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Foreword

ISO (the International Organization for Standardization) ds

a worldwide

federation of national standards bodies (ISO member bodies)| The work of

preparing International Standards is normally carried\ out
technical committees. Each member body interested ‘inya subje

through 1SO
ct for which a

technical committee has been established has the'right to be represented on
that committee. International organizations; “governmenta]l and non-
governmental, in liaison with ISO, also take part in the work. ISQ collaborates

closely with the International Electrote€hnical Commission
matters of electrotechnical standardization:

(IEC) on all

Draft International Standards adopted by the technical cofnmittees are
circulated to the member bodies for voting. Publication as anl International
Standard requires approval byat least 75% of the member bodgies casting a

vote.

International Standard” ISO 14160 was prepared by Technical Committee

ISO/TC 198, Sterilization of health care products.

Annexes AxB-and C of this International Standard are for inform

ation only.
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A sterile prq
International
product item
device from
means. Eve
conditions in
medical devi
have microor
non-sterile.
microbiologic
sterile ones.

The inactivat

duct item is one which is free of viable microorganisms.
Standards require, when it is necessary to supply a sterile
that adventitious microbiological contamination of a medical
all sources prior to sterilization be minimized by all practical
h s0, product items produced under defined manufacturing
accordance with the requirements for quality systems for
Ces (see 1SO 13485 and 1SO 13488) can, prior to sterilization,
panisms on them, albeit in low numbers. Such product items are

The purpose of sterilization processing is to inactivate the

Bl contaminants and thereby transform the non-sterile items into

ion of a pure culture of microorganisms by physical and/or

chemical agénts used to sterilize medical devices often approximates an

exponential 1
probability th
treatment ap
determined

environment
sterility of an
processing

population of

elationship; inevitably this means that there is always a finite
at a microorganism can survive regardless of the extent of
plied. For a given treatment, the probability'/Cof survival is
by the number and types of microorganisms and by the
n which the organisms exist during treatment. It follows that the
y one item in a population of items_subjected to sterilization
annot be guaranteed and the (Sterility of the processed
items has to be defined in terms of the probability of there being

a viable micrgorganism present on the deviee!

Generic requ
production, i
standards a
standards de

irements for the quality ‘'system for the design/development,
hstallation and servieing/ are given in the 1ISO 9000 family of
hd in 1SO 13485,and 1SO 13488. The ISO 9000 series of

the results ¢
the product.
efficacy can

Signates certain processes used in manufacture as "special” if
nnot be fully‘xerified by subsequent inspection and testing of
terilization~is'an example of a special process because process
t be verified by inspection and testing of the product. For this

reason, sterllizatiop~processes have to be validated before use, the
performance| of, the process monitored routinely and the equipment

maintained.

It is important to be aware that the exposure to a properly validated and
accurately controlled sterilization process is not the only factor associated
with the provision of reliable assurance that the product is sterile and in this
respect suitable for its intended use. Attention has also to be given to a
number of factors, including the microbiological status (bioburden) of
incoming raw materials and/or components, their subsequent storage, and to
the control of the environment in which the product is manufactured,
assembled and packaged.
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The agents for sterilization used most frequently for medical devices are
moist heat, dry heat, irradiation and ethylene oxide. While some devices
containing animal tissues may be compatible with these commonly applied
methods of sterilization (for example catgut sutures are usually sterilized by
irradiation), other devices, such as biological heart valves or tissue patches,
are not compatible with conventional sterilization processes. It has been
recognized that other sterilizing agents might have to be used in these
exceptional circumstances. Liquid chemical sterilants have been widely used
in such instances and, in common with the other sterilization methods, the
efficacy of the process needs to be demonstrated and recorded before it is
adopted for routine use.

plidation and
Ps containing
hts; guidance
in annex A.
nimal  tissues
n themselves
Following the

This International Standard contains requirements for the)Vj
routine monitoring of sterilization of single-use medical devic
materials of animal origin by exposure to liquid chemicat sterila
on the application of this International Standard“-is given
Manufacturing processes for medical devices\eontaining a
frequently include exposure to chemical agents which can i
reduce significantly the bioburden on the,“medical device.

manufacturing process, a medical device is exposed to a defing
process; the requirements for validation and routine control des
International Standard apply only-tosthis defined sterilization pr
not take account of the lethal effécts of other bioburden reductio

NOTE — The guidance giveriin annex A is not obligatory and it is no
check list for auditors.

d sterilization
cribed in this
pcess and do
N steps.

provided as a
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Sterilization of single-use medical devices incorporating materials

of animal origin — Validation and routine control of sterilization by
liquid chemical sterilants

1 Scop;s
This Intern
the steriliz
materials g
This Intern

This Intern

NOTE1l A

can be used in the control of all stages of manufacture including the sterilization process.

This Intern
fitness for

NOTE2 S
This Intern

NOTE 3 Ir]
of liquid chd
manufactur
this Interna
is in prepar

NOTE4 L
inactivating
(BSE), or s
inactivation

This Intern

U

ational Standard specifies requirements for the development, validation, process centrol and
btion, by the use of liquid chemical sterilants, of single-use medical devices comprising, in wh
f animal origin.

ational Standard does not apply to material of human origin.

ational Standard does not describe a quality assurance system fordthe control of all stages of m
tention is drawn to the standards for quality systems (see ISO 9001 atd ISO 13485 or ISO 9002 and 1S(
ational Standard does not describe tests to establish:the’effects of any chosen sterilization me
Lise of the medical device.

Lich testing is a crucial part of the design and develoepment of a medical device.

ational Standard does not describe methods for the validation of the inactivation of viruses.
developing a method for processing.medical devices containing materials of animal origin, consideratio
mical sterilization on potential virakeontaminants will also be necessary because of the source of mater
e of these particular medical deviees. The importance of validation of viral inactivation for processes with

ional Standard is recognized. This aspect is excluded from this International Standard; a separate Euro
tion (EN 12442-3).

quid chemical sterilants traditionally employed to sterilize animal tissues in medical devices may not
the causative agents of transmissable spongiform encephalopathies such as bovine spongiform €
Crapie. Satisfactory validation in accordance with this International Standard should not be assumed f
of infective-agents of this type.

ational’Standard does not cover the level of residual sterilant within medical devices.

monitoring of
ole or in part,

panufacture.

13488) which

hod upon the

h of the effects
als used in the
n the scope of
bean Standard

be effective in
ncephalopathy
0 demonstrate

NOTE 5

O-JAL20 ¢ Aoaapth theo o -t
O o0U0U 1S CUNCCTTICO Wit T oS 15SSUCT

2 Norm

1S

ative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
International Standard. At the time of publication, the editions indicated were valid. All standards are subject to revision,
agreements based on this International Standard are encouraged to investigate the possibility of applying the most
recent editions of the standards indicated below. Members of IEC and ISO maintain registers of currently valid

Internation

al Standards.
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ISO 9001:1994, Quality systems — Model for quality assurance in design, development, production, installation and

servicing.

ISO 9002:1994, Quality systems — Model for quality assurance in production, installation and servicing.

ISO 11138-1:

1994, Sterilization of health care products— Biological indicators — Part 1: General.

ISO 11737-1:1995, Sterilization of health care products — Microbiological methods — Part 1: Estimation of the

population of

microorganisms on product.

NOTE — The relationship between International Standards and European Standards is given in annex B.

3 Definitig
For the purpd

3.1

batch
defined quarn
and quality, 8

3.2
bioburden
population of

3.3
carrier
supporting m

3.4
commissioni
obtaining an
specification
instructions

35

decimal redu
D-value

time (expres
population of

3.6
exposure tim

ns

ses of this International Standard, the following definitions apply.

tity of bulk, intermediate, or finished product that is intended or purported to be uniform ir
ind which has been produced during a defined cycle of manufacture

viable microorganisms on a product and/or a package

aterial on which test organisms are deposited

g
d documenting evidence that equipment has been provided and installed in accordang

Ction value

bed in minutes)-of irradiation dose (expressed in kilograys) required to achieve inactivation o
the test organism under stated exposure conditions

a)

time for whic

h the medical device is nypncnd atthe Qpnrifind fnmpnrnfllrn and sterilant concentration

3.7
inactivation
process resu

Iting in the loss of the ability of microorganisms to grow and/or multiply

character

e with its

5 and that it functions withia \predetermined limits when operated in accordance with @perational

90 % of a

NOTE — For the purpose of this International Standard, microorganisms comprise sporing and non-sporing bacteria, viruses, fungi

and protozoa.

3.8

inoculated carrier

carrier on wh

ich a defined number of test organisms has been deposited
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3.9
liquid chemical sterilant
defined formulation of chemicals in a solution or liquid form which is applied to achieve sterility

3.10

medical device

any instrument, apparatus, appliance, material or other article, whether used alone or in combination, including the
software necessary for its proper application, intended by the manufacturer to be used for human beings for the
purpose of:

— diagnosis, prevention, monitoring, treatment or alleviation of disease;

— diagngsis, monitoring, treatment, alleviation of, or compensation for an injury or handicap;
— investjgation, replacement or modification of the anatomy or of a physiological process;

— contrgl of conception;

and which|does not achieve its principal intended action in or on the human body by pharmatological, imnmunological or
metabolic means, but which may be assisted in its function by such means

3.11
performange qualification
obtaining aind documenting evidence that the equipment as commissiofned will produce acceptable product when
operated ip accordance with the process specification

3.12
presterilizgtion count
viable coult obtained prior to sterilization

3.13
product compatibility
ability of the sterilization process to achieve the intended results without detrimental effect on the product

3.14
process degvelopment
documented programme of studies (which are performed in order to define the sterilization process baked upon the
product/packaging/loading patternand/or equipment limitations

3.15
revalidatioh
repetition g¢f part or all ef the validation test requirements for the purpose of reconfirming process reliability|

3.16
sterility
state of bejng.free from viable microorganisms

NOTE — In practice no such absolute statement regarding the absence of microorganisms can be proven (see 3.18 sterilization).

3.17
sterile
free from viable microorganisms

NOTE — In practice no such absolute statement regarding the absence of microorganisms can be proven (see 3.18 sterilization).

3.18
sterilization
validated process used to render a product free of all forms of viable microorganisms
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NOTE — In a sterilization process, the nature of microbial death is described by an exponential function. Therefore, the presence
of viable microorganisms on any individual item can be expressed in terms of probability. While this probability may be reduced to a
very low number, it can never be reduced to zero. The probability can be expressed as a sterility assurance level (SAL), normally
expressed in the form 10"

3.19
storage soluti

on

liguid in which a medical device in its final form is presented for use

3.20
validation
documented

praocedure for obtaining, recording and interpreting the data required to show that a p

rocess will

consistently y

NOTE — Fo
commissioning

3.21
viable count
number of mi

NOTE — A dig

4 Genera
4.1 Contro

The manufa
specified limi

NOTE1 Emp
A documente
NOTE 2 AEUY

The docume
effectively. D

ield product complying with predetermined specifications

sterilization by liquid chemical sterilants, validation is considered as a total programme“which
and performance qualification.

croorganisms estimated by growth of discrete colonies under the stated culture condition

crete colony may not necessarily originate from a single viable microorganism.

of manufacturing

Cturing process shall be established and-controlled to maintain the presterilization courn
.

oying a quality system complying with ISO-13485 or ISO 13488 meets this requirement.
d system shall be established.and maintained to control the sourcing of raw materials of anin
ropean Standard on sourcing,-controls, collection and handling (EN 12442-2) is under preparation.

nted procedures.-and instructions required by this International Standard shall be im
ocumentation and-records shall be reviewed and approved by designated personnel (see 4.2

consists of

t below a

nal origin.

plemented

).

pntrol (see

4.2 Persorjnel
Responsibility for, the maintenance of equipment (see 4.4), for the validation (see clause 5) and routine ¢
clause 6) of stefilizationby-expostre-to-ligticchemical-steritants—and-for-therefease—of product-shaltbe

qualified personnel as specified in ISO 9001 or in ISO 9002.

4.3 Calibration

ssigned to

An effective system shall be established, documented and maintained for the calibration of all controlling, indicating and
recording instruments used for validation and routine control of the sterilization process. This system shall comply with
the requirements of either ISO 9001 or ISO 9002.
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4.4 Maintenance of equipment

Preventative maintenance shall be planned and performed in accordance with documented procedures. The
procedure for each planned maintenance task and the frequency at which it is to be carried out shall be specified
and documented.

Equipment shall not be used to process medical devices unless all maintenance tasks have been satisfactorily
completed and recorded.

Records of maintenance shall be retained as specified in ISO 9001 or ISO 9002.

The mainterance-scheme

; jodically by a
designated person (see 4.2).

4.5 Prodess development and product compatibility

4.5.1 Prigr to the introduction of a new or altered product, package, loading pattern“or sterilization|process, the
sterilizatiop process to be validated shall be defined and documented.

A demonsiration of equivalence to previously validated product, package or loading pattern shall be consiglered to meet
this requirgment. Any demonstration of equivalence shall be documented.

NOTE — The specified sterilization process may comprise separate treatments with more than one liquid chemical sterilant.

4.5.2 Product and packaging shall be designed to allow contact,with liquid chemical sterilant and so that residues
of the liquid chemical sterilant are below levels as specified hy.the manufacturer. The location within the product at
which sterllization is most difficult to achieve shall be identified.
4.5.3 It shall have been demonstrated and documented that the sterilization process does not affect adversely the

fitness for [use of the product or its packaging. If resterilization is to be permitted, the effects of such prdcessing shall
be evaluated and documented.

5 Validation
5.1 Gengral

Procedures for validationshall be documented and records of each validation shall be retained (see 5.4.1).

5.2 Conjmissiaoning

Commissitfning shall demonstrate that the specifications for equipment used for the sterilization process afe met.

5.3 Performance qualification
5.3.1 The performance qualification shall demonstrate that the sterilization process has:
a) appropriate lethal activity against a representative range of microorganisms (see 5.3.5, 5.3.6 and A.5);

b) defined processing parameters (e.g., time, temperature, liquid chemical sterilant concentration, pH) which are
capable of control throughout the process.

5.3.2 For the performance qualification, the part of the product which is most difficult to sterilize, as defined according
to 4.5.2, shall be taken into consideration during the performance qualification.
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5.3.3 The presterilization count of the product shall be established as described in ISO 11737-1.

5.3.4 Before performance qualification is undertaken, a method shall be validated for the neutralization of the liquid
chemical sterilant prior to culturing survivors. The method shall not in itself adversely influence the ability to interpret the
results.

5.3.5 The combination of conditions with the lowest microbicidal activity within the process specification shall be
identified and this combination of conditions shall be used in the performance qualification.

5.3.6 Microbiological performance qualification shall include the following three stages:

a) A screening test to identify microorganisms with a high resistance to the process (see A.4.2.3)

b) Determination of inactivation kinetics.

This consists of the construction of log survival curves for the microorganisms identified as-havjng a high
resistange to the process. The inactivation curve shall include a minimum of 5 points covering at-least g thousand-
fold redyction in numbers (see also A.4.2.4.1 and A.4.2.5). If the product does not allow‘the above{mentioned
procedute, the MPN method as specified in A.4.2.4.2 may be used. This shall be rationalized and documented.

Microorganisms shall be presented to the process on carrier material(s) representative of the medical device.

c) Assessment of inactivation of the microorganisms from the presterilization count as’they are induced td grow onto
carriers f tissue.

The range of|microorganisms employed, in addition to isolates from the bioburden, shall include microorganisms with a
known high rgsistance to the sterilization process and, in any event, resistanice equivalent to spores of Bachlus subtilis
(see table A.2) complying with ISO 11138-1.

NOTE — In the design of such experiments, consideration should be givénto the level of organic and/or inorganic cqntamination
and variation Hetween replicate experiments.

5.3.7 Within|the sterilization process, the exposure time shall not be less than D[6 + log,,(100 + B)] where D is the D-
value of the| most resistant microorganism identified *during performance qualification and B is the vdlue of the
bioburden esfimated as described in ISO 11737-1.

NOTE — The |extended treatment specified by this.clalse provides a probability of at least 1 X 10-6 of microorganisms surviving
treatment. EN b56 specifies this is a requirement.for terminally sterilized devices labelled sterile (see annex C).

5.3.8 If the medical device is subjected.tdo an aseptic transfer following the completion of sterilization procesg:

a) processgs used for the sterilization of components for manufacture (e.g. containers, storage solutionks) shall be
validated and routinely centrolled in accordance with the appropriate International Standard,;

b) transfer procedures after exposure to the liquid chemical sterilant shall be validated in accordance with
ISO 1348 (see Ax4.2.7).

5.4 Certifidation-of-validation

5.4.1 A validation report containing the results of all validation exercises shall be documented. The report shall be
signed by persons designated as responsible for preparing, reviewing and accepting this report. The validation
report shall be retained as specified in ISO 9001 or in ISO 9002.

5.4.2 The validation report shall contain or reference the documented process specification for liquid chemical
sterilization. The process specification shall specify the medical device for which the validation has been performed
and shall detail, including values and tolerances where appropriate, the following:

a) frequency and method(s) for bioburden estimations, together with action limits;
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b)

ISO 14160:1998(E)

specification for the environment in which the liquid chemical sterilant and containers are prepared, and aseptic
transfers (see 5.3.8) are undertaken;

training and certification criteria for approval of personnel to be authorized to undertake aseptic transfers (see

method of ensuring the absence of viable microorganisms from the liquid chemical sterilant solution(s) (see

lation of the liquid chemical sterilant, including the specification of its constituents;

the liquid chemical sterilant;

al activity required for the liquid chemical sterilant after the sterilization process in tefms
ntration and/or microbicidal activity;

specification of the exposure vessel in which products come into contact with theMiquid chemn

c)

5.3.8)
d)

A.6);
e) formu
f)  pH of
g) residu

conce
h)

includ
i) numb
j) expos
k) tempsg
) anyot
m) metho
543 Ing
shall be dg

ng materials of construction, size, and details of any pretreatment to be applied;
er of products to be sterilized per unit volume of liquid chemical sterilant;

ire time;

rature to be used for sterilization;

ner critical process variable(s) determined during process dévelopment;

i of sterilizing any storage solution in which the product is presented after sterilization (see 5.3.8

ases where a validation for a specific device is also judged valid for other devices, the justifi
cumented.

5.5 Revalidation

5.5.1 The
be prepargd and documented whether or not revalidation is required.

A revalidaf
appropriat
document

validation and any subsequent revalidation data shall be reviewed at least annually and a r

ion exercise shallybe undertaken unless sufficient data have been generated to demonstrate
bness of the ‘sterilization process. Procedures for the review of validation and revalidation

d and reeords of revalidation shall be retained.

5.5.2 A rpvaliddtion report shall be documented. The report shall be signed by the persons desig
same fungtions/organizations that prepared, reviewed and accepted the original validation report (see 5

of chemical

ical sterilant,

cation for this

ationale shall

he continued
Hata shall be

hated by the
4.1).

6 Process control and monitoring

6.1 At stipulated intervals, the bioburden shall be estimated as described in ISO 11737-1. If a microorganism that
has not been studied in the original performance qualification is isolated during routine estimation of the
presterilization count, the exercise in 5.3.5 shall be performed with this microorganism.

6.2 Data shall be recorded and retained for each batch of sterilized product to demonstrate that the sterilization
process specification has been met. These data shall include at least the following:
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a) variables monitored during sterilization of final container(s), if appropriate;

b) variables monitored during sterilization of storage solution, if appropriate;

¢) initial chemical concentration(s) and pH of liquid chemical sterilant;

d) parameters monitored during preparation of liquid chemical sterilant;

e) results of integrity tests on any filters used to sterilize solutions, if appropriate;

f)  exposure time;

g) temperdture during the exposure time;
h) results of environmental monitoring during aseptic transfer, if appropriate;
i) identitieq of personnel who are:

1) preparing storage solutions and liquid chemical sterilant solutions;

2) controlling the sterilization process; and

3) performing aseptic transfer, if appropriate;

j)  numberd (or other unique identification) of products processed.

6.3 For eadh batch of medical devices subjected to liquid chemical sterilization, the following shall be examined for
the presencd of viable microorganisms:

a) chemica| sterilant solutions;
b) storage $olutions, if applicable;

c) atleast gne of the following:

1) finished product;
2) product which has been.rejected but subjected to the complete manufacturing process; or

3) isolgted pieces of animal tissue, justified as being representative of the medical device, which pave been
subjected to the €egmplete manufacturing process.

6.4 For eadh batch-of medical devices, a portion of either:

1 1 i Lot HI t Lt
a) liquid chéemiealstertant-selution;or

b) liquid chemical sterilant solution remaining following the sterilization process

shall be challenged under the same conditions as the batch of medical devices by a carrier of the animal tissue
inoculated with a microorganism complying with ISO 11138-1 and containing at least 10° organisms with a known high
resistance to the sterilization process, as identified during performance qualification (see 5.3).

NOTE — When performing the test, appropriate precautions should be taken to minimize the risk of contamination of the
manufacturing equipment.

6.5 If a bulk liquid chemical sterilization process is used for which it is not appropriate to introduce test organisms into
the sterilization vessel or manufacturing environment; and
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a) the relationship between the complete chemical composition of the liquid chemical sterilant and microbicidal
activity of the liquid chemical sterilant has been demonstrated; and

b) the sterilization process has been applied for a significant period for at least 30 batches of medical devices during

which

time no failures have been detected in accordance with 6.4,

then testing specified in 6.4 may be discontinued and complete chemical analysis capable of demonstrating
compliance with the limits of the process specification shall be performed on the liquid chemical sterilant remaining at
the end of the sterilization process.

NOTE — The figure of 30 batches is based on the assumption of a binomial distribution of failures to achieve a confidence level of

0,95 (0:0,0

) and a confidence interval af 0 9

6.6 The
sterile and

6.7 Allre

7 Prodd

7.1 The
shall inclu

a) confo

b) nogrg

7.2 Aqgi
handled a:

a) aprog

b) anym

esults from 6.2, 6.3 and either 6.4 or 6.5 shall form part of the evidence permitting release
shall be retained as part of the sterilization records.

cords shall be retained as specified in ISO 9001 or in ISO 9002.

ct release from sterilization

Criteria for designating a given sterilization process as confoerming shall be documented. 1
le:

mance to the process specification(s); and

wth in microbiological testing (see 6.3 and 6.4).following incubation.

en sterilization process shall be considered as non-conforming and non-conforming pro
5 specified in 1ISO 9001 or in 1ISO 9002(if:

ess variable is outside the documented tolerances; or,

icrobiological test (see 6.37and 6.4) shows growth following incubation.

Df product as

hese criteria

juct shall be
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Annex A
(informative)

Guidance

A.1 Introduction

©1SO

This guidancg is not intended as a checklist for assessing compliance with this International Standard.

It provides explanations as well as methods which are accepted as being suitable for achieving_complian
specified reqlirements. This guidance is provided to assist in obtaining a uniform understandingcahd implen
ISO 14160. Methods other than those given in the guidance may be used. However these methods
demonstrated as being effective in achieving compliance with the requirements of ISO 14160.

The guidancg is not intended to be exhaustive but is offered in order to highlight impottant aspects to whig
should be given. It provides examples of how to meet the requirements, recognizingthat other methods whi
the same ends are equally acceptable. It also gives general advice on how/to meet the requirements
attention to aspects of the requirements that might not be readily apparent.fo those unfamiliar with the ste
medical deviges.

The subclauges in this International Standard to which the guidance-in this annex specifically applies are ir
the number of the relevant subclause in square brackets.

A.2 Persgnnel [4.2]

The level of qualification, training and experience+eguired by personnel at various levels will depend upon th
being perforined. General guidance on training”as part of the overall system of quality assurance i
ISO 9004-1.

Personnel with the following responsibilities should possess particular qualifications and training:

i¢logical testing;
— veteringry microbiology,
— chemical analysis-and formulation;

— installatjon of equipment;

ce with the
entation of
should be

h attention
ch achieve
and draws
ilization of

dicated by

e activities
5 given in

— equipmentmaintenance;

— physical performance qualification;
— routine sterilizer operation;

— calibration;

— process design;

— equipment specification;

— aseptic processing.
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A.3 Process development and product compatibility [4.5]

A.3.1 The development of a sterilization process for a particular medical device needs to establish a process
which is both effective and compatible with the medical device. Therefore, initial investigations into product
compatibility, together with experimentation to identify and/or optimize the sterilization process, may be undertaken
while the product is in the design phase.

Requirements for a quality system which include design of medical devices are specified in ISO 9001 and 1ISO 13485.

A.3.2 During a liquid chemical sterilization process, products can be subjected to environmental stresses. The
product could also react with the liquid chemical sterilants used. The product design should ensure that functionality

and safety-are-rot-compromised-by-exposure-to-the-anticipatedrange-of-sterilization-conditions:

A.3.3 The¢ selection of the sterilization process which is to be used for medical devices~sh

consideration of all factors which influence the efficacy of the process. The following may be taken into

also NOTHE 5 in clause 1):

a) availabllity of sterilization equipment;

b) range df conditions which can be achieved with the available sterilizing equipment;

c) sterilizgtion processes already in use for other products;

d) requirements for levels of residual chemicals and/or their reaction proddcts;

e) results pf process development experiments;

f) possibility that the use of a liquid chemical sterilant leads to-proliferation of resistant microorganisms.

A.3.4 A grocess development exercise may consistof a number of elements:

a) determination of the critical process variablestand the limits for these variables within the sterilization

b) estimation of the bioburden on product from which the challenge presented to the sterilization proce
established;

c) appropriateness of the inoculatedcarrier to be used for performance qualification and routine monitor
confirmed.

As a result of the process development activities, a sterilization process can be defined. The appropria

sterilization process isdemonstrated in the performance qualification studies (see 5.3).

A.4 Validation [5]

ould include
account (see

Drocess,

ss should be

ng should be

eness of this

A.4.1 Estimation of bioburden during process validation [5.3.3]

The guidance in this annex is provided in addition to that in 1SO 11737-1 because of the particular difficulties in
performing bioburden estimations of animal tissues.

The object

ive of bioburden estimations is threefold:

— to establish the nature of contaminating microorganisms present on the product;

— to establish the number of microorganisms present on the product;
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— to establish the extent of variation and thus the consistency of the contamination by comparing the numbers found
on consecutive batches.

Bioburden es

product i

Any method fe

of microorga
microorganis
which have Q
As a conserv
of 100 to the

Attention sho

the requirem
be considere

A.4.2 Perf
A.4.2.1 Ger

The selectio

material of a:|:

environ

expectg

a range

timations should be carried out on:

starting materials of animal origin;

materials after each significant processing stage;

mmediately prior to sterilization (i.e. presterilization counts);

hisms pr
ms from product and effectiveness of the applied culture conditions in detecting those(micrg
een removed. Estimates of recovery efficiencies may vary and can be extremely low-for ani
pstimate of the bioburden to compensate for these limitations.

Lld be paid to the selection of appropriate media and incubation conditions for enumeration. Ir

bnts for the isolation of microorganisms which might be associated with\materials of animal or
1. The media in table A.1 could be suitable in some instances.

brmance qualification [5.3]
eral

of species of microorganisms to be used in the,validation of a liquid chemical sterilization
imal origin should take into account all of the-following criteria:

microbial species which could be present as a résult of the source of the animal tissue;

microbial species isolated during the estimation of bioburden on product;

ment in which the final medical device is produced;

microbial species which have’a demonstrated high resistance to the liquid chemical sterilant or wh

d to have an increased resistance;

of microbial species.

Some examples of.microorganisms which have been employed are given in table A.2. The microorgan

have previol

sly"demonstrated significant resistance to liquid chemical sterilant with animal tissues. T

provided as

ative approach, the equation for calculation of exposure time in 5.3.7 includes an additional sg

particular,
gin should

rocess for

microbial species isolated from the(environment in which the animal tissue is harvested and the mafufacturing

ch can be

sms listed
e table is

quidance only and is not intended to be a comprehensive list of microorganisms that H

ave to be

evaluated.
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Table A.1 — Summary of media, incubation conditions and organisms suitable for growth promotion

) Possible incubation Challenge °T9a”i5ms to
Medium conditions demonstrate ability to support
growth 4
1. Tryptone soya broth and Aerobic 30 °C-35 °C Bacillus subtilis
tryptone soya agar Klebsiella pneumoniae
Pseudomonas aeruginosa/diminuta
Staphylococcus epidermidis
2. Nutrient broth and nutrient agar| a.  Aerobic 30 °C-35 °C Bacillus subtilis
Klabsialla nnaiimaoniaa
a-prey 3
Pseudomonas aeruginosa/dimlnuta
b.  Aerobic 20 °C-25 °C Saccharomyces cerevisiae
3. Lowenstein-Jensen(1) Aerobic 30 °C-35 °C Trichophyton rubrdm
Mycobacteriuriyphlei (3 weeks
4. Blood agar a.  Aerobic 30 °C-35 °C Bacillus subtilis
Klebsiélla pneumoniae
Pseudomonas aeruginosa/diminuta
Staphylococcus epidermidis
Enterococcus faecalis
b.  Anaerobic 30 °C-35 °C Clostridium sporogenes
5. Potato dextrose agar Aerobic 20 °C-252C Saccharomyces cerevisiae
Trichophyton rubrum
6. Robertson's cooked meat(2) Aerobic 30C-35 °C Clostridium sporogenes

1) Media should not incorporate colour change indicator-dyes (which are frequently inhibitory to microbial growth) g¢xcept in
speclal circumstances, e.g. L-J medium. The detection of.growth in liquid media should be made visually by either by tyrbidity or
by special density/microscopy, and where necessary-confirmed by subculture on appropriate solid media.

2) Alternative media with reducing properties suitable for detection of anaerobic growth may be substituted.
3) All incubation for growth promotion should, be=for a minimum period of two weeks except L-J medium which should be for a
minirpum period of three weeks. Temperatureé should be controlled within tolerances selected from within the range given.
Injur¢d organisms may require longer ipcubation period.

4) Epch batch of a medium should'be) tested to demonstrate that the medium is capable of recovering 10-100 organisms per
inocylum. (A batch should be regarded as a single preparation from one lot of raw materials autoclaved at one time)l Testing
should be done with defined strains from recognized type culture collection.

If an jnoculum of 10 organisms'is used, this will rarely lead to the recovery of 10 colony-forming units (cfu) on solid med|a, as
a) there will be difference between total and viable count, and
b) the precise numberof organisms in the inoculum will vary about a mean of 10.

Recqgvery of ong\or)more colony-forming unit of the inoculate organism (or visible growth in liquid medium) would be regarded as
satisfactory_evidence of the medium’s ability to support growth of the test organism. In testing liquid media, small|volumes
should becerployed (10 cm3) if dilution inhibition is to be avoided.

The three stages of microbiological performance qualification — screening, construction of survival curves and
assessment of inactivation on carriers of tissues — are considered in A.4.2.3, A.4.2.4 and A.4.2.5, respectively.

A.4.2.2 Neutralization [5.3.4]

Before commencing a microbiological performance qualification, it is necessary to ensure that the results of
gualification experiments are not influenced adversely by microbicidal or microbiostatic effects due to carry-over of the
liquid chemical sterilant into the recovery system. The effects of microbicidal or microbiostatic substances can be
reduced by dilution, removed by filtration or inactivated by reaction with a neutralizing agent.
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The choice of neutralization system will be influenced by the composition of the liquid chemical sterilant and the
effectiveness of the chosen system should be demonstrated prior to the commencement of performance

qualification.

A.4.2.3 Screening of microbial isolates [5.3.6 a)]

A4.231 Ge

neral

As it is often impractical to carry out inactivation studies on all isolates obtained from the product, a screening test
ployed. By exposing samples of tissue to conditions Iess severe than those used for processing, the more
resistant isolates can be quickly segregated and used in the inactivation studies. Any isolate found to be‘me

should be e

than the refe

Due to the u

ence microorganisms selected for the validation exercise (see table A.2) should be fullyidentifie

higue applications of liquid chemicals for use in sterilization processes, it is negessary to be

detecting, scifeening and testing microorganisms found to be present and which could pose axsignificant re

the sterilizatig
process and
microorganis
encountered
procedure) (S

The microbig
and evaluate

n process. A risk exists that new or altered microorganisms could be introduced' during the ma

m(s). Therefore, an ongoing procedure for screening and evaluating.the™ resistance of micrg
in the manufacturing process and environment should be established (microbial isolate
ee also A.5.).

| screening process should be conducted to ensure that new or modified microorganisms af
1 in a timely manner.

e resistant
.

vigilant in
Sistance to
nhufacturing

could possess a resistance to the sterilization process that is greater than-the original test ang validation

organisms
screening

e detected

The microbia] isolate screening procedure should incorporate three*phases. These phases are:

a) microbia] isolate collection;

b) microbia] isolate identification;

c) challengg testing (screening).

A.4.2.3.2 Mjcrobial isolate collection

Microbial isolptes should be collected.from the manufacturing process and environment in which the medical device is
produced. Cillection should coneentrate initially on microorganisms that are known to exist on the prodyct prior to
sterilization (lpioburden isolates)-In addition to product bioburden, isolates should be collected from the manufacturing
environment jn which the preduct is produced. This environment may include, but is not limited to, procesq solutions,
work surface$, water purification systems, raw materials and personnel.

A.4.2.3.3 Mijcrobial isolates characterization

Microbial isolates collected for evaluation should be characterized and/or identified for future reference.

Characterization should include, at a minimum, colony morphology, cellular morphology, Gram reaction and growth
rate description. When possible, identification of the species or subspecies is preferred.

A4.23.4 Ch

allenge testing (screening)

Challenge testing of the microbial isolates should be conducted as indicated in 5.3.6. Microbial isolates which
demonstrate a significant resistance to the sterilization process during initial challenge testing should be evaluated fully
and compared to the microorganism(s) used for initial process qualification and validation studies. The relative
resistance of the challenge microbial isolates should be evaluated with regards to the overall sterilization process.
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Table A.2 — Examples of microorganisms which have been used for assessment
of the activity of specific liquid chemical sterilants

Species Culture Collection No.
ATCCD NCTC? NCIMB3)
Spores of:
Clostridium sporogenes 3584 — 10696
Bacillus subtilis 6051 3610 3610
9372
Bacillus pumilus 27142 10327 10692
Chaetomium globosum 6205 — —
Microascus cinereus 16594 — —
Megetative cells of:
Mycobacterium chelonae 35752 946 1474
Methylobacterium extorquens 43645 — 9399
Trichosporium beigelii 22310 — —
NOTE — Similar or equivalent cultures held by Culture Collections registered under the Budapest Convention may be
Lised.
1) American Type Culture Collection
P) National Collection of Type Cultures
B) National Collection of Industrial and Marine Bacteria

One apprgach to initial challenge testing has been,t0) expose a suspension containing at least 10° of the isolated

microorgamisms to the liquid chemical sterilant at the minimum conditions of the process specification fo
to the D-Value of the most resistant microorganism used in performance qualification. If, following t
survivors gre detected, this indicates that the resistance of the isolate is greater by 20 % or more than th
resistant microorganism used in performance qualification. In this situation, the isolate should be su
characterization and detailed investigation-of its inactivation kinetics.

A.4.2.4 Studies into microbialinactivation kinetics [5.3.6]

A.4.2.4.1 |General

a time equal
:Fs exposure,

t of the most
jected to full

Performangce qualification is required to provide an inactivation curve for each microorganism with a mipimum of five
points covering at-least at thousandfold reduction in numbers. Triplicate determinations are commonly| employed at
each pointland-shiould show reproducibility within a limit of twice the standard deviation.

The D-valte—of-the—mostresistant |||iuumgal st—tsed—i—the—test plupcdwco can—e—calettated—rom the results
obtained. The calculation of D-value is only possible if the log survivor curve (the plot of number of survivors on a
logarithmic scale against time of exposure) is linear. Where deviations from linearity occur it can become difficult to
predict a satisfactory sterilization process. Such deviations should be further investigated to better characterize the

inactivation kinetics.

In order to estimate the D-value when low surviving fractions of microorganisms are recoverable, a Most Probable
Number (MPN) determination can be performed for the three microorganisms which demonstrate the greatest
resistance to the sterilization process. This D-value may be used as an indication of the acceptability of the calculated

exposure time.

The determination of D-values by the MPN method is described in Annex B of ISO 11135 and are discussed further in

A4.2.4.2.
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A.4.2.4.2 Investigational phases

Validation of liquid chemical sterilization processes should be conducted so that the possible interactions of the test
microorganism(s) with the medical device can be evaluated. This can be accomplished by determining the inactivation
kinetics of the test microorganism(s) cultured with, or inoculated onto, the medical device.

Conducting such evaluations requires the investigator to perform four essential phases of investigation. These

essential phases are:

determining components which represent the greatest challenge to liquid chemical sterilant;

defining the method for establishing the microorganism(s) on the medical device or selected component;

validatin
compon

determi
compon

Test methods
curve) or by
methods)[17],
determinatiorn
selected com
recovery of
estimation of

While direct
kinetics of thq
attempt to re
can be acco

g the method of recovery/detection of the test microorganism from the medical devicex(g
ent;

ning the inactivation kinetics of the test organism(s) in the presence of the medicakdevice
ent.

may be conducted by either direct enumeration to establish the number of survivors over tim

Most Probable Number (MPN) estimation (e.g. Stumbo, Murphy, ,€echran or Spearm

Survivor curve construction is preferred, as this method establishes” sufficient data to
of the inactivation kinetics of the test microorganism over time in the)presence of the medicg
ponent. MPN methods could be necessary if the medical device-or component does not allow
he surviving population over time (i.e. the medical devicesor.Ccarrier cannot be macerate
the surviving microbial population).

enumeration and construction of a survivor curve provides greater information about the

r selected

br selected

e (survivor
an Karber
allow the
| device or
consistent
d to allow

nactivation

test organism, they can also require more time and fesources to perform. Direct enumeration procedures

move all viable test organisms after predetermined*times of liquid chemical sterilant exposurg
mplished as for bioburden estimation (ISO 11737-1), for example by homogenizing the test

and preparin

Homogenizing the test component may be performed by aseptic maceration or by blending the test comy

appropriate dilutions for survivor enumerations.

. Removal
component

onent (i.e.

animal tissu¢) in sterile diluting fluid. Serial dilutions of the homogeny are prepared and appropriate dilutions

enumerated Iy standard counting methods (see-ISO 11737-1).

A.4.2.5 Usq of carriers of tissue

A.4.25.1 Gegneral

Using the mifroorganism that*has demonstrated the highest resistance to the liquid chemical sterilant in guspension
tests, the tegt organism_ifactivation kinetics should be evaluated in the presence of the test component.|The study
design shoulfl include.eontrolled (“worst case") exposures of the inoculated or cultured test component in the liquid
chemical ste timation of

the surviving

rFant ggainst time. Samples should be removed at predetermined time intervals to allow for eg

opulation by the validated recovery method.

Upon completion of the inactivation kinetics study, a survivor curve, plotting estimated survivors on a logarithmic scale
against time, should be prepared. The D-value of the test organism in the presence of the test component and worst
case sterilization conditions can then be established. The evaluation of the inactivation kinetics should be performed a
minimum of three times to demonstrate reproducibility.

A.4.25.2 Choice of carrier
Studies into microbial inactivation kinetics should be conducted on carrier materials which pose the greatest challenge
to the sterilization process. Selection of the carrier should take into consideration the contact and/or interaction of the

liquid chemical sterilant with the carrier (e.g. hydrophobic, filamentous material can be a greater challenge than
smooth, hydrophilic surfaces).
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