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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
national Standards are drafted in accordance with the rules given in the ISO/IEC Dirgectivés, P
pbted by the technical committees are circulated to the member bodies for_voting. Public
national Standard requires approval by at least 75 % of the member bodies ‘Casting a vote.

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

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

second edition cancels and replaces the first edition (ISO 11137-2:2006), which has been
bed.

11137 consists of the following parts, under the general title Sterilization of health care
iation:

Part 1: Requirements for development, validation and routine control of a sterilization process
devices

Part 2: Establishing the sterilizationr dose

Part 3: Guidance on dosimetric aspects

governmentat, i tiaison with SO, atso take part in the work. SO cotfaborates ciosgly with the

art 2.

main task of technical committees is to prepare International Standards. Draft-Internationa] Standards

ation as an

ntion is drawn to the possibility that some of the elements of this document may be the subjgct of patent
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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 spHing to abtain a pmdm‘f-qpp(‘ifir‘ dase;

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

The basis of the dose setting methods described in this part of ISO 11137 (Methods 1 and 2) owe 'much tq the
ideas first propounded by Tallentirel19l20121] Subsequently, standardized protocols were developed!1911],
which formed the basis of the dose setting methods detailed in the AAMI Recommended Practicq for
Sterilization| by Gamma Radiation[®l[8].

Methods 1 @and 2 and the associated sterilization dose audit procedures use data derived from the inactivation
of the micrgbial population in its natural state on product. The methods are based™on a probability mode|l for
the inactivafion of microbial populations. The probability model, as applied to bioburden made up of a mixture
of various npicrobial species, assumes that each such species has its ownurique D, value. In the model] the

probability hat an item will possess a surviving microorganism after exposure to a given dose of radiatign is
defined in terms of the initial number of microorganisms on the item prior to irradiation and the D4, valugs of

the microorganisms. The methods involve performance of tests of sterility on product items that have recejved
doses of radiation lower than the sterilization dose. The outcomé’ of these tests is used to predict the dose
needed to gchieve a predetermined sterility assurance level (SAL).

Methods 1 pnd 2 can also be used to substantiate 25kGy if, on performing a dose setting exercise,| the
derived stefilization dose for an SAL of 1070 is less tham or equal to 25 kGy. The basis of the method devjsed
specifically [for substantiation of 25 kGy, Method.(\VD,,,, was put forward by Kowalski and Tallentirg['6l.
Subsequent evaluations involving computationalstechniques demonstrated that the underlying principles were
soundly baged!'®! and field trials confirmed that Method VD, is effective in substantiating 25 kGy for a ide
variety of medical devices manufactured and assembled in different ways!18l.

A standardiged procedure for the use of VD, ,, for substantiation of a sterilization dose of 25 kGy has heen
published ih the AAMI Technicak, Information Report Sterilization of health care products — Radigtion
sterilization| — Substantiation of\25 kGy as a sterilization dose — Method VD,,,[7], a text on which| the
method degcribed herein is largely based. Method VD, ., is founded on dose setting Method 1 and, as sugh, it
possesses the high level ©fyconservativeness characteristic of Method 1. In a similar manner to the dose
setting methods, it involves performance of tests of sterility on product items that have received a dosge of
radiation loyer than the(sterilization dose. The outcomes of these tests are used to substantiate that 25 kGy
achieves ar) SAL of 106,

To link the pise.of VD, for the substantiation of a particular preselected sterilization dose, the numerical value

din kil is-included bt to-the-\/D bol-Th f bstantiati
of the latter SXPFresSeaH«hograyS—HSsHAcHHa8a-38—a-SHPBFSGHPpHo+Re Y SYHRBO—AUS—HOr-SHRSERHS tion

of a sterilization dose of 25 kGy, the method is designated Method VD ... 25.

max

Method VD, '® is based on the same principles as Method VD,,,2%. The test procedure is similar to that of
Method VD25, but Method VD, 1% 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 achieve a sterility
assurance level of 1075,

This part of 1ISO 11137 also describes methods that can be used to carry out sterilization dose audits in

accordance with 1ISO 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

Thig part of ISO 11137 specifies methods for determining the minimum dose needed to achieve| a specified
requirement for sterility and methods to substantiate the use of 25 kGy or 15 kGy.as the sterilizajion dose to
achleve a sterility assurance level, SAL, of 106, This part of ISO 11137 also spetifies methods of|sterilization
dosg¢ audit used to demonstrate the continued effectiveness of the sterilization-dose.

Thig part of ISO 11137 defines product families for sterilization dose establishment and sterilization dose audit.
2 |Normative references

The| following referenced documents are indispensablecfor the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the| referenced
doctiment (including any amendments) applies.

ISO|11137-1:2006, Sterilization of health care products — Radiation — Part 1: Requiremepts for the
devglopment, validation and routine control of a sterilization process for medical devices

ISO|11737-1, Sterilization of medical devices — Microbiological methods — Part 1: Determipation of a
popllation of microorganisms on products

ISO|11737-2, Sterilization of medical devices — Microbiological methods — Part 2: Tests of sterility performed
in tRe definition, validation,and"maintenance of a sterilization process

3 |Terms, definitions and abbreviated terms

For tthe purpgses of this document, the terms and definitions given in ISO 11137-1 and the following apply.

3.1| Terms and definitions

3141

batch

defined quantity of product, intended or purported to be uniform in character and quality, which has been
produced during a defined cycle of manufacture

[ISO/TS 11139:2006, definition 2.1]

3.1.2
bioburden
population of viable microorganisms on or in product and/or sterile barrier system

[ISO/TS 11139:2006, definition 2.2]

© I1SO 2012 — All rights reserved
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313

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

incrementgl dose
dose within|a series of doses applied to a number of product, or portions thereof, and used in a dese sefting
method to gbtain or confirm the sterilization dose

3.1.6
negative test of sterility
test result fpr which there is no detectable microbial growth from product, or portions_thereof, subjected to a
test of steriljty

3.1.7
packaging[system
combination of the sterile barrier system and protective packaging

[ISO/TS 11139:2006, definition 2.28]

3.1.8
positive test of sterility
test result fpr which there is detectable microbial growth ffom product, or portions thereof, subjected to a|test
of sterility

3.1.9
sample iteJn portion

SIP

defined portion of a health care product thatis tested
3.1.10
standard djstribution of resistances
SDR
reference set of resistances-of ‘microorganisms and corresponding probabilities of occurrence

3.1.11
sterile barrjer system
minimum package that prevents ingress of microorganisms and allows aseptic presentation of product af the
point of use

3.1.12

sterility assurance level

SAL

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

NOTE The term SAL takes a quantitative value, generally 10=¢ or 10-3. When applying this quantitative value to
assurance of sterility, an SAL of 106 has a lower value but provides a greater assurance of sterility than an SAL of 10-3.

[ISO/TS 11139:2006, definition 2.46]
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3.1.13
sterilization dose audit
exercise undertaken to confirm the appropriateness of an established sterilization dose

3.1.14

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

[ISO/TS 11139:2006, definition 2.54]

3.1.|;5
verification dose
dos¢ of radiation predicted to give a predetermined SAL greater than or equal to 102 used-in-estgblishing the
ster|lization dose

3.2| Abbreviated terms

3.21
A
dose to adjust the median ffp dose downwards to the FFP dose

3.2
CD?
number of positive tests of sterility obtained from tests performed individually on 100 product items irradiated
in a|Method 2 verification dose experiment

3.28
d*
dosg derived from an incremental dose experiment.performed on product items drawn from a given production
batgh

3.24
D*
initial estimate of the dose to provide an SAL of 102 for the test items

NOTE Generally, it is the median of the three d* values derived for a given product.

3.2p
D**
fina| estimate of the"dose to provide an SAL of 102 for the test items, which is used in the calculation of the
ster|lization dose

3.2p
DD
highest dose delivered in a Method 2 verification dose experiment

3.2.7
DS
estimate of the D, value of microorganisms present on product after exposure to DD*

3.2.8
D value
Dyg value

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

[ISO/TS 11139:2006, definition 2.11]
NOTE For the purposes of this part of ISO 11137, D4 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 Fracti
FFP

on Positive dose

dose at which 19 positives out of the 20 tests of sterility are expected to occur, calculated by subtracting 4
from the median of three ffp doses

O

at

O)

at

are
ess
n of
duct

ese

s, it
the
ngle
duct

nily

3.2.1

First No Pgsitive dose

FNP

estimate of the dose to provide an SAL of 102 for the test items, that is used in the calculatiori'of DS
3.2.12

VDmax15

maximal verification dose for a given bioburden, consistent with the attainment of an SAL of 10~
a specified gterilization dose of 15 kGy

3.2.13

VDmax25

maximal vérification dose for a given bioburden, consistent with\the attainment of an SAL of 10~
a specified gterilization dose of 25 kGy

4 Definjtion and maintenance of product families for dose setting, dose
substant{ation and sterilization dose auditing

41 Geng¢ral

The establighment of a sterilization dose_and the carrying out of sterilization dose audits are activities thaf
part of prqcess definition (see Clause'8 of ISO 11137-1:2006) and maintaining process effectiver
(see Clausg 12 of ISO 11137-1:2006). For these activities, product may be grouped into families; definitig
product fangilies is based principally -on the nhumbers and types of microorganisms present on or in pro
(the biobur@len). The type of microorganism is indicative of its resistance to radiation. Variables such as
density and|product configuration within its packaging system are not considered in the establishment of t
product fantilies because they are not factors that influence bioburden.

In using prqduct families for establishing the sterilization dose and for carrying out sterilization dose audi
is important to be<aware of risks such as reduction in the ability to detect an inadvertent change within
manufacturing jprecess that influences the effectiveness of sterilization. Furthermore, the use of a si
product to nfepresent the product family might not detect changes that occur in other members of the pro
family. The riskassoctated-withareductionin a'ui“ty todetect bhallgcb imrothermembersof-the pluduutf
should be evaluated and a plan for maintaining product families developed and implemented before
proceeding.

NOTE See ISO 14971 for guidance related to risk management.
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4.2.

a)

b)

c)

The

4.2,
vari

4.2.
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Defining product families

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:

nature and sources of raw materials, including the effect, if any, of raw materials that might
from more than one location;

components;

be sourced

product design and size;

manufacturing processes;

manufacturing equipment;

manufacturing environment;

manufacturing location.

outcome of the assessment and considerations shall be recorded (see ISO 11137-1:2006, 4.1

P Product shall only be included in a product family if\it is demonstrated that the pro
bbles (see 4.2.1) are similar and under control.

B To include product within a product family, it shalFbe demonstrated that bioburden comp

nunjbers and types of microorganisms.

4.2 Inclusion of product from more than-ahe manufacturing location in a product fam

spe

cifically justified and recorded (see 1ISO 14437-1:2006, 4.1.2). Consideration shall be given to {

biodurden of:

4.3

geographic and/or climatic differences between locations;
any differences in the contrelof 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 verifi¢

doge experiment or sterilization dose audit

43.

4.3.
pro

' Product to represent a product family

1.1 The number and types of microorganisms on or in product shall be used as the basis

2).

duct-related

rises similar

ly shall be
he effect on

cation

or selecting

uct’to represent a product family

4.3.
a)
b)

c)

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

a simulated product (see 4.3.4).

© I1SO 2012 — All rights reserved
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ntial

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

a) number of microorganisms comprising the bioburden;

b) types of microorganisms comprising the bioburden;

c) environment in which the microorganisms occur;

d) size of product;

e) numbef of components;

f)  complgxity of product;

g) degree|of automation during manufacture;

h) manufgcturing environment.

4.3.2 Master product

A member ¢f a product family shall only be considered a master product if-assessment (see 4.3.1.3) indic
that the member presents a challenge that is greater than that of all other’product family members. In s
situations, there can be several products within the product family, each of which could be considered as
master proquct. In such circumstances, any one of these products*tay be selected as the master produ
represent the family, either a) at random, or b) according to a documented procedure to include the diffg

products that could be considered as master products.

4.3.3 Equijvalent product

A group of]
members r¢
be either a
product fani
the equivalg

434 Sim

product shall only be considered equivalent if assessment (see 4.3.1.3) indicates that g
quire the same sterilization dose. Selection of the equivalent product to represent the family 5

at random, or b) according to ‘a_documented procedure to include different members of]
ily. The manufacturing volumeyand availability of product should be considered in the selectio
nt product to represent the praduct family.

ulated product

ates
bme
the
Ct to
rent

oup
thall
the
n of

A simulateq product shall only-represent a product family if it constitutes an equivalent or greater challende to
the sterilizgtion process than that provided by members of the product family. Simulated product shal be
packaged i a manner and with materials used for the actual product.

NOTE A simulateé product is not intended for clinical use; it is fabricated solely for the establishment or maintengance
of the sterilizptionrdose.

A simulated-produectmightbe:

a) one which is similar to the actual product in terms of materials and size, and subjected to similar

manufacturing processes, e.g. a piece of the material used for implants that goes through the entire
manufacturing process, or

b) a combination of components from product within the product family that would not typically be combined
for use, e.g. a tubing set containing multiple filters, clamps and stopcocks that are components of other
products within the product family.
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4.4,
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Maintaining product families

1 Periodic review

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
11137-1:2006, 4.1.2.

ISO

4.4.

Moq
size
ass
whi

fam
diffe

4.4

Rec

4.5
ap

ifications to product, such as raw materials (nature and source), components or product desig
), and/or modifications to the manufacturing process, such as equipment, environment-or-locat
pssed through a formal, documented change control system. Such modifications,can alter t
h the product family was defined or the basis on which the selection of productito represent
ly was made. Significant changes can require definition of a new product,family or the se
rent representative product.

.B Records

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

Effect of failure of establishment of sterilization.dose or of a sterilization dose
roduct family

In the event of failure during establishment of the stefilization dose or performance of the sterili

aud
sha

| apply to all product comprising the product family.

n (including
on, shall be
he basis on
the product
lection of a

audit on

zation dose

t for a product family, all members of that familyishall be considered to be affected. Subsequient actions

use to form

5 [Selection and testing of product for establishing the sterilization dose
5.1 Nature of product
5.1.1 Product for sterilization/can consist of:
a) |an individual health.€are product in its packaging system;
b) |a set of components presented in a packaging system, which are assembled at the point of
the health_Gare product, together with accessories required to use the assembled product;
c) |a number of identical health care products in their packaging system;
d) [akit comprising a variety of procedure-related health care products.
'Il?r%?uﬁt items for the performance of sterilization dose establishment shall be taken in accordance with
able 1.
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Table 1 — Nature of product items for establishing the sterilization dose

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

Product type Rationale

Individual health care product in its
packaging system

Each health care product is used

Individual health care product independently in clinical practice

system

Set of components in a packaging

Combination of all components of the Components are assembled as a

product practice

product and used together in clinical

Number of i
products in {

Each health care product Is used
independently in clinical practice; th
SAL of an individual health care
product within the packaging.syster
meets the selected SAL, although t
overall SAL associated\wwith the

packaging system’might be higher

entical health care
heir packaging system

Single health care product taken from
the packaging system

-

Kit of proceq

ure-related health care Each type of health care product Each health care product is used

products @ comprising the kit independently in clinical practice
NOTE 1 Bee 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

In dose dstablishment, the sterilization dose is chosen based on the health care prodactwrequiring the highest sterilization dose.

5.1.2 If th
on the basis

EXAMPLE
based on bio|

5.2 Sam

5.21 For
product (Sl
product is n
a portion of

5.2.2 For
shall be usq

5.2.3 If th
of the item
selected at
the portion

e product has a claim of sterility for part of the product, the sterilization dose can be establis
of that part only.

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

ble item portion (SIP)

product with an average bioburden greater than or equal to 1,0, whenever practicable, an e
P equal to 1,0) should be used for testing in accordance with Table 1. When the use of an e
ot practicable, a selected portion of product (SIP) may be substituted. The SIP should be as |
the item as practicableand should be of a size that can be handled during testing.

a product with anCayerage bioburden less than or equal to 0,9, an entire product (SIP equal to
d for testing inaccordance with Table 1.

e bioburden'is evenly distributed on and/or in the item, the SIP may be selected from any po

If the<bieburden 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 made, ¢
pfthe product that is considered to be the most severe challenge to the sterilization process.

hed

shed

htire
htire
hrge

1,0)

tion
duct
rb)

The value of SIP can be calculated on the basis of length, mass, volume or surface area (see Table 2 for

examples).
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Table 2 — Examples for calculation of an SIP

Basis for SIP Product

Tubing (consistent diameter)
Length
Rolls of bandage

Powders
Mass
Gowns

Volume Liquids

-2:2012(E)

5.24 The preparation and packaging of an SIP shall be carried out unden conditions th

alte
whe

5.2.
eith
fourn
exa
equ

5.2.
carr
the

NOT
dete

5.3

5.3.

roufjne processing procedures ‘and conditions. Each product item used for a bioburden determinat|

perf

5.3.
the

step
mar
rem

5.4

Surgical drapes
Surface area

Tubing (variable diameter)

ations to bioburden. Environmentally controlled conditions should be used for'the preparation
never possible, packaging materials should be equivalent to those used for, the finished produd

b The adequacy of a selected SIP shall be demonstrated. The bioburden of the SIP shall h
br at least 17 of the 20 non-irradiated SIPs yield positive tests of sterility, or a bioburden of 1
d on at least 85 % of 20 or more SIPs. If neither of these criteria’ is met, an SIP that is differe
mined originally and that meets one of the above criteria shall\be used. If an entire product is
bl to 1,0), the criteria specified above do not apply.

b The same portion of product item (SIP) should be,used in the performance of tests of s
ying out the verification dose experiment as that used in the determination of bioburden whe
verification dose.

E If a different portion of product item (SIP)is used in the performance of tests of sterility from th3
rmination of bioburden, caution should be exercised when obtaining the verification and sterilization dose

Manner of sampling
1 Product for establishing_eriauditing the sterilization dose shall be representative of that §
prmance of a test of sterility should be taken from a separate packaging system.

P The period oftime that elapses between the taking of product from production and the per
and sterilization of product. Product items may be selected from product rejected

ufacturing.process, provided that they have been subjected to the same processing and cond
pinder of \production.

Microbiological testing

At minimize
of SIPs and,
t.

e such that

or more is
nt from that
tested (SIP

erility when
n obtaining

t used in the

B.

ubjected to
on or in the

formance of

verification dose~experiment should reflect the time period between completion of the last manufacturing

during the
tions as the

5.4.1

and

ISO 11737-2, respectively.

Bioburden determinations and tests of sterility shall be conducted in accordance with ISO 11737-1

Soybean Casein Digest Broth, with an incubation temperature of (30 + 2) °C and an incubation period of
14 days, is generally recommended when a single medium is used for the performance of tests of sterility. If
there is reason to suspect that this medium and temperature do not support the growth of microorganisms
present, other appropriate media and incubation conditions should be used (see References [9], [12] and [14]).
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Manipulations prior to irradiation are not acceptable if they change the magnitude of the bioburden or its
response to radiation (i.e. manipulations that alter the chemical environment in the vicinity of the
microorganisms, typically oxygen tension). Whenever practicable, for the performance of a verification dose
experiment, product should be irradiated in its original form and in its packaging system. However, to reduce
the possibility of false positives in carrying out tests of sterility, product may be disassembled and repackaged
prior to irradiation. Materials for repackaging product for irradiation shall be capable of withstanding the doses
delivered and subsequent handling, thereby minimizing the likelihood of contamination.

5.4.2 Bioburden determinations shall be carried out on a product that has undergone the packaging process.

NOTE Generally, it is sufficient to perform a bioburden determination on a product after its removal from its
packaging S)lbi.em and-toomit the packaginmgsystenT fronT the determimatior:

5.5 Irradjation

5.5.1 Irrafiation of product in establishing the sterilization dose shall be conducted in an irradiator that{has
undergone |nstallation qualification, operational qualification and performance qualification,in‘accordance jwith
1ISO 11137{1.

5.5.2 Megsurement of dose and the use of radiation sources shall be in accordapce-with ISO 11137-1.

5.5.3 For|the performance of a verification dose experiment or an incremental dose experiment, suffigient
dose mapping shall be carried out to identify the highest and the lowest dosés delivered to product.

NOTE $ee ISO 11137-3 for guidance on dosimetric aspects of radiation stefilization.

6 Methods of dose establishment

terilization dose is established in accordance with 8.2.2 a) of ISO 11137-1:2006 (product-sp¢g
dose), it shall be set by one of the followingsmethods:

1 for multiple and single batches (see Clause 7),
s 2A and 2B (see Clause 8), or

bd providing equivalent assurance to that of a) or b) above in achieving the specified requirem
lity.

ferilization dose of 25’°kGy is established in accordance with 8.2.2 b) of ISO 11137-1:2006 (q
bn), it shall be substantiated by one of the following methods:

VD, 22Asee 9.2 and 9.3), for product with an average bioburden less than or equal to 1 000,

max

1 Asee Clause 7), subject to the derived sterilization dose taking a value less than or e
5¢-and achieving maximally an SAL of 105,

cific

ents

ose

qual

6.1 Ifas
sterilization
a) Methog
b) Method
c) ameth

for ster
6.2 Ifas
substantiati
a) Methog
b) Methog

to 25k
c)

to 25 kGy and achieving an SAL of 105,

10-S.

10

Method 2 (see Clause 8), subject to the derived sterilization dose taking a value less than or equal

a method providing equivalent assurance to that of a), b) or ¢) above in achieving maximally an SAL of
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If a sterilization dose of 15 kGy is established in accordance with 8.2.2 b) of ISO 11137-1

substantiation), it shall be substantiated by one of the following methods:

a)

b)

c)

Method VD 15

max

-2:2012(E)

:2006 (dose

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

Method 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 106,

Method 2 (see Clause 8), subject to the derived sterilization dose taking a value less than or equal

to 15 kGy and achieving an SAL of 1075, or

7

71

This
resi
stan

a method providing equivalent assurance to that of a), b) or c) above in achieving maxim
of 1078,

Method 1: dose setting using bioburden information

Rationale

method of establishing a sterilization dose depends upon experimental verification that t
stance of the bioburden is less than or equal to the resistance“of a microbial population
dard distribution of resistances (SDR).

A rgtionalized choice has been made for the SDR. The SDR $pecifies resistances of microorganis

of 1
con
10~
valu

NOT
regu
and
(i.e.
biob

Do values and the probability of occurrence of values’ in the total population (see Tab
putational methods, the individual doses, required to.achieve values of SAL of 10-2, 10-3, 107

for increasing levels of average bioburden having\the SDR, have been calculated. The calc
es for given average bioburdens are tabulated in-Tables 5 and 6.

E Table B.1 of ISO 11137:1995, giving, verification and sterilization doses for Method 1, was co
larly increasing doses to give corresponding increasing average bioburden values. The dose increment
the average bioburden values increased(in*a non-regular fashion and included both whole and fractid
104; 112,6; 121,9; 131,9; etc.). In order'to improve the table, making it easier to use and interpret,
brden values in Table 5 of this part of ISO 11137 are expressed as regularly increasing whole n

blly an SAL

ne radiation
having the

ms in terms
e 3). Using
4 10-5 and
ulated dose

mpiled using
was 0,1 kGy
nal numbers
the average
Lmbers. The

incrgmental increases in the bioburden\values are chosen to yield increases in the verification dose of around 0,1 kGy, the
veriflcation doses being rounded ta"one decimal place. Regular increases in average bioburden values have heen similarly
inclyded in Table 6.
Table 3 — Standard distribution of resistances (SDR) used in Method 1 (see Referencg [10])
Dqg
1,0 1,5 2,0 2,5 2,8 3,1 3,4 3,7 4,0 4,2
(kGy)
Prpbability.
(%) 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 102 at this average
bioburden is read 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
hundred product items are then exposed to the selected verification dose and each item is individually
subjected to a test of sterility. If there are not more than two positive tests out of the 100 tests, the average
bioburden in Table 5 or Table 6 is again used to provide the sterilization dose for any desired SAL.

The rationale for allowing two positives is based upon the assumption that the probabilities of occurrence of
numbers of positives around an average of one positive are distributed according to the Poisson distribution.
With this distribution, there is a 92 % probability that zero, one or two positives will occur (see Table 4).
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Table 4 — Probabilities of occurrence of numbers of positives around an average of one,
distributed according to the Poisson distribution
Number of positives 0 1 2 3 4 5 6 7 8
P’°'2'f/‘o")’""y 36,6 37,0 18,5 6,1 1,5 03 0,05 | 0,006 | 0,0007

7.2 Procedure for Method 1 for product with an average bioburden greater than or equal
to 1,0 for multiple production batches
7.21 General
In applying Method 1, the six stages below shall be followed.
NOTE Hor a worked example, see 11.1.

7.2.2 Stage 1: Select SAL and obtain samples of product

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

7.2.2.2 Select 10 product items from each of three independent production batches, in accordance
5.1,5.2and 5.3.

NOTE Additional product might be needed to validate the adequacyof an SIP of less than one (see 5.2.5).

7.2.3 Stage 2: Determine average bioburden

7.2.3.1

NOTE I
for incomplet
a bioburden
bioburden m
verification d

7.2.3.2

a) the avsg

b) the avg
NOTE 1 H
in which cag
guidance dog

NOTE 2

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

5O 11737-1 utilizes a correction factor derived from the validation of the bioburden technique to compen
e removal of microorganisms from product. The performance of dose establishment using Method 1 may
determination without the application™of the correction factor. When a correction factor is not used
ght be underestimated. Failure to_apply the bioburden correction factor could increase the risk of failure g
Dse experiment.

Determine the bioburden-of each of the selected product items and calculate:
rage bioburden penitem for each of the three batches of product items (batch average bioburd
rage bioburden per item for all selected product items (overall average bioburden).

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

with

sate
use

the
f the

10),
This

When no 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 overest
7.2.3.3

bioburden.

12

imation. Overestimation could affect the validity of the verification dose experiment.

Compare the three batch average bioburdens with the overall average bioburden and determine
whether any one of the batch average bioburdens is two or more times greater than the overall average
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7.2.4 Stage 3: Obtain verification dose

Obtain the dose for an SAL of 102 from Table 5 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

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

If t average bicburden-is—not gi\/nn in—Table R7 use the closest tabulated vvalue grnafnr than-the average

biohurden.

Desjignate this dose as the verification dose.

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

the

7.2.

7.2
perf
carn
prod

7.2.
The

The
veri

Det

If th
exp

If th
dos
dos

b Stage 4: Perform verification dose experiment

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

5.1 Select 100 product items from a single batch of produet. The 100 product ite
prmance of Stage 4 may be selected from one of the batches<n which a bioburden determ
ed out in Stage 2, or from a fourth batch manufactured under‘conditions that are representativ
uction (see 5.3).

5.2 Irradiate these product items at the verification,dose.

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

arithmetic mean of the highest and lowest ‘doses to product items should not be less than
ication dose.

ermine the dose delivered (see 5.5)-

e highest dose to product items exceeds the verification dose by more than 10 %, the verifi
eriment shall be repeated.

e arithmetic mean of the ‘highest and lowest doses to product items is less than 90 % of thg
b, the verification dose experiment may be repeated. If this mean dose is less than 90 % of theg
b and, on performance of tests of sterility, acceptable results are observed (see 7.2.6.1), the

ioburden or

ms for the
ination was
e of normal

D0 % of the

cation dose

verification
verification
verification

dosg experiment need not be repeated.

7.2. record the

numn

b.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) ang
ber of positive tests of sterility.

7.2.b

Stage 5: Interpretation of results

7.2.6.1
verification.

If no more than two positive tests of sterility are obtained from the 100 tests carried out, accept

7.2.6.2 If three or more positive tests of sterility are obtained, do not accept verification.

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 verification dose
experiment using a further 100 product items and the same verification dose as that used in the verification
dose experiment that was not accepted. Interpret the results of the repeat verification dose experiment in
accordance with 7.2.6.
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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 the verification
dose, or a specific bioburden-related cause, this method of dose setting is not valid and an alternative method
for establishing a sterilization dose shall be used (see Clause 6).

7.2.7 Stage 6: Establish sterilization dose

7.2.71

value great

If the entire product is used and verification is accepted, obtain the sterilization dose for the
product from Table 5 by entering the table at the tabulated value equal to the average bioburden used in
Stage 3. Alternatively, if the average bioburden is not given in Table 5, enter the table at the closest tabulated
r than the average bioburden and read the dose necessary to achieve the desired SAL

7.2.7.2

the entire p
by the SIP
table at the
bioburden i
bioburden fi

If an SIP of less than 1,0 is used and verification is accepted, calculate the average bioburde
roduct by dividing the highest SIP batch average bioburden or the SIP overall averagé)biobu
value, as appropriate. Obtain the sterilization dose for the product from Table 5 by|entering
tabulated value equal to the average bioburden for the entire product. Alternatively, if the ave
5 not given in Table 5, enter the table at the closest tabulated value greater.than the ave
br the entire product and read the dose necessary to achieve the desired SAL.

n for
den
the
age
age

Table 5 — Radiation dose (kGy) required to achieve a given SAL for anayerage 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

102 | 103 | 10* | 105 | 10°® 102 | 103 | 10* | 10°° | 10
1,0 3,0 5,2 8,0 11,0 14,2 14 5,6 8,4 11,4 14,7 18,1
1,5 3,3 57 8,5 11,5 14,8 15 57 8,5 11,5 14,8 14,2
2,0 3,6 6,0 8,8 11,9 15,2 16 58 8,5 11,6 14,9 14,3
25 3,8 6,3 9,1 12,2 15,6 17 5,8 8,6 11,7 15,0 14,4
3,0 4,0 6,5 9,4 12,5 15,8 18 59 8,7 11,8 15,1 14,5
3,5 41 6,7 9,6 12,7 16,1 19 59 8,8 11,9 15,1 18,6
4,0 4,3 6,8 9,7 12,9 16,2 20 6,0 8,8 11,9 15,2 18,7
4,5 4.4 7,0 9,9 131 16,4 22 6,1 9,0 121 15,4 18,8
5,0 4,5 71 1000 13,2 16,6 24 6,2 9,1 12,2 15,5 19,0
5,5 4,6 7,2 1072 13,4 16,7 26 6,3 9,2 12,3 15,6 19,1
6,0 4,7 743 10,3 13,5 16,9 28 6,4 9,3 12,4 15,7 19,2
6,5 4,8 7,4 10,4 13,6 17,0 30 6,5 9,4 12,5 15,8 19,3
7,0 4.8 7,5 10,5 13,7 17,1 32 6,6 9,4 12,6 15,9 19,4
7,5 49 7,6 10,6 13,8 17,2 34 6,6 9,5 12,7 16,0 19,5
8,0 5.0 7.7 10,7 | 139 | 17,3 36 6.7 9,6 28 | 16,17 | 19,6
8,5 51 7,8 10,8 14,0 17,4 38 6,8 9,7 12,8 16,2 19,7
9,0 51 7,8 10,8 141 17,5 40 6,8 9,7 12,9 16,2 19,8
9,5 5,2 7,9 10,9 14,1 17,6 42 6,9 9,8 13,0 16,3 19,8
10 5,2 8,0 11,0 14,2 17,6 44 6,9 9,9 13,0 16,4 19,9
11 53 8,1 11,1 14,3 17,8 46 7,0 9,9 13,1 16,5 20,0
12 54 8,2 11,2 14,5 17,9 48 7,0 10,0 13,2 16,5 20,0
13 55 8,3 11,3 14,6 18,0 50 71 10,0 13,2 16,6 20,1

14
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Sterility assurance level Sterility assurance level
Average SAL Average SAL
bioburden bioburden

102 | 103 | 10* | 10°° | 1076 102 | 103 | 10* | 10° | 1076
55 7,2 10,2 | 13,4 | 16,7 | 20,3 650 10,4 | 136 | 17,0 | 20,5 | 24,2
60 7,3 10,3 | 135 | 16,9 | 20,4 700 10,5 | 13,7 | 171 20,6 | 24,3
65 7,4 10,4 | 13,6 | 17,0 | 20,5 750 10,6 | 13,8 | 17,2 | 20,7 | 24,4
70 7,5 10,5 | 13,7 | 17,1 20,6 800 10,7 | 139 | 17,3 | 20,8 | 24,5
75 7.6 106 [ 138 | 172 | 20.7 850 108 | 140 | 174 | 20,9 | 24,6
80 7,7 10,7 | 139 | 17,3 | 20,8 900 10,8 | 141 17,5 | 21,0 | 24,7
85 7,7 10,8 | 14,0 | 17,4 | 20,9 950 10,9 | 141 17054 211 24,8
90 7,8 10,8 | 14,1 17,5 | 21,0 1 000 11,0 | 142 4 17,6 | 212 | 24,9
95 7,9 10,9 | 14,1 17,5 | 211 1 050 11,0 | 1434 17,7 | 213 | 24,9
100 8,0 11,0 | 142 | 176 | 21,2 1100 11,1 14,4 | 17,8 | 21,3 | 25,0
110 8,1 11,1 14,3 | 17,8 | 21,3 1150 142~ 144 | 17,8 | 214 | 25,1
120 8,2 11,2 | 145 | 179 | 215 1200 112 | 145 | 179 | 21,5 | 25,2
130 8,3 11,3 | 146 | 18,0 | 21,6 1250 11,3 | 145 | 180 | 21,5 | 252
140 8,4 11,4 | 147 | 18,1 21,7 1300 11,3 | 146 | 180 | 21,6 | 253
150 8,5 11,5 | 148 | 182 | 21,8 17350 11,4 | 146 | 18,1 21,7 | 253
160 8,5 11,6 | 149 | 183 | 21,9 1400 11,4 | 147 | 181 21,7 | 254
170 8,6 11,7 | 150 | 18,4 | 22,0 1450 11,5 | 148 | 182 | 218 | 255
180 8,7 11,8 | 15,1 18,5 | 22,4 1500 11,5 | 148 | 182 | 218 | 255
190 8,8 11,9 | 15,1 18,6 |"22,2 1550 116 | 149 | 183 | 219 | 256
200 8,8 11,9 | 152 | 18| 22,3 1 600 116 | 149 | 183 | 219 | 256
220 9,0 12,1 154 | 18,8 | 224 1650 11,7 | 149 | 184 | 23,0 | 257
240 9,1 12,2 | #6,5%]| 19,0 | 22,6 1700 11,7 | 150 | 184 | 230 | 257
260 9,2 12,3 \.156 | 19,1 22,7 1750 11,7 | 150 | 18,5 | 231 25,8
280 9,3 12,47 157 | 19,2 | 22,8 1800 11,8 | 151 18,5 | 231 25,8
300 9,4 125 | 158 | 19,3 | 22,9 1850 11,8 | 151 18,6 | 232 | 259
325 9,6 126 | 159 | 194 | 23,1 1900 11,9 | 151 18,6 | 232 | 259
350 9,6 12,7 | 16,0 | 19,5 | 23,2 1950 11,9 | 152 | 18,6 | 24,2 | 25,9
375 9,7 12,8 | 16,2 | 19,7 | 23,3 2 000 11,9 | 152 | 18,7 | 24,3 | 26,0
400 9,7 12,9 | 16,2 | 19,8 | 234 2100 12,0 | 153 | 18,8 | 24,4 | 26,1
425 9,8 13,0 | 16,3 | 19,8 | 23,5 2200 12,1 154 | 18,8 | 22,4 | 26,1
450 9,9 13,1 16,4 | 19,9 | 23,6 2300 12,1 154 | 189 | 22,5 | 26,2
475 10,0 | 131 16,5 | 20,0 | 23,7 2400 12,2 | 155 | 19,0 | 22,6 | 26,3
500 10,0 | 13,2 | 16,6 | 20,1 23,7 2500 12,2 | 156 | 19,0 | 22,6 | 26,4
525 10,1 13,3 | 16,7 | 20,2 | 23,8 2600 12,3 | 156 | 19,1 22,7 | 26,4
550 10,2 | 13,4 | 16,7 | 20,3 | 23,9 2700 12,3 | 15,7 | 19,1 22,8 | 26,5
575 10,2 | 134 | 16,8 | 20,3 | 24,0 2800 124 | 15,7 | 19,2 | 22,8 | 26,5
600 10,3 | 135 [ 16,9 | 20,4 | 24,0 2900 124 | 158 | 19,3 | 229 | 26,6
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Sterility assurance level Sterility assurance level
Average SAL Average SAL
bioburden bioburden

102 | 103 | 10* | 10°% | 106 102 | 103 | 10* | 10°® | 1076
3000 125 | 158 | 19,3 | 229 | 26,6 21000 15,3 | 18,8 | 224 | 26,1 29,9
3200 126 | 159 | 194 | 23,0 | 26,8 22 000 154 | 18,8 | 22,4 | 26,1 29,9
3400 12,7 | 16,0 | 19,5 | 23,1 26,9 23 000 154 | 18,9 | 225 | 26,2 | 30,0
3600 12,8 | 16,1 19,6 | 23,2 | 26,9 24 000 155 | 190 | 226 | 26,3 | 30,1
3800 128 | 162 | 19,7 | 233 | 270 25 000 156 | 190 | 226 | 264 | 301
4 000 129 | 16,3 | 198 | 234 | 271 26 000 15,6 | 191 227 | 26,4 | 392
4200 13,0 | 16,3 | 19,8 | 23,5 | 27,2 27 000 15,7 | 1941 22,8 | 265 30,3
4 400 130 | 16,4 | 199 | 23,5 | 27,3 28 000 15,7 | 19,2 | 22,8 4 26,5 | 30,3
4 600 13,1 16,5 | 20,0 | 23,6 | 27,3 29 000 15,8 | 19,3 | 229+ 26,6 | 30,4
4 800 13,2 | 16,5 | 20,0 | 23,7 | 27,4 30 000 15,8 | 19,3 |"™22,9 | 26,6 | 304
5000 13,2 | 16,6 | 20,1 23,7 | 27,5 32 000 15,9 | 194+ 23,0 | 26,8 | 30,6
5300 13,3 | 16,7 | 20,2 | 23,8 | 27,6 34 000 16,0 |95 | 231 26,9 | 30,7
5600 134 | 16,8 | 20,3 | 23,9 | 27,7 36 000 16,1 196 | 23,2 | 26,9 | 3(0,8
5900 135 | 16,8 | 20,4 | 24,0 | 27,8 38 000 16,2 | 19,7 | 23,3 | 27,0 | 30,8
6 200 13,5 | 16,9 | 20,4 | 24,1 27,8 40 000 16,3 | 19,8 | 234 | 271 34,9
6 500 136 | 17,0 | 20,5 | 242 | 27,9 42000 16,3 | 19,8 | 23,5 | 27,2 | 31,0
6 800 13,7 | 17,0 | 20,6 | 24,2 | 28,0 44 000 16,4 | 19,9 | 235 | 27,3 | 311
7100 13,7 | 171 20,7 | 24,3 | 28,1 46 000 16,5 | 20,0 | 23,6 | 27,3 | 312
7 400 13,8 | 17,2 | 20,7 | 24,4 | 28,1 48 000 16,5 | 20,0 | 23,7 | 274 | 312
7 700 13,8 | 17,2 | 20,8 | 244 | 28;2 50 000 16,6 | 20,1 23,7 | 275 | 313
8 000 139 | 17,3 | 20,8 | 245 | 283 54 000 16,7 | 20,2 | 239 | 276 | 314
8 500 14,0 | 17,4 | 20,9 | 246°| 28,4 58 000 16,8 | 20,3 | 24,0 | 27,7 | 315
9 000 14,1 17,5 | 21,0 \.24,7 | 28,5 62 000 16,9 | 204 | 241 27,8 | 317
9500 14,1 17,6 | 21,1 248 | 28,5 66 000 17,0 | 205 | 242 | 279 | 318
10 000 14,2 | 17,6-.1721,2 | 249 | 28,6 70 000 17,1 20,6 | 24,3 | 28,0 | 319
10 500 14,3 | A%7-| 21,3 | 249 | 28,7 75 000 17,2 | 20,7 | 244 | 28,2 | 330
11 000 1444 178 | 21,3 | 250 | 28,8 80 000 17,3 | 20,8 | 245 | 28,3 | 331
11 500 144 | 17,8 | 21,4 | 25,1 28,9 85 000 174 | 20,9 | 246 | 284 | 342
12 000 145 | 179 | 21,5 | 252 | 28,9 90 000 17,5 | 21,0 | 24,7 | 285 | 333
13 000 14,6 | 180 | 21,6 | 253 | 29,1 95 000 176 | 211 248 | 28,5 | 32,4
14 000 14,7 | 18,1 217 | 254 | 29,2 100 000 176 | 21,2 | 249 | 286 | 32,5
15000 14,8 | 182 | 21,8 | 255 | 29,3 110 000 17,8 | 21,3 | 250 | 28,8 | 32,6
16 000 149 | 183 | 21,9 | 256 | 29,4 120 000 17,9 | 21,5 | 252 | 289 | 32,8
17 000 15,0 | 18,4 | 22,0 | 257 | 29,5 130 000 18,0 | 21,6 | 253 | 29,1 32,9
18 000 15,1 18,5 | 221 258 | 29,6 140 000 18,1 21,7 | 254 | 29,2 | 33,0
19 000 15,1 186 | 22,2 | 259 | 29,7 150 000 18,2 | 21,8 | 255 | 29,3 | 331
20 000 152 | 18,7 | 22,3 | 26,0 | 29,8 160 000 18,3 | 21,9 | 256 | 29,4 | 33,3
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7.3| Procedure for Method 1 for'product with an average bioburden greater than or

to 1,0 for a single production‘batch

7.3.1 Rationale

Thig method is an adaptation of Method 1 for multiple production batches given in 7.2. It is inte
usefl for the establishment of a sterilization dose for a single production batch only. The meth
upoh experimental_verification that the radiation resistance of the bioburden is less than or ¢
resistance of a microbial population having the SDR.

7.3.2 General

In applvingthis-adaptation of Method 1 -the six-stages below shall be followed
=) J Ll 4 J

Sterility assurance level Sterility assurance level
Average SAL Average SAL
bioburden bioburden
102 | 103 | 104 | 10° | 10°® 102 | 103 | 10* | 10° | 107
170 000 18,4 22,0 25,7 29,5 33,4 500 000 20,1 23,7 27,5 31,3 35,2
180 000 18,5 22,1 25,8 29,6 33,4 540 000 20,2 23,9 27,6 31,4 35,3
190 000 18,6 22,2 25,9 29,7 33,5 580 000 20,3 24,0 27,7 31,5 35,4
200 000 18,7 22,3 26,0 29,8 33,6 620 000 20,4 241 27,8 31,7 35,5
220 000 18.8 224 261 29.9 33.8 660 000 205 242 27,9 31,8 35,6
240 000 19,0 22,6 26,3 30,1 33,9 700 000 20,6 243 28,0 31,9 35,7
260 000 19,1 22,7 26,4 30,2 34,1 750 000 20,7 244 28,2 34,0 35,9
280 000 19,2 22,8 26,5 30,3 34,2 800 000 20,8 245 28,3 34,1 36,0
00 000 19,3 22,9 26,6 30,4 34,3 850 000 20,9 246 28,4 34,2 36,1
20 000 19,4 23,0 26,8 30,6 34,4 900 000 21,0 247 28,5 34,3 36,2
40 000 19,5 231 26,9 30,7 34,5 950 000 244 24.8 28,5 34,4 36,3
80 000 19,7 23,3 27,0 30,8 34,7 1 000 000 21,2 24,9 28,6 33,5 36,3
400 000 19,8 | 234 | 271 | 30,9 | 348 NOTE 1 ~The presence of high bioburden level in this table
is not intended to imply that such levels are the ngrm.
420 000 19,8 23,5 27,2 31,0 34,9
N 2 Tabul I i 4 f
140 000 19.9 235 273 311 35.0 OTE abu atr.ed values are used in Stages3, 4 and 6 o
Method 1 dose setting.
460 000 20,0 23,6 27,3 31,2 35,0
480 000 20,0 23,7 27,4 31,2 35,1

7.3.3 Stage 1: Select SAL and obtain samples of product

7.3.3.1

7.3.3.2

Record the SAL for the intended use of the product.

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

NOTE Additional product might be needed to validate the adequacy of an SIP of less than one (see 5.2.5).

© 1SO 2012 — All rights reserved
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7.3.4 Stage 2: Determine average bioburden
7.3.41 Decide if a correction factor is to be applied in the determination of bioburden.

NOTE 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.

7.3.4.2 Determine the bioburden of each of the selected product items and calculate the average
bioburden.

NOTE 1 ] nan| 10),
in which case it is permissible to Hoes
not apply to $IPs, which should not be pooled; instead a larger SIP should be chosen (see 5.2.5).

NOTE 2 hen no colonies are observed in the determination of bioburden, this is sometimes expressed as Heing

below the linjit of detection. Use of the limit of detection as a bioburden value in calculating average bhigburden could |lead
to an overesiimation. Overestimation could affect the validity of the verification dose experiment.

7.3.5 Stage 3: Obtain verification dose

Obtain the dose for an SAL of 102 from Table 5 using the average bioburden.

If the averdge bioburden is not given in Table 5, use the closest tabulated value greater than the avefage
bioburden.

Designate this dose as the verification dose.

If SIPs are fo be used in the performance of the tests of sterility, use the SIP average bioburden to obtain the
verification flose.

7.3.6 Stage 4: Perform verification dose experiment
7.3.6.1 Select 100 product items from the“single batch of product.
7.3.6.2 Irradiate these product items:at'the verification dose.

The highes{ dose to product items shall not exceed the verification dose by more than 10 %.

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

Determine the dose delivered (see 5.5).

If the highest dosexto product items exceeds the verification dose by more than 10 %, the verification dose
experiment|shalkbe 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 7.3.7.1), 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

7.3.71 If no more than two positive tests of sterility are obtained from the 100 tests carried out, accept
verification.
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7.2 If three or more positive tests of sterility are obtained, do not accept verification.

-2:2012(E)

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 verification dose
experiment. Use a further 100 product items and the same verification dose as that used in the verification
dose experiment that was not accepted. Interpret the results of the repeat verification dose experiment in
accordance with 7.3.7.

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 the verification

dos
ests

7.3.

7.3.
prog
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7.3.
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des

7.4
for

For

estg
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NOT

NOT

b, or a specific bioburden-related cause, this method of dose setting is not valid. An alternativg
blishing a sterilization dose shall be used (see Clause 6).

B Stage 6: Establish sterilization dose

B.1 If the entire product is used and verification is accepted, obtain thé\ sterilization d

B.2 If an SIP of less than 1,0 is used and verification is accepted, calculate the average b
Entire product by dividing the SIP average bioburden by the SIP-Value. Obtain the sterilization
uct from Table 5 by entering the table at the tabulated value’equal to the average bioburden f
uct. Alternatively, if this average bioburden is not given inTable 5, enter the table at the close
e greater than the average bioburden for the entire product and read the dose necessary to
red SAL.

Procedure for Method 1 for product with'an average bioburden in the range 0,
multiple or single production batches

a product with an average bioburden_within the range 0,1 to 0,9 inclusive, the procedu
blishment using Method 1 given abeve’for multiple (see 7.2) or single (see 7.3) batches shall
ept:

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

a correction factor shathbé used in the determination of bioburden;

Table 6 shall be @ntered in order to obtain the dose providing an SAL of 102 (the verificatio
the sterilization.dose for the selected SAL.

E1 Values derived from Table 6 are used in Stages 3, 4 and 6 of Method 1 dose setting.

EZ2 For a worked example, see 11.1.

method for

ose for the

uct from Table 5 by entering the table at the tabulated value equal to the average bioburgen used in
Stage 3. Alternatively, if the average bioburden is not given in Table 5, enter/the table at the close
e greater than the average bioburden and read the dose necessary to achiéve the desired SAL.

st tabulated

oburden for
Hose for the
br the entire
st tabulated
achieve the

to 0,9

re for dose
be followed,

h dose) and
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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
102 | 103 | 10 | 10 | 10°® 102 | 10% | 104 | 105 | 10°°
0,10 1,3 3,0 5,2 8,0 11,0 0,45 2,3 4.4 7,0 9,9 13,1
0,15 1,5 3,3 5,7 8,5 11,5 0,50 2,4 45 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 10,3 13,5
0,25 19 38 63 a1 122 0,70 27 48 75 105 | 137
0,30 2,0 4,0 6,5 9,4 12,5 0,80 2,8 50 7,7 10,7 13,9
0,35 21 41 6,7 9,6 12,7 0,90 2,9 51 7,8 10,8 14,1
0,40 2,2 43 6,8 9,7 12,9
NOTE For an average bioburden within the range >0,9 and <1,0, enter Table 5 at an average bioburden of+,0.
8 Method 2: Dose setting using fraction positive information from’'incremental
dosing tg determine an extrapolation factor
8.1 Ratignale
With Method 2, information is obtained regarding the resistance to radiation of microorganisms as they opcur
on product] The method uses the results of tests of sterility conducted on product items that have RQeen
exposed to|a series of incremental doses to estimate the dose at which one in 100 product items is expefted
to be non-sferile (that is, an SAL of 10~2). The microorganisms surviving exposure to such a dose should Have
a more homogeneous D, 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 sterilization dose.
The validity|of the calculated sterilization dose.generally depends upon the validity of the extrapolation beyond
the dose exXpected to achieve an SAL of 10-2-In extensive tests of the experimental protocol using computer
simulation ¢f inactivation of microorganisms on product, the validity of this extrapolation has been confirmed
for populatipns having distributions of resistance that were established experimentally. An elaboration of the
rationale outlined above, together with results from the computer simulation, is contained in Reference [11].
The followirg text describes two-procedures, designated Method 2A and Method 2B. Method 2A is the method
that is gengrally applied, whereas Method 2B has been developed for products with a consistent and very| low
bioburden. Conditions that'shall be met in order to use Method 2B are specified in 8.3.1.1.
NOTE 1 Nethod 2B{requires that the entire product (SIP equal to 1,0) be used, whereas for Method 2A, eithef the
entire produdt or a partien of product (SIP less than 1,0) may be used.
Bioburden determination is not used in establishing the sterilization dose using Method 2. However, biobufden

determinati

nis required as part or the routine monioring or proauct (see 150U TT157-T:.ZUU0, 7.5 and 1Z.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.

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

20

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.
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8.2 Procedure for Method 2A

8.2.1 General
In applying Method 2A, the five stages below shall be followed.

NOTE For worked examples, see 11.2.2 and 11.2.3.

8.2.2 Stage 1: Select SAL and obtain samples of product

8.2. 2.1 RUbUld thc SAL fUI thU ;Iltcl IdUd UusStc Uf thU PIUdubt.
8.2.p.2 Select 280 product items from each of three independent production batches, in accdrdance with
5.1,|5.2 and 5.3.

NOTE Additional product might be needed to validate the adequacy of an SIP less than one (see 5.2.5).
8.2.p Stage 2: Perform incremental dose experiment

8.2.5.1 General

8.2..11  For each of three production batches, irradiate 20 proeduct items at each of a serieg of at least
ning doses, starting at 2 kGy and increasing in nominal increments‘of 2 kGy.

For|a given incremental dose, the highest dose to productiitems shall not exceed the nominal fincremental
dosge by more than 10 % or 1,0 kGy, whichever is greater.

For[a given incremental dose, the arithmetic mean ef'the highest and lowest doses to product items shall not
be less than 90 % of the nominal incremental dose er the nominal incremental dose minus 1,0 kGy, whichever
is the lesser.

Detérmine the dose delivered at each of the‘incremental doses (see 5.5).
If, for a given incremental dose, the *highest dose to product items exceeds the nominal incremental dose by
morge than 10 % or 1,0 kGy, whichever is greater, irradiation of 20 further product items at the particular
incremental dose shall be carried/out.
If, for a given incremental‘dose, the arithmetic mean of the highest and lowest doses to product ifems is less
than 90 % of the nominalincremental 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.B.1.2  Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the
number of pesitive tests of sterility found at each incremental dose.

8.2.8.4.3." Obtain the following from the results of this experiment:

a) AandFFP (see 8.2.3.2);
b) D* (see 8.2.3.3);

c) CD* batch (see 8.2.3.4).

8.2.3.2 A4andFFP

8.2.3.21 For each of three production batches, determine the lowest dose from the incremental dose
series at which at least 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.
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8.2.3.2.2 Obtain the value of 4 from Table 7 using the number of positive tests of sterility at the median ffp.

Table 7 — Values of 4 for different numbers of positive tests of sterility at median ffp (Method 2A)

Number of positive tests A Number of positive tests A
of sterility at median ffp (kGy) of sterility at median ffp (kGy)
19 0,00 9 0,79
18 0,13 8 0,87
17 0,22 7 0,95
16 0731 9] 105
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 The values of 4 were calculated using Equation (1).
i-(2Hy) {Iogm(loge 20)—Iog10[loge(20/n)}} "
{Iog1 (loge 20) ~logsg [loge (20/19) |
where n is thd number of tests of sterility that are negative (see Reference [10]).

8.2.3.2.3 |Calculate FFP using Equation (2).

FFP = median ffp — 4 (2)
8.2.33 n*
8.2.3.3.1 | For each of the three production batches, determine d* by either

a) finding|jthe lower of two consecutive’doses at which all tests of sterility are negative, followed by no more
than orne further positive test imany 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 orle, incremental'dose at which all tests are negative and followed by incremental doses at which all
tests afe 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 experiment and implementation of corre¢tive
action.

8.2.3.3.3 Designate D* as follows:

a) if the highest batch d* exceeds the median batch d* by less than 5 kGy, the median batch ¢* 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*.
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CD* 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 items from
the CD* batch are used in Stage 3 of Method 2A. Storage conditions of the retained product from the three
batches should take into account the ability of product to support microbial growth. If necessary, a fourth batch

shal

| be taken as the CD* batch.

8.2.4 Stage 3: Perform verification dose experiment

8.2.41

The|

The
less

Det

NOT

8.2.4.2

nunj
NOT
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If C
veri

NOT
foun

NOT
An 4
valu

|f CJ
90 9
be 1
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8.2.

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, whichever|

arithmetic mean of the highest and lowest doses to product items should not be less,than 90
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 Actions in regard to the upper and lower dose limits are dependent on, the)value taken by CD* (se

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* is used to determine FNP (see 8.2.5) and DS (see 8:2.6).

D* is equal to zero and DD* exceeds D* by moreZthan 10 % or 1,0 kGy, whichever is
ication 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
ication dose experiment need not be repeated.

E2 A repeat verification dose experiment may, however, be carried out to obtain a value of DD* lo
[ originally which, in turn, would give 16w, FNP and DS values.

E3 CD* values of 1 to 15 inClusive, together with DD*, provide an estimate of the dose that achieves
cceptance of DD* that exceeds.D* by more than 10 % or 1,0 kGy, whichever is greater, is permitted as|
bs 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 expsg
epeated. If thiSimean is not less than 90 % of D* or not less than D* minus 1,0 kGy, whicheve
er, the cause’ for the occurrence of more than 15 positive tests of sterility should be i
pctive action implemented and D* redetermined.

b ~ Stage 4: Interpretation of results

is greater.

% of D* or

b 8.2.4.2).

record the

greater, the

greater, the

ver than that

a 1072 SAL.
the resulting

is less than
eriment may
dose is the
hvestigated,

Obtain FNP from the results of this experiment as follows:

a)
b)
c)

d)

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

if CD*is greater than 15, the cause should be determined, corrective action
redetermined.
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8.2.6 Stage 5: Establish sterilization dose

8.2.6.1

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

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

DS=2

NOTE

+0,2 (FNP — FFP)

In using Equation (3), if (FNP — FFP) is less than zero, set (FNP — FFP) to zero.

When (FN

DS=0

8.2.6.2
D * % —
NOTE I

8.2.6.3
steriliz

where:
D** i
SAL i
SIP i
DS i

Dose calcu
may be rou

NOTE 1
used for dosé

8.3 Proc

8.3.1

— FFP) is greater than or equal to 10 kGy, use
4 (FNP — FFP)

Establish D** using Equation (5).

pD * +[log(CD*) |(DS)

CD* equals zero, set [log (CD*)] to zero.

Calculate the sterilization dose, using Equation (6).

htion dose = D ** + [—Iog(SAL) —log(SIP) - 2](DS)

5 the final estimate of the dose that will provide a10—2 SAL;

5 the preselected sterility assurance level;

5 the portion of product (sample item portion) used for determining D** and DS;

5 an estimate of the dose required, to inactivate 90 % of the microorganisms surviving DD*.

ations should be made with-/data that are reported to one decimal place. The sterilization g
nded (using standard rounding procedures) to one decimal place.

he term log (SIP) in-Equation (6) provides the appropriate correction factor for a portion of the product b
 setting.

edure for-Method 2B

General

8.3.1.1

exceed

8.3.1.2

NOTE

24

I applying Method 2B, the Tollowing three requirements shall be satistied:

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

14;

FNP does not exceed 5,5 kGy.

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

For a worked example, see 11.2.4.

©)

ose

eing

after irradiation at any of the incremental doses, the number of positive tests of sterility observed does not
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8.3.2 Stage 1: Select SAL and obtain samples of product

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

8.3.2.2

5.1

and 5.3.

8.3.3 Stage 2: Perform incremental dose experiment

8.3.3.1 General

-2:2012(E)

Select 260 product items from each of three independent production batches, in accordance with

8.3.
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incr
furth

8.3.
nun|

8.3.
a)
b)
c)

8.3.

B3.1.1 For each of the three production batches, irradiate 20 product items at each of a serie
t doses, starting at 1 kGy and increasing in nominal increments of 1 kGy.

bmental doses, this dose shall not exceed the nominal incremental dose by more, than 10 %
hever is greater.

an incremental dose of 1 kGy, the arithmetic mean of the highest and lolwest doses to produc
be less than 0,8 kGy and, for other incremental doses, the mean doseshall not be less than
inal incremental dose or the nominal incremental dose minus 0,5 kGy, whichever is the lesser.
ermine the dose delivered at each of the incremental doses (s€e’5.5).

br an incremental dose of 1 kGy, the highest dose to_product items exceeds 1,2 kGy an
bmental doses, this dose exceeds the nominal incremental dose by more than 10 % or 0,5 kGy
eater, irradiation of 20 further product items at the particular incremental dose shall be carried

r an incremental dose of 1 kGy, the arithmeticimean of the highest and lowest doses to prod

bmental dose or the nominal incremental dose minus 0,5 kGy, whichever is the lesser, irrad
er product items at the particular incremental dose shall be carried out.

B.1.2  Subject each irradiated product item individually to a test of sterility (see 5.4.1) ang
ber of positive tests of sterility found at each incremental dose.

B.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* bateh'(see 8.3.3.4).

B.2”\ ‘4 and FFP

s of at least

an incremental dose of 1 kGy, the highest dose to product items shall not exceed 1,2 kGy and, for other

or 0,5 kGy,

items shall
90 % of the

d, for other
, whichever
but.

uct items is

than 0,8 kGy and, for other incremental -doses, this mean dose is less than 90 % of {he nominal

iation of 20

record the

8.3.3.21

For each of three production batches, determine the lowest dose from the incremental dose

series at which at least 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.

8.3.3.2.2

© I1SO 2012 — All rights reserved

Obtain the value of 4 from Table 8 using the number of positive tests of sterility at the median ffp.
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Table 8 — Values of 4 for different numbers of positive tests of sterility at median ffp (Method 2B)

Number of positive tests A Number of positive tests A
of sterility at median ffp (kGy) of sterility at median ffp (kGy)
14 0,22 6 0,52
13 0,26 5 0,58
12 0,29 4 0,64
11 0,32 3 0,72
10 0.36 2 0.82
9 0,40 1 1,00
8 0,44
7 0,48
NOTE The values of 4 were calculated using Equation (7).
A= (1kby) {Iogm (loge 20) —logg [Ioge (20/n)]} )
{log1 (loge 20) ~logsologe (20/19) |
where n is thg number of tests of sterility that are negative (see Reference [10]).

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

8.3.33 I

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

a) findingjthe lower of two consecutive doses at which all tests of sterility are negative, followed by no more
than orje 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 onle, incremental dose at which_all. tésts are negative and followed by incremental doses at which all

tests affe negative.

8.3.3.3.2

incremental
may be rep
action.

8.3.3.3.3

a) iftheh
or

Designate\b* as follows:

If the criteria in 8.3.8.3.1 a) or b) are not met with each of the three production batches,
dose experiment is‘invalid. In this circumstance, performance of the incremental dose experiment
eated after investigation of the methodology of the experiment and implementation of corre

ghest\batch d* exceeds the median batch d* by less than 5 kGy, the median batch d* become

the

ttive

5 D*,

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 a 4*
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 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.
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8.3.4 Stage 3: Perform verification dose experiment

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

The highest dose to product items 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* or

less

than D* minus 1,0 kGy, whichever dose is the lesser.

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

8.3.
nun|

NOT,

If g
veri

If C
veri

NOT
foun

NOT
An 4
valu

If C]
90 9
be 1
less
corr

NOWLE Actions in regard to the upper and lower dose limits are dependent on the value taken by CD* (se

.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* is used to determine FNP (see 8.3.5) and DS (see 8.3.6).

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

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

E2 A repeat verification dose experiment may, however, be:carried out to obtain a value of DD* lo
d originally which, in turn, would give low FNP and DS values.

E3 CD* values of 1 to 15 inclusive, together with DDX, provide an estimate of the dose that achieves
cceptance of DD* that exceeds D* by more than 10 %\or 1,0 kGy, whichever is greater, is permitted as
bs of FNP and DS will give conservative values of D*¥;and the sterilization dose.

D* is greater than 1 and the arithmetic mean of DD*, and the lowest dose to product items
epeated. If this mean is not less than90 % of D* or not less than D* minus 1,0 kGy, whicheve

er, the cause for the occurrence—of more than 15 positive tests of sterility should be i
pctive action implemented and'D* re-determined.

8.3.p Stage 4: Interpretation’ of results

Obt
a)
b)

c)

bin FNP from the results of this experiment as follows:
if CD* is lessAhan 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 @D*is more than 9 and less than 16, let FNP equal DD* + 4,0 kGy; or

e 8.3.4.2).

record the

hreater, the

greater, the

ver than that

a 102 SAL.
the resulting

is less than

o of D*, or less than D* minus 1,0 kGy,\whichever dose is the lesser, the verification dose expgriment may

dose is the
hvestigated,

d)

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

redetermined.

8.3.6 Stage 5: Establish sterilization dose

8.3.6.1 Determine DS from FFP and FNP using Equation (8).

DS=1,6+0,2 (FNP — FFP)

NOTE In using Equation (8), if (FNP — FFP) is less than zero, set (FNP — FFP) to zero.

© I1SO 2012 — All rights reserved
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8.3.6.2

8.3.6.3

Establish D** using Equation (5) (see 8.2.6.2).

Calculate the sterilization dose using Equation (9).

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

where:
D**

SAL i

is the final estimate of the dose that will provide a 102 SAL;

s the preselected sterility assurance level;

DS i

Dose calcu
may be rou

9 Method VD, — Substantiation of 25 kGy or 15 kGy as the sterilization dose

9.1 Ratic
Operational
Method 1 (s
dose experi

In carrying
less resista
an SAL of 1
items irradi

(maximal verification dose, VD

resistance.
account ha
basis of Mg
an SAL of
based. In t
References

In practice,
is read from
or portions
If there is
substantiatg

5 an estimate of the dose required to inactivate 90 % of the microorganisms surviving DDZ,

ations should be made with data that are reported to one decimal place. The stefilization g
nded (using standard rounding procedures) to one decimal place.

bnale

y, this method of substantiation for a selected sterilization \dose is similar to dose setting
ee Clause 7); it also requires a determination of bioburden ‘and the performance of a verifica
ment.

out substantiation, the method verifies that bioburden present on product prior to sterilizatig
ht to radiation than a microbial population of maximal resistance consistent with the attainme
0-% at the selected sterilization dose; verification is conducted at an SAL of 10~! with 10 pro
hted in the performance of the verification dose experiment. The dose corresponding to this

max) 18 characteristic ‘of-both the bioburden level and the associated max
In establishing the maximal resistance-for a particular bioburden level sterilization dose,
5 been taken of the various resistance components of the SDR (see Table 3), the latter being
thod 1. Components of the SDR of-high resistance that have significant effect on the attainme
10~% have been used to define. the maximal resistances on which this substantiation metha
his way, the level of conservativeness of the SDR, and thus of Method 1, is preserved

[15], [16] and [17]).

@ determination is made of the average bioburden. The VD, ,, dose corresponding to this ave
a table; it is the [dose at which the verification dose experiment is carried out. Ten product ite
hereof, are expesed to the VD,
no more thantone positive test of sterility in the 10 tests, the preselected sterilization dog
d.

The VD«
The metho

for 25 kGy is applicable to product having an average bioburden less than or equal to 1
%mrwmsmm W y i y uct wi iobu

(see 9.2 or 9.

methods given in this part of ISO 11137 are for selected sterilization doses of 25 kGy and 15}

ose

) by
tion

nis
nt of
duct
SAL
mal
due
the
nt of
d is
see

age
ms,

dose and each item is subjected individually to a test of stetility.

e is

Gy.
000

n or

equal to 1,5 (see 9.4 or 9.5 and Table 10). The inclusion of Method VD, for 15 kGy provides an alternative
to Method 1 for dose establishment for product of low average bioburden. To distinguish the two applications

of Method VD

max and their associated sets of values of verification dose, a superscript of “25” or “15”

been added to the term VD,,,,, Where appropriate, €.g. VD ;,,,2° and VD, ., '°.
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NOTE Inspection of the values of VD,,,,2® for the various levels of average bioburden given in Table 9 reveals a
change 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, VDmaX25 takes a maximum, and
for higher bioburden levels, the corresponding VD, 5, values decline. A similar increase, followed by a decrease, is seen
with VDmaX15 values (see Table 10). This behaviour is neither the result of an error in the tables nor the calculation of the
VD,ax Values. It is an inevitable outcome of building into Method VD, ,, the same degree of conservativeness as that in
Method 1 (see Reference [17]).

9.2 Procedure for Method VD,,,,2° for multiple production batches

9.21 General
9.2.ll.1 This method shall only be used if the batch average bioburden of product is less, than or equal
to 1/000.

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

9.2.11.2 In applying Method VDmaX25 for product with an average bioburden less than or equgl to 0,9, the
entife product item shall be used in accordance with Table 1, whereas for product with an averagge bioburden
greater than 0,9, an SIP may be used (see 5.2.5).

9.2.11.3 In applying Method VD25, the five stages below shall befollowed.

max

NOTE For a worked example, see 11.3.

9.2.p Stage 1: Obtain samples of product

Selgct 10 product items from each of three independent production batches, in accordance with $.1, 5.2 and
5.3.

NOTE  Additional product might be needed to validate the adequacy of an SIP of less than one (see 5.2.5).

9.2.8p Stage 2: Determine average bioburden
9.2.8.1 Apply the correction factor (see ISO 11737-1) in the determination of bioburden.
9.2.3.2 Determine the bioburden of each of the selected product items and calculate:

a) |the average bioburdef per item for each of the three batches of product items (batch average pioburden);
b) [the average biobufden per item for all selected product items (overall average bioburden).

NOTE 1 Bioburden is generally determined on individual product items, unless the bioburden is low (e.g. less than 10),
in which caselit)is permissible to pool the 10 product items for the determination of batch average biopurden. This
guidgnce does*not apply to SIPs, which should not be pooled; instead, a larger SIP should be chosen (see 5.2.5).

NOTE-2y When no colonies are observed in the determination of bioburden, this is sometimes expressed aq being below
the Imitof detection. Use of the itmitof detection as a bioburden vaiue n catcutating 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.
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9.2.4 Stage 3: Obtain VD, 25

Obtain the value of SIP equal to 1,0 VDmaX25 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

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

overall

average bioburden.

For an SIP|
greater thar

For an SIP
dividing the
in Table 9,

SIP equal t¢ 1,0 VD

NOTE 4
(see 9.2.1.2)

equal to 1,0, if the average bioburden is not given in Table 9, use the closest tabulated |y
the average bioburden.

of less than 1,0, calculate the average bioburden for the entire product item (SIP,equal to 1,0

SIP average bioburden by the SIP decimal value. If the calculated average bioburden is not g

use the closest tabulated value greater than the average bioburden to locate the value off
max22 and the corresponding SIP dose reduction factor.

se of an SIP of less than 1,0 is not permitted for product with an average bioburden less than or equal t

Use Equati¢n (10) to calculate the SIP VD,,,,,2° (see Reference [17]).

SIP VD

max2> = (SIP equal to 1,0 VD,,,25) + (SIP dose reductien factor x log SIP)

alue

) by
ven
the

b 0,9

(10)
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Table 9 — Values of VD

max

ISO 11137-2:2012(E)

25 and SIP dose reduction factors

for levels of average bioburden less than or equal to 1 000 CFU

© I1SO 2012 — All rights reserved

SIP equal to 1,0 SIP dose SIP equal to 1,0 SIP dose
b’?:f;fg:n VD0 reduction factor b?:ti::g:n VD, 0520 reduction factor
(kGy) (kGy) (kGy) (kGy)
<0,1 0,0 n/a @ 55 8,9 3,23
0,15 0,9 n/a @ 60 8,9 3,21
0,20 1,4 n/a @ 65 9,0 3,20
0,25 1,8 n/a @ 70 9,1 3,19
0.30 2.2 n/a @ 75 9.1 3,17
0,35 2,5 n/a2 80 9,2 3,15
0,40 2,7 n/a?@ 85 9,1 3,11
0,45 2,9 n/a@ 90 9,1 3,08
0,50 3,1 n/a @ 95 9,1 3,05
0,60 3.4 n/a @ 100 9.0 3,01
0,70 3,6 n/a @ 110 9,0 2,96
0,80 3,8 n/a @ 120 9,0 2,91
0,90 4,0 n/a @ 130 8,9 2,86
1,0 42 4,17 140 8,9 2,83
1,5 4.8 4,05 150 8,9 2,79
2.0 52 397 160, 8,8 2,76
25 55 3.91 170 8,8 2,72
3.0 57 3.86 180 8,8 2,69
35 59 3.82 190 8,7 2,67
40 6.1 3.79 200 8,7 2,64
45 6.2 3.76 220 8,7 2,60
5.0 6.3 3.73 240 8,6 2,56
55 6.5 3,71 260 8,6 2,52
6.0 6.6 3.69 280 8,6 2,49
65 6.7 3.67 300 8,6 2,46
7.0 6.7 365 325 8,5 2,43
75 68 3.64 350 8,5 2,40
375 8,5 2,37
:g ?2 ggf 400 8,4 2,34
9'0 7'0 3'59 425 8,4 2,32
9'5 7'1 3,58 450 8,4 2,30
1'0 7’1 3'57 475 8,4 2,28
” 7’2 3'55 500 8,4 2,26
. . 525 8,3 2,24
12 73 3,53 550 8,3 2,22
13 7.4 3,51 575 8,3 2,21
14 7.5 3,50 600 8,3 2,19
13 7.6 3,48 650 8,3 2,16
X 7.6 3,47 700 8,2 2,14
17 7.7 3,46 756 8.2 2,12
18 7.8 3,45 800 8,2 2,09
19 7.8 343 850 8,2 2,07
20 79 342 900 8.1 2,05
22 8,0 3,40 950 8.1 2,04
24 8.1 3,39 1000 8.1 2,02
26 8,1 3,37 )
28 8.2 3.36 NOTE If SIP equal to 1,0 VD, _.?° is equal to 0,0 kGy, product
30 83 3.34 items are not irradiated.
35 8,4 3,31 @ Not applicable; in the range of average bioburden less than
40 8.6 3.29 or equal to 0,9, the entire product (SI_P equa_l to 1,0) is used and
15 8:7 3:27 hence the SIP dose reduction factor is not given.
50 8,8 3,25
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9.2.5 Stage 4: Perform verification dose experiment

9.2.5.1

(see 5.3).

9.2.5.2

The highes

Select 10 product items from a single batch of product. The 10 product items for the performance
of Stage 4 may be selected from one of the batches on which a bioburden determination was carried out in
Stage 2, or from a fourth batch manufactured under conditions that are representative of normal production

Irradiate these product items at VDmaX25 obtained from Table 9 or derived using Equation (10),
whichever is appropriate.

dose to prndl 1ct items shall not exceed \/nmdx25 hy more than 10 %

The arithm
VDmax25'

Determine {

If the highe
shall be rep

If the arithn
verification

performanc
experiment

9.2.5.3
number of

9.2.6 Stage 5: Interpretation of results

9.2.6.1
verification

9.2.6.2
(see 9.2.7).

9.2.6.3
dose might

If the occy
determinati
specific bio
using a furt
was not acq

btic mean of the highest and lowest doses to product items should not be less than 90 9

he dose delivered (see 5.5).

st dose to product items exceeds VD,,,,2% by more than 10 %, the verification dose experin
eated.

netic mean of the highest and lowest doses to product items is less than 90 % of VD,,,,2,
dose experiment may be repeated. If this mean dose is less/than 90 % of VD,,,%° and
b of tests of sterility, acceptable results are observed (see 9.2.6.1), the verification g

need not be repeated.

Subject each irradiated product item individually to a,test of sterility (see 5.4.1) and record
ositive tests of sterility.

If no more than one positive test of sterility is obtained from the 10 tests carried out, ac
And thereby substantiate 25 kGy as thé sterilization dose.

If two positive tests of sterility_are obtained, perform a confirmatory verification dose experir]

If three or more positive tests of sterility are obtained, do not accept verification as the steriliz3
be inadequate.

rrence of theseé\positive tests of sterility can be ascribed to incorrect performance of
bn of bioburden; incorrect performance of tests of sterility or incorrect delivery of VDmaX25,

burden-related cause, implement corrective action and repeat the verification dose experir
ner 10 product items and the same VD,,,,,2° as that used in the verification dose experiment
epted;sinterpret the results of the repeat verification dose experiment in accordance with 9.2.6.

If the occu

o of

hent

the
on
ose

the

cept

nent

tion

the
or a
nent
that

rence of these Inneiﬁ\/p tests of prrilify cannat bhe ascribed to_incorrect Inprfnrman(‘p of

the

determination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VD

25
max

or a

specific bioburden-related cause, the selected sterilization dose of 25 kGy is not substantiated and an
alternative method for establishing a sterilization dose shall be used (see Clause 6).
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9.2.7 Confirmatory verification dose experiment

9.2.7.1 General

If a confirmatory verification dose experiment is to be carried out (see 9.2.6.2), the three stages below shall be
followed.

9.2.7.2 Stage 1: Obtain samples of product

Select 10 product items from a single batch of product. The 10 product items for the performance of the
confirmatory verification dose experiment may be selected from one of the baiches on which a bioburden
detgrmination was carried out in Stage 2 (see 9.2.3), from the fourth batch used in Stage 4 (see 942.5) or from
a bgtch manufactured under conditions that are representative of normal production (see 5.3).

9.2.f.3 Stage 2: Perform confirmatory verification dose experiment
9.2.7.3.1  lIrradiate these product items at VD,,,,, 25 as determined in 9.2.4.
Thelhighest dose to product items shall not exceed VD,,,,2° by more than 10.%.

The| arithmetic mean of the highest and lowest doses to product items should not be less thgn 90 % of
VD! 25

max

Detérmine the dose delivered (see 5.5).

If the highest dose to product items exceeds VD,,,,2° byzmore 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 VD,,2°, the

confirmatory verification dose experiment may.be repeated. If this mean dose is less than 90 %|of VD, ,,2°

and| on performance of tests of sterility,~acceptable results are observed (see 9.2.7.4.1), the ¢onfirmatory
verification dose experiment need not pe\repeated.

9.2.f.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..4 Stage 3: Interpretation of results

9.2.f.4.1 If theresare no positive tests of sterility from the 10 tests carried out, giving a total of fwo positive
tests of sterility ©©Obtained from the original and confirmatory verification dose experiments performed in
carrying out substantiation of 25 kGy, accept confirmatory verification and thereby substantiate 29 kGy as the
sterllization dose.

9.2.7.4.2." If any positive tests of sterility are obtained, do not accept confirmatory verificTion as the
sterllization 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 VDmaX25, 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 VDmaX25 as that
used originally. Interpret the results of the repeat confirmatory verification dose experiment in accordance with
9.2.74.

If the occurrence of these positive tests of sterility cannot be ascribed to incorrect performance of tests of
sterility or incorrect delivery of VD,,,,,2%, or a specific bioburden-related cause, the selected sterilization dose
of 25 kGy is not substantiated and an alternative method for establishing a sterilization dose shall be used
(see Clause 6).
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9.3 Proc

9.3.1 Rati

edure for Method VD,,,,2° for a single production batch

onale

This method is an adaptation of Method VD,,,,25 and is intended to be used only for the substantiation of
25 kGy as the sterilization dose for a single production batch.

9.3.2 General

9.3.2.1

This method shall only be used if average bioburden of product is less than or equal to 1 000.

9.3.22 In
entire prodd
greater thar

9.3.23 In

applying Method VDmaX25 for product with an average bioburden less than or equal 00,9,
ct item shall be used in accordance with Table 1, whereas for product with an average)biobu
0,9, an SIP may be used (see 5.2.5).

pplying this adaptation of Method VD, ....25, the five stages below shall be followed.

max

9.3.3 Stage 1: Obtain samples of product

Select 10 p

NOTE A

oduct items from the single batch, in accordance with 5.1, 5.2 and 5:3.

dditional product might be needed to validate the adequacy of an SIP. |ess than one (see 5.2.5).

9.3.4 Stage 2: Determine average bioburden

9.3.4.1

9.3.4.2
bioburden.

NOTE 1 H
in which casg
not apply to §

NOTE 2 \
below the lin
to an overest

Apply the correction factor (see ISO 11737-1) in the\determination of bioburden.

Determine the bioburden of each of the selected product items and calculate the ave

ioburden is generally determined on individual product items unless the bioburden is low (e.g. less than
it is permissible to pool the 10 produgt-items for the determination of average bioburden. This guidance
BIPs, which should not be pooled; instead, a larger SIP should be chosen (see 5.2.5).

Vhen no colonies are observedyin the determination of bioburden, this is sometimes expressed as b
it of detection. Use of the litityof detection as a bioburden value in calculating average bioburden could
imation. Overestimation could affect the validity of the verification dose experiment.

9.3.5 Stage 3: Obtain VD, (5?°

Obtain the

For an SIP|
greater than

alue of SIPtequal to 1,0 VD,,,2° from Table 9 using the average bioburden.

equalsto 1,0, if the average bioburden is not given in Table 9, use the closest tabulated v
theraverage bioburden.

the
den

age

10),
oes

eing
lead

hlue

For an SIP less 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 bioburden is not given
in Table 9, use the closest tabulated value greater than the average bioburden to locate the value of SIP equal
to 1,0 VD, ,,,2° and the corresponding SIP dose reduction factor.

NOTE

(see 9.3.2.2).

Use Equation (10) to calculate the SIP VD,,,,2° (see 9.2.4).

34

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

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=5489625e572248f7c9b8cd741c22e549

ISO 11137-2:2012(E)

9.3.6 Stage 4: Perform verification dose experiment

9.3.6.1

9.3.6.2

Select 10 product items from the single batch of product.

Irradiate these product items at VD,

whichever is appropriate.

The

highest dose to product items shall not exceed VD,,,,2° by more than 10 %.

25 obtained from Table 9 or derived using Equation (10),

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

VD

25
nax__-

Det

If th

shall be repeated.

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

9.3.p.3 Subject each irradiated product item individually to-a\iest of sterility (see 5.4.1) ang
number of positive tests of sterility.

9.3.f Stage 5: Interpretation of results

9.3./1 If no more than one positive test of sterility is obtained from the 10 tests carried
verification and thereby substantiate 25 kGy as the sterilization dose.

9.3.f.2 If two positive tests of sterility_are- obtained, perform a confirmatory verification dose
(seq 9.3.8).

9.3.f7.3 If three or more positive tests of sterility are obtained, do not accept verification as the
dosge might be inadequate.

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

dete
spe
usin
was|

If th
dete
spe

ermine the dose delivered (see 5.5).

e highest dose to product items exceeds VD,,,,2° by more than 10 %, the verification dose

rmination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VO
Cific bioburden-related cause, implement corrective action and repeat the verification dose

g a further 10 preduct items and the same VD,,,,,2° as that used in the verification dose exp

rmination of bioburden, incorrect performance of tests of sterility or incorrect delivery of VO

experiment

25
Dax<>, the
25 and, on
ation dose

record the

out, accept
experiment
sterilization

nce of the
25
max”» OF @
experiment
eriment that

not accepted. Anterpret the results of the repeat verification dose experiment in accordance with 9.3.7.

e occurrence of these positive tests of sterility cannot be ascribed to incorrect performance of the

Cific “bioburden-related cause, the selected sterilization dose of 25 kGy is not substantia

altetna C Metnoq 1or esiab Ning d c adllon aosSe SNAll DE =10 CC d A,
9.3.8 Confirmatory verification dose experiment
9.3.8.1 General

If a confirmatory verification dose experiment is to be carried out (see 9.3.7.2), the three stages below shall be
followed.
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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 microbial growth
should be taken into account in storing the single batch.

9.3.8.3

9.3.8.3.1

Stage 2: Perform confirmatory verification dose experiment

Irradiate these product items at VD,,,,,2° as determined in 9.3.5.

The highest dose to product items shall not exceed VD,,,,,2° by more than 10 %.

The arithm
VD, . 25.

max

Determine t

If the highe]
experiment

If the arithn
confirmator

and, on pe
verification

9.3.8.3.2
number of f

q

J

9.3.8.4

9.3.8.4.1

btic mean of the highest and lowest doses to product items should not be less than 90)9

he dose delivered (see 5.5).

5t dose to product items exceeds VD,,,,2° by more than 10 %, the confirmatory Verification

shall be repeated.

max

netic mean of the highest and lowest doses to product items is less.fhan 90 % of VD, ,,%°,

verification dose experiment may be repeated. If this mean dosé_is less than 90 % of VD

formance of tests of sterility, acceptable results are observed(see 9.3.8.4.1), the confirmg
Hose experiment need not be repeated.

Subject each irradiated product item individually to a‘test of sterility (see 5.4.1) and record
ositive tests of sterility.

tage 3: Interpretation of results

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

tests of sterility obtained from the original and>gonfirmatory verification dose experiments performe

carrying ou
sterilization

9.3.8.4.2
sterilization

If the occur
or incorrect
the confirm

substantiation of 25 kGy, accept confirmatory verification and thereby substantiate 25 kGy as
dose.

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

ence of these positive tests of sterility can be ascribed to incorrect performance of tests of ste
delivery of VD,,,£25, or a specific bioburden-related cause, implement corrective action and re

htory verification dose experiment using a further 10 product items and the same VD, 2° as

used originally. Interpret the results of the repeat confirmatory verification dose experiment in accordance

9.3.8.4.

If the occu
sterility or i
of 25 kGy i

rence\of these positive tests of sterility cannot be ascribed to incorrect performance of test
aorrect delivery of VD, 2%, or a specific bioburden-related cause, the selected sterilization g

max

o of

ose

the
25

max

tory

the

itive
d in
the

the

rility
peat
that
with

s of
ose

(see Clause 6).

9.4 Procedure for Method VD, 1° for multiple production batches

sed

9.41 General

94.1.1 This method shall only be used if batch average bioburden of product is less than or equal to 1,5.
NOTE All three batch average bioburden values (see 9.4.3.2) shall be less than or equal to 1,5.
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9.4.1.2 In applying Method VD, 'S, an entire product item (SIP equal to 1,0) shall
accordance with Table 1.

9.4.1.3 In applying Method VD

max 2> the five stages below shall be followed.

NOTE For a worked example, see 11.3.

9.4.2 Stage 1: Obtain samples of product

be used in

Select 10 product items from each of three independent production batches, in accordance with 5.1 and 5.3.

9.4.

9.4.

9.4.

a)

b)

B Stage 2: Determine average bioburden

3.1 Apply the correction factor (see ISO 11737-1) in the determination of bioburden.
3.2 Determine the bioburden of each of the selected product items and caleulate:
the average bioburden per item for each of the three batches (batch average bioburden);

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

NOTE 1 Bioburden is generally determined on individual product itemssbtt when the bioburden is low (e.g. for VDmaX15

less

NOT
the |

than 1,5), it is permissible to pool the 10 product items for the detefmination of batch average bioburden.

overestimation. Overestimation could affect the validity of the verification dose experiment.

9.4.

B.3 Compare the three batch average bioburdens to the overall average bioburden an

whether any one of the batch average bioburdens is two or more times greater than the ove
bioQurden.

9.4

Obt

4 Stage 3: Obtain VD15

max

pin the value of SIP equal™to 1,0 VD

bioQurden:

a)

b)

If one or more of the’ batch average bioburdens is two or more times greater than the ove
bioburden, use the’highest batch average bioburden, or

overall dverage bioburden.

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

E 2 When no colonies are observed in the determination of bieburden, this is sometimes expressed ag being below
mit of detection. Use of the limit of detection as a bioburden/value in calculating average bioburden coyld lead to an

| determine
all average

max 2 from Table 10 using one of the following as the average

rall average

If each of the batch average bioburdens is less than two times the overall average bioburden, use the

he average
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Table 10 — Values of VD, "5 for levels of average bioburden less than or equal to 1,5

SIP equal to 1,0 SIP equal to 1,0

Average bioburden VD, i "® Average bioburden VD, i "®
(kGy) (kGy)
<0,1 0,0 0,50 1,8
0,15 0,5 0,60 2,0
0,20 0,9 0,70 2,2
0,25 1,1 0,80 2,3
0,30 1,3 0,90 2,2
0,35 1,5 1,0 21
0,40 1,6 1,5 1,7
0,45 1,7

NOTE If

BIP equal to 1,0 VDmax15 is equal to 0,0 kGy, product items are not irradiated.

9.4.5 Stage 4: Perform verification dose experiment

9.4.5.1

of Stage 4
Stage 2, or
(see 5.3).

9.4.5.2

The highes
greater.

The arithm
VD, . 15.

max

Determine t

If the highe
verification

If the arithn
verification
performanc
experiment

Select 10 product items from a single batch of product. The A0’product items for the performa
may be selected from one of the batches on which a bioburden determination was carried o
from a fourth batch manufactured under conditions which“are representative of normal produd

Irradiate these product items at VD5, '° obtained from Table 10.

dose to product items shall not exceed VD,,,'® by more than 10 % or 0,1 kGy, whichev
btic mean of the highest and lowest doses to product items should not be less than 90 9

he dose delivered (see 5/5);

5t dose to product itemsexceeds VD, 'S by more than 10 % or 0,1 kGy, whichever is greater

Hose experiment shall be repeated.

max

netic mean ef‘the highest and lowest doses to product items is less than 90 % of VD, '°,
dose experiment may be repeated. If this mean dose is less than 90 % of VD, ' and
e of tests of sterility, acceptable results are observed (see 9.4.6.1), the verification ¢

need not be repeated.

nce

it in

tion

Br is

o of

the

the
on
ose

9.4.5.3

Subject each Irradiated product item Individually 10 a test of sterility (see 9.4.7) and recor

number of positive tests of sterility.

9.4.6 Stage 5: Interpretation of results

9.4.6.1

9.4.6.2
(see 9.4.7).

38

the

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.

If two positive tests of sterility are obtained, perform a confirmatory verification dose experiment
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9.4.6.3 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 VD,,,,'°, or a
specific bioburden-related cause, implement corrective action and repeat the verification dose experiment
using a further 10 product items and the same VD,,,,'® as that used in the verification dose experiment that
was not accepted. Interpret the results of the repeat verification dose experiment in accordance with 9.4.6.

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 VD, ,,'°, or a
spegific bioburden-related cause, the selected sterilization dose of 15 kGy is not substantiafed and an
altefnative method for establishing a sterilization dose shall be used (see Clause 6).

9.4.f Confirmatory verification dose experiment

9.4.7.1 General

If a ponfirmatory verification dose experiment is to be carried out (see 9.4.6.2), the three stages beJow shall be
follgwed.

9.4.f.2 Stage 1: Obtain samples of product

Selgct 10 product items from a single batch of product. The 10 product items for the perfprmance of
confirmatory verification dose experiment may be selected.fifom one of the batches on which a bioburden
detgrmination was carried out in Stage 2 (see 9.4.3), from-the fourth batch used in Stage 4 (see 94.5) or from
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
9.47.31 lIrradiate these product items at VD, 1° as determined in 9.4.4.

The| highest dose to product items shiall"not exceed VD,,,, !5 by more than 10 % or 0,1 kGy, whichever is
greater.

The| arithmetic mean of the highest and lowest doses to product items should not be less than 90 % of
vD .. 1°.

max

Determine the dose delivered (see 5.5).

If the highest dose'to” product items exceeds VDmaX15 by more than 10 % or 0,1 kGy, whichever is|greater, the
confirmatory yerification dose experiment shall be repeated.

If the arithmetic mean of the highest and lowest doses to product items is less than 90 % of VD, '°, the
confirmatory verification dose experiment may be repeated. If this mean dose is less than 90 %|of VD,,,,'®
and-eR—perormance—oftests—of-sterility—aceceptable—results—are—ebserved{see—94-+4-—the—<onfirmatory

verification dose experiment need not be repeated.

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.
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9.4.7.4 Stage 3: Interpretation of results

9.4.7.41 If there 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
sterilization dose might be inadequate.

If the occur
or incorrect|delivery of VD, 15, or a specific bioburden-related cause, implement corrective action andirepeat
the confirmfitory verification dose experiment using a further 10 product items and the same VD% as|that
used originally. Interpret the results of the repeat confirmatory verification dose experiment in accordance |with
9.4.7.4.

rility

If the occulrence of these positive tests of sterility cannot be ascribed to incorrect performance of tes{s of
sterility or ipcorrect delivery of VD, '°, or a specific bioburden-related cause, the selected sterilization Jose
of 15 kGy is not substantiated and an alternative method for establishing a sterilization dose shall be Used
(see Clausg 6).

9.5 Procedure for Method VD, ! for a single production batch

9.5.1 Rationale

This methofl is an adaptation of Method VD,,,,,'® and is intended to be used only for the substantiation of
15 kGy as the sterilization dose for a single production batch.

9.5.2 General
9.5.2.1 This method shall only be used if average bioburden of product is less than or equal to 1,5.

9.5.2.2 In applying Method VD,,'%, an’ entire product item (SIP equal to1,0) shall be usedl in
accordance|{ with Table 1.

9.5.2.3 In applying this adaptatién/of Method VD,..... 1%, the five stages below shall be followed.

max
9.5.3 Stage 1: Obtain samples of product

Select 10 product 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 ISO 11737-1) in the determination of bioburden.

9.5.4.2 Determine the bioburden of each of the selected product items and calculate the average
bioburden.

NOTE 1 Bioburden is generally determined on individual product items, but when the bioburden is low (e.g. for VDmaX15
less than 1,5), it is permissible to pool the 10 product items for the determination of average bioburden.

NOTE2  When no 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 VD, '®

Obtain SIP equal to 1,0 VD,,,,'® 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 VD,,,,, ' obtained from Table 10.

Thel highest dose to product items shall not exceed VD, '® by more than 10 % or 0,1 kGy, |whichever is
greater.

The| arithmetic mean of the highest and lowest doses to product items should notibe”less thgn 90 % of
VD oy 2.

hax

Determine the dose delivered (see 5.5).

If the highest dose to product items exceeds VDmaX15 by more than 10 % ©r.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 VP, ,.,'5, the
verification dose experiment may be repeated. If this mean, dose is less than 90 % of VDL '® and, on
performance of tests of sterility, acceptable results are observed (see 9.5.7.1), the verifi¢gation dose

experiment need not be repeated.

9.5.p.3 Subject each irradiated product item individually to a test of sterility (see 5.4.1) and record the
nunmber of positive tests of sterility.

9.5.f Stage 5: Interpretation of results

9.5.f.1 If no more than one positive test of sterility is obtained from the 10 tests carried |out, accept
verification and thereby substantiate 15kGy as the sterilization dose.

9.5.f7.2 If two positive tests of sterility are obtained, perform a confirmatory verification dose|experiment
(seq 9.5.8).
9.5.7.3 If three or.miore positive tests of sterility are obtained, do not accept verification as the|sterilization

dose might be inadegquate.

If the occurrence” of these positive tests of sterility can be ascribed to incorrect performgnce of the
detgrminatiotof bioburden, incorrect performance of tests of sterility or incorrect delivery of VD ,,'®, or a
spe¢ific hioburden-related cause, implement corrective action and repeat the verification dose|experiment
usirjg afurther 10 product items and the same VD,,,,,'® as that used in the verification dose expgriment 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 VD,,,,'°, 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).

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.
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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
should be taken into account in storing the single batch.

9.5.8.3

9.5.8.3.1

The highest dose to product items shall not exceed VD,

greater.

Stage 2: Perform confirmatory verification dose experiment

Irradiate these product items at VD, '° as determined in 9.5.5.

15 by more than 10 % or 0,1 kGy, whichever is

The arlthm
VD

max

Determine t

If the highe
confirmator

If the arithn
confirmator
and, on pe
verification

9.5.8.3.2
number of f

q

J

9.5.8.4

9.5.8.4.1

tests of sterility obtained from the original and-gonfirmatory verification dose experiments performe

carrying ou
sterilization

9.5.8.4.2
sterilization

If the occur
or incorrect
the confirm

used originally. Interpret’the results of the repeat confirmatory verification dose experiment in accordance

9.5.8.4.

btic mean of the highest and lowest doses to product items should not be less than~90 9

he dose delivered (see 5.5).

5t dose to product items exceeds VDmaX15 by more than 10 % or 0,1 kGy, whichever is greater
verification dose experiment shall be repeated.

netic mean of the highest and lowest doses to product items is less than 90 % of VD, "5,
verification dose experiment may be repeated. If this mean dose’is less than 90 % of VD[
formance of tests of sterility, acceptable results are obseryed) (see 9.5.8.4.1), the confirmg
Hose experiment need not be repeated.

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

tage 3: Interpretation of results
If there are no positive tests of sterility, ffem the 10 tests carried out, giving a total of two pos

substantiation of 15 kGy, accept confirmatory verification and thereby substantiate 15 kGy as
dose.

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

ence of these positive tests of sterility can be ascribed to incorrect performance of tests of ste
delivery of VDmaX15, or a specific bioburden-related cause, implement corrective action and re
ptory verification'dose experiment using a further 10 product items and the same VDmaX15 as

If the occu

sterility or ife

o of

the

the

max

tory

the

itive
d in
the

the

rility
peat
that
with

s of

rence of these posmve tests of stenllty cannot be ascrlbed to incorrect performance of test

10se

of 15 kGy is not substant|ated and an aIternatlve method for establlshmg a stenllzatlon 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 Sterilization dose audits are not reqwred durlng periods |n WhICh product is not produced A review of

, onducted in
h should be

il 2A or

10.2.1 General

10.2.1.1 For the performance of a sterilization dose audit for a«sterilization dose established using
Method 1 or Method 2A, use an SIP equivalent to that used originally, in\establishing the sterilizatioh dose.

NOTE Method 2B requires the entire product to be utilized [see 8.3.1.1"a)].
10.2.1.2 In applying a sterilization dose audit, the four stages below shall be followed.

NOTE For worked examples, see 11.4 and 11.5.

10.2.2 Stage 1: Obtain samples of product

Selegct 110 product items from a single bateh_of product, in accordance with 5.1, 5.2 (if applicable) gnd 5.3.

10.2.3 Stage 2: Determine average bioburden

Determine the bioburden of each of 10 product items and calculate the average bioburden. If & correction
factpr (see ISO 11737-1) was used in establishing the original sterilization dose, apply the corrgction factor
found from the most recent alidation of the method of bioburden determination.

NOTE 1 Bioburden _is-generally determined on individual product items, unless the bioburden is low (e.g. less than 10),
in which case it is possible to pool the 10 product items for the determination of batch average bioburden. This guidance
doeg not apply to.SIPs, which should not be pooled; instead, a larger SIP should be chosen (see 5.2.5).

NOTE 2 AWhen no colonies are observed in the determination of bioburden, this is sometimes expressed as being
belo the limit of detection. Use of the limit of detection as a bioburden value in calculating average bioburdé¢n could lead
to an overestimation. Overestimation could affect the validity of the verification dose experiment.

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 dose
audit that resulted in augmentation of the sterilization dose. When applicable, use the adjusted dose until the
sterilization dose has been re-established.
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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 t!

he dose delivered (see 5.5).

If, on auditi

dose by more than 10 % or, on auditing a sterilization dose set by Method 2A or 2B, the highest'dos

product ite
experiment
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verification
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ng a sterilization dose set by Method 1, the arithmetic mean of the highest and-lowest dosg
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an dose is less than 90 % of D** or less than D** minus 1,0 kGy, whichever dose is lesser
Hose experiment may be repeated. If the conditions pertaining to a repeat’of the verification g
apply and, on performance of tests of sterility, acceptable results are abserved (see 10.2.5.1)
Hose experiment need not be repeated.

Subject each irradiated product item individually to a test ofj'sterility (see 5.4.1) using the m

10.2.5 Stage 4: Interpretation of results

10.2.5.1
the steriliza

10.2.5.2
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If no more than two positive tests of sterilityare obtained from the 100 tests carried out, ac
ion dose audit.
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items and the same- verification dose or D** as that used in the sterilization dose audit that
d. Interpret the results’of the repeat verification dose experiment in accordance with 10.2.5.

If the occufrence of these-positive tests of sterility cannot be ascribed to incorrect performance of test

sterility or in
shall apply:
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correct delivery of the verification dose or D**, or a specific bioburden-related cause, the follo

of four positive tests of sterility are obtained, augment the sterilization dose immediately
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Rpppnf the verification dose pxpprimpn’r as soan as Inmr‘tir‘nhlp neing a further 100 pmdnr‘f it

EMsS

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.

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.

c)

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).
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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) If no more than two positive tests of sterility are obtained from the 100 tests carried out, and a review of
environmental and manufacturing controls indicate no values outside established specifications, and the
outcomes of bioburden determinations indicate no values outside specified bioburden limit, resume use of
the previously established sterilization dose. If values exceed specifications, investigate and correct the
cause and resume use of the previously established sterilization dose.

b) If three or four positive tests of sterility are obtained, re-establish the sterilization dose immediately (see
10.4) 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 (see Clause 6).

c) |If five to 15 positive tests of sterility are obtained, re-establish the sterilization dose immefiately (see
10.4) using another method (see Clause 6). Augment the sterilization dose using the(findings from the
repeat verification dose experiment and continue to use the augmented sterilization| dose until
re-establishment of the sterilization dose is completed.

d) |If more than 15 positive tests of sterility are obtained, discontinue sterilization immegiately and
re-establish the sterilization dose (see 10.4) using another method (see!Clause 6). Do hot resume
sterilization until re-establishment of the sterilization dose is completed.

10.2.6 Augmentation of a sterilization dose established using Method 1, Method 2A or Methpd 2B

10.2.6.1 General

The| method for augmentation of the sterilization dose, established using Method 1, Method 2A or|Method 2B,

is bpsed on a method propounded by Herring, 1999[13]._|t\Uses the information from the failed|sterilization

doseg audit and the principles underlying Method 2, togethier with a conservative estimate of the resistance of
the most radiation-resistant component of the microbial population of the product.

10.2.6.2 Stage 1: Analyse data from the failed sterilization dose audit

a) |ldentify the highest dose measured.in-performing the sterilization dose audit. Designate this Value as the
“maximum audit dose.”

b) |Record the number of positive tests of sterility found in the sterilization dose audit (see 10.2.5.2 and
10.2.5.3). Designate this value‘as the “number of audit positives”.

10.2.6.3 Stage 2: Determine extrapolation factor, £

a) [Determine the value of E using Equation (11) or Equation (12), depending on the number of audit
positives.

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

E="maximum audit dose” + 2 kGy (11)
Ifthe humber of audit positives is 10 to 15 inclusive, use Equation (12).

E ="maximum audit dose” + 4 kGy (12)

b) Calculate the extrapolation factor wusing Equation (13) or Equation (14), depending on
the value of (E - 1).

If (E— 1) is less than or equal to 9, use Equation (13).

extrapolation factor=2 + 0,2 (F - 1) (13)
If (E— 1) is greater than 9, use Equation (14).

extrapolation factor = 0,4 (E - 1) (14)

If the calculation using Equation (13) or Equation (14) gives a value greater than 4,2 kGy, set the

extrapolation factor to 4,2 kGy.
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10.2.6.4 Stage 3: Calculate adjusted dose (the dose to achieve an SAL value of 10-2)
Calculate the adjusted dose using Equation (15).
adjusted dose = “maximum audit dose” + [log (“number of audit positives”)] (extrapolation factor) (15)
10.2.6.5 Stage 4: Calculate augmented sterilization dose
For Method 1 and Method 2A, calculate the augmented sterilization dose using Equation (16).

augmenpted sterilization dose = adjusted dose + [-log (SAL) — log (SIP) — 2] (extrapolation factor) (16)

For Method| 2B, calculate the augmented sterilization dose using Equation (17).

augmepted sterilization dose = adjusted dose + [-log (SAL) — 2] (extrapolation factor) (17)

10.3 Procgdure for auditing a sterilization dose substantiated using Method VD,,,,,2° or
Method VD pax'°

10.3.1 General

10.3.1.1 For the performance of a sterilization dose audit for a sterilization dose established using Method
VD, 2«22 or[Method VD, '°, use an SIP equivalent to that used originally in substantiating the sterilizgtion

max
dose.

NOTE Method VD, '® 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 Hor a worked example, see 11.6.

10.3.2 Stage 1: Obtain samples of product

Select 20 product items from a single batch.of product, in accordance with 5.1, 5.2 (if applicable) and 5.3.

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.

NOTE 1 Bioburden. is generally determined on individual product items, unless the bioburden is low (e.g. for Mgthod

VDmaX25 lesqd than, 10, for Method VDmaX15 less than 1,5), in which case it is permissible to pool the 10 product itemps for

the determinption 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).

NOTE 2  When no 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.

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).

10.3.4 Stage 3: Perform verification dose experiment

10.3.4.1  Irradiate 10 product items at VD,,,25 or VD,,,'® obtained from the original substantiation
exercise, whichever is applicable.
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The highest dose to product items shall not exceed VD,,,,2% by more than 10 % or VD,,,,'® by more than
10 % or 0,1 kGy, whichever is greater.

The arithmetic mean of the highest and lowest doses to product items should be less than 90 % of VD

VD, .y 1.

max

Determine the dose delivered (see 5.5).
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4.2 Subject each 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 numbe
5 of sterility.

.5 Stage 4: Interpretation of results

.5.1 If no more than one positive test of sterility is obtained_from the 10 tests carried out
lization dose audit.

.5.2 If two positive tests of sterility are obtained, perform a confirmatory sterilization dosg
.6).

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

b occurrence of these positive tests of sterility can be ascribed to incorrect performance of tes
correct delivery of VD 5,25 or VD, '%:er a specific bioburden-related cause, implement corrg
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Its of the repeat verification dose éxperiment in accordance with 10.3.5.
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lity or incorrect delivefy’ of VD 25 or VD, 1%, or a specific bioburden-related cause, the fol

Y.

If three to six ‘positive tests of sterility are obtained, augment the sterilization dose imme
10.3.7) andsre-establish the sterilization dose (see 10.4) as soon as practicable using anof
(see Clausg 6). Continue to use the augmented sterilization dose until re-establishment of the
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sterilization until the sterilization dose is re-established using another method (see Clause 6).

10.3.6 Confirmatory sterilization dose audit

10.3.6.1
10.3.6.1.1

General

For the performance of a confirmatory sterilization dose audit for a sterilization dose

established

using Method VD,,,,2° or Method VD,,,,'®, use an SIP equivalent to that used originally in substantiating the
sterilization dose.

NOTE

Method VDmaX15 requires the entire product item to be utilized (see 9.4.1.2 and 9.5.2.2).
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10.3.6.1.2 In applying the confirmatory sterilization dose audit, the three stages below shall be followed.

10.3.6.2 Stage 1: Obtain samples of product

Select 10 product items from a single batch of product, in accordance with 5.1, 5.2 (if applicable) and 5.3. The
10 product items for the performance of confirmatory sterilization dose audit may be selected from either the
batch used for the verification dose experiment carried out in the original sterilization dose audit (see 10.3.2)
or a second batch manufactured under conditions that are representative of normal production (see 5.3).

10.3.6.3 Stage 2: Perform confirmatory verification dose experiment

10.3.6.3.1 |Irradiate these product items at VD,,,,2% or VD,,,,'® obtained from the original substantigtion
exercise, whichever is applicable (see 9.2.4 or 9.4.4).

The highes} dose to product items shall not exceed VD,,,,2% by more than 10 % or VD% by more than
10 % or 0,1|1kGy, whichever is greater.

The arithmgtic mean of the highest and lowest doses to product items should not ‘be less than 90 % of
VD pax2? OF [VDpax 2.

Determine the dose delivered (see 5.5).

If the highept dose to product items exceeds VD,,,,2° by more than 10 % or VD,,,,'® by more than 10 %, or
0,1 kGy, wHichever is greater, the confirmatory verification dose experiment shall be repeated.

If the arithretic mean of the highest and lowest doses to product items is less than 90 % of VD,,,, % or
VD« "2, the confirmatory verification dose experiment may be'repeated. If this mean dose is less than 90 %

of VDppa?] or VDpay'® and, on performance of tests ofisterility, acceptable results are observed (see

10.3.6.4), the confirmatory verification dose experiment need not be repeated.

10.3.6.3.2 | Subject each irradiated product item irdividually to a test of sterility (see 5.4.1) using the mgdia
and incubatjon conditions used in the original dose substantiation exercise and record the number of posjtive
tests of sterjlity.

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 thereg| are no positive\tests of sterility from the 10 tests carried out, giving a total of two positive tes{s of
sterility]| obtained from the verification and confirmatory verification dose experiments performed in
carrying out the sterilization dose audit, accept the sterilization dose audit.

b) If one o four positive tests of sterility are obtained, augment the sterilization dose immediately (see
10.3.7)|and re-establish the sterilization dose (see 10.4) using another method (see Clause 6). Contjnue
to use the augmented sterilization dose until re-establishment of the sterilization dose Is completed.

c) |If five or more 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).

If the occurrence of one or more positive tests of sterility can be ascribed to incorrect performance of tests of
sterility or incorrect delivery of VD,,,,2%r VD, '% or a specific bioburden-related cause, implement
corrective action and repeat the confirmatory sterilization dose audit (see 10.3.6.3) using a further 10 product
items and the same VD, 25 or VD, '° as that obtained from the original sterilization dose substantiation

exercise. Interpret the results in accordance with a) to ¢) above.
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10.3.7 Augmentation of a sterilization dose substantiated using Method VD25 or Method VD, '°®

10.3.7.1 Method VD,

From Table 11, obtain the dose augmentation value corresponding to the average bioburden as determined
according to 10.3.3. If the average bioburden is not given in Table 11, use the closest tabulated value greater
than the average bioburden to obtain the dose augmentation value. Use this latter value in Equation (18) to
calculate the augmented sterilization dose.

augmented sterilization dose (kGy) = 25 kGy + dose augmentation value (18)

Table 11 — Method VD 25 augmentation values for average bioburden less than or equdl to 1 000

max
Agerage augn?g:tztion Average augn?g:tztion Average augn?g:tztion Average augn?::tz\tion
biopurden value bioburden value bioburden value bioburden value
(kGy) (kGy) (kGy) (kGy)
0,1 5,0 6,5 3,7 40 3,3 240 3,3
D,15 4.8 7,0 3,7 45 3,3 260 3,3
D,20 47 7.5 3,6 50 3,2 280 3,3
D,25 4,6 8,0 3,6 55 3,2 300 3,3
D,30 4,6 8,5 3,6 60 3,2 325 3,3
D,35 4,5 9,0 3,6 65 3,2 350 3,3
D,40 4,5 9,5 3,6 T0 3,2 375 3,3
D,45 4,4 10 3,6 75 3,2 400 3,3
D,50 44 11 3,6 80 3,2 425 3,3
D,60 4,3 12 3,5 85 3,2 450 3,3
D,70 43 13 3,5 90 3,2 475 3,3
D,80 4,2 14 3,5 95 3,2 500 3,3
D,90 42 15 3,56 100 3,2 525 3,3
1,0 4,2 16 3,5 110 3,2 550 3,3
1,5 4,0 17 3,56 120 3,2 575 3,3
2,0 4,0 18 34 130 3,2 600 3,3
25 3,9 19 34 140 3,2 650 3.4
3,0 3,9 20 34 150 3,2 700 34
3,5 3,8 22 34 160 3,2 750 3.4
4,0 3,8 24 34 170 3,2 800 34
4,5 3,8 26 34 180 3,2 850 3.4
5,0 3,7 28 34 190 3,3 900 34
55 37 30 33 200 33 956 3.4
6,0 3,7 35 3,3 220 3,3 1000 34

10.3.7.2 Method VD, 15

From Table 12, obtain the dose augmentation value corresponding to the average bioburden as determined
according to 10.3.3. If the average bioburden is not given in Table 12, use the closest tabulated value greater
than the average bioburden to obtain the dose augmentation value. Use this latter value in Equation (19) to
calculate the augmented sterilization dose.

augmented sterilization dose (kGy) = 15 kGy + dose augmentation value (19)
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Table 12 — Method VD, ., '® augmentation values for average bioburden less than or equal to 1,5

Dose Dose Dose Dose
Average augmentation Average augmentation Average augmentation Average augmentation
bioburden bioburden bioburden bioburden
value value value value
(kGy) (kGy) (kGy) (kGy)
<0,1 3,0 0,30 2,7 0,50 2,6 0,90 2,6
0,15 2,9 0,35 2,7 0,60 2,6 1,0 2,6
0,20 2,8 0,40 2,7 0,70 2,6 1,5 2,7
0,25 2,8 0,45 2,1 0,80 2,6
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Table 13 — 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 1073.
SIP 1,0 The entire product was chosen for bioburden determination and the verification dose
experiment.
Stage 2
Average bioburden 382 Batch average bioburdens of 108. 80 and 382 were observed from the three 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 dverall
average bioburden; therefore, 382 was used to obtain.the verification dose.
Stage 3
Verification dose 9,7 kGy |As an average bioburden of 382 is not listed in Table 5, the next greafer tabulated
value of 400 was used.
Stape 4
Ve¢rification dose 9,4 kGy to | The dose to product items in the\verification dose experiment ranged from 9,4 kGy to
experiment 10,4 kGy |[10,4 kGy.
Stapge 5
nterpretation 1 positive | The highest dose to_product items is less than the calculated upper limif (10,7 kGy),
of results and the arithmetic,mean of the highest and lowest doses, 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 sterility were acceptable (i.e.|less than or
equal to two'positives); therefore, verification was accepted.
Stape 6
Sterilization dose 12,9kGy |[The. 1073 sterilization dose for the highest batch average bioburden of 382 is
for an SAL 12,9 kGy from Table 52.
of 10-3
@ | As an average bioburden-of.382 is not listed in Table 5, the next greater tabulated value of 400 was used.
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Table 14 — Determination of sterilization dose (Method 1, SIP less than 1,0)

Term Value Comment
Stage 1
SAL 106 For example, the product has a selected SAL of 10-5.
SIP 0,05 The product was too large to be subjected to a test of sterility; a 1/20 portion was
selected for dose setting.
Stage 2
Average bioburden 59 The bioburden results from the SIPs for the three batches gave averages of 50, 62
and 65. Counts greater than or equal to 2 cfu per SIP on 85 % of the product itemp
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 overall §IP
average bioburden. Therefore, 59 was used to obtain the yeérification dose.
Stage 3
Verification) dose 7,3kGy |As an average bioburden of 59 is not listed in Table\5, the next greater tabulated
bioburden of 60 was used to obtain the verification dose.
Stage 4
Verification dose 6,5 kGy to | The dose to product items in the verification dose experiment ranged from 6,5 kGy to
experiment 7,7kGy |7,7 kGy.
Stage 5
Interpretation 2 positives | The highest dose to productitems is less than the calculated upper limit (8,0 kGy),
of resujts 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 pr
equal to two positives); therefore, verification was accepted.
Stage 6
Average bigburden 1180 The average bioburden for the entire product was calculated as 59/0,05 = 1 180.
for entire pfoduct
Sterilization dose 252 kGy |The' 1076 sterilization dose for an entire product average bioburden of 1 180 is
for an JAL 25,2 kGy from Table 52.
of 1076

8 Asanay

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

52
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Table 15 — Determination of sterilization dose (Method 1, SIP equal to 1,0, bioburden less than 1,0)

Term Value Comment
Stage 1
SAL 106 For example, the product has a selected SAL of 107.
SIP 1,0 For bioburden values less than 1,0, it is required to use the entire product item for
bioburden determination and the verification dose experiment.
Stage 2
Average bioburden 0.63 The bioburden results from the three batches gave averages of 0.6. 0.6, and 0,7.
— The overall average bioburden of 0,63.
— The highest batch average bioburden was 0,7.
The highest batch average bioburden of 0,7 was less than two times the pverall
average bioburden of 0,63. Therefore 0,63 was used tg _obtain the verification dose.
Stapge 3
Veérification dose 2,7 kGy The average bioburden of 0,63 is not listed in<T@ble 6; the next greater tapulated
value of 0,70 was used to obtain the verification dose.
Stape 4
Verification dose 2,0 kGy to | The dose to product items in the verification dose experiment ranged from 2,0 kGy to
experiment 2,6 kGy |2,6 kGy.
Stapge 5
nterpretation 2 positives | The highest dose to product items is less than the calculated upper limit (3,0 kGy)
of results and the arithmetic mean* of the highest and lowest doses, 2,3 kGy, is lesg than 90 %
of the verification dese (90 % of 2,7 kGy is 2,4 kGy). Although this mean {s less than
the calculated lower limit, the results of tests of sterility were acceptable (i.¢. less than
or equal to two\positives); therefore, verification was accepted.
Stage 6
Stgrilization dose 13,7 kGy | The 108 sterilization dose for an average bioburden of 0,63 is 13,7 kGy fram Table 6 2.
for an SAL
of 106
@ |As an average bioburden 0f-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
Twa tire product

item

worked examples are given for Method 2A, one for a product that could be tested using the er

t had to be

—(StPequatto t.0), giverim Tabtes 16,17, 18, t9—and—20,and = secondfor a product tha
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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11.2.2 Worked example for Method 2A (SIP equal to 1,0)

11.2.2.1 Stage 1: Select SAL and obtain samples of product

11.2.2.1.1 The product has a selected SAL of 10-6. The entire product was used for dose setting (SIP equal
to 1,0) and 280 product items were chosen at random from each of three batches.

11.2.2.1.2 The allocation of product for the incremental dose experiment is shown in Table 16.

Table 16 — Number of product items for irradiation at various incremental doses

Nominal incremental dose Product held for
Batch No. (kGy) Stage 3 To:zl(‘m?edduct
2 4 6 8 10 | 12 | 14 | 16 | 18 experiment
1 20 20 20 20 20 20 20 20 20 100 280
2 20 20 20 20 20 20 20 20 20 100 280
3 20 20 20 20 20 20 20 20 20 100 280

11.2.2.2 Stage 2: Perform incremental dose experiment

Table 17 prpvides an example of data from an incremental dose series. Table 18 shows values derived from
such a serigs.

Table|[17 — Typical data derived from incremental dose experiment (number of positive tests
of sterility from 20 tests performed.on individual product items)

Nominal incremental dose
Batch No. (kGy)
2 4 6 8 10 12 14 16 18
Highest dose (kGy) 2,2 5,0 53 9,0 9,2 11,6 15,0 16,2 19,3
1 Number of positives 20 5 2 0 0 0 0 0 D
Highest dose (kGy) 2,6 3,2 6,6 8,0 9,7 13,0 13,8 15,8 171.9
? Number of paSitives 11 7 0 0 1 0 0 0 D
Highest dose (kGy) 23 4,2 59 7,5 10,7 11,4 13,7 17,5 17.1
° Number of positives 18 7 2 2 0 0 0 0 D
NOTE The arithmetic mean of the highest and lowest doses at each incremental dose is greater than the specified lower limit
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Table 18 — Stage 2 calculations
Term Value Comment
Batch 1 ffp 5,0 kGy [A batch ffp is the first incremental dose where at least one of the 20 tests of sterility is
Batch 2 ffp 26kay |Megative:
Batch 3 ffp 2,3 kGy

A 0,65 kGy | Find the number of positive tests of sterility at the median ffp and use Table 7 to
obtain 4.

For example, the number of positive tests of sterility at median ffp (2,6 kGy) was 11,

so 4 is 0,65 kGy.

FFP 1,95 kGy |FFP is the median of the three batch ffps minus 4.

For example,

FFP = 2,6 kGy — 0,65 kGy = 1,95 kGy.
Batch 1 d&* 9,0 kGy |[d* for a batch is the dose of a) or b), where
Batch 2 d* 6,6 kGy |a) is the lower dose of two consecutive incremental'doses at which no positive tests
Batch 3 4* 10,7 kGy of sterility occur, followed by no more than one further positive test of sterility;

b) is the first incremental dose at which\one positive test of stefility occurs,
immediately preceded by one, and only‘one, dose at which no posjtive tests of
sterility occur, and followed by all negative tests of sterility.

D* 9,0 kGy [D*is the median of the three batch{g*sy except when any batch has a d* which
exceeds the median d* by 5,0 kGy.or more. If the exception is observed, D* is taken
to be the maximum of the batéh.d”s.

CD* batch Batch 1 The CD* batch is the batchrwhich has d* equal to D*. If more than one d*|is equal to
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Stage 3: Perform verification dose experiment

Table 19 shows values derived from the Stage 3 experiment.

Table 19 — Stage 3 calculations

CD* is two and, therefore,~ENP is equal to DD* which is equal to 8,0 kGy.

Term Value Comment
D* 9,0 kGy |From Stage 2 experiment.
Verification dose 7,0 kGy to | The dose to product items in the verification dose experiment ranged from 7,0 kGy to
experiment 8;0-kGy—18;6kSy-

DD* 8,0 kGy |DD* is the highest dose delivered in the verification dose experiment.
Actions with regard to upper and lower dose limits are dependent on CD*(see 8.24).
For example:
DD* does not exceed the upper limit (10,0 kGy).
The arithmetic mean of DD* and the lowest dose to product (7,5 kGy) is less than|the
lower limit (8,0 kGy).
NOTE In such circumstances, had CD* been greater-than 15, the verification dose
experiment may have been repeated.

CD* 2 CD* is the number of positive tests of sterility-observed in the verification dose
experiment.
For example:
Two positive tests of sterility were.ohserved and this number is acceptable.

FNP 8,0kGy [For example:
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