganisms on or in product and/or sterile barrier system

[1SO/TS 11139:2006, definition 2.2]

©IS
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3.1.3

false positive

test result interpreted as growth arising from the product, or portions thereof, tested when either
growth resulted from extraneous microbial contamination or turbidity occurred from interaction
between the product, or portions thereof, and the test medium

314

fraction positive

quotient in which the number of positive tests of sterility is given by the numerator and the number of
tests performed is given by the denominator

3.1.5
incremental dose
dose withih a series of doses applied to a number of product, or portions thereof, and used)in’ a dose
setting method to obtain or confirm the sterilization dose

3.1.6
negative test of sterility
testresult for which there is no detectable microbial growth from product, or portions thereof, subje¢ted
to a test of[sterility

3.1.7
packaging system
combinatign of the sterile barrier system and protective packaging

[1SO/TS 11/139:2006, definition 2.28]

3.1.8
positive tgst of sterility
test result ffor which there is detectable microbial grewth from product, or portions thereof, subje¢ted
to a test of[sterility

3.19
sample itgm portion
SIP
defined poftion of a health care productithat is tested

3.1.10
standard dlistribution of resistances

SDR

reference det of resistances‘of microorganisms and corresponding probabilities of occurrence

3.1.11

sterile barrier system
minimum package-that prevents ingress of microorganisms and allows aseptic presentation of prodluct
at the poinf ofase

3.1.12
sterility assurance level

SAL

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

Note 1 to entry: The term SAL takes a quantitative value, generally 10-6 or 10-3. When applying this quantitative
value to assurance of sterility, an SAL of 10-6 has a lower value but provides a greater assurance of sterility than
an SAL of 10-3.

[ISO/TS 11139:2006, definition 2.46]

3.1.13
sterilization dose audit
exercise undertaken to confirm the appropriateness of an established sterilization dose
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14

test of sterility
technical operation performed as part of development, validation, or requalification to determine the
presence or absence of viable microorganisms on product or portions thereof

[1SO/TS 11139:2006, definition 2.54]

3.1.

15

verification dose
dose of radiation predicted to give a predetermined SAL greater than or equal to 10-2 used in establishing

the

sterilization dose

3.2

3.2
A
dos

3.2
CDA
nun
irra

3.2
d*

dos
pro

3.2
D*

init
Not

3.2
D**
fing
the

3.2
DDA

Abbreviated terms

1

b to adjust the median ffp dose downwards to the FFP dose
2

\ber of positive tests of sterility obtained from tests performed:individually on 100 prq
diated in a Method 2 verification dose experiment

3

e derived from an incremental dose experiment pekformed on product items drawn fr
duction batch

4

al estimate of the dose to provide an SAL of 10-2 for the test items

e 1 to entry: Generally, it is the median oftthe three d * values derived for a given product.

5

1 estimate of the dose to provide an SAL of 10-2 for the test items, which is used in the ca
sterilization dose

6

highest dose delivered in a Method 2 verification dose experiment

3.2
DS

7

duct items

bm a given

culation of

estilrnate of the D1¢ value of microorganisms present on product after exposure to DD*

3.2.8

D value

D10

value

time or dose required to achieve inactivation of 90 % of a population of the test microorganism under
stated conditions

[1SO/TS 11139:2006, definition 2.11]

Note 1 to entry: For the purposes of this part of ISO 11137, D1¢ applies to the radiation dose only and not to time.
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3.29

first fraction positive dose

ffp

lowest dose of an incremental dose series, applied to product items drawn from a given production
batch, at which at least one of the associated 20 tests of sterility is negative

3.2.10

First Fraction Positive dose

FFP

dose at which 19 positives out of the 20 tests of sterility are expected to occur, calculated by subtracting

A from the

median of three ffp doses

3.2.11
First No P
FNP
estimate o

3.2.12
VDmax15
maximal v
specified s

3.2.13
VDmax25
maximal v
specified s

4 Definition and maintenance of product families for dose setting, dose substg

tiation, a

41 Gen

The establi
are part of|
(see Clause
of product
product (th
such as de

establishmlent of these product families because they are not factors that influence bioburden.

In using pr
audits, itis
within the
use of a si
members (

psitive dose

the dose to provide an SAL of 10-2 for the test items, that is used in the calculation of DS

brification dose for a given bioburden, consistent with the attainment’of an SAL of 10-6
ferilization dose of 15 kGy

brification dose for a given bioburden, consistent with:the attainment of an SAL of 10-6
ferilization dose of 25 kGy

nd sterilization dose auditing

eral
shmentofasterilization dose andthe carrying out of sterilization dose audits are activities

12 of ISO 11137-1:2006). Forthese activities, product may be grouped into families; defini
families is based principally on the numbers and types of microorganisms present on g
e bioburden). The type of microorganism is indicative of its resistance to radiation. Varia
nsity and producf-oonfiguration within its packaging system are not considered in

oduct famili€s for establishing the sterilization dose and for carrying out sterilization d

manufacturing process that influences the effectiveness of sterilization. Furthermore,
hglel product to represent the product family might not detect changes that occur in of

fithe product family. The risk associated with a reduction in ability to detect change

at a

at a

L1 -

that

process definition (see Clause 8 of ISO 11137-1:2006) and maintaining process effectiveness

[ion
rin
bles
the

ose

importantto be aware of risks such as reduction in the ability to detect an inadvertent change

the
her
5 in

other members of the product fTamily should be evaluated and a plan for maintaining product fam

developed and implemented before proceeding.

NOTE

See ISO 14971 for guidance related to risk management.

4.2 Defining product families

lies

4.2.1 The criteria for defining a product family shall be documented. Product shall be assessed against
these criteria and the similarities between potential product family members considered. Consideration
shall include all product-related variables that affect bioburden, including, but not limited to:

a) nature and sources of raw materials, including the effect, if any, of raw materials that might be

source

d from more than one location;
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The outcome of the assessment and considerations shall be recorded (see ISO 11137-1:2006,

4.2
var

4.2
sim|

4.2
spe

a)
b)
‘)

4.3
tiol

4.3

4.3
pro
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components;

product design and size;
manufacturing processes;
manufacturing equipment;
manufacturing environment;

manufacturing location.

ables (see 4.2.1) are similar and under control.

3 To include product within a product family, it shall be demonstrated-that bioburden|
flar numbers and types of microorganisms.

4 Inclusion of product from more than one manufacturing lacation in a product fam

geographic and/or climatic differences between locations;
any differences in the control of the manufacturing,processes or environment;

sources of raw materials and processing adjuvants (e.g. water).

Designation of product to represent a product family for performance of a
1 dose experiment or sterilization dose audit

1 Product to represent a product family

1.1 Thenumberand typesof microorganisms on or in product shall be used as the basis fi
duct to represent a product family.

1.2 A product family shall be represented by:
the master product (see 4.3.2), or
an equivalent product (see 4.3.3), or

asimulated product (see 4.3.4).

4.1.2).

2 Product shall only be included in a product family if it is demonstrated that the product-related

comprises

ly shall be

Cifically justified and recorded (see ISO 11137-1:2006, 4.1.2). Cofisideration shall be given fo the effect
on bioburden of:

verifica-

br selecting

4.3.1.3 A formal, documented assessment shall be undertaken to decide which of the three potential
representative products in 4.3.1.2 is appropriate. In this assessment, consideration shall be given to

the
a)
b)
c)
d)
e)

©IS

following:

number of microorganisms comprising the bioburden;
types of microorganisms comprising the bioburden;
environment in which the microorganisms occur;

size of product;

number of components;

02013 - All rights reserved
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f) complexity of product;
g) degree of automation during manufacture;

h) manufacturing environment.

4.3.2 Master product

A member of a product family shall only be considered a master product if assessment (see 4.3.1.3)
indicates that the member presents a challenge that is greater than that of all other product family
members. In some situations, there can be several products within the product family, each of which
could be cpnsidered as the master product. In such circumstances, any one of these products jnay
be selected as the master product to represent the family, either a) at random, or b) according fo a
documentdd procedure to include the different products that could be considered as master produdts.

4.3.3 Eqpivalent product

A group of|product shall only be considered equivalent if assessment (see 4.3.1.3)\indicates that grioup
members rgquire the same sterilization dose. Selection of the equivalent productto represent the family
shall be either a) at random, or b) according to a documented procedure to include different memberis of
the produdt family. The manufacturing volume and availability of product’should be considered in|the
selection of the equivalent product to represent the product family.

4.3.4 Simulated product

A simulategld product shall only represent a product family if it constitutes an equivalent or greater
challenge to the sterilization process than that provided by miembers of the product family. Simulgted
product shpll be packaged in a manner and with material§ used for the actual product.

NOTE simulated product is not intended for cliniecal use; it is fabricated solely for the establishment or
maintenande of the sterilization dose.

A simulatefl product might be:

a) one which is similar to the actual product in terms of materials and size and subjected to sinfilar
manufpcturing processes, e.g. a pieee of the material used for implants that goes through the enftire
manufhcturing process, or

b) a combination of components from product within the product family that would not typidally
be cog;bined for use, e-g»a tubing set containing multiple filters, clamps, and stopcocks that|are
components of other¢greducts within the product family.

4.4 Maiptaining product families

4.4.1 Periodicreview

Review shall be performed at a specified frequency to ensure that product families and product used to
represent each product family remain valid. Responsibility for reviews of product and/or processes that
might affect membership of product families shall be allocated to competent personnel. Such a review
shall be performed at least annually. The outcome of the review shall be recorded in accordance with
[SO 11137-1:2006, 4.1.2.

4.4.2 Modification to product and/or manufacturing process

Modifications to product, such as raw materials (nature and source), components or product design
(including size), and /or modifications to the manufacturing process, such as equipment, environment or
location, shall be assessed through a formal, documented change control system. Such modifications can
alter the basis on which the product family was defined or the basis on which the selection of product

6 © IS0 2013 - All rights reserved
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to represent the product family was made. Significant changes can require definition of a new product
family or the selection of a different representative product.

4.4.3 Records

Records of product families shall be retained (see ISO 11137-1:2006, 4.1.2).

4.5 Effect of failure of establishment of sterilization dose or of a sterilization dose audit
on a product family

In thie event of failure during establishment ol the sterilization dose or performance of the sterilization
dosp audit for a product family, all members of that family shall be considered to be affected-§ubsequent
actions shall apply to all product comprising the product family.

5 |Selection and testing of product for establishing the sterilization dose
5.1 Nature of product

5.1J1 Product for sterilization can consist of:
a) |an individual health care product in its packaging system;

b) |a set of components presented in a packaging system,which are assembled at the poit of use to
form the health care product, together with accessoties required to use the assembled froduct;

c) |anumber of identical health care products in their packaging system;
d) |a kit comprising a variety of procedure-reldted health care products.

Profduct items for the performance of sterilization dose establishment shall be taken in @ccordance
with Table 1.

Table 1 — Nature of product items for establishing the sterilization dose

Item for bioburden estimation,
Product type verification and/or incremental Rationale
dose experiment

Indjvidual health cargproduct in
its packaging system

Each health care product is ysed inde-

Individual health care product pendently in clinical practice

Components are assembled 3s a
product and used together i} clinical
practice

Set|of components in a packaging |Combination of all components of
sysfem the product

Each health care product is ysed inde-
pendently in clinical practicg¢; the SAL
Number of identical health care Sinole health care product taken of an individual health care product
products in their packaging fI‘OI%l the packa inp svstem within the packaging system meets the
system p ging sy selected SAL, although the overall SAL
associated with the packaging system
might be higher

Kit of procedure-related health ~ |Each type of health care product |Each health care product is used inde-
care productsa comprising the kit pendently in clinical practice

NOTE 1 See 5.2 for guidance on the use of SIP for product characterized in 5.1.1 b).
NOTE 2 See Clause 4 for the use of product families for product characterized in 5.1.1 d).

a  Indoseestablishment, the sterilization dose is chosen based on the health care productrequiring the higheststerilization
dose.

© IS0 2013 - All rights reserved 7
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5.1.2

on the basis of that part only.

EXAMPLE

[fthe product has a claim of sterility for part of the product, the sterilization dose can be established

If the product has a label claim of sterility for the fluid path only, the sterilization dose can be
established based on bioburden determinations and outcomes of tests of sterility performed on the fluid path.

5.2 Sample item portion (SIP)

5.2.1 For product with an average bioburden greater than or equal to 1,0, whenever practicable, an
entire product (SIP equal to 1,0) should be used for testing in accordance with Table 1. When the use of an

entire pro
be as large

5.2.2 For
1,0) shall by

5.2.3
of the item
selected at

Ifthe bioburden is evenly distributed on and/or in the item, the SIP may be selécted from any por

UCT SOt practicable, a Setected portion of product (SIP)may be substtuted. The SIP3h
a portion of the item as practicable and should be of a size that can be handled duringjtest

a product with an average bioburden less than or equal to 0,9, an entire product (SIP equ
e used for testing in accordance with Table 1.

If the bioburden is not evenly distributed, the SIP shall consist of either)a) portions of pro
random that proportionally represent each of the materials from which the product is mad

uld
ing.

] to

fion

uct
, or

b) the portion of the product that is considered to be the most severe challengé.to the sterilization procgss.

The value

for examples).

5.24 Th
alterations
and, wheng

5.2.5 Th
either atle
is found on|

pf SIP can be calculated on the basis of length, mass, voline, or surface area (see Ta

Table 2 — Examples for calculation of an SIP

Basis for SIP Product
Tubing (consistent diameter)
Length Rolls of bandage
Mass Powdets
Gowns
Volume Liquids
Surgical drapes
Surface a(?y Tubing (variable diameter)

e preparation and.packaging of an SIP shall be carried out under conditions that minin
to bioburden. Environmentally controlled conditions should be used for the preparation of

e adequacy of a selected SIP shall be demonstrated. The bioburden of the SIP shall be such
hst 17.0f the 20 non-irradiated SIPs yield positive tests of sterility, or a bioburden of 1 or n
atleast 85 % of 20 or more SIPs. If neither of these criteria is met, an SIP that is different f

that exami
tested (SIP

e 2

hize
b1Ps

ver possible/packaging materials should be equivalent to those used for the finished prodict.

that
ore
Fom

uet is

Teor T—trre—oroo

equal to 1,0), the criteria specified above do not apply.

had originally and that maaote ana afthao “houa critaria chall ha yucad If An ontivag nrady
Orrortichry oror ot T e e ore-o ve—crite oo o e o St Srerr e proer

5.2.6 The same portion of product item (SIP) should be used in the performance of tests of sterility
when carrying out the verification dose experiment as that used in the determination of bioburden when
obtaining the verification dose.

NOTE If a different portion of product item (SIP) is used in the performance of tests of sterility from that used in
the determination of bioburden, caution should be exercised when obtaining the verification and sterilization doses.
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5.3 Manner of sampling

5.3.1 Product for establishing or auditing the sterilization dose shall be representative of that subjected
to routine processing procedures and conditions. Each product item used for a bioburden determination
or in the performance of a test of sterility should be taken from a separate packaging system.

5.3.2 The period of time that elapses between the taking of product from production and the
performance of the verification dose experiment should reflect the time period between completion of the
last manufacturing step and sterilization of product. Product items may be selected from product rejected

dur

ng the manufacturing process, provided that they have been subjected to the same processing and

con

5.4

5.4

ditions as the remainder of production.

Microbiological testing

1 Bioburden determinations and tests of sterility shall be conducted in accordance with

1 and ISO 11737-2, respectively.

Soy|
of 1
ster
of 1
Ref

bean Casein Digest Broth, with an incubation temperature of (30 £'2) °C and an incuba
4 days, is generally recommended when a single medium is used-for the performance
ility. If there is reason to suspect that this medium and temperature do not support {
hicroorganisms present, other appropriate media and incibation conditions should be
erences [9], [12], and [14]).

Manipulations prior to irradiation are not acceptable if they change the magnitude of the bi

its 1
mic
dos
tor
and
of V
con

5.4,

NO1
pacl

5.5

5.5
that
acc

esponse to radiation (i.e. manipulations that alter;the chemical environment in the vic
roorganisms, typically oxygen tension). Whenever practicable, for the performance of a

educe the possibility of false positives in carrying out tests of sterility, product may be dig
repackaged prior to irradiation. Materials for repackaging product for irradiation shall
vithstanding the doses delivered and subsequent handling, thereby minimizing the lil
famination.

2 Bioburden determinations.shall be carried out on a product that has undergone the packag

E Generally, it is sufficient to perform a bioburden determination on a product after its rem
raging system and to omit the packaging system from the determination.

Irradiation

1
has undergone installation qualification, operational qualification, and performance qual
rdarice'with ISO 11137-1.

Irradiation of product in establishing the sterilization dose shall be conducted in ar

[SO 11737-

fion period
of tests of
he growth
used (see

bburden or
nity of the
rerification

b experiment, product should be irradiated in.its original form and in its packaging system. However,

assembled
be capable
xelihood of

Ing process.

val from its

irradiator
[fication, in

5.5

FaY
74
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11137-1.

5.5.3 Forthe performance ofaverification dose experiment or an incremental dose experiment, sufficient
dose mapping shall be carried out to identify the highest and the lowest doses delivered to product.

NOTE

6

6.1

See IS0 11137-3 for guidance on dosimetric aspects of radiation sterilization.

Methods of dose establishment

If a sterilization dose is established in accordance with 8.2.2 a) of ISO 11137-1:2006 (product-
specific sterilization dose), it shall be set by one of the following methods:
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a) Method 1 for multiple and single batches (see Clause 7),
b) Methods 2A and 2B (see Clause 8), or

c¢) a method providing equivalent assurance to that of a) or b) above in achieving the specified
requirements for sterility.

6.2 If a sterilization dose of 25 kGy is established in accordance with 8.2.2 b) of ISO 11137-1:2006
(dose substantiation), it shall be substantiated by one of the following methods:

a) Method VDpyax25 (see 9.2 and 9.3), for product with an average bioburden less than or equal to 1 000,

b) Methof 1 (see Clause 7), subject to the derived sterilization dose taking a value less than or etI[ual
to 25 KRGy and achieving maximally an SAL of 10-6,

c) Methof 2 (see Clause 8), subject to the derived sterilization dose taking a value less than or equal
to 25 KRGy and achieving an SAL of 10-6,

d) amethod providing equivalent assurance to that of a), b), or c) above in achieving maximally an PAL
of 10-9.

6.3 If a dterilization dose of 15 kGy is established in accordance with 8:2.2 b) of ISO 11137-1:2p06
(dose substantiation), it shall be substantiated by one of the following méthods:

a) Methof VDpax15 (see 9.4 and 9.5), for product with an average bioburden less than or equal to 1,5,

b) Methof 1 (see Clause 7), subject to the derived sterilization dose taking a value less than or equal
to 15 KGy and achieving maximally an SAL of 10-6,

c) Methof 2 (see Clause 8), subject to the derived stepjlization dose taking a value less than or equal
to 15 KGy and achieving an SAL of 10-6, or

d) amethod providing equivalent assurance te/that of a), b), or c) above in achieving maximally an FAL
of 10-9.

7 Methpd 1: dose setting usitig:bioburden information

7.1 Ratipnale

This methpd of establishing a sterilization dose depends upon experimental verification that|the
radiation resistance of the/bioburden is less than or equal to the resistance of a microbial populafion
having the|standard distribution of resistances (SDR).

—n

A rationalifed choiee has been made for the SDR. The SDR specifies resistances of microorganismjs in
terms of Djjo »alties and the probability of occurrence of values in the total population (see Tablg 3).
Using comﬂ)utational methods, the individual doses, required to achieve values of SAL of 10-2, 10-3, 104,
10-5, and TU-0 for increasing levels of average bioburden having the SDR, have been calculated. The
calculated dose values for given average bioburdens are tabulated in Tables 5 and 6.

NOTE Table B.1 of ISO 11137:1995, giving verification and sterilization doses for Method 1, was compiled
using regularly increasing doses to give corresponding increasing average bioburden values. The dose increment
was 0,1 kGy and the average bioburden values increased in a non-regular fashion and included both whole and
fractional numbers (i.e. 104; 112,6; 121,9; 131,9; etc.). In order to improve the table, making it easier to use and
interpret, the average bioburden values in Table 5 of this part of ISO 11137 are expressed as regularly increasing
whole numbers. The incremental increases in the bioburden values are chosen to yield increases in the verification
dose of around 0,1 kGy, the verification doses being rounded to one decimal place. Regular increases in average
bioburden values have been similarly included in Table 6.
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Table 3 — Standard distribution of resistances (SDR) used in Method 1 (see Reference [10])

D1o

1,0 1,5 2,0 2,5 2,8 31 3,4 3,7 4,0 4,2
(kGy)
Pm'zf,}g'“ty 65,487 | 22,493 | 6,302 | 3,179 | 1,213 | 0,786 | 0,350 | 0,111 | 0,072 | 0,007

In practice, the average bioburden is determined. The dose that gives an SAL of 10-2 at this average
bioburden isread from Table 5 or Table 6. This dose is designated as the verification dose and it represents

the dose that will reduce a microbial population having the SDR to a level that gives an SAL of 10-2. One
hu drad nroduct itarac Sra thaon avanaca ditaotha calactad yarification doca o daach itam 1o 3 1dividually

1
T C O PToTO T T It ot O tIc T CA P oS TO to Tt StIC CtC o v T rca ot oSttt Tt TeCTTr 19 1

subjected to a test of sterility. If there are not more than two positive tests out of the, 10 tests, the
average bioburden in Table 5 or Table 6 is again used to provide the sterilization dose for@ny desired SAL.

The rationale for allowing two positives is based upon the assumption that the probpbilities of
occhirrence of numbers of positives around an average of one positive are distributed according to the
Poigson distribution. With this distribution, there is a 92 % probability that,zero, one, or two positives
will occur (see Table 4).

Table 4 — Probabilities of occurrence of numbers of positivées-around an average ¢f one,
distributed according to the Poisson distribution

Number of positives 0 1 2 3 4 5 6 7 8
Prolz(%lllty 36,6 | 37,0 18,5 6,1 1,5 0,3 0,05 | 0,006 [| 0,0007

7.2| Procedure for Method 1 for product with an average bioburden greater thgn or
equal to 1,0 for multiple production batches

7.2{1 General

In applying Method 1, the six stages(below shall be followed.

NOTE For a worked examplessee 11.1.
7.2)2 Stage 1: Select SAL and obtain samples of product
7.2)2.1 Record théSAL for the intended use of the product.

7.2{2.2 Select10 product items from each of three independent production batches, in accoridance with
5.1,(5.2 and-5.3.

NOTE Additional product might be needed to validate the adequacy of an SIP of less than 1,0 (seg¢ 5.2.5).

7.2.3 Stage 2: Determine average bioburden

7.2.3.1 Decide if a correction factor is to be applied in the determination of bioburden.

NOTE ISO 11737-1 utilizes a correction factor derived from the validation of the bioburden technique to
compensate for incomplete removal of microorganisms from product. The performance of dose establishment
using Method 1 may use a bioburden determination without the application of the correction factor. When a

correction factor is not used, the bioburden might be underestimated. Failure to apply the bioburden correction
factor could increase the risk of failure of the verification dose experiment.

7.2.3.2 Determine the bioburden of each of the selected product items and calculate:

a) theaveragebioburden peritem foreach ofthethreebatchesof productitems (batch average bioburden);
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b) the average bioburden per item for all selected product items (overall average bioburden).

NOTE1 Bioburden is generally determined on individual product items unless the bioburden is low (e.g. less
than 10), in which case it is permissible to pool the 10 product items for the determination of batch average
bioburden. This guidance does not apply to SIPs, which should notbe pooled; instead a larger SIP should be chosen
(see 5.2.5).

NOTE 2  Whenno colonies are observed in the determination of bioburden, this is sometimes expressed as being
below the limit of detection. Use of the limit of detection as a bioburden value in calculating average bioburden
could lead to an overestimation. Overestimation could affect the validity of the verification dose experiment.

7.2.3.3 (pmpare the three batcr rage t r F o and

determine|whether any one of the batch average bioburdens is two or more times greater than|the

overall average bioburden.

7.2.4 Stage 3: Obtain verification dose

Obtain the|dose for an SAL of 10-2 from Table 5 using one of the following as the ayerage bioburden

a) if a bafch average bioburden is two or more times greater than the overall\average bioburden,|use
the highest batch average bioburden, or

b) if each|of the batch average bioburdens is less than two times the ovierall average bioburden, usethe
overal| average bioburden.

If the averlage bioburden is not given in Table 5, use the closest tabulated value greater than|the

average bipburden.

Designate this dose as the verification dose.

If SIPs are o be used in the performance of tests of sterility, use the highest SIP batch average bioburden

or the overjall SIP average bioburden, as appropriate, to obtain the verification dose.

7.2.5 Stage 4: Perform verification dose-experiment

7.2.5.1 S
performan
carried ouf
normal pra

7.2.5.2 I
The highes

The arithnj
the verifica

plect 100 product items fremn a single batch of product. The 100 product items for
Ce of Stage 4 may be selected from one of the batches on which a bioburden determination
in Stage 2 or from a fourth batch manufactured under conditions that are representatiy
duction (see 5.3).

radiate these product items at the verification dose.
t dose tasproduct items shall not exceed the verification dose by more than 10 %.

letic Mmean of the highest and lowest doses to product items should not be less than 90 ¢
ition‘dose.

the
was
e of

Determine

the dose delivered (see 5.5).

If the highest dose to product items exceeds the verification dose by more than 10 %, the verification
dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of the
verification dose, the verification dose experiment may be repeated. If this mean dose is less than 90 %
of the verification dose and, on performance of tests of sterility, acceptable results are observed (see
7.2.6.1), the verification dose experiment need not be repeated.

7.2.5.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the

number of positive tests of sterility.
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6 Stage 5: Interpretation of results

6.1 Ifno more than two positive tests of sterility are obtained from the 100 tests carried
fication.

6.2 Ifthree or more positive tests of sterility are obtained, do not accept verification.

out, accept

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of the
determination of bioburden, incorrect performance of tests of sterility or incorrect delivery of the
verification dose, or a specific bioburden-related cause, implement corrective action and repeat the

ver]tication dose experiment using a further 100 product items. lf, as a result of corrective

esti
ave
tha
ver

If the occurrence of these positive tests of sterility cannot be ascribed toNincorrect per

the
ver
altd

7.2

7.2
pro
Stag
valy

7.2
the
by 4
the
ave
ave

ate of average bioburden changes, use the verification dose (7.2.4) that corresponds/to-t
Fage bioburden. If the estimate of average bioburden is unchanged, use the same verificat
used in the verification dose experiment that was not accepted. Interpret the fesults of
fication dose experiment in accordance with 7.2.6.

determination of bioburden, incorrect performance of tests of sterility or incorrect delj
fication dose, or a specific bioburden-related cause, this method of dose setting is not v
rnative method for establishing a sterilization dose shall be used (see Clause 6).

7 Stage 6: Establish sterilization dose

7.1 If the entire product is used and verification is_accepted, obtain the sterilization
Huct from Table 5 by entering the table at the tabulated value equal to the average biobu
e 3. Alternatively, if the average bioburden is not giten in Table 5, enter the table at the closes
e greater than the average bioburden and readthe dose necessary to achieve the desired S4

7.2 Ifan SIP of less than 1,0 is used angdwerification is accepted, calculate the average bid
bntire product by dividing the highestSIPbatch average bioburden or the SIP overall average
he SIP value, as appropriate. Obtain_the sterilization dose for the product from Table 5 |
table at the tabulated value equal to the average bioburden for the entire product. Alterna
rage bioburden is not given in Table 5, enter the table at the closest tabulated value great]
rage bioburden for the entirg;product and read the dose necessary to achieve the desired §

action, the
he changed
ion dose as
the repeat

f(r‘:‘mance of

ery of the
hlid and an

se for the

gﬁ)en used in

t tabulated
\L.

burden for
bioburden
Dy entering
ively, if the
er than the
bAL.

©IS

02013 - All rights reserved

13


https://standardsiso.com/api/?name=3f4978f6510a4fa0e94da86552160a6a

1ISO 11137-2:2013(E)

Table 5 — Radiation dose (kGy) required to achieve a given SAL for an average bioburden
greater than or equal to 1,0, which has the standard distribution of resistances (SDR)

Sterility assurance level Sterility assurance level
Average SAL Average SAL
bioburden bioburden
10-2 | 10-3 | 10-4 | 10-5 | 10-6 10-2 | 10-3 | 104 | 10-5 | 10-6

1,0 3,0 5,2 8,0 11,0 | 14,2 19 59 8,8 119 | 151 | 18,6
1,5 3,3 5,7 8,5 11,5 | 14,8 20 6,0 8,8 119 | 15,2 | 187
2,0 36 60 38 119 152 22 61 90 121 154 18,8
2,5 3,8 6,3 91 12,2 | 15,6 24 6,2 91 12,2 | 15,5 j 19,0
3,0 4,0 6,5 9,4 12,5 | 15,8 26 6,3 9,2 12,3 | 1564 19,1
3,5 4,1 6,7 9,6 12,7 | 16,1 28 6,4 9,3 12,4 | 15,7 | 19,2
4,0 4,3 6,8 9,7 129 | 16,2 30 6,5 9,4 12,50 15,8 | 19,3
4,5 4,4 7,0 99 13,1 | 16,4 32 6,6 9,4 12,6 | 159 | 194
5,0 4,5 71 10,0 | 13,2 | 16,6 34 6,6 9,5 12,7 | 16,0 | 19,5
5,5 4,6 7,2 10,2 | 13,4 | 16,7 36 6,7 9,6 12,8 | 16,1 | 19,6
6,0 4,7 7,3 10,3 | 13,5 | 169 38 6,8 9,7 12,8 | 16,2 | 19,7
6,5 4,8 7,4 104 | 13,6 | 170 40 6,8 9,7 129 | 16,2 | 198
7,0 4,8 7,5 10,5 | 13,7 | 171 42 6,9 9,8 13,0 | 16,3 | 19,8
7,5 49 7,6 10,6 | 13,8 | 172 44 6,9 99 13,0 | 164 | 199
8,0 5,0 7,7 10,7 | 139 | 17,3 46 7,0 99 13,1 | 16,5 ,0
8,5 51 7,8 10,8 | 14,0 | 17,4 48 7,0 10,0 | 13,2 | 16,5 ,0
9,0 51 7,8 10,8 | 14,1 | 17,5 50 71 10,0 | 13,2 | 16,6 | 20,1
9,5 5,2 79 109 | 14,1 | 176 55 7,2 10,2 | 13,4 | 16,7 | 20,3
10 5,2 8,0 11,0 | 14,2 | 276 60 7,3 10,3 | 13,5 | 169 | 20,4
11 5,3 8,1 11,1 | 14,3 | 178 65 7,4 10,4 | 13,6 | 170 | 20,5
12 54 8,2 11,2 | 2445 | 179 70 7,5 10,5 | 13,7 | 171 | 20,6
13 5,5 8,3 11,3 14,6 | 18,0 75 7,6 10,6 | 13,8 | 172 | 20,7
14 5,6 8,4 H4/| 14,7 | 181 80 7,7 10,7 | 13,9 | 173 | 20,8
15 5,7 8,5 11,5 | 14,8 | 18,2 85 7,7 10,8 | 14,0 | 174 | 20,9
16 5,8 85 11,6 | 149 | 18,3 90 7,8 10,8 | 14,1 | 17,5 | 21,0
17 5,8 8,6 11,7 | 15,0 | 18,4 95 79 109 | 141 | 175 | 211
18 59 8,7 11,8 | 151 | 18,5 100 8,0 11,0 | 14,2 | 176 | 21,2

NOTE 1 Th¢ presence of high bioburden levels in this table is not intended to imply that such levels are the norm.

NOTE 2 Tabutated-vatuesareusedir Stages 3,4, amd 6 of Method-tdosesetting:

14
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Sterility assurance level

Sterility assurance level

Average SAL Average SAL
bioburden bioburden
10-2 | 10-3 | 10-4 | 10-5 | 10-6 10-2 | 10-3 | 10-4 | 10-5> | 10-6

110 8,1 11,1 14,3 17,8 21,3 700 10,5 13,7 171 20,6 | 24,3
120 8,2 11,2 14,5 179 21,5 750 10,6 13,8 17,2 20,7 | 24,4
130 8,3 11,3 14,6 18,0 | 21,6 800 10,7 13,9 17,3 20,8 | 24,5
%0 87 T% =7 181 257 850 16;8 %0 174 Azq,9 24,6
150 85 | 11,5 | 148 | 182 | 21,8 900 108 | 141 | 1758210 | 247
160 8,5 11,6 | 149 | 18,3 | 219 950 10,9 14,1 A% 211 | 24,8
170 86 | 11,7 | 150 | 184 | 22,0 1000 | 11,0 | 1424176 | 212 | 249
180 87 | 11,8 | 151 | 185 | 22,1 1050 | 11,0 | 143°] 177 | 21,3 | 249
190 8,8 11,9 15,1 18,6 | 22,2 1100 11,1‘ '\’12,4 17,8 21,3 25,0
200 8,8 119 15,2 18,7 | 22,3 1150 14,4 17,8 21,4 | 251
220 90 | 121 | 154 | 188 | 224 1200 [«112 | 145 | 179 | 215 | 252
240 91 | 122 | 155 | 190 | 22,6 12504, ['11,3 | 145 | 180 | 21,5 | 252
260 9,2 12,3 15,6 19,1 22,7 1 @v 11,3 14,6 18,0 | 21,6 | 25,3
280 93 | 124 | 157 | 192 | 22,8 L1350 | 114 | 146 | 181 | 217 | 253
300 9,4 12,5 15,8 19,3 22,9 X @\'1 400 11,4 14,7 18,1 21,7 25,4
325 9,5 12,6 15,9 19,4 23,1 k\\\ 1450 11,5 14,8 18,2 | 21,8 | 25,5
350 96 | 127 | 160 | 195 | 2320 1500 | 11,5 | 148 | 182 | 218 | 255
375 9,7 12,8 | 16,2 | 19,7 *@)3§ 1550 11,6 | 149 | 18,3 | 219 | 25,6
400 9,7 12,9 | 16,2 19,‘8*-\23,4 1600 11,6 | 149 | 18,3 | 219 | 25,6
425 9,8 13,0 16,3 (f?}gj 23,5 1650 11,7 14,9 18,4 | 24,0 | 257
450 9,9 13,1 164\’ ~I9,9 23,6 1700 11,7 15,0 18,4 | 23,0 | 25,7
475 10,0 13,1 _.qg\\S\ 20,0 | 23,7 1750 11,7 15,0 18,5 | 23,1 25,8
500 10,0 | 13,2, j-)l6,6 20,1 | 23,7 1800 11,8 | 15,1 | 18,5 | 23,1 | 25,8
525 10,1 \®J 16,7 | 20,2 | 23,8 1850 11,8 | 15,1 | 18,6 | 23,2 | 259
550 10, 01\3,4 16,7 | 20,3 | 23,9 1900 11,9 | 151 | 18,6 | 23,2 | 259
575 ‘\IQZ' 13,4 | 16,8 | 20,3 | 24,0 1950 11,9 15,2 18,6 | 23,2 25,9
600 <>¥O,3 13,5 16,9 20,4 | 24,0 2000 11,9 15,2 18,7 | 23,3 | 26,0
659v~ 10,4 13,6 17,0 20,5 | 24,2 2100 12,0 | 15,3 18,8 | 23,4 | 26,1

NO I‘%'\T}‘le presence of high bioburden levels in this table is not intended to imply that such levels are the nofm.

NOTE 2 Tabulated values are used in Stages 3, 4, and 6 of Method 1 dose setting.
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Table 5 — (continued)

Sterility assurance level Sterility assurance level
Average SAL Average SAL
bioburden bioburden

10-2 | 10-3 | 10-4 | 10-5 | 10-6 10-2 | 10-3 | 104 | 10-5> | 10-6
2200 12,1 | 154 | 18,8 | 22,4 | 26,1 8000 139 | 173 | 20,8 | 24,5 | 28,3
2300 12,1 | 154 | 189 | 22,5 | 26,2 8500 14,0 174 | 209 | 24,6 | 28,4
2400 12,2 | 15,5 | 19,0 | 22,6 | 26,3 9000 14,1 175 | 21,0 | 24,7 | 28,5
2500 12,2156 T 1907226 T 264 5500 =t 76T 25T T 248 728,5
2600 12,3 | 156 | 19,1 | 22,7 | 26,4 10 000 14,2 176 | 21,2 | 249./\28,6
2700 12,3 | 15,7 | 19,1 | 22,8 | 26,5 10 500 14,3 177 | 21,3 | 24,9 | 28,7
2800 12,4 | 157 | 19,2 | 22,8 | 26,5 11 000 14,4 | 178 | 21,3/ /25,0 | 28,8
2900 12,4 | 158 | 19,3 | 22,9 | 26,6 11500 144 | 178 | 2B4~| 251 | 289
3000 12,5 | 158 | 19,3 | 229 | 26,6 12 000 14,5 179 |™21,5 | 25,2 2&1!,9
3200 12,6 | 159 | 194 | 23,0 | 26,8 13000 14,6 | 18,0~ 21,6 | 253 | 29,1
3400 12,7 | 16,0 | 19,5 | 23,1 | 26,9 14 000 14,7 |*x18,1 | 21,7 | 254 | 29,2
3600 12,8 | 16,1 | 19,6 | 23,2 | 269 15000 148 | 18,2 | 21,8 | 25,5 | 29,3
3800 12,8 | 16,2 | 19,7 | 23,3 | 27,0 16 000 49 | 18,3 | 219 | 25,6 | 294
4000 129 | 16,3 | 198 | 23,4 | 271 17 000 15,0 | 184 | 22,0 | 25,7 | 29,5
4200 13,0 | 16,3 | 19,8 | 23,5 | 272 18 000 15,1 | 18,5 | 22,1 | 25,8 | 29,6
4400 13,0 | 164 | 199 | 23,5 | 273 19000 15,1 | 18,6 | 22,2 | 259 | 29,7
4600 13,1 | 16,5 | 20,0 | 23,6 | 273 20000 15,2 | 18,7 | 22,3 | 26,0 | 29,8
4800 13,2 | 16,5 | 20,0 | 23,7 | 274 21000 15,3 | 18,8 | 22,4 | 26,1 | 299
5000 13,2 | 16,6 | 20,1 | 23,7 | 27,5 22000 154 | 18,8 | 22,4 | 26,1 | 299
5300 13,3 | 16,7 | 20,2 | 23,8 | (276 23000 154 | 189 | 22,5 | 26,2 | 30,0
5600 13,4 | 16,8 | 20,3 | 23,9 |- 277 24000 155 | 190 | 22,6 | 26,3 | 30,1
5900 13,5 | 16,8 | 204 | 240 | 278 25000 156 | 19,0 | 22,6 | 264 36,1
6200 13,5 | 169 | 204 1~24,1 | 278 26 000 15,6 | 191 | 22,7 | 26,4 | 30,2
6500 13,6 | 17,0 | 26;5 | 24,2 | 279 27 000 15,7 | 191 | 22,8 | 26,5 | 30,3
6 800 13,7 | 17,0~]-20,6 | 24,2 | 28,0 28 000 15,7 | 19,2 | 22,8 | 26,5 | 30,3
7 100 13,7 | 1% | 20,7 | 24,3 | 281 29000 158 | 193 | 229 | 26,6 | 30,4
7400 13,84])17,2 | 20,7 | 244 | 28,1 30000 15,8 | 19,3 | 229 | 26,6 36,4
7 700 188 | 17,2 | 20,8 | 24,4 | 28,2 32000 159 | 194 | 23,0 | 26,8 | 30,6

NOTE 1 Th¢ gresence of high bioburden levels in this table is not intended to imply that such levels are the norm.

NOTE 2 Tabulated values are used in Stages 3, 4, and 6 of Method 1 dose setting.
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Table 5 — (continued)

Sterility assurance level Sterility assurance level
Average SAL Average SAL
bioburden bioburden
10-2 | 10-3 | 10-4 | 10-5 | 10-6 10-2 | 10-3 | 10-4 | 10-5 | 10-6
34000 16,0 | 19,5 | 23,1 | 269 | 30,7 190 000 18,6 | 22,2 | 259 | 29,7 | 33,5
36000 16,1 | 19,6 | 23,2 | 269 | 30,8 200000 18,7 | 22,3 | 26,0 | 29,8 | 33,6
38000 16,2 | 19,7 | 23,3 | 270 | 30,8 220000 18,8 | 22,4 | 26,1 | 299 | 33,8
0000 16,3 19,8 234 271 30;9 2405000 19,0 2276 26,3 39,1 33,9
12 000 16,3 | 19,8 | 23,5 | 27,2 | 31,0 260000 191 | 22,7 | 26,4./N30,2 | 34,1
14 000 16,4 | 199 | 23,5 | 273 | 31,1 280000 19,2 | 22,8 | 26,5 | 30,3 | 34,2
16 000 16,5 | 20,0 | 23,6 | 273 | 31,2 300000 19,3 | 2294 26,6 | 39,4 | 34,3
18 000 16,5 | 20,0 | 23,7 | 274 | 31,2 320000 194 | 23,0~ 26,8 ,6 | 344
0 000 16,6 | 20,1 | 23,7 | 275 | 31,3 340000 19,5 |"™\23,1 | 269 | 30,7 | 34,5
b4 000 16,7 | 20,2 | 239 | 276 | 314 380000 1974 23,3 | 270 | 30,8 | 34,7
8 000 16,8 | 20,3 | 24,0 | 277 | 31,5 400 000 198 | 234 | 271 | 309 | 348
b2 000 169 | 204 | 241 | 278 | 31,7 420000 19,8 | 23,5 | 272 | 31,0 | 349
b6 000 170 | 20,5 | 24,2 | 279 | 31,8 440,000 199 | 23,5 | 273 | 31,1 | 35,0
70 000 171 | 20,6 | 24,3 | 28,0 | 319 460 000 20,0 | 23,6 | 273 | 312 | 350
/5000 17,2 | 20,7 | 24,4 | 28,2 | 32,0 480 000 20,0 | 23,7 | 274 | 31,2 | 351
30 000 17,3 | 20,8 | 24,5 | 28,3 | 32,1 500000 20,1 | 23,7 | 27,5 | 31,3 | 352
B5 000 174 | 209 | 24,6 | 28,4 | 32;2 540000 20,2 | 239 | 276 | 314 | 353
b0 000 175 | 21,0 | 24,7 | 28,5 | 32,3 580000 20,3 | 24,0 | 277 | 315 | 354
D5 000 17,6 | 21,1 | 24,8 | 28,54 32,4 620 000 204 | 241 | 278 | 31,7 | 35,5
100 000 17,6 | 21,2 | 249 |(286 | 32,5 660000 20,5 | 24,2 | 279 | 31,8 | 356
110 000 17,8 | 21,3 | 25,0 |-28,8 | 32,6 700 000 20,6 | 24,3 | 28,0 | 319 | 357
120 000 179 | 21,5 | 252 | 289 | 32,8 750 000 20,7 | 244 | 28,2 | 33,0 | 359
130 000 18,0 | 21,6, [~25,3 | 29,1 | 329 800000 20,8 | 24,5 | 28,3 | 32,1 | 36,0
140 000 18,1 | 27 | 254 | 29,2 | 33,0 850 000 209 | 24,6 | 284 | 33,2 | 36,1
150 000 18,2~-21,8 | 25,5 | 29,3 | 331 900 000 21,0 | 24,7 | 28,5 | 33,3 | 36,2
160 000 18,3 | 219 | 256 | 294 | 33,3 950 000 21,1 | 248 | 28,5 | 33,4 | 36,3
170 000 18,4 | 22,0 | 257 | 29,5 | 33,4 1000000 21,2 | 249 | 28,6 | 33,5 | 36,3
180 000 18,5 | 22,1 | 258 | 29,6 | 33,4
NO['E-L, The presence of high bioburden levels in this table is not intended to imply that such levels are the nofm.

NOTE 2 Tabulated values are used in Stages 3, 4, and 6 of Method 1 dose setting.

7.3 Procedure for Method 1 for product with an average bioburden greater than or
equal to 1,0 for a single production batch

7.3.1 Rationale

This method is an adaptation of Method 1 for multiple production batches given in 7.2. It is intended
to be used for the establishment of a sterilization dose for a single production batch only. The method
depends upon experimental verification that the radiation resistance of the bioburden is less than or
equal to the resistance of a microbial population having the SDR.
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7.3.2 General

In applying this adaptation of Method 1, the six stages below shall be followed.

7.3.3 Stage 1: Select SAL and obtain samples of product

7.3.3.1 Record the SAL for the intended use of the product.

7.3.3.2 Select 10 product items from the single batch, in accordance with 5.1, 5.2 and 5.3.

NOTE

7.3.4 Stjg

dditional product might be needed to validate the adequacy of an SIP of less than 1,0 (see 5.2.5).
e 2: Determine average bioburden

ecide if a correction factor is to be applied in the determination of bioburdem
'he performance of dose establishment using Method 1 may use a bioburden determination withou

bf the correction factor. When a correction factor is not used, the bioburdenmight be underestim3
ply the bioburden correction factor could increase the risk of failure of the veyification dose experin

etermine the bioburden of each of the selected productitems and.calculate the average biobur

7.34.1 D
NOTE y
application
Failuretoap
7342 D
NOTE 1

than 10), inwhich case it is permissible to pool the 10 product items for'the determination of average biobur
This guidanfce does not apply to SIPs, which should not be pooled; instead a larger SIP should be chosen (see 5.]

NOTE 2
below the li
could lead t

7.3.5 Stage 3: Obtain verification dose

Obtain the

If the aver
average bi

Designate

If SIPs are
the verifica

7.3.6 Stage 4: Perform verification dose experiment

7.3.6.1 S

ioburden is generally determined on individual product items unless the bioburden is low (e.g.

henno colonies are observed in the determination ofbioburden, thisis sometimes expressed asb
it of detection. Use of the limit of detection as a‘bioburden value in calculating average biobuj
h an overestimation. Overestimation could affegt-the validity of the verification dose experiment

dose for an SAL of 10-2 from Table 5 using the average bioburden.

age bioburden is not given-in Table 5, use the closest tabulated value greater than
pburden.

his dose as the verification dose.

o be used in the;performance of the tests of sterility, use the SIP average bioburden to ob
tion dose.

[ the
ted.
ent.

len.
less
den.
p.5).

bing
den

the

fain

plect 100 product items from the single batch of product.

7.3.6.2
The highes

Irradiate these product items at the verification dose.

t dose to product items shall not exceed the verification dose by more than 10 %.

The arithmetic mean of the highest and lowest doses to product items should not be less than 90 % of
the verification dose.

Determine

the dose delivered (see 5.5).

If the highest dose to product items exceeds the verification dose by more than 10 %, the verification

dose exper

18

iment shall be repeated.
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If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of the
verification dose, the verification dose experiment may be repeated. If this mean dose is less than 90 %
of the verification dose and, on performance of tests of sterility, acceptable results are observed (see
7.3.7.1), the verification dose experiment need not be repeated.

7.3.6.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the

number of positive tests of sterility.

7.3.

7 Stage 5: Interpretation of results

7.3
ver

7.3

If the occurrence of these positive tests of sterility can be ascribed to incorrect perform

det
ver
ver

estimate of average bioburden changes, use the verification dose (73.5) that corresponds to t

ave
tha
ver

If the occurrence of these positive tests of sterility cannot be ascribed to incorrect per

the
ver
alte

7.3

7.3
pro
Stag
valu

7.3
the
for
for
the
nec

7.1 Ifno more than two positive tests of sterility are obtained from the 100 tests carriéd
fication.

7.2 If three or more positive tests of sterility are obtained, do not accept verifieation.

ermination of bioburden, incorrect performance of tests of sterility or incorrect deliy
fication dose, or a specific bioburden-related cause, implement corrective action and
fication dose experiment using a further 100 product items. If, as @result of corrective

rage bioburden. If the estimate of average bioburden is unchdnged, use the same verificat]
used in the verification dose experiment that was not aectepted. Interpret the results of
fication dose experiment in accordance with 7.3.7.

determination of bioburden, incorrect performafice of tests of sterility or incorrect deli
fication dose, or a specific bioburden-related\cause, this method of dose setting is ng
rnative method for establishing a sterilizatign dose shall be used (see Clause 6).

8 Stage 6: Establish sterilization dose

out, accept

ince of the
fery of the
repeat the
action, the
he changed
ion dose as
the repeat

f(rvrmance of

ery of the
t valid. An

8.1 If the entire product is used and verification is accepted, obtain the sterilization
Huct from Table 5 by enteringthe table at the tabulated value equal to the average biobu
e 3. Alternatively, if the average bioburden is not given in Table 5, enter the table at the closes
e greater than the average bioburden and read the dose necessary to achieve the desired S4

8.2 Ifan SIP ofless’than 1,0 is used and verification is accepted, calculate the average bic
entire product-by-dividing the SIP average bioburden by the SIP value. Obtain the sterili:
the product from Table 5 by entering the table at the tabulated value equal to the average
the entire.product. Alternatively, if this average bioburden is not given in Table 5, enter 1
closest tabulated value greater than the average bioburden for the entire product and re:
bssaripto achieve the desired SAL.

7.4
0,9

se for the

gﬁ)en used in

t tabulated
AL,

burden for
ration dose
bioburden
he table at
d the dose

for multiple or single production batches

e0,1to

For a product with an average bioburden within the range 0,1 to 0,9 inclusive, the procedure for dose
establishment using Method 1 given above for multiple (see 7.2) or single (see 7.3) batches shall be
followed, except:

a) an entire product shall be used for testing, in accordance with Table 1;

b) acorrection factor shall be used in the determination of bioburden;

c) Table 6 shall be entered in order to obtain the dose providing an SAL of 10-2 (the verification dose)
and the sterilization dose for the selected SAL.
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NOTE1 Values derived from Table 6 are used in Stages 3, 4, and 6 of Method 1 dose setting.

NOTE 2  For a worked example, see 11.1.

Table 6 — Radiation dose (kGy) required to achieve a given SAL for an average bioburden
in the range of 0,1 to 0,9 having the standard distribution of resistances (SDR)

Sterility assurance level Sterility assurance level
Average SAL Average SAL
bioburden bioburden

10-2 | 10-3 | 10-4 | 10-5 | 10-6 10-2 | 10-3 | 10-4 | 10-5 | 10-6
0,10 1,3 3,0 52 8,0 11,0 0,45 2,3 4,4 7,0 99 13,1
0,15 1,5 3,3 57 8,5 11,5 0,50 2,4 4,5 71 10,0~]13,2
0,20 1,7 3,6 6,0 8,8 11,9 0,60 2,5 4,7 7,3 10,37 | 13,5
0,25 19 3,8 6,3 91 12,2 0,70 2,7 4,8 7,5 10,5 | 13,7
0,30 2,0 4,0 6,5 9,4 12,5 0,80 2,8 50 7,7 10,7 | 139
0,35 2,1 4,1 6,7 9,6 12,7 0,90 29 51 7,8 10,8 | 141
0,40 2,2 4,3 6,8 9,7 12,9

NOTE Forlan average bioburden within the range >0,9 and <1,0, enter Table 5 at an average bioburden of 1,0.

8 Methpd 2: Dose setting using fraction positive information from incremental
dosing t¢ determine an extrapolation factor

8.1 Ratipnale

With Methpd 2, information is obtained regarding therésistance to radiation of microorganisms as ghey
occur on product. The method uses the results of tests of sterility conducted on product items that Have
been expoged to a series of incremental doses to, estimate the dose at which one in 100 product iten}s is
expected tp be non-sterile (that is, an SAL of 10+2). The microorganisms surviving exposure to su¢h a
dose shoulfl have a more homogeneous Dig(value than the initial bioburden. From the incremental dose
experiment, an estimate is made of this D¢ value and it is used for extrapolation to SAL values below
10-2 in order to determine the steriljzation dose.

The validitly of the calculated sterilization dose generally depends upon the validity of the extrapolafion
beyond thg dose expected to aehieve an SAL of 10-2. In extensive tests of the experimental protocol uging
computer §imulation of inagtivation of microorganisms on product, the validity of this extrapolationfhas

NOTE1 Method 2B requires that the entire product (SIP equal to 1,0) be used, whereas for Method 2A, either
the entire product or a portion of product (SIP less than 1,0) may be used.

Bioburden determination is not used in establishing the sterilization dose using Method 2. However,
bioburden determination is required as part of the routine monitoring of product (see ISO 11137-1:2006,
7.3 and 12.1).

Calculations for 4, DS, and the sterilization dose are not the same for Methods 2A and 2B; therefore, close
attention is necessary to ensure the use of the appropriate formulae.

20 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=3f4978f6510a4fa0e94da86552160a6a

1SO 11137-2:2013(E)

Dose calculations should be made with data that are reported to one decimal place. The sterilization
dose may be rounded (using standard rounding procedures) to one decimal place.

NOTE 2

In the following procedures and examples, notation is lower case when it refers to results derived from

product taken from a single batch, and upper case when it refers to results derived from product taken from all
three batches.

8.2

8.2.

Procedure for Method 2A

1 General

In alpplying Method 2A, the five stages below shall be followed.

NOT
8.2
8.2

8.2
wit
NOT
8.2
8.2
8.2
nin
For
dos

For
not
whil

Det

If, fi
dos
par

If, f

E For worked examples, see 11.2.2 and 11.2.3.

2 Stage 1: Select SAL and obtain samples of product
2.1 Record the SAL for the intended use of the product.

2.2 Select 280 product items from each of three independent«production batches, in
15.1,5.2,and 5.3.

3 Stage 2: Perform incremental dose experiment
3.1 General

3.1.1 For each of three production batches, irradiate 20 product items at each of a serie
e doses, starting at 2 kGy and increasing in nominal increments of 2 kGy.

e by more than 10 % or 1,0 kGy, whichever is greater.

a given incremental dose,'the arithmetic mean of the highest and lowest doses to product
be less than 90 % of the-nominal incremental dose or the nominal incremental dose min
chever is the lesser:

ermine the dose\délivered at each of the incremental doses (see 5.5).

e by more than 10 % or 1,0 kGy, whichever is greater, irradiation of 20 further product i
ficularincremental dose shall be carried out.

hi-d given incremental dose, the arithmetic mean of the highest and lowest doses to prq

E Additional product might be needed to validate the adéquacy of an SIP less than 1,0 (see 5

hccordance

2.5).

5 of at least

a given incremental dose, the highest dose to product items shall not exceed the nominal ifcremental

items shall
us 1,0 kGy,

br a given {ncremental dose, the highest dose to product items exceeds the nominal ifpcremental

fems at the

duct items

is less than 90 % of the nominal incremental dose or the nominal incremental dose minus 1,0 kGy,
whichever is the lesser, irradiation of 20 further product items at the particular incremental dose shall
be carried out.

8.2.3.1.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record

the

8.2.

a)
b)

number of positive tests of sterility found at each incremental dose.

3.1.3 Obtain the following from the results of this experiment:
A and FFP (see 8.2.3.2);
D* (see 8.2.3.3);
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c) CD* batch (see 8.2.3.4).

8.2.3.2 A4 and FFP

8.2.3.2.1 For each of three production batches, determine the lowest dose from the incremental dose
series at which atleast one of the 20 tests of sterility is negative. Designate this dose as ffp for the particular
batch and find the median ffp of the three. If two or three batches exhibit the same ffp, choose the dose for
the batch showing the higher or highest number of positives as the median ffp.

8.2.3.2.2 Qbhtainthevalue of A from Tahle 7 using the number of pasitive tests of sterility at the median ffp.

Table 7 —|Values of A for different numbers of positive tests of sterility at median ffp (Method 2A)

Number ¢f positive tests of A Number of positive tests of A

sterilifly at median ffp (kGy) sterility at median ffp (kGy)
19 0,00 9 0,79
18 0,13 8 0,87
17 0,22 7 0,95
16 0,31 6 1,05
15 0,38 5 1,15
14 0,45 4 1,28
13 0,52 3 1,43
12 0,58 2 1,65
11 0,65 1 2,00
10 0,72

NOTE Thg¢ values of A were calculated using Formula (1)

{10g10 (log, 20)—logy[ log, (20/ ”)]}

{log, (log, 20)~log o log. (20 /19)]}
where n is the number of tests of sterility thatare negative (see Reference [10]).

A=(2kGy) 1

8.2.3.2.3 |Calculate FFP using Formula (2).
FFP = 1pedian ffp - 4 (2)

8.2.3.3 D*

8.2.3.3.1 |Fotreach of the three production batches, determine d * by either

a) finding the lower of two consecutive doses at which all tests of sterility are negative, followed by no
more than one further positive test in any of the remaining tests in the incremental dose series, or

b) finding the dose at which one positive in 20 tests of sterility occurs, immediately preceded by one,
and only one, incremental dose at which all tests are negative and followed by incremental doses at
which all tests are negative.

8.2.3.3.2 If the criteria in 8.2.3.3.1 a) or b) are not met with each of the three production batches,
the incremental dose experiment is invalid. In this circumstance, performance of the incremental dose
experiment may be repeated after investigation of the methodology of the experimentand implementation
of corrective action.

8.2.3.3.3 Designate D* as follows:
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if the highest batch d * exceeds the median batch d * by less than 5 kGy, the median batch d *

becomes D*, or

if the highest batch d * exceeds the median batch d * by greater than or equal to 5 kGy, the highest

batch d * becomes D*.

8.2.3.4 (D*batch

Determine the batch for which d * equals D* and designate this as CD* batch. If more than one batch
has a d * equal to D*, one of these batches may be designated at random as CD* batch. Retained product

iter.&mﬁ&ﬁ&ba@mmﬂjmgmmwmmm:ﬂm
from the three batches should take into account the ability of product to support microbia

nec

8.2

8.2
The

Thd
orl

Det
NOT

8.2
nun

NOTI

If C
ver

If C.
ver

NOT
that

NO71I
SAL
resy

If Cl
90

bssary, a fourth batch shall be taken as the CD* batch.
4 Stage 3: Perform verification dose experiment

4.1 Irradiate 100 product items from the CD* batch at a dose of D*.
highest dose to product items should not exceed D* by more than 10 %or 1,0 kGy, whicheve

arithmetic mean of the highest and lowest doses to product items should not be less than
ess than D* minus 1,0 kGy, whichever dose is the lesser.

ermine the dose delivered (see 5.5). Designate the highest dose delivered as DD*.

E Actionsinregard to the upper and lower dose limitsatre dependent on the value taken by CD*

4.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and
ber of positive tests of sterility. Designate this value as CD*.

E1 CD*isused to determine FNP (see 8:2!5) and DS (see 8.2.6).

P* is equal to zero and DD* exceeds D* by more than 10 % or 1,0 kGy, whichever is g
fication dose experiment shall be.repeated.

D* is 1 to 15 inclusive and-DD* exceeds D* by more than 10 % or 1,0 kGy, whichever is g
fication dose experiment need not be repeated.

E2  Arepeatverification dose experiment may, however, be carried out to obtain a value of DD
found originally which, in turn, would give low FNP and DS values.

E3 CD* values of 1 to 15 inclusive, together with DD*, provide an estimate of the dose that acH
Iting valties of FNP and DS will give conservative values of D** and the sterilization dose.

D* is greater than 15 and the arithmetic mean of DD* and the lowest dose to product items
o-of D* or less than D* minus 1,0 kGy, whichever dose is the lesser, the verification dose ¢

ed product
growth. If

ris greater.

90 % of D*

[see 8.2.4.2).

record the

reater, the

Ireater, the

F lower than

ievesa 10-2

An acceptatree of DD* that exceeds D* by more than 10 % or 1,0 kGy, whichever is greater, is permitted as the

is less than
xperiment

may be repeated. IT this mean is not less than 90 % of D~ or not less than D™ minus 1,0 KGy, whichever
dose is the lesser, the cause for the occurrence of more than 15 positive tests of sterility should be
investigated, corrective action implemented, and D* redetermined.

8.2.5 Stage 4: Interpretation of results

Obt
a)
b)
9

ain FNP from the results of this experiment as follows:

if CD* is less than or equal to 2, let FNP equal DD*;

if CD* is more than 2 and less than 10, let FNP equal DD* + 2,0 kGy;

if CD* is more than 9 and less than 16, let FNP equal DD* + 4,0 kGy; or
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redetermined.

8.2.6 Stage 5: Establish sterilization dose

if CD* is greater than 15, the cause should be determined, corrective action implemented, and D*

8.2.6.1 Determine DS from FFP and FNP using Formula (3) or Formula (4), depending on the difference
between FNP and FFP.

When (FNP - FFP) is less than 10 kGy, use

DS = 2 6 2AFNP=FFD
NOTE In using Formula (3), if (FNP - FFP) is less than zero, set (FNP - FFP) to zero.
When (FNP - FFP) is greater than or equal to 10 kGy, use
DS =0, (FNP - FFP)
8.2.6.2 Bstablish D** using Formula (5).
D**=0D*+[log(CD*)](DS)
NOTE IIf CD* equals zero, set [log (CD*)] to zero.
8.2.6.3 (alculate the sterilization dose, using Formulad(6).
sterilizption dose= D **+ [—log (SAL)—log(SIP)= 2] (DS)
where
D** s the final estimate of the-dose that will provide a 10-2 SAL;
SAL 1sthe preselected sterility assurance level;
SIP  1s the portion of preduct (sample item portion) used for determining D** and DS;
DS s an estimate’ef the dose required to inactivate 90 % of the microorganisms surviving D

Dose calcullations-should be made with data that are reported to one decimal place. The steriliza

dose may H

NOTE

exrounded (using standard rounding procedures) to one decimal place.

(3)

(4)

(5)

(6)

D*,

fion

product being used for dose setting.

8.3 Procedure for Method 2B

8.3.1 General

8.3.11

In applying Method 2B, the following three requirements shall be satisfied:

a) the entire product is utilized (SIP equal to 1,0);

24

The term log (SIP) in Formula (6) provides the appropriate correction factor for a portion of the
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b) after irradiation at any of the incremental doses, the number of positive tests of sterility observed

A

8.3.

NOTE

8.3.

does not exceed 14;

FNP does not exceed 5,5 kGy.

1.2 In applying Method 2B, the five stages below shall be followed.

For a worked example, see 11.2.4.

2 Stage 1: Select SAL and obtain samples of product

8.3

8.3
witl

8.3
8.3

8.3
leas

For
oth
0,5

For
sha
of tl

Det
If, f
incy
isg
If, fi

is 14
incy

2.1 Record the SAL for the intended use of the product.

2.2 Select 260 product items from each of three independent production batches, in
1 5.1 and 5.3.

3 Stage 2: Perform incremental dose experiment
3.1 General

3.1.1 For each of the three production batches, irradiate/20-product items at each of a
t eight doses, starting at 1 kGy and increasing in nominakincrements of 1 kGy.

an incremental dose of 1 kGy, the highest dose to preduct items shall not exceed 1,2 ki
br incremental doses, this dose shall not exceed thénominal incremental dose by more th
kGy, whichever is greater.

an incremental dose of 1 kGy, the arithmetic-mean of the highest and lowest doses to prd
I not be less than 0,8 kGy and, for other incremental doses, the mean dose shall not be lesg
ne nominal incremental dose or the nominal incremental dose minus 0,5 kGy, whichever i

ermine the dose delivered at each of the incremental doses (see 5.5).

emental doses, this dose exceeds the nominal incremental dose by more than 10 % or 0,5 kGyj
reater, irradiation of 20 further product items at the particular incremental dose shall be ¢

r an incremental dose of 1 kGy, the arithmetic mean of the highest and lowest doses to prq
ss than 0,8 kGy.and, for other incremental doses, this mean dose is less than 90 % of t
emental dos€0r the nominal incremental dose minus 0,5 kGy, whichever is the lesser, irt

20 further product items at the particular incremental dose shall be carried out.

8.3
the

3.1,2~Subject each irradiated product item individually to a test of sterility (see 5.4.1)
number of positive tests of sterility found at each incremental dose.

hccordance

Series of at

Gy and, for
an 10 % or

duct items
than 90 %
L the lesser.

br an incremental dose of 1.kGy, the highest dose to product items exceeds 1,2 kGy andl, for other

whichever
hrried out.

ductitems
he nominal
adiation of

and record

8.3.

a)
b)

)

8.3.

3.1.3 Obtain the following from the results of this experiment:

A and FFP (see 8.3.3.2);

D* (see 8.3.3.3);
CD* batch (see 8.3.3.4).

3.2 A and FFP

8.3.3.2.1 For each of three production batches, determine the lowest dose from the incremental dose
series at which atleast one of the 20 tests of sterility is negative. Designate this dose as ffp for the particular
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batch and find the median ffp of the three. If two or three batches exhibit the same ffp, choose the dose for
the batch showing the higher or highest number of positives as the median ffp.

8.3.3.2.2 Obtain the value of A from Table 8 using the number of positive tests of sterility at the median ffp.

Table 8 — Values of 4 for different numbers of positive tests of sterility at median ffp (Method 2B)

{loglo (log,20)-logy, [loge (20/ 19)]}
where n is the number of tests of sterility that are negative (see Reference [10})

Number of positive tests of A Number of positive tests of A

sterility at median ffp (kGy) sterility at median ffp (kGy)
14 0,22 7 048
13 0,26 6 0,52
12 0,29 5 0,58
11 0,32 4 0,64
10 0,36 3 0,72
9 0,40 2 0,82
8 0,44 1 1,00

NOTE Thg¢ values of A were calculated using Formula (7).
A=(1idy {log 10(log.20)—log1 [loge (20/ n)}} -

8.3.3.2.3 |Calculate FFP using Formula (2) (see 8.2.3.2.3).

8.3.3.3 D*

8.3.3.3.1 |For each of the three production batches, determine d * by either

a) finding the lower of two consecutive dases at which all tests of sterility are negative, followed by
more than one further positive testin any of the remaining tests in the incremental dose series

b) finding the dose at which one positive in 20 tests of sterility occurs, immediately preceded by
and onlly one, incremental dose-at which all tests are negative and followed by incremental dose
which pll tests are negatiye;

8.3.3.3.2 |If the criteriatin 8.3.3.3.1 a) or b) are not met with each of the three production batc
the incremfental dose eXperiment is invalid. In this circumstance, performance of the incremental d
experiment may be repeated after investigation of the methodology of the experimentand implementa

of corrective actjon:

8.3.3.3.3 [Designate D* as follows:

y N0
or

bne,
sat

hes,
ose
fion

a) if the highest batch d * exceeds the median batch d * by less than 5 kGy, the median batch d *

becomes D*, or

b) if the highest batch d * exceeds the median batch d * by greater than or equal to 5 kGy, the highest

batch d * becomes D*.

8.3.3.4 CD* batch

Determine the batch for which d * equals D* and designate this as CD* batch. If more than one batch has
ad*equal to D* one of these batches may be designated at random as CD* batch. Retained product items
from the CD* batch are used in Stage 3 of Method 2B. Storage conditions of the retained product from the
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three batches should take into account the ability of product to support microbial growth. If necessary,
a fourth batch shall be taken as the CD* batch.

8.3.

8.3.

4 Stage 3: Perform verification dose experiment

4.1 Irradiate 100 product items from the CD* batch at a dose of D*.

The highest dose to productitems should not exceed D* by more than 10 % or 1,0 kGy, whichever is greater.

The arithmetic mean of the highest and lowest doses to product items should not be less than 90 % of D*

orl
Det
NOT

8.3
nun

NOT

If C
ver

If C.
ver

NOT
that

NOT
SAL
resy

If Cl
90

may
dos
Inve

8.3
Obt

a)
b)

4] Ia¥d H 1010 ol | - 4] 1
FoSS Liidll 7 1IIusS 1,U I\Uy, VWIIICIIT VT UUST 15 UIIT ITSS5CTI.
ermine the dose delivered (see 5.5). Designate the highest dose delivered as DD*.

E Actionsinregard to the upper and lower dose limits are dependent on the value taken by CD*

4.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and
ber of positive tests of sterility. Designate this value as CD*.

E1 CD*isused to determine FNP (see 8.3.5) and DS (see 8.3.6).

P* is equal to zero and DD* exceeds D* by more than 10 % 6r 1,0 kGy, whichever is g
fication dose experiment shall be repeated.

D* is 1 to 15 inclusive and DD* exceeds D* by more than 10 % or 1,0 kGy, whichever is g
fication dose experiment need not be repeated.

E2 Arepeatverification dose experiment may, hewever, be carried out to obtain a value of DD
found originally which, in turn, would give low FNR and DS values.

E3  CD*valuesof 1to 15 inclusive, togetherwith DD*, provide an estimate of the dose that ach
Iting values of FNP and DS will give conservative values of D** and the sterilization dose.

D* is greater than 15 and the arithmetic mean of DD* and the lowest dose to product items

o of D* or less than D* minus.1,0 kGy, whichever dose is the lesser, the verification dose ¢
’ be repeated. If this meamishot less than 90 % of D* or not less than D* minus 1,0 kGy,
b is the lesser, the cause for the occurrence of more than 15 positive tests of sterility
pstigated, corrective @etion implemented, and D* redetermined.

5 Stage 4: Interpretation of results

pin FNP framthe results of this experiment as follows:

if CD*4s'less than or equal to 2, let FNP equal DD*;

if€D* is more than 2 and less than 10, let FNP equal DD* + 2,0 kGy;

[see 8.3.4.2).

record the

reater, the

freater, the

 lower than

ievesa 102

An acceptance of DD* that exceeds D* by miere than 10 % or 1,0 kGy, whichever is greater, is permitted as the

is less than
xperiment
whichever

should be

)
d)

8.3.

8.3.

if CD* is more than 9 and less than 16, let FNP equal DD* + 4,0 kGy; or

if CD* is greater than 15, the cause should be determined, corrective action implemented, and D*

redetermined.
6 Stage 5: Establish sterilization dose

6.1 Determine DS from FFP and FNP using Formula (8).
DS=1,6 +0,2 (FNP - FFP)
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NOTE In using Formula (8), if (FNP - FFP) is less than zero, set (FNP - FFP) to zero.

8.3.6.2 Establish D** using Formula (5) (see 8.2.6.2).

8.3.6.3 Calculate the sterilization dose using Formula (9).

sterilization dose =D **+ [—log(SAL) —2](DS)

where

(9)

D** s the final estimate of the dose that will provide a 10-2 SAL;
SAL 1sthe preselected sterility assurance level;
DS s an estimate of the dose required to inactivate 90 % of the microorganisms-Sutrviving D

Dose calcullations should be made with data that are reported to one decimal place. The steriliza
dose may He rounded (using standard rounding procedures) to one decimal plage.

9 Methpd VDp,ax — Substantiation of 25 KGy or 15 KGy as the sterilization dos

9.1 Ratipnale

Operationdlly, this method of substantiation for a selected stérilization dose is similar to dose set
by Method| 1 (see Clause 7); it also requires a determination of bioburden and the performance
verificatiof dose experiment.

sterilization is less resistant to radiation than a microbial population of maximal resistance consis
with the aftainment of an SAL of 10-6 at the sé€lected sterilization dose; verification is conducted a
SAL of 10— with 10 product items irradiated'in the performance of the verification dose experi

The dose dorresponding to this SAL (maximal verification dose, VD %) is characteristic of both
bioburden [level and the associated miaximal resistance. In establishing the maximal resistance f
particular pioburden level and sterilization dose, due account has been taken of the various resistg
components of the SDR (see Table 3), the latter being the basis of Method 1. Components of the
of high registance that have significant effect on the attainment of an SAL of 10-6 have been use
define the [maximal resistafices on which this substantiation method is based. In this way, the lev¢

conservatiyeness of the SDR; and thus of Method 1, is preserved (see References [15], [16], and [17]].

to a test of|sterility. If there is no more than one positive test of sterility in the 10 tests, the presele(

out substantiation, the method verifies that bioburden present on product prioy

D*,

fion

[ing
pf a

to
fent

an
nt.
the
br a
nce
SDR
1 to
] of

this
Ten
ally
ted

sterilizationdosetssubstantiated:

The VDpmax methods given in this part of ISO 11137 are for selected sterilization doses of 25 kGy

and

15 kGy. The method for 25 kGy is applicable to product having an average bioburden less than or equal to

1 000 (see 9.2 or 9.3 and Table 9), whereas that for 15 kGy applies only to product with a bioburden

less

than or equal to 1,5 (see 9.4 or 9.5 and Table 10). The inclusion of Method VD3« for 15 kGy provides an
alternative to Method 1 for dose establishment for product of low average bioburden. To distinguish the
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two applications of Method VDp,x and their associated sets of values of verification dose, a superscript
of “25” or “15” has been added to the term VDy,,x where appropriate, e.g. VDyax2> and VDpyax15.

NOTE Inspection of the values of VD425 for the various levels of average bioburden given in Table 9 reveals
achange in the relationship between the bioburden level and the value of VD 5. With increasing bioburden up to
a level of 80, values progressively increase, as might be expected. However, at a bioburden of 80, VDpya425 takes a
maximum, and for higher bioburden levels, the corresponding VD% values decline. A similar increase, followed
by a decrease, is seen with VDp,415 values (see Table 10). This behaviour is neither the result of an error in the
tables nor the calculation of the VD4« values. It is an inevitable outcome of building into Method VD54 the same
degree of conservativeness as that in Method 1 (see Reference [17]).

9.2 Procedure for Method VDy,,x4° for multiple production batches
9.2]1 General

9.2]11.1 This method shall only be used if the batch average bioburden of‘product is l¢ss than or
equial to 1 000.

NOTE All three batch average bioburden values (see 9.2.3.2) shall be less.than or equal to 1 000,

9.2]1.2 In applying Method VDpax25 for product with an average bioburden less than or efual to 0,9,
the [entire product item shall be used in accordance with Table¥; whereas for product with jan average
biolurden greater than 0,9, an SIP may be used (see 5.2.5).

9.2]1.3 In applying Method VDpax25, the five stages belew shall be followed.

NOTE For a worked example, see 11.3.

9.2]2 Stage 1: Obtain samples of product

Selgct 10 product items from each of thiee independent production batches, in accordande with 5.1,
5.2)and 5.3.

NOTE Additional product might be needed to validate the adequacy of an SIP of less than 1,0 (se¢ 5.2.5).
9.2]3 Stage 2: Determiné average bioburden
9.213.1 Apply the correction factor (see ISO 11737-1) in the determination of bioburden.

9.213.2 Determine the bioburden of each of the selected product items and calculate:

a) |theaveragebioburden peritem foreach ofthe threebatchesof productitems (batch average bioburden);

b) |the'average bioburden per item for all selected product items (overall average bioburdelll).

NOTE1 Bioburden is generally determined on individual product items, unless the bioburden is low (e.g. less
than 10), in which case it is permissible to pool the 10 product items for the determination of batch average
bioburden. This guidance does not apply to SIPs, which should not be pooled; instead, a larger SIP should be
chosen (see 5.2.5).

NOTE 2  Whenno colonies are observed in the determination of bioburden, this is sometimes expressed as being
below the limit of detection. Use of the limit of detection as a bioburden value in calculating average bioburden
could lead to an overestimation. Overestimation could affect the validity of the verification dose experiment.

9.2.3.3 Compare the three batch average bioburdens to the overall average bioburden and
determine whether any one of the batch average bioburdens is two or more times greater than the
overall average bioburden.

© IS0 2013 - All rights reserved 29


https://standardsiso.com/api/?name=3f4978f6510a4fa0e94da86552160a6a

1ISO 11137-2:2013(E)

9.2.4 Stage 3: Obtain VD525
Obtain the value of SIP equal to 1,0 VD525 from Table 9 using one of the following as the average bioburden:

a) if a batch average bioburden is two or more times greater than the overall average bioburden, use
the highest batch average bioburden, or

d) ifeach of the batch average bioburdens is less than two times the overall average bioburden, use the
overall average bioburden.

For an SIP equal to 1,0, if the average bioburden is not given in Table 9, use the closest tabulated value

greater thanrtheaver age bioburden:

For an SIP pfless than 1,0, calculate the average bioburden for the entire product item (SIP equal to [1,0)
by dividing the SIP average bioburden by the SIP decimal value. If the calculated average bioburddn is
not given in Table 9, use the closest tabulated value greater than the average bioburden te locate|the
value of th¢ SIP equal to 1,0 VD225 and the corresponding SIP dose reduction factor.

NOTE Use of an SIP of less than 1,0 is not permitted for product with an average biobuxden less than or efjual
to 0,9 (see 9]2.1.2).

Use Formuja (10) to calculate the SIP VD 4425 (see Reference [17]).

SIP VDhhax?5 = (SIP equal to 1,0 VDpax2°) + (SIP dose reduction facter x log SIP)
10)
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Table 9 — Values of VD425 and SIP dose reduction factors for levels of average bioburden less

a

than or equal to 1 000 CFU
SIP equal to 1,0 |SIP dose reduc- SIP equal to 1,0 [SIP dose reduc-
{\verage VDmax25 tion factor {\verage VDmax25 tion factor
bioburden bioburden

(kGy) (kGy) (kGy) (kGy)

<0,1 0,0 n/aa 8,0 69 3,62
0,15 09 n/aa 8,5 7,0 3,61
ﬂ")n 1,A. nl/aa Q’n '7’n 3’59
0,25 1,8 n/aa 9,5 71 D358
0,30 2,2 n/aa 10 71 AP 357
0,35 2,5 n/aa 11 72 4V 3,55
0,40 2,7 n/aa 12 ; 3,53
045 29 n/aa 13 N 74 3,51
0,50 3,1 n/aa 14 O 75 3,50
0,60 3,4 n/aa 15 N 76 3,48
0,70 3,6 n/aa 160, 7,6 3,47
0,80 3,8 n/aa A 7,7 3,46
0,90 4,0 n/aa A 18 7,8 3,45

i\v
1,0 4,2 4,17 LN 19 7,8 3,43
1,5 48 4,05 S 20 79 3,42
2,0 5,2 397 .4 22 8,0 3,40
A\
2,5 5,5 391 . 24 8,1 3,39
x\./
3,0 5,7 3,86 26 8,1 3,37
3,5 59 382 28 8,2 3,36
4,0 6,1 - 73,79 30 8,3 3,34
4,5 62 ) 376 35 8,4 3,31
5,0 63 (U~ 3,73 40 8,6 3,29
5,5 65 3,71 45 8,7 3,27
6,0 _C66 3,69 50 8,8 3,25
6,5 Qo 67 3,67 55 8,9 3,23
70 O 6,7 3,65 60 8,9 3,21
7508 6,8 3,64 65 9,0 3,20
NO l"]"@:\l} SIP equal to 1,0 VDyax25 is equal to 0,0 kGy, product items are not irradiated.

Not applicable; In the range of average bioburden less than or equal to 0,9, the entire product (SIP equal to 1,0) is used
and hence the SIP dose reduction factor is not given.
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Table 9 — (continued)

SIP equal to 1,0 |SIP dose reduc- SIP equal to 1,0 |SIP dose reduc-
Average VDmax25 tion factor Average VDmax25 tion factor
bioburden bioburden
(kGy) (kGy) (kGy) (kGy)
70 9,1 3,19 300 8,6 2,46
75 9,1 3,17 325 8,5 2,43
80 9,2 3,15 350 8,5 2,40
85 9,1 3,11 375 8,9 2,37
90 9,1 3,08 400 8,4 234
95 9,1 3,05 425 8,4 2,32
100 9,0 3,01 450 8,4 2,30
110 9,0 2,96 475 8,4 2,28
120 9,0 2,91 500 8,4 2,26
130 8,9 2,86 525 8,3 2,24
140 8,9 2,83 550 8,3 2,22
150 8,9 2,79 575 8,3 2,21
160 8,8 2,76 600 8,3 2,19
170 8,8 2,72 650 8,3 2,16
180 8,8 2,69 700 8,2 2,14
190 8,7 2,67 750 8,2 2,12
200 8,7 2,64 800 8,2 2,09
220 8,7 2,60 850 8,2 2,07
240 8,6 2,56 900 8,1 2,05
260 8,6 2,52 950 8,1 2,04
280 8,6 2,49 1000 8,1 2,02
NOTE If BIP equal to 1,0 VD ax251s equal to 0,0 kGy, product items are not irradiated.
a  Notapplicable; in the range of @verage bioburden less than or equal to 0,9, the entire product (SIP equal to 1,0) is ysed
and hence the SIP dose reductiofifactor is not given.
9.2.5 Stage 4: Perform verification dose experiment

9.2.5.2 Irradiate these product items at VD425 obtained from Table 9 or derived using Formula (10),

whichever is appropriate.

The highest dose to product items shall not exceed VDax25 by more than 10 %.

The arithmetic mean of the highestand lowest doses to productitems should notbe less than 90 % of VD 4% 25.
Determine the dose delivered (see 5.5).

Ifthe highest dose to productitems exceeds VDmax25 by more than 10 %, the verification dose experiment
shall be repeated.
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If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VD25,
the verification dose experiment may be repeated. If this mean dose is less than 90 % of VDyax25 and,
on performance of tests of sterility, acceptable results are observed (see 9.2.6.1), the verification dose

exp

eriment need not be repeated.

9.2.5.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the
number of positive tests of sterility.

9.2.

6 Stage 5: Interpretation of results

9.2
ver

9.2
(sed

9.2
ster]

6.1 If no more than one positive test of sterility is obtained from the 10 tests carried
fication and thereby substantiate 25 kGy as the sterilization dose.

6.2 Iftwopositive tests of sterility are obtained, perform a confirmatory verifieation dose
9.2.7).

6.3 If three or more positive tests of sterility are obtained, domot accept verificaf
ilization dose might be inadequate.

Ift

e occurrence of these positive tests of sterility can be ascribed to incorrect perform

out, accept

pXperiment

ion as the

hince of the

det¢rmination of bioburden, incorrect performance of tests of sterility or incorrect delivery ¢f VDpax25,

or

experiment using a further 10 product items. If, as a resultiof corrective action, the estimate
biolpurden changes, use the VDpax25 (9.2.4) that corresponds to the changed average biobu

esti
exp|
acc

If th
det
or 3
an 4

9.2

9.2

Ifa
sha

9.2
Selg

specific bioburden-related cause, implement corrective ‘action and repeat the verific

ate of average bioburden is unchanged, use the s@ime VD425 as that used in the verifi
eriment that was not accepted. Interpret the résults of the repeat verification dose exp
brdance with 9.2.6.

le occurrence of these positive tests of sterility cannot be ascribed to incorrect perform
ermination of bioburden, incorrect performance of tests of sterility or incorrect delivery

specific bioburden-related cause, the selected sterilization dose of 25 kGy is not substa
Iternative method for establishing'a sterilization dose shall be used (see Clause 6).

7 Confirmatory verification dose experiment

7.1 General

confirmatory yverification dose experiment is to be carried out (see 9.2.6.2), the three st
1 be followed;

7.2 Stage 1: Obtain samples of product

ct10 product items from a single batch of product. The 10 product items for the perform

ation dose
of average
den. If the
ration dose
eriment in

hnce of the

fVDmaXZS:
tiated and

hges below

ance of the

con

bioburden

irmatory verification dose experiment mayhe selected from one of the batches on which

determination was carried out in Stage 2 (see 9.2.3), from the fourth batch used in Stage 4 (see 9.2.5),
or from a batch manufactured under conditions that are representative of normal production (see 5.3).

9.2.

9.2.
The

7.3 Stage 2: Perform confirmatory verification dose experiment

7.3.1 Irradiate these product items at VD425 as determined in 9.2.4.

highest dose to product items shall not exceed VD 3425 by more than 10 %.

The arithmetic mean of the highest and lowest doses to productitems should not be less than 90 % of VD4 25.

Determine the dose delivered (see 5.5).
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If the highest dose to product items exceeds VDpax2° by more than 10 %, the confirmatory verification
dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VD525,
the confirmatory verification dose experiment may be repeated. If this mean dose is less than 90 % of
VDmax?® and, on performance of tests of sterility, acceptable results are observed (see 9.2.7.4.1), the
confirmatory verification dose experiment need not be repeated.

9.2.7.3.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record
the number of positive tests of sterility.

9.2.74 §

9.2.7.4.1
tests of ste
carrying o
as the ster

9.2.7.4.2
sterilizatio

If the occu
sterility or
action and
the same V|
dose exper

Ifthe occuy
sterility or
dose of 25

be used (se

9.3 Proc

9.3.1 Ra

This methg
of 25 kGy a

9.3.2 Ge

9.3.2.1 T

tage 3: Interpretation of results

[lity obtained from the original and confirmatory verification dose experimeiits performe

:ﬁt substantiation of 25 kGy, accept confirmatory verification and thereby sutbstantiate 25

ization dose.

If any positive tests of sterility are obtained, do not accept confirmatory verification as
h dose might be inadequate.

'rence of these positive tests of sterility can be ascribed td incorrect performance of test

incorrect delivery of VDpax25, or a specific bioburden-rélated cause, implement correc
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0,9,

the entire product item shall be used in accordance with Table 1, whereas for product with an average

bioburden

9.3.2.3

greater than 0,9, an SIP may be used (see 5.2.5).

In applying this adaptation of Method VDpax25, the five stages below shall be followed.

9.3.3 Stage 1: Obtain samples of product

Select 10 product items from the single batch, in accordance with 5.1, 5.2, and 5.3.

NOTE

34

Additional product might be needed to validate the adequacy of an SIP less than 1,0 (see 5.2.5).
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9.3.4 Stage 2: Determine average bioburden
9.3.4.1 Apply the correction factor (see ISO 11737-1) in the determination of bioburden.

9.3.4.2 Determinethebioburden of each ofthe selected productitems and calculate the average bioburden.

NOTE1 Bioburden is generally determined on individual product items unless the bioburden is low (e.g. less
than 10), in which case it is permissible to pool the 10 product items for the determination of average bioburden.
This guidance does not apply to SIPs, which should not be pooled; instead, a larger SIP should be chosen (see 5.2.5).
NOTE2—Whenne-coloniesare-observedinthe-determinationofbioburden thisissometimesexpressed as being
beldw the limit of detection. Use of the limit of detection as a bioburden value in calculating averagg bioburden
could lead to an overestimation. Overestimation could affect the validity of the verification dose.exp¢riment.

9.3|5 Stage 3: Obtain VD ax25
Obthin the value of SIP equal to 1,0 VD425 from Table 9 using the average bioburden.

For|an SIP equal to 1,0, if the average bioburden is not given in Table 9,se the closest tabu]ated value
greater than the average bioburden.

Forjan SIP less than 1,0, calculate the average bioburden for the entirve product item (SIP equdl to 1,0) by
dividing the SIP average bioburden by the SIP decimal value. lfthe calculated average bioburden is not
givéen in Table 9, use the closest tabulated value greater thafithe average bioburden to locatle the value
of SIP equal to 1,0 VD 3425 and the corresponding SIP dosereduction factor.

NOTE Use of an SIP of less than 1,0 is not permitted for(product with an average bioburden less than or equal
to 0|9 (see 9.3.2.2).

Use|Formula (10) to calculate the SIP VD525 (86€ 9.2.4).
9.3)6 Stage 4: Perform verification dose experiment
9.3]6.1 Select 10 product items from the single batch of product.

9.316.2 Irradiate these produgdt items at VD425 obtained from Table 9 or derived using Formula (10),
whichever is appropriate.

Thd highest dose to praduct items shall not exceed VD525 by more than 10 %.
Thelarithmetic mean/ofthe highestand lowest doses to productitems should notbe less than 90 % pf VD ax25.
Detprmine the dose delivered (see 5.5).

Ifthe highest dose to productitems exceeds VDpax2 by more than 10 %, the verification dose ¢xperiment
sha|lbe repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VDax25,
the verification dose experiment may be repeated. If this mean dose is less than 90 % of VDpax25 and,
on performance of tests of sterility, acceptable results are observed (see 9.3.7.1), the verification dose
experiment need not be repeated.

9.3.6.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the
number of positive tests of sterility.

9.3.7 Stage 5: Interpretation of results

9.3.7.1 If no more than one positive test of sterility is obtained from the 10 tests carried out, accept
verification and thereby substantiate 25 kGy as the sterilization dose.
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9.3.7.2 Iftwopositive tests of sterility are obtained, perform a confirmatory verification dose experiment
(see 9.3.8).
9.3.7.3 If three or more positive tests of sterility are obtained, do not accept verification as the

sterilization dose might be inadequate.

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of the
determination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VDpax25,
or a specific bioburden-related cause, implement corrective action and repeat the verification dose
experiment using a further 10 product items. If, as a result of corrective action, the estlmate of average

bioburden

estimate o average bioburden is unchanged use the same VD525 as that used in the verlflcatlon dose
experiment that was not accepted. Interpret the results of the repeat verification dose expetimer]t in
accordance¢ with 9.3.7.

If the occufrence of these positive tests of sterility cannot be ascribed to incorrect penformance offthe
determination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VD, 4«25,
or a specific bioburden-related cause, the selected sterilization dose of 25 kGy is noet substantiated pnd
an alternatlive method for establishing a sterilization dose shall be used (see Clause 6).

9.3.8 Confirmatory verification dose experiment

9.3.8.1 (@eneral

If a confirmatory verification dose experiment is to be carried*qut (see 9.3.7.2), the three stages below
shall be followed.

9.3.8.2 Stage 1: Obtain samples of product

Select 10 product items from the single batch of product. The ability of the product to support micropial
growth should be taken into account in storingthe single batch.

9.3.8.3 Sgage 2: Perform confirmatory verification dose experiment

9.3.8.3.1 |Irradiate these productitems at VD ax25 as determined in 9.3.5.

The highest dose to product items shall not exceed VDpax25 by more than 10 %.

The arithmptic mean of thehighestand lowest doses to productitems should not be less than 90 % of VD y,Jx25.
Determine|the dose delivered (see 5.5).

If the highg¢st dose-te’product items exceeds VDpax2> by more than 10 %, the confirmatory verificafion
dose experfimeht/shall be repeated.

If the arlt lllCLlL IIICdIl Uf LhC hlsllCDL Cllld }UVVCDL dUDCD U lJl UduLL ILCIIIO lD }CDD Lhall 90 f}{) Uf ‘V’Dma X25

the confirmatory verification dose experiment may be repeated. If this mean dose is less than 90 % of
VDmax25 and, on performance of tests of sterility, acceptable results are observed (see 9.3.8.4.1), the
confirmatory verification dose experiment need not be repeated.

9.3.8.3.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record
the number of positive tests of sterility.

9.3.8.4 Stage 3: Interpretation of results

9.3.8.4.1 Ifthereareno positive tests of sterility from the 10 tests carried out, giving a total of two positive
tests of sterility obtained from the original and confirmatory verification dose experiments performed in
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carrying out substantiation of 25 kGy, accept confirmatory verification and thereby substantiate 25 kGy
as the sterilization dose.

9.3.8.4.2 If any positive tests of sterility are obtained, do not accept confirmatory verification as the
sterilization dose might be inadequate.

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of tests of
sterility or incorrect delivery of VDpyax25, or a specific bioburden-related cause, implement corrective
action and repeat the confirmatory verification dose experiment using a further 10 product items and
the same VDpax25 as that used originally. Interpret the results of the repeat confirmatory verification

. . -l ikl Q4
dOSv CAPCI 1111Cllt I dltorudqalitc vw l‘l:ll Z.9.0.7F,

Ifthe occurrence of these positive tests of sterility cannot be ascribed to incorrect perfonmande of tests of
stetfility or incorrect delivery of VDpax25, or a specific bioburden-related cause, the selected sterilization
dosg of 25 kGy is not substantiated and an alternative method for establishing a sterilization} dose shall
be ysed (see Clause 6).

9.4] Procedure for Method VDy,,x15 for multiple production batches
9.4]1 General

9.4]1.1 This method shall only be used if batch average biobutden of product is less than or dqual to 1,5.

NOTE All three batch average bioburden values (see 9.4.3.2)'shall be less than or equal to 1,5.

9.4]1.2 Inapplying Method VDpax15, an entire prodiictitem (SIP equal to 1,0) shall be used in pccordance
with Table 1.

9.4]1.3 In applying Method VDpax15, the five stages below shall be followed.

NOTE For a worked example, see 11.3/

9.4]2 Stage 1: Obtain samples of product

Selgct 10 product items fromreach of three independent production batches, in accordance with|5.1 and 5.3.
9.4]3 Stage 2: Determine average bioburden
9.4]3.1 Applythecorrection factor (see [SO 11737-1) in the determination of bioburden.

9.4]3.2 Determine the bioburden of each of the selected product items and calculate:

a) |the average bioburden per item for each of the three batches (batch average bioburden);

b) the average bioburden per item of all selected product items (overall average bioburden).

NOTE1 Bioburden is generally determined on individual product items, but when the bioburden is low (e.g. for
VDmax!5lessthan 1,5), itis permissible to pool the 10 productitems for the determination of batch average bioburden.

NOTE2  Whenno colonies are observed in the determination of bioburden, this is sometimes expressed as being
below the limit of detection. Use of the limit of detection as a bioburden value in calculating average bioburden
could lead to an overestimation. Overestimation could affect the validity of the verification dose experiment.

9.4.3.3 Compare the three batch average bioburdens to the overall average bioburden and
determine whether any one of the batch average bioburdens is two or more times greater than the
overall average bioburden.
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9.4.4 Stage 3: Obtain VD515
Obtain the value of SIP equal to 1,0 VD415 from Table 10 using one of the following as the average bioburden:

a) Ifone or more of the batch average bioburdens is two or more times greater than the overall average
bioburden, use the highest batch average bioburden, or

b) Ifeach of the batch average bioburdens is less than two times the overall average bioburden, use the
overall average bioburden.

If the average bioburden is not given in Table 10, use the closest tabulated value greater than the
average bigburdemn:

Tabl¢ 10 — Values of VD 5415 for levels of average bioburden less than or equal to1)5

SIP equal to 1,0 VD415 SIP equalito 1,0 VD {15

Average|bioburden Average bioburden
(kGy) (kGy)
40,1 0,0 0,50 1,8
g,15 0,5 0,60 2,0
g,20 0,9 0,70 2,2
0,25 1,1 0,80 2,3
g,30 1,3 0,90 2,2
d,35 1,5 10 2,1
(4,40 1,6 1,5 1,7
4,45 1,7

NOTE If S|P equal to 1,0 VDpax15 is equal to 0,0 kGy, product itéms are not irradiated.

9.4.5 Stage 4: Perform verification dose experiment

9.4.5.1 Sglect 10 productitems from a single'batch of product. The 10 productitems for the performgnce
of Stage 4 may be selected from one of the batches on which a bioburden determination was carried|out
in Stage 2 jor from a fourth batch manufactured under conditions which are representative of norjmal
production (see 5.3).

9.4.5.2 Iyradiate these prodiict items at VDpax15 obtained from Table 10.

The highest dose to product items shall not exceed VDpyax15 by more than 10 % or 0,1 kGy, whichev¢r is
greater.

The arithmptic méan‘of the highestand lowest doses to productitems should notbe less than 90 % of VD]« 15.

Determine|the dose delivered (see 5.5).

If the highest dose to product items exceeds VDpyax15 by more than 10 % or 0,1 kGy, whichever is greater,
the verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VDpyax15,
the verification dose experiment may be repeated. If this mean dose is less than 90 % of VDpyax15 and,
on performance of tests of sterility, acceptable results are observed (see 9.4.6.1), the verification dose
experiment need not be repeated.

9.4.5.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the
number of positive tests of sterility.
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9.4.6 Stage 5: Interpretation of results

9.4.6.1 If no more than one positive test of sterility is obtained from the 10 tests carried out, accept
verification and thereby substantiate 15 kGy as the sterilization dose.

9.4.6.2 Iftwo positive tests of sterility are obtained, perform a confirmatory verification dose experiment
(see 9.4.7).

9.4.6.3 If three or more positive tests of sterility are obtained, do not accept verification as the
sterilization dose mighf be in:\dpr}n:\fp

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of the
det¢rmination of bioburden, incorrect performance of tests of sterility or incorrect délivery ¢f VD15,
or 3 specific bioburden-related cause, implement corrective action and repeat, the ‘verifidation dose
experiment using a further 10 product items. If, as a result of corrective action/£he estimatd of average
bioburden changes, use the VDpyax15 (9.4.4) that corresponds to the changed ‘average biobufden. If the
estimate of average bioburden is unchanged, use the same VDp5415 as thatmused in the verifigation dose
experiment that was not accepted. Interpret the results of the repeat verification dose exgeriment in
accprdance with 9.4.6.

If the occurrence of these positive tests of sterility cannot be ascribed to incorrect performpnce of the
det¢rmination of bioburden, incorrect performance of tests ofstérility or incorrect delivery ¢f VD ax15,
or g specific bioburden-related cause, the selected sterilization’dose of 15 kGy is not substantiated and
an glternative method for establishing a sterilization doseshall be used (see Clause 6).

9.4]7 Confirmatory verification dose experiment

9.4)7.1 General

If alconfirmatory verification dose experiment is to be carried out (see 9.4.6.2), the three stpges below
shal|l be followed.

9.4]7.2 Stage 1: Obtain samples of product

Selgct 10 product items from-a single batch of product. The 10 product items for the perfgrmance of
confirmatory verification-dose experiment may be selected from one of the batches on which 4 bioburden
detérmination was carried out in Stage 2 (see 9.4.3), from the fourth batch used in Stage 4 (s¢e 9.4.5), or
fromn a batch manufactured under conditions which are representative of normal production (see 5.3).

9.4])7.3 Stage.2: Perform confirmatory verification dose experiment

9.4]7.3.1rradiate these product items at VDpax15 as determined in 9.4.4.

Thd highest dose to product items shall not exceed VDy,4x15 by more than 10 % or 0,1 kGy, whichever is
greater.

The arithmetic mean of the highest and lowest doses to productitems should not be less than 90 % of VD a5 15.
Determine the dose delivered (see 5.5).

If the highest dose to product items exceeds VDpax 15 by more than 10 % or 0,1 kGy, whichever is greater,
the confirmatory verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VDpyax15,
the confirmatory verification dose experiment may be repeated. If this mean dose is less than 90 % of
VDmax!® and, on performance of tests of sterility, acceptable results are observed (see 9.4.7.4.1), the
confirmatory verification dose experiment need not be repeated.
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9.4.7.3.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record
the number of positive tests of sterility.

9.4.7.4 Stage 3: Interpretation of results

9.4.7.4.1

[fthere are no positive tests of sterility from the 10 tests carried out, giving a total of two positive
tests of sterility obtained from the original and confirmatory verification dose experiments performed in
carrying out substantiation of 15 kGy, accept confirmatory verification and thereby substantiate 15 kGy
as the sterilization dose.

9.4.7.4.2 |If any positive tests of sterility are obtained, do not accept confirmatory verification‘as|the
sterilizatioh dose might be inadequate.

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance’of tests of
sterility orincorrect delivery of VDyax15, or a specific bioburden-related cause, implement corrective
action and(repeat the confirmatory verification dose experiment using a further 10 product items pand
the same WYDpnax1® as that used originally. Interpret the results of the repeat confixtmatory verificafion
dose experjiment in accordance with 9.4.7.4.

Ifthe occuirence of these positive tests of sterility cannot be ascribed to incorrect performance of tests of
sterility orlincorrect delivery of VDyax15, or a specific bioburden-related cause, the selected sterilizafion
dose of 15 kGy is not substantiated and an alternative method for establishing a sterilization dose shall
be used (sde Clause 6).

9.5 Pro¢edure for Method VD515 for a single production batch

9.5.1 Rationale

This methgd is an adaptation of Method VD415 and'is intended to be used only for the substantiafion
of 15 kGy as the sterilization dose for a single production batch.

9.5.2 General

9.5.2.1 Thhis method shall only be ysed if average bioburden of product is less than or equal to 1,5.
9.5.2.2 Inapplying Method VDix1°, an entire productitem (SIP equal to 1,0) shall be used in accorddnce
with Tablell.

9.5.2.3 In applying this adaptation of Method VD215, the five stages below shall be followed.

9.5.3 Stage 1:Obtain samples of product

Select 10 [10duct items from the single batch, in accordance with 5.1 and 5.3.

9.5.4 Stage 2: Determine average bioburden

9.5.4.1 Apply the correction factor (see [SO 11737-1) in the determination of bioburden.

9.5.4.2 Determine the bioburden of each ofthe selected productitems and calculate the average bioburden.

NOTE1 Bioburdenis generally determined on individual product items, but when the bioburden is low (e.g. for
VDmax!® less than 1,5), it is permissible to pool the 10 product items for the determination of average bioburden.

NOTE 2  Whenno colonies are observed in the determination of bioburden, this is sometimes expressed as being
below the limit of detection. Use of the limit of detection as a bioburden value in calculating average bioburden
could lead to an overestimation. Overestimation could affect the validity of the verification dose experiment.
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9.5.5 Stage 3: Obtain VDpax15

Obtain SIP equal to 1,0 VDpyax15 from Table 10 using the average bioburden. If the average bioburden is
not given in Table 10, use the closest tabulated value greater than the average bioburden.

9.5.6 Stage 4: Perform verification dose experiment
9.5.6.1 Select 10 product items from the single batch of product.

9.5.6.2 Irradiate these product items at VD415 obtained from Table 10.

Thg highest dose to product items shall not exceed VD ax15 by more than 10 % or 0,1 kGy, V\Jhichever is
grefter.

Thelarithmetic mean of the highest and lowest doses to productitems should not be less than 90 %of VDax 1.
Detprmine the dose delivered (see 5.5).

If tHe highest dose to product items exceeds VDpax 15 by more than 10 % 61)0,1 kGy, whichevef is greater,
the [verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to productiitems is less than 90 % ¢f VDpyax15,
the|verification dose experiment may be repeated. If this meamdose is less than 90 % of VI)yax15 and,
on performance of tests of sterility, acceptable results are 6bserved (see 9.5.7.1), the verifi¢ation dose
experiment need not be repeated.

9.5]6.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the
number of positive tests of sterility.

9.5])7 Stage 5: Interpretation of results

9.5)7.1 If no more than one positive:test of sterility is obtained from the 10 tests carried jout, accept
verification and thereby substantiate-15 KkGy as the sterilization dose.

9.5]7.2 Iftwo positive tests.of sterility are obtained, perform a confirmatory verification dose ¢xperiment
(se¢ 9.5.8).

9.5/7.3 If three or:inore positive tests of sterility are obtained, do not accept verification as the
stetfilization dose fnight be inadequate.

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of the
det¢rmination of bioburden, incorrect performance of tests of sterility or incorrect delivery ¢f VDpyax15,
or 3 specific bioburden-related cause, implement corrective action and repeat the verifidation dose
experiment using a further 10 product items. If, as a result of corrective action, the estimated of average
bio > Tax or i rden. If the
estimate of average bioburden is unchanged, use the same VD 5415 as that used in the verification dose
experiment that was not accepted. Interpret the results of the repeat verification dose experiment in
accordance with 9.5.7.

If the occurrence of these positive tests of sterility cannot be ascribed to incorrect performance of the
determination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VDpyax15,
or a specific bioburden-related cause, the selected sterilization dose of 15 kGy is not substantiated and
an alternative method for establishing a sterilization dose shall be used (see Clause 6).
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9.5.8 Confirmatory verification dose experiment

9.5.8.1 General

If a confirmatory verification dose experiment is to be carried out (see 9.5.7.2), the three stages below
shall be followed.

9.5.8.2 Stage 1: Obtain samples of product

Select 10 product items from the single batch of product. The ability of the product to support microbial

growth shgutdbetakemrimtoaccountirstoring thesimgte batch:

9.5.8.3 Stage 2: Perform confirmatory verification dose experiment

9.5.8.3.1 |Irradiate these product items at VDpax15 as determined in 9.5.5.

The highest dose to product items shall not exceed VD515 by more than 10 % or)0,t kGy, whichevér is
greater.

The arithmptic mean of the highestand lowest doses to productitems should not beless than 90 % of VD4« 15.
Determine|the dose delivered (see 5.5).

If the highgst dose to product items exceeds VD a5 15 by more than 10 % or 0,1 kGy, whichever is gregter,
the confirmatory verification dose experiment shall be repeated.

If the arithimetic mean of the highest and lowest doses to product items is less than 90 % of VD 4«15,
the confirrhatory verification dose experiment may be repeated. If this mean dose is less than 90 %o of
VDmax!® ahd, on performance of tests of sterility, acceptable results are observed (see 9.5.8.4.1),[the
confirmatqry verification dose experiment need not be repeated.

9.5.8.3.2 |Subject each irradiated product item-individually to a test of sterility (see 5.4.1) and redord
the number of positive tests of sterility.

9.5.8.4 Stage 3: Interpretation of results

9.5.8.4.1 |Ifthereareno positive tests of sterility from the 10 tests carried out, giving a total of two positive
tests of stefility obtained fromithe original and confirmatory verification dose experiments performed in
carrying o:ﬁt substantiation 0f 15 kGy, accept confirmatory verification and thereby substantiate 15 [kGy
as the sterilization dose:

9.5.8.4.2 |If any.pesitive tests of sterility are obtained, do not accept confirmatory verification as|the
sterilizatioh dose'might be inadequate.

If the occutrence of these pncifivn tests of cfnri]ify canbe ascribed toincorrect pannrmnnrn of tests of

sterility or incorrect delivery of VDpmax15, or a specific bioburden-related cause, implement corrective
action and repeat the confirmatory verification dose experiment using a further 10 product items and
the same VDpax1° as that used originally. Interpret the results of the repeat confirmatory verification
dose experiment in accordance with 9.5.8.4.

Ifthe occurrence of these positive tests of sterility cannot be ascribed to incorrect performance of tests of
sterility or incorrect delivery of VD515, or a specific bioburden-related cause, the selected sterilization
dose of 15 kGy is not substantiated and an alternative method for establishing a sterilization dose shall
be used (see Clause 6).
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10 Sterilization dose audit

10.1 Purpose and frequency

Once the sterilization dose has been established, periodic sterilization dose audits shall be carried
out to confirm the continued appropriateness of the sterilization dose. All actions resulting from the
sterilization dose audit shall apply to all product comprising the product family (see Clause 4).

The frequency at which sterilization dose audits are carried out shall be in accordance with
ISO 11137 1 2006 12 1. Sterlhzatlon dose audlts are not requlred durlng perlods in Wthh product is

: - ‘ - feterminations of
biolpurden, should be conducted in con]unctlon w1th sterlhzatlon dose audits. If the review ihdlicates lack
of cpntrol, appropriate action should be taken.

10.2 Procedure for auditing a sterilization dose established using Method 1, Method 24,
or Method 2B

10.2.1 General

10.2.1.1 For the performance of a sterilization dose audit for acsterilization dose established using
Method 1 or Method 24, use an SIP equivalent to that used originally in establishing the steriligation dose.

NOTE Method 2B requires the entire product to be utilized\[sée 8.3.1.1 a)].

10.2.1.2 In applying a sterilization dose audit, the fourstages below shall be followed.

NOTE For worked examples, see 11.4 and 11.5.

10.2.2 Stage 1: Obtain samples of product

Selgct 110 productitems from a single batch of product, in accordance with 5.1, 5.2 (if applicaljle) and 5.3.

10.2.3 Stage 2: Determine average bioburden

Detprmine the bioburden ofeaeh of 10 product items and calculate the average bioburden. If afcorrection
facﬂor (see ISO 11737-1)was used in establishing the original sterilization dose, apply the|correction
factior found from the mest recent validation of the method of bioburden determination.

NOTE1 Bioburdén)is generally determined on individual product items, unless the bioburden is lpow (e.g. less
than 10), in which.ease it is possible to pool the 10 product items for the determination of batch averag¢ bioburden.
Thig guidance-do€es not apply to SIPs, which should not be pooled; instead, a larger SIP should be chosen (see 5.2.5).

NOTE 2 | ~When no colonies are observed in the determination of bioburden, this is sometimes expregsed as being
beldw_ the limit of detection. Use of the limit of detection as a bioburden value in calculating averagg bioburden
couldiead to an overestimation. Overestimation could affect the validity of the verification dose exp¢riment.

NOTE 3 Bioburden data are not intended to be used in obtaining the verification dose for the sterilization dose
audit. These data are used for process monitoring and control (e.g. trend analysis, investigation of sterilization
dose audit failures, or reduction in sterilization dose audit frequency).

10.2.4 Stage 3: Perform verification dose experiment

10.2.4.1 Irradiate 100 product items at the verification dose or D** found in the most recent dose setting
exercise or, if applicable, at the adjusted dose (see 10.2.6.4) obtained from the most recent sterilization
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dose audit that resulted in augmentation of the sterilization dose. When applicable, use the adjusted dose
until the sterilization dose has been re-established.

On auditing a sterilization dose set by Method 1, the highest dose to product items shall not exceed the
verification dose by more than 10 %. On auditing a sterilization dose set by Method 2A or 2B, the highest
dose to product items shall not exceed D** by more than 10 % or 1,0 kGy, whichever is greater.

On auditing a sterilization dose set by Method 1, the arithmetic mean of the highest and lowest doses to
product items should not be less than 90 % of the verification dose. On auditing a sterilization dose set
by Method 2A or 2B, this mean dose should not be less than 90 % of D** or less than D** minus 1,0 kGy,
whichever dose is the lesser.

Determine|the dose delivered (see 5.5).

the
the

If, on auditing a sterilization dose set by Method 1, the highest dose to product items-exeeeds
verificatiop dose by more than 10 % or, on auditing a sterilization dose set by Method 24 or 2B,

highest do

verificatiop dose experiment shall be repeated.

If, on audit
to product
Method 2A
is lesser, th
the verificg
observed (

10.2.4.2 S

ke to product items exceeds D** by more than 10 % or 1,0 kGy, whicheyen is greater,

ng a sterilization dose set by Method 1, the arithmetic mean of the Highest and lowest d
items is less than 90 % of the verification dose or, on auditing-a’sterilization dose se
or 2B, this mean dose is less than 90 % of D** or less than D** minus 1,0 kGy, whichever ¢
e verification dose experiment may be repeated. If the conditions pertaining to a reped
ition dose experiment apply and, on performance of tests‘of sterility, acceptable results
see 10.2.5.1), the verification dose experiment need not.bé repeated.

ubject each irradiated product item individually to d@test of sterility (see 5.4.1) using the m

the

pSES

E by
ose
t of
are

bdia

and incubaftion conditions used in the original dose setting éxperiment and record the number of positive

tests of ste

10.2.5 Stage 4: Interpretation of results

10.2.5.1 If
the steriliz

Flity.

no more than two positive tests of sterility are obtained from the 100 tests carried out, ac
htion dose audit.

10.2.5.2 If
as the ster

of sterility]
implement
a further 1
dose audit
accordancg

ilization dose might be-inadequate.

“L

If the occufrence of these positive tests of sterility can be ascribed to incorrect performance of t

three or more positive tests of sterility are obtained, do not accept the sterilization dose a

or incorrect delivery of the verification dose or D**, or a specific bioburden-related ca
corrective action and repeat the verification dose experiment as soon as practicable u
00 produet items and the same verification dose or D** as that used in the steriliza
that was 'not accepted. Interpret the results of the repeat verification dose experimen
with10.2.5.

fept

hdit

psts
Lise,
bing
[ion
t in

If the occu

TCIreec-ortrre ot coTIro T o T ot ot orto- It oot

bsSts

of sterility or incorrect delivery of the verification dose or D**, or a specific bioburden-related cause, the
following shall apply:

a) If three or four positive tests of sterility are obtained, augment the sterilization dose immediately
(see 10.2.6). Repeat the verification dose experiment as soon as practicable using a further 100
product items and the same verification dose or D** as that used in the sterilization dose audit that
was not accepted. Interpret the results of the repeat verification dose experiment in accordance
with 10.2.5.3.

b) If five to 15 positive tests of sterility are obtained, augment the sterilization dose immediately (see
10.2.6) and re-establish the sterilization dose (see 10.4) as soon as practicable using the original dose
setting method or another dose establishment method. Continue to use the augmented sterilization

dose until re-establishment of the sterilization dose is completed.
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If more than 15 positive tests of sterility are obtained, discontinue sterilization at the

previously

established sterilization dose (see 10.4). Do not augment the sterilization dose and do not resume
sterilization until the sterilization dose is re-established using another method (see Clause 6).

10.2.5.3 Interpret the results of the repeat verification dose experiment, performed in accordance with
10.2.5.2 a), as follows:

a)

Ifno more than two positive tests of sterility are obtained from the 100 tests carried out,and areview

of environmental and manufacturing controls indicate no values outside established spe
and the outcomes of bioburden determinations indicate no values outside specified

cifications,
bioburden

b)

d)

10.

10.
The
Met

ster]
of t

10.
a)

b)

10.

| H 3t £ 41 3 1 rolblicl o d oo A H 43 | 1€ 1 |
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investigate and correct the cause and resume use of the previously established steriliza

Ifthree or four positive tests of sterility are obtained, re-establish the sterilization dese iy
(see 10.4) using the original dose setting method or another dose establishment'metho
to use the augmented sterilization dose until re-establishment of the sterilization dose i
(see Clause 6).

If five to 15 positive tests of sterility are obtained, re-establish the/sterilization dose i1
(see 10.4) using another method (see Clause 6). Augment the stefilization dose using t
from the repeat verification dose experiment and continue to uSe the augmented sterili:
until re-establishment of the sterilization dose is completed:

If more than 15 positive tests of sterility are obtaineds{discontinue sterilization imme

sterilization until re-establishment of the sterilization dose is completed.

P.6.1 General

method for augmentation of the sterilization dose, established using Method 1, Met

ilization dose audit and the principles underlying Method 2, together with a conservatiy
he resistance of the most radiation-resistant component of the microbial population of th

P.6.2 Stage 1: Analyse data from the failed sterilization dose audit

Identify the highest’dose measured in performing the sterilization dose audit. Designats
as the “maxinfunT audit dose.”

Record theftumber of positive tests of sterility found in the sterilization dose audit (see 1l
10.2.5.3)+Designate this value as the “number of audit positives”.

ifications,
ion dose.

hmediately
1. Continue
completed

hmediately
he findings
ration dose

liately and

re-establish the sterilization dose (see 10.4) using angther method (see Clause 6). Do not resume

P.6 Augmentation of a sterilization dose established using Method 1, Method 2A, or Method 2B

hod 2A, or

hod 2B, is based on a method propaounded by Herring, 1999[13]. It uses the information from the failed

re estimate
e product.

e this value

0.2.5.2 and

P 63" Stage 2: Determine extrapolation factor, E

a) Determine thevalue of Eusing Formula (11) or Formula (12), depending on the number of audit positives.

If the number of audit positives is 3 to 9 inclusive, use Formula (11).

E = “maximum audit dose” + 2 kGy

If the number of audit positives is 10 to 15 inclusive, use Formula (12).

E = “maximum audit dose” + 4 kGy
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b) Calculate the extrapolation factor using Formula (13) or Formula (14), depending on the value of (E - 1).

If (E - 1) is less than or equal to 9, use Formula (13).
extrapolation factor=2+ 0,2 (E - 1)
(13)
If (E - 1) is greater than 9, use Formula (14).
extrapolation factor = 0,4 (E - 1)
(14)

If the
extrap

10.2.6.4 S
Calculate t

adjuste
(extrapg

10.2.6.5 S

For Methodl 1 and Method 24, calculate the augmented sterilization dose using Formula (16).

augme
(extrap

For Methodl 2B, calculate the augmented sterilization dose using Formula (17).

augme

10.3 Prog¢
Method V

10.3.1 Ge

10.3.1.1 K

Calculation using Formula (13) or Formula (14) gives a value greater than 4,2 kGy,)set
olation factor to 4,2 kGy.

tage 3: Calculate adjusted dose (the dose to achieve an SAL value of 10~2)

he adjusted dose using Formula (15).

d dose
olation factor)

= “maximum audit dose” + [log (“number\-of audit positivg

tage 4: Calculate augmented sterilization dose

nted sterilization dose +

olation factor)

adjusted :.dose [-log (SAL) log (SIP)

nted sterilization dose = adjiisted dose + [-log (SAL) - 2] (extrapolation factor)

edure for auditing a sterilization dose substantiated using Method VD,,x25
Dmaxls

heral

prthe performance of a sterilization dose audit for a sterilization dose established u

the

s”)]
15)

16)

17)

bing

Method V

2L A LI 1L Pak @ nY - . . . . .
max2> or Method VB ax o, usearr StPequivatent tothat used origimatty T substamtiating

sterilization dose.

NOTE

Method VDpax!5 requires the entire product item to be utilized (see 9.4.1.2 and 9.5.2.2).

10.3.1.2 In applying the sterilization dose audit, the four stages below shall be followed.

NOTE

For a worked example, see 11.6.

10.3.2 Stage 1: Obtain samples of product

the

Select 20 product items from a single batch of product, in accordance with 5.1, 5.2 (if applicable) and 5.3.
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10.3.3 Stage 2: Determine average bioburden

10.3.3.1 Apply the correction factor found from the most recent validation of the method of bioburden
determination.

10.3.3.2 Determine the bioburden of each of 10 product items and calculate the average bioburden.

NOTE1 Bioburden is generally determined on individual product items, unless the bioburden is low (e.g.
for Method VD ax25 less than 10, for Method VDpax!5 less than 1,5), in which case it is permissible to pool the
10 product items for the determination of average bioburden. This guidance does not apply to SIPs, which should

not ¥

R T T 1 1 Pald n W 111 1 £ =i ]
PC PUUICU. TIISICAU, 4 14T gCT o1 STTUUIU DE LIHHUSTITN (SCT J. 4.9

NOTE2  Whenno colonies are observed in the determination of bioburden, this is sometimes expregsed as being

belg
cou
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10.

10.
exe

The
10 ¢

The
VD,

Det

If th
or (

w the limit of detection. Use of the limit of detection as a bioburden value in calculating averag
d lead to an overestimation. Overestimation could affect the validity of the verification dose exp

E3 Bioburden dataare notintended to be used in obtaining the verification desefor the steril

t. These data are used for process monitoring and control (e.g. trend analysis, investigation of
 audit failures, or reduction in sterilization dose audit frequency).

B.4 Stage 3: Perform verification dose experiment

rcise, whichever is applicable.

o or 0,1 kGy, whichever is greater.

arithmetic mean of the highest and lowest doses to product items should not be less th
hax25 or VDpax15.

ermine the dose delivered (see 5.5).

e highest dose to product items €xceeds VDpax25 by more than 10 % or VDpax15 by more
,1 kGy, whichever is greater, the verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 %

or
VD,
10.3

10.
and|
test

Dmax !>, the verification-dose experiment may be repeated. If this mean dose is less th
hax22 or VDpax15 and,/)on performance of tests of sterility, acceptable results are ob{
.5.1), the verification dose experiment need not be repeated.

B.4.2 Subjectieach irradiated product item individually to a test of sterility (see 5.4.1) usin
incubation'conditions used in the original dose substantiation exercise. Record the numbei
s of sterility.

10.

B.5)Stage 4: Interpretation of results

B.4.1 Irradiate 10 product items at VDpax2> or VDpax12.6btained from the original sub

highest dose to product items shall not exceed VD p,,x2° by more than 10 % or VD ax15 by

e bioburden
briment.

zation dose
bterilization

stantiation

more than

an 90 % of

than 10 %

hn 90 % of
erved (see

b the media
of positive

10.3.5.1 If no more than one positive test of sterility is obtained from the 10 tests carried out, accept the
sterilization dose audit.

10.3.5.2 If two positive tests of sterility are obtained, perform a confirmatory sterilization dose audit
(see 10.3.6).

10.3.5.3 If three or more positive tests of sterility are obtained, do not accept the sterilization dose audit
as the sterilization dose might be inadequate.

If the occurrence of these positive tests of sterility can be ascribed to incorrect performance of tests of

sterility or incorrect delivery of VDpax25 or VDpax15, or a specific bioburden-related cause, implement
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corrective action and repeat the verification dose experiment as soon as practicable using a further 10
product items and the same VD525 or VDpax15 as that used in the sterilization dose audit that was
not accepted. Interpret the results of the repeat verification dose experiment in accordance with 10.3.5.

If the occurrence of these positive tests of sterility cannot be ascribed to incorrect performance of
tests of sterility or incorrect delivery of VDmax25 or VDmax15, or a specific bioburden-related cause, the

following shall apply:

a)

If three to six positive tests of sterility are obtained, augment the sterilization dose immediately

(see 10.3.7) and re-establish the sterilization dose (see 10.4) as soon as practicable using another
method (see Clause 6). Continue to use the augmented sterilization dose until re-establishment of

the ste

b) If seve

establi
steriliz

10.3.6 Co
10.3.6.1 Q

10.3.6.1.1
established
substantiat

NOTE ]

10.3.6.1.2

10.3.6.2 S

Select 10 p
The 10 pro
either the |
audit (see |
production

10.3.6.3 §

10.3.6.3.1
exercise, wi

The highes
10 % or 0,1

rilization dose is completed.

h or more positive tests of sterility are obtained, discontinue sterilization at the previo

ation until the sterilization dose is re-established using another method (see’Clause 6).
hfirmatory sterilization dose audit
eneral

For the performance of a confirmatory sterilization dosé(audit for a sterilization d

ing the sterilization dose.

flethod VDpyax15 requires the entire product item to be gtilized (see 9.4.1.2 and 9.5.2.2).

In applying the confirmatory sterilization doseiaudit, the three stages below shall be folloy

tage 1: Obtain samples of product

Foduct items from a single batch of product, in accordance with 5.1, 5.2 (if applicable) and
duct items for the performance of-¢onfirmatory sterilization dose audit may be selected f
batch used for the verification dose experiment carried out in the original sterilization ¢
[0.3.2) or a second batch manufactured under conditions that are representative of nor
(see 5.3).

tage 2: Perform confirmatory verification dose experiment

Irradiate thése-product items at VD325 or VDpax 15 obtained from the original substantia
hicheverss applicable (see 9.2.4 or 9.4.4).

t dos&to product items shall not exceed VD ax25 by more than 10 % or VD ax15 by more t
kGy; whichever is greater.

1sly

shed sterilization dose (see 10.4). Do not augment the sterilization dose and do)hot resyime

ose

using Method VDpax25 or Method VDpax15, use an SIP equivalent to that used originally in

ved.

5.3.
fom
ose
mal

fion

han

The arithmetic mean of the highest and lowest doses to product items should not be less than 90 % of

Determine

the dose delivered (see 5.5).

If the highest dose to product items exceeds VD ax25 by more than 10 % or VDpax 15 by more than 10 %,
or 0,1 kGy, whichever is greater, the confirmatory verification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VDpax2>
or VDpax!?, the confirmatory verification dose experiment may be repeated. If this mean dose is less
than 90 % of VDpax25 or VDpnax15 and, on performance of tests of sterility, acceptable results are
observed (see 10.3.6.4), the confirmatory verification dose experiment need not be repeated.
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10.3.6.3.2 Subject each irradiated product item individually to a test of sterility (see 5.4.1) using the
media and incubation conditions used in the original dose substantiation exercise and record the number

of p

ositive tests of sterility.

10.3.6.4 Stage 3: Interpretation of results

Interpret the results of the confirmatory verification dose audit, performed in accordance with
10.3.5.2, as follows:

a)

If there are no positive tests of sterility from the 10 tests carried out, giving a total of two positive

tests of cfpri]ify obtained from the verification and rnnfirm:ﬂ'nry verification dose ex

(periments

b)

performed in carrying out the sterilization dose audit, accept the sterilization dose audi

If one to four positive tests of sterility are obtained, augment the sterilization dosé iimme
10.3.7) and re-establish the sterilization dose (see 10.4) using another method (see/Clause §
to use the augmented sterilization dose until re-establishment of the sterilization dose is

If five or more positive tests of sterility are obtained, discontinue sterilization at the
established sterilization dose (see 10.4). Do not augment the sterilization dose and do
sterilization until the sterilization dose is re-established using andther method (see Cla

If the occurrence of one or more positive tests of sterility can be ascribed to incorrect pe

of t
imp
a fi
stel

10.

maxj

10.

Fro
det

psts of sterility or incorrect delivery of VDpax250r VDpyax13{or a specific bioburden-rel
lement corrective action and repeat the confirmatory sterilization dose audit (see 10.3
rther 10 product items and the same VDpyax25 or VDmax15 as that obtained from t
ilization dose substantiation exercise. Interpret the¥esults in accordance with a) to c) ah

8.7 Augmentation of a sterilization dose substantiated using Method VDy,5x25 or Mé
15

B.7.1 Method VD25

m Table 11, obtain the dose augmentation value corresponding to the average big
brmined according to 10.3.3. If the-average bioburden is not given in Table 11, use the closes

valyie greater than the average bioburden to obtain the dose augmentation value. Use this lat

For

mula (18) to calculate the(augmented sterilization dose.

augmented sterilization dose (kGy) = 25 kGy + dose augmentation value

.

Jiately (see
). Continue
ompleted.

previously
ot resume
se 6).

rformance
hted cause,
.6.3) using
he original
ove.

thod VD-

burden as
ttabulated
fer value in

(18)
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Table 11 — Method VDp,3x25 augmentation values for average bioburden less than or equal to 1 000

Dose augmentation Dose augmentation
Average bioburden value Average bioburden value
(kGy) (kGy)
<0,1 5,0 5,5 3,7
0,15 4,8 6,0 3,7
0,20 4,7 6,5 37
0,25 4,6 7,0 3,7
4,30 4,6 75 36 0
1,35 4,5 8,0 3,6,
d40 4,5 8,5 36
145 4,4 9,0 .\3,6
4,50 4,4 9,5 N 36
4,60 4,3 10 ~ 36
=9
1,70 43 11 D 3,6
4,80 4,2 12 O 3,5
4,90 4,2 13 3,5
1,0 4,2 aal 3,5
1,5 4,0 Q15 3,5
b0 4,0 9 16 3,5
,5 39 YL 3,5
3,0 3,9 AF 18 3,4
B,5 3,8 |xO 19 3,4
1,0 38 O 20 3,4
15 38 22 3,4
5,0 3,74\ 24 3,4
C)U
o
O
Q.
N
R
R
S
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Dose augmentation Dose augmentation
Average bioburden value Average bioburden value
(kGy) (kGy)
26 34 200 3,3
28 34 220 3,3
30 3,3 240 3,3
35 3,3 260 3,3
40 3,3 280 3)3
45 3,3 300 L33
50 3,2 325 Y 33
55 3,2 350 oV 33
I‘\"’
60 3,2 375 "\'\ 3,3
65 3,2 400 3,3
70 3,2 425 3,3
o
75 3,2 450 3,3
80 3,2 475 3,3
85 3,2 <§§( 500 3,3
90 3,2 5\ 525 3,3
0
95 3,2 X\VQ 550 3,3
100 3,2 I\ 575 3,3
110 3,2 N 600 3,3
120 32 xO 650 3,4
130 3,2.0° 700 3,4
140 EY) 750 3,4
150 3.2 800 3,4
160 cY 32 850 3,4
170 1O 3,2 900 3,4
180 1 3,2 950 34
4
190 L) 3,3 1000 3,4
yéS

10.8.7.2 ®od VDpmax15

Fro rr%‘_&gfe 12, obtain the dose augmentation value corresponding to the average bidburden as

determined accordingto 10.3.3. Ifthe average bioburden isnotgiven in Table 12, use the closedt tabulated

value greater than the average bioburden to obtain the dose augmentation value. Use this latter value in
Formula (19) to calculate the augmented sterilization dose.

augmented sterilization dose (kGy) = 15 kGy + dose augmentation value

© IS0 2013 - All rights reserved
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Table 12 — Method VD 3515 augmentation values for average bioburden less than or equal to 1,5

Dose augmentation Dose augmentation
Average bioburden value Average bioburden value
(kGy) (kGy)
<0,1 3,0 0,50 2,6
0,15 29 0,60 2,6
0,20 2,8 0,70 2,6
0,25 2,8 0,80 2,6
d,30 2,7 0,90 2,6
4,35 2,7 1,0 2,6
q,40 2,7 1,5 27
0,45 2,7

10.4 Failyire of a sterilization dose audit

Following
the cause d
ISO 11137-
that has fa
batches of
investigati

NOTE
has been re

11 WorKked examples

failure of a sterilization dose audit requiring the re-establishment-of the sterilization d
f failure shall be investigated and correction and/or corrective@ction undertaken (see 4
1:2006). As part of the investigation, the effect of processingproduct at the sterilization ¢
led sterilization dose audit on the achievement of the spegified SAL for previously proceg
broduct shall be considered and a risk assessment undertaken on their suitability for use.
bn and subsequent actions shall be recorded (see 4.1.2.0f ISO 11137-1:2006).

established.

pse,
4 of
ose
sed
The

It might not be possible to determine the effect on attainment of this SAL until the sterilization ¢lose

11.1 Worked examples for Method 1
Three worked examples are given for Method 1. The first is for a product that has a selected SAL of 10-3
and could be tested for verification-using the entire product item (SIP equal to 1,0) (see Table 13). [The
second is for a product that has a selected SAL of 10-6 and was too large to be tested easily, so a porfion
of the product (SIP less than };0)-was used (see Table 14). The third is for a product that has a sele¢ted
SAL of 10-p and could be tested for verification using the entire product item (SIP equal to 1,0) with a
bioburden [less than 1,0 (s€ée“Table 15).
Table 135 Determination of sterilization dose (Method 1, SIP equal to 1,0)
Term | Value | Comment
Stage 1
SAL 10-3 For example, the product has a selected SAL of 10-3.
SIP 1,0 The entire product was chosen for bioburden determination and the verifica-
tion dose experiment.
Stage 2
Average biobur- 382 Batch average bioburdens of 108, 80, and 382 were observed from the three
den batches tested.
— The overall average bioburden was 190.
— The highest batch average bioburden was 382.
The highest batch average bioburden of 382 is more than two times the overall
average bioburden; therefore, 382 was used to obtain the verification dose.
a  Asanaverage bioburden of 382 is not listed in Table 5, the next greater tabulated value of 400 was used.
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Table 13 (continued)

Term Value Comment
Stage 3
Verification dose 9,7 kGy |Asan average bioburden of 382 is not listed in Table 5, the next greater tabu-
lated value of 400 was used.
Stage 4
Verification dose | 9,4 kGy to |The dose to product items in the verification dose experiment ranged from
experiment 10,4 kGy |9,4 kGy to 10,4 kGy.
Stage 5
Inferpretation of | 1 positive |The highest dose to product items is less than the calculated upper |imit
results (10,7 kGy), and the arithmetic mean of the highest and lowest dosed, 9,9 kGy,
is greater than 90 % of the verification dose (90 % of 9,7 kGy is 8,7 kGy).
Doses are within the calculated limits and the results of tests of stefility were
acceptable (i.e. less than or equal to two positives); therefore, verification was
accepted.
Stage 6
Sterilization dose | 12,9 kGy |The 10-3 sterilization dose for the highestbatch average bioburden|of 382 is
forlan SAL of 10-3 12,9 kGy from Table 5a.
a  |Asan average bioburden of 382 is not listed in Table 5, the next greater.tabulated value of 400 was used.
Table 14 — Determination of sterilization dese (Method 1, SIP less than 1,0)
Term Value Comment
Stage 1
SAL 10-6 For example, the preduct has a selected SAL of 10-6.
SIP 0,05 The productwas too large to be subjected to a test of sterility; a 1/20 portion
was selected for dose setting.
Stage 2
Avyferage biobur- 59 The bioburden results from the SIPs for the three batches gave averages of 50,
den 62y and 65. Counts greater than or equal to 2 cfu per SIP on 85 % of|the prod-
uct items were obtained, demonstrating the adequacy of the SIP.
— The overall SIP average bioburden was 59.
— The highest batch SIP average bioburden was 65.
The highest batch SIP average bioburden of 65 is less than two times the over-
all SIP average bioburden. Therefore, 59 was used to obtain the ver{fication
dose.
Stage 3
Verificationdose 7,3kGy |Asan average bioburden of 59 is not listed in Table 5, the next greater tabu-
lated bioburden of 60 was used to obtain the verification dose.
Stape4
Verification dose | 6,5 kGy to |The dose to productitems in the verification dose experiment ranged from
experiment 7,7 kGy |6,5 kGy to 7,7 kGy.
Stage 5
Interpretation of | 2 positives |The highest dose to product items is less than the calculated upper limit
results (8,0 kGy) and the arithmetic mean of the highest and lowest doses, 7,1 kGy,
is greater than 90 % of the verification dose (90 % of 7,3 kGy is 6,6 kGy).
Doses are within the calculated limits and the results of tests of sterility were
acceptable (i.e. less than or equal to two positives); therefore, verification was
accepted.
Stage 6

a  Asan average bioburden of 1 180 is not listed in Table 5, the next greater tabulated value of 1 200 was used.
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Table 14 (continued)

Term Value Comment
Average biobur- 1180 The average bioburden for the entire product was calculated as
den for entire 59/0,05 =1 180.
product

Sterilization dose | 25,2 kGy |The 10-6 sterilization dose for an entire product average bioburden of 1 180 is
for an SAL of 10-6 25,2 kGy from Table 5a.

a  Asanaverage bioburden of 1 180 is not listed in Table 5, the next greater tabulated value of 1 200 was used.

Table 15 —+ Determination of sterilization dose (Method 1, SIP equal to 1,0, bioburden less than,[1,0)

Term Value Comment
Stage 1
SAL 10-6 For example, the product has a selected SAL of 10-6.
SIP 1,0 For bioburden values less than 1,0, it is required to use the entire product ifem
for bioburden determination and the verification doseexperiment.
Stage 2
Average bjobur- 0,63 The bioburden results from the three batches gave averages of 0,6, 0,6, and|0,7.
den — The overall average bioburden of 0,63.
— The highest batch average bioburdenyas 0,7.
The highest batch average bioburden of 0;7 was less than two times the ovejrall
average bioburden of 0,63. Therefore 0,63 was used to obtain the verificatipn
dose.
Stage 3

Verification dose 2,7kGy | The average bioburden of 0;63 is not listed in Table 6; the next greater tabu
lated value of 0,70 was used to obtain the verification dose.

Stage 4

Verificatiopn dose | 2,0 kGy to |The dose to prodiict items in the verification dose experiment ranged from
experinjent 2,6 kGy |2,0 kGy to 2,6(kGYy.

Stage 5
Interpretation of | 2 positives |The highest dose to product items is less than the calculated upper limit
resulfs (3,0k@y) and the arithmetic mean of the highest and lowest doses, 2,3 kGy,[is

léss than 90 % of the verification dose (90 % of 2,7 kGy is 2,4 kGy). Although
this mean is less than the calculated lower limit, the results of tests of sterility
were acceptable (i.e. less than or equal to two positives); therefore, verifica
tion was accepted.

Stage 6

Sterilizatiqn dose<—13,7 kGy |The 10-6 sterilization dose for an average bioburden of 0,63 is 13,7 kGy from
for an SAL pf 1.0-¢ Table 6a.

a  Asanaverage bioburden of 0,63 is not listed in Table 6, the next greater tabulated value of 0,70 was used.

11.2 Worked examples for Method 2

11.2.1 General

Two worked examples are given for Method 24, one for a product that could be tested using the entire
product item (SIP equal to 1,0), given in Tables 16, 17, 18, 19, and 20, and a second for a product that
had to be tested using a portion of product (SIP less than 1,0), given in Tables 21, 22, 23, 24, and 25.
One worked example is given for Method 2B, with the requirement that the entire product be used; see
Tables 26, 27, 28, 29, and 30.

In the following examples, notation is lower case when text refers to results derived from product taken from
a single batch and upper case when it refers to results derived from product taken from all three batches.
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