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Foreword

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

The preeeds e + e ose—intended i rer—athtenance are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria‘nieeded for the
diffefrent types of ISO document should be noted. This document was drafted in acdordance with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO diraws attention to the possibility that the implementation of this document may invplve the use
of (a] patent(s). ISO takes no position concerning the evidence, validity or applicability of pny claimed
patent rights in respect thereof. As of the date of publication of this document, ISO had not received
notide of (a) patent(s) which may be required to implement this docuntenit. However, implejmenters are
cautjoned that this may not represent the latest information, whichXmay be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all

such(patent rights.

Any trade name used in this document is information givenfor the convenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specifi¢ terms and
expressions related to conformity assessment;-as well as information about ISO’s agherence to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical'Committee ISO/TC 276, Biotechnology.

Any feedback or questions on this document should be directed to the user’s national standpards body. A
complete listing of these bodies€an be found at www.iso.org/members.html.
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Introduction

Patient safety is essential in providing cell-based therapies. However, novel cell-based therapies
present many challenges with respect to the timely assessment of microbial contamination. Since
many cell-based therapies have short shelf lives, they are administered to patients within hours after

formulation.

In addition to final product testing, testing on cell banks and product intermediates is

common. Microbiological testing includes bacteria, fungi, mycoplasma and viral adventitious agents.
Culture-based testing methods (e.g. pharmacopeia methods) have been widely adopted by industry.
However, culture-based testing methods can take days to weeks to obtain a result. More rapid methods
for microbiological testing are needed to ensure patient safety prior to product administration. The
developmenftand Use of rapid, validated methods that are sensitive and accurate, and that altfow 1gr the

detection of]

a broad range of microorganisms are therefore desired and supported by this documgnt.

Vi
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Biotechnology — Analytical methods — Risk-based

approach for method selection and validation for rapid

microbial detection in bioprocesses

1 Scope

This|document provides guidance, a framework and a risk-based approach for thersg
validation of methods for rapid microbial detection in cellular therapeutic product manufa

This|document provides a flexible risk-based framework for the detection of mjicraobial co
in cellular therapeutic products and cellular intermediates.

This|document provides general requirements and risks associated with.cellular therape
manfifacturing, with flexibility to address differences in specific manufacturing proces
uniqpie cellular therapeutic product.

This|document primarily addresses sterility testing in cellular therapeutic product ma
This|[document is applicable to other cell-derived therapeutic product manufacturing.

This|document focuses on rapid microbial test methods (RMTMs) used for both in-proce
product testing.

Viral[testing in cellular therapeutic product manufacturing is not included in this documen

ormative references

Therk are no normative references in this’”document.

erms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain tefminology databases for use in standardization at the following adc

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

EC Electfopedia: available at https://www.electropedia.org/

31
acceptance criteria

lection and
rturing.

ntamination

itic product
ses of each

nufacturing.

ss and final

Iresses:

num ;
assays described

Note 1 to entry: Acceptance criteria are specified by the user requirement specifications (3.30).

3.2
accuracy
measurement accuracy

Q

ince for the

closeness of agreement between a measured quantity value and an assigned quantity value of a

measurand

Note 1 to entry: The concept “measurement accuracy” is not a quantity and is not given a numerical quantity

value. A measurement is said to be more accurate when it offers a smaller measurement error.
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Note 2 to entry: The term “measurement accuracy” should not be used for measurement trueness and the term
measurement precision should not be used for “measurement accuracy”, which, however, is related to both these
concepts.

Note 3 to entry: “Measurement accuracy” is sometimes understood as closeness of agreement between measured
quantity values that are being attributed to the measurand.

[SOURCE: ISO 16140-1:2016, 2.2]

3.3

analytical sensitivity
quotient of the change in measurement indication and the corresponding change in value of a quantity
being measured

Note 1 to entry: Analytical sensitivity should not be used to mean detection limit (3.8) or quantitationlim{t and
should not bq confused with diagnostic sensitivity (3.9).

[SOURCE: IS0 18113-1:2022, 3.2.4, modified — Admitted term “sensitivity of a measurement procedure”
deleted. Notes 1 to 3 to entry deleted. Note 4 to entry renumbered as Note 1 to entry,)

3.4
analytical gpecificity
capability of a measuring system, using a specified measurement procedure, to provide measurement
results for one or more measurands which do not depend on each other hor on any other quantity in the
system und¢rgoing measurement

Note 1 to entfy: Lack of analytical specificity is called analytical interference.
Note 2 to entfy: Analytical specificity should not be confused with diagnostic specificity (3.10).
Note 3 to entfy: ISO/IEC Guide 99:2007 uses the term “selectivity” for this concept instead of “specificity”.

[SOURCE: IS0 18113-1:2022, 3.2.5, modified — Admitted term “selectivity of a measurement procedure”
deleted. Notles to entry replaced.]

3.5
aseptic
conditions gnd procedures used to exclude the introduction of microbial contamination

[SOURCE: IS0 18362:2016, 3.3, modified — “aseptic” replaced “aseptic technique” as the term.]

3.6
cellular therapeutic product
product containing cells'dsthe active substance

EXAMPLE Cell annd\gene therapy products, tissue engineered products, drug products.

Note 1 to ertry:\Products produced from cells for gene therapies are included in the definition of cefllular
therapeutic groduct, as cells are not necessarily the active substance for all gene therapies.

Note 2 to entry: Recombinant proteins are not included in this definition of cellular therapeutic product.

[SOURCE: ISO 20399:2022, 3.9, modified — “used for cell therapy or gene therapy” deleted from the
definition.]

3.7
design qualification

DQ
process for verification (3.32) that the proposed specification for the facility, equipment or system of
the assay meets the expectation for the user requirement specifications (URS) (3.30)

[SOURCE: ISO 11139:2018, 3.220.1, modified — Abbreviated term “DQ” and “of the assay” added. “user
requirement specifications (URS)” replaced “intended use”.]
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ction limit
of detection

measured quantity value, obtained by a given measurement procedure, for which the probability of
falsely claiming the absence of a component in a material is §, given a probability a of falsely claiming
its presence

Note

Note

Note

[SOU

3.9
diag

abilif

asso
Note

Note
calcuyl

value
study

Note
were

[soy

“hav

3.10
diag

abilif

daSso
Note

Note
calcuyl

valug
study

[SOU

with

entry

3.11

1 to entry: IUPAC recommends default values for a and f equal to 0,05.
2 to entry: The abbreviation LOD is sometimes used.

3 to entrv: The term “sensitivity” is discouraged for “detection limit”

RCE: ISO/IEC Guide 99:2007, 4.18]

nostic sensitivity
y of an in vitro diagnostic examination procedure to identify the presence of a ta
riated with a particular disease or condition

1 to entry: Also defined as percent positivity in samples where the target-marker is known to

2 to entry: Diagnostic sensitivity is expressed as a percentage (number fraction multip
[ated as 100 x the number of true positive values (TP) divided by the sum of the number of
s (TP) plus the number of false negative values (FN), or 100 %/TP/(TP + FN). This calculation
design where only one sample is taken from each subject.

3 to entry: For microbial detection, diagnostic sensitiviby represents the fraction of target or
detected correctly.

RCE: I1SO 18113-1:2022, 3.2.17, modified +<<*identify the presence of a target mark
e positive results”. Second sentence of Note'1 to entry deleted. Note 3 to entry replaced

nostic specificity
y of an in vitro diagnostic examination procedure to recognize the absence of a ta
riated with a particular disease or condition

1 to entry: Also defined as percent negativity in samples where the target marker is known to

2 to entry: Diagnostic specificity is expressed as a percentage (number fraction multip
[ated as 100 x theZnuimber of true negative values (TN) divided by the sum of the number of
s (TN) plus thetnumber of false positive values (FP), or 100 x TN/(TN+FP). This calculation
design where{only one sample is taken from each subject.

RCE: [SO¥8113-1:2022, 3.2.18, modified — “recognize the absence of a target marke
a” replaced “have negative results associated with an absence of”. Second sentence

rget marker

be present.
ied by 100),

true positive
is based on a

ganisms that

er” replaced

]

rget marker

be absent.

ied by 100),
[rue negative
is based on a

r associated
of Note 1 to

F deleted. Note 3 to entry deleted.]

false negative
result indicated by the test method to be negative (3.15) which has subsequently been shown to contain

thet

arget microorganisms

[SOURCE: 1SO 13843:2017, 3.14, modified — “microorganisms” replaced “organism”.]

3.12

false positive
result indicated by the test method to be positive (3.19) which was subsequently shown not to contain

thet

arget microorganisms

[SOURCE: 1SO 13843:2017, 3.15, modified — “microorganisms” replaced “organism”.]
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fit for purpose
in line with prearranged requirements for an intended use

[SOURCE: ISO 20387:2018, 3.24, modified — Admitted term “fitness for the intended purpose” and Note
1 to entry deleted.]

3.14

installation qualification

IQ

process of establlshlng by objective evidence that all key aspects of the process equlpment and anc1llary
System for the assay Hrstramentinstatation \.UllllJl_y with-the appt ovedtser ICLIMU enrent .)[JCblj teations
(URS) (3.30}

[SOURCE: IS0 11139:2018, 3.220.2, modified — “for the assay instrument” added and “user requirement
specifications (URS)” replaced “specification”.]

3.15

negative

test result indicating the absence of the analyte in a given test portion as defined by the procedyre of
the method

[SOURCE: 190 16140-1:2016, 2.43, modified — “negative” replaced “negative test result” as the ferm.
“the absence of the analyte” replaced “the analyte was not detected” and “qualitative” deleted bgfore
“method”.]

3.16

nucleic acid amplification techniques

NAT

biochemistry and molecular biology methods that invalye the in vitro synthesis of many copies of| DNA
or RNA fronp one original template

Note 1 to enfry: NAT is characterized by existence(of reverse transcription, amplification method and type of
determination (qualitative or quantitative)

Note 2 to entry: Examples of amplification.methods are PCR and iso thermal amplification (NEAR, TMA, [[AMP,
HAD, CRISPER, SDA)

3.17

operationa] qualification

0Q

process of obtaining and docimenting evidence thatinstalled equipment operates within predeternjined
limits when|used in aceetdance with its operational procedures

[SOURCE: IS0 11139:2018, 3.220.3]

3.18

performanee-gqualifieation

PQ

process of establishing by objective evidence that the assay process, under anticipated conditions,
consistently produces a result which meets all predetermined user requirement specifications (URS)
(3.30)

[SOURCE: ISO 11139:2018, 3.220.4, modified — “assay” added before “process”, “result” replaced
“product” and “user requirement specifications (URS)” replaced “requirements”.]
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3.19

positive

test result indicating the presence of the analyte in a given test portion as defined by the procedure of
the method

Note 1 to entry: When the reference method or alternative method provides a preliminary positive test result
requiring further testing to confirm this result, this test result can be considered as a presumptive positive test
result. If the further testing specified by the method’s procedure confirms that the test result can indeed be

consi

dered as being positive, the test result can be considered as a confirmed positive test result.

[SOURCE: ISO 16140-1:2016, 2.50, modified — “positive” replaced “positive test result” as the term.]

3.20

preciision

closdness of agreement between indications or measured quantity values obtained by replicate
meagurements on the same or similar objects under specified conditions

Note |l to entry: Measurement precision is usually expressed numerically by measuxres of imprec]sion, such as
standard deviation, variance, or coefficient of variation under the specified conditions of measurenjent.

Note|2 to entry: The “specified conditions” can be, for example, repeatability conditions of measurement,
intermediate precision conditions of measurement, or reproducibility. conditions of measyrement (see
SO 5[ 25-1).

[SOURCE: ISO/IEC Guide 99:2007, 2.15, modified — “precisioh™replaced “measurement grecision” as
the term. Notes 3 and 4 to entry deleted.]

3.21

qualification

activiities undertaken to demonstrate that utilities, equipment and methods are suitalple for their
interjded use and perform properly

Note [l to entry: Qualification of either equipmentor processes, or both, generally includes installation qualification
(3.14), operational qualification (3.17) and pérformance qualification (3.18).

[SOURCE: I1SO 11139:2018, 3.220, modified — “or modes” deleted after “methods”.]

3.22

rapidl microbial test method

RMT]|
analy
visud

Note

(e.g. hours or days).

3.23

refel

M
rtical method thatallows the user to get microbiology test results faster compared wit
|l observation methods using direct inoculation and culture-plating

1 to entry: Generally, this means in a significantly reduced time as compared with the tradit

rence material

h traditional

jonal method

mat

riat, sufficiemntly romogeneous and stabte with reference to specified properties, wh

ch has been

established to be fit for its intended use in measurement or in examination of nominal properties

[SOURCE: ISO/IEC Guide 99:2007, 5.13, modified — Abbreviated term “RM”, notes to entry and examples
deleted.]

3.24
risk

assessment

overall process of risk identification, risk analysis and risk evaluation

[SOURCE: ISO Guide 73:2009, 3.4.1]

©ISO
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3.25

risk control

process in which decisions are made and measures implemented by which risks are reduced to, or
maintained within, specified levels

[SOURCE: ISO 14971:2019, 3.21]

3.26

risk-based approach

methodology that allows the prioritization of activities based on a previous analysis of data and
according to the biosafety level

3.27

robustness
measure of & test method’s capacity to remain unaffected by small, but deliberate, variations in mgthod
parametersjand to provide an indication of its reliability during normal usage

[SOURCE: IQH Q2(R1)1111]

3.28

shelflife
period of titne after production during which a product that is kept under Specified conditions refains
its specified properties

[SOURCE: 1§0 1382:2020, 3.485, modified — The term “storageclife” deleted. “material or” deleted
before “product” and “that is” added.]

3.29
sterility
state of beirlg free from viable microorganisms (3.33)

Note 1 to entfy: In practice, no such absolute statementaegarding the absence of microorganisms can be prjoven.
[SOURCE: IS0 11139:2018, 3.274]

3.30
user requinement specifications
URS
requirements specific to a user orsequirements that are not covered in general requirements

3.31

validation
confirmatioh, through thé provision of objective evidence, that the requirements for a specific intejnded
use or appli¢ation have been fulfilled

[SOURCE: IS0 9000:2015, 3.8.13, modified — Notes to entry deleted.]

3.32
verification

confirmation, through the provision of objective evidence, that specified requirements have been
fulfilled

[SOURCE: ISO 9000:2015, 3.8.12, modified — Notes to entry deleted.]

3.33

viable microorganism

microorganism within a sample that has at least one attribute of being alive (e.g. metabolically active,
capable of reproduction, possession of an intact cell membrane, with the capacity to resume these
functions) defined based on the intended measurement purpose

6 © IS0 2023 - All rights reserved
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4 General considerations

Prior to patient administration, cellular therapeutic products should be tested for microbial
contamination. Many of these products rely on the activity of viable cells for a therapeutic effect. Viable
cells cannot be terminally sterilized and rely on a combination of aseptic techniques and closed-system
manufacturing to ensure sterility of the final product. These products typically have a relatively
short shelf life and are manufactured as single lots or small lots, presenting challenges for utilizing
compendial or culture-based methods for detecting microbial contamination.[351[361[37][38]

When selecting a rapid method, the following should be taken into account:

a) thachalflifa of b o

caranla
e STIC I I COT e~ Satir pP1c)

b) the volume of sample available for testing;

c) the number of samples to be tested;

d) the manufacturing step from which the sample will be collected;
e) the time to result;

f) the microorganisms to be detected;

g) how to distinguish viable from non-viable microorganisms;

h) the ability to speciate microbes that are identified in the.sample.

In addition, it is important to take the availability of respurces to conduct the tests into accpunt such as
trainfed personnel and required instrumentation.

NOTE1  Sampling can introduce microbial contamifation into the manufacturing process.
NOTHE 2 The amount of material available*fer testing can be limited, especially for autologous cellular
therapeutic products. In some cases, parallel cellular therapeutic products can be manufactufed to assess
micr¢bial contamination.

NOTHE 3  Test methods can requirespecific training and experience to be conducted and analysed.

It is recommended to consideradding cell supernatants (e.g. culture solution, washing solution, frozen
stoclt solution) instead of-cell’containing solutions for sterility testing, to solve the problem of small
samples of cell productsthat cannot be sampled for testing.

5 Risk management for microbiological contamination

5.1 | Riskmanagement in manufacturing process

A riskcbased approach for determining methods to detect microbial contamination| in cellular
therapeutic product mmanufacturing shoutd be used: ftshoutd take imto account tite source and method
used for the collection of the cellular starting material.[1][2][3][4]

Potential sources of microbial contamination of cellular therapeutic products include, but are notlimited
to, cellular starting material, raw materials and consumables, and the manufacturing environment.[2]

Apheresis products are the most common source of cellular starting materials. Sources of microbial
contamination can be associated with the incomplete disinfection of the skin, sterility failures in
kits and bags used to collect and store the apheresis products, and technician/operator error. Donor
bacteraemia can also be a source of contamination for the apheresis product.

Microbial contamination and infectious viruses in reagents, ancillary (raw) materials and
recommendations for ancillary materials are described in ISO 20399. Consumables should be pre-
sterilized and single use to reduce the risk of microbial contamination.[e]

©1S0 2023 - All rights reserved 7
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Cell processing/manufacturing should be performed in a closed system or an appropriate clean room
(e.g. ISO 6 to ISO 7) to prevent microbial contamination.

NOTE Open or benchtop processes increase the risk of contamination from the air and surfaces that possibly
have not been adequately cleaned or disinfected.

Some general factors to be taken into account in a risk assessment for RMTMs are outlined in Annex A.
Detailed points to take into account in some critical decisions for the use of RMTMs in cellular
therapeutic product manufacturing that require a risk assessment can be found in Annexes B, C, D
and E.[6][7]

Environmental controls can minimize the risk of microbial contamination. Examples of environmental
controls are}

— sanitizgtion procedures;
— high effjciency particulate air (HEPA) filtration and air flow;
— gowning procedures;
— aseptic technique;
— clean-rqom procedures and classifications (in accordance with ISO 14644-1).
Points to take into account when developing risk control can include/but are not limited to:
a) input mpterials:
1) collection process and donor selection (see Annex B);
2) autplogous or allogenic, fresh or frozen;
3) conditions;
b) ancillarly materials in accordance with ISQ.20399 and consumables (pre-sterilized, single use, jetc.);
c) environmental factors;
d) equipment;
e) process|steps:
1) cloded or open procéss'steps;
2) celllbanking;
3) culfure or.expansion;

4) puriification;

5) final product;
f) containment strategy (see Annex C);
g) monitoring (see Annex C);
h) storage, packaging and administration (see Annex D);

i) in-process and final-release testing (see Annex E).

5.2 Risk management in microbial testing

The use of a risk assessment approach to rapid microbial testing in cellular therapeutic product
manufacturing can limit the risk of validation of a rapid microbial testing system.[8I[2[10][11] A risk-

8 © IS0 2023 - All rights reserved
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based approach can be used to establish the most appropriate rapid microbial testing mechanism
for intended use. This often focuses on determining the user requirement specifications (URS) as a
foundation.

NOTE

The following documents discuss risk assessment and give general guidance on how to

in manufacturing processes:

I
I
I

6

6.1

Well
desig
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inten

To id
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quan
sequ
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Appr]
meaq
meaq
meaq

Appr]
and
be es

The
inter

The
unce

To d
micr
shall
cells

S0 31000;
SO 13022;

SO Guide 73.

implement it

belection of a fit-for-purpose assay

General

defined user requirements and a clear understanding of an assay’s intended use(|
n of assays with biological relevance and sufficient performance’(e.g. analytical
rtical specificity, precision, accuracy, robustness) to enable subsequent decision-makir
ded purpose or fit for purpose).

entify or develop an appropriate assay for detecting microbial contamination in cellulay
ucts, the goal of testing should be established and doctumented. For example, dete
tification. If a test is needed to detect and identify “every” bacterial or fungal contam
encing approach should be used. If a test is needed;to determine taxonomic or quantif]
ly certain reference microorganisms or a limited.list of compendial microorganisms,|
multiplexed PCR or a similar targeted approach is most suitable.

opriate assay design shall include specifications for the test method and strategie
urement quality and reproducibilitys-of results. This can include incorporatiy
urements, using sample randomization to reduce biases, and the inclusion of
urement controls.

opriate assay design shall alSo include approaches to ensure an appropriate analyticg
in established and docundented detection limit. The uncertainty of the measurement]
tablished and documented.

ference from other components in the cell preparation.

ntended use©f the assay should guide the fit-for-purpose requirements of the measu
rtainty of measurement should be taken into account.

etepmine the appropriate assays, users shall assess the issues of the number a
borganisms required for testing. The extent necessary for identification shall be detern

assay shall have .a-high analytical specificity for the measurement target without

5) guide the
sensitivity,
g (fit for the

therapeutic
ction versus
nant, then a

y resolution
35](36][37][38]

s to ensure
1g replicate
appropriate

1 sensitivity
should also

significant
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hined. There
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is needed.

The assay should be sufficiently robust so that the results are not significantly affected by small changes
in the measurement process (e.g. temperature fluctuations, minor sample handling fluctuations) as
defined by the user for the intended purpose.

The assay should be sufficiently robust for the measurement target so that the results are not
significantly affected by small changes in other components of the cell preparation (e.g. serum
concentration, presence of preservation agents). When using non-compendial methods, the alternative
method should yield results equivalent or better than compendial methods.[321[361[37][38]
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6.2 Assay selection

Points to take into account when choosing a method include, but are not limited to, whether a method:[3]

9l

a)

b)

c)

d)

e) can detq

f)

g) can meg
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i) canbefj

j) usesap

k)

1) addresg
training
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n) addresg
pathogd

0) meets §
that cor
processj;
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6.3 Kit o}

is based on sound underlying scientific principles;

can detect all the microorganisms which need to be detected;

can identify all such microorganisms to the required taxonomic level;

can reproducibly quantitate such identified microorganisms, if necessary;

pct analytes in the concentration range of interest;

has suffiicient analytical specificity and analytical sensitivity for the intended use;

t specific method performance criteria;
Huate quality assurance (QA) and quality control (QC);
erformed with readily available equipment;

bropriate resources;

has sufflicient robustness;

);

5 necessary aspects of QA (e.g. calibrated equipment, media quality, incubation condit

amplicon quality, sequence data quality);

es biosafety concerns (e.g. necessity of specific biosafety practices to handle the
ns);

pecific requirements for the intended use (e.g. appropriate test parameters for matg

)

s for clinical conditions and natural cell variations within the patient population;
eral microbial tesfing method or a specific microbial testing method;
Hetect bacteria, fungi and mycoplasma as appropriate;

inguish-viable from non-viable microorganisms.

" System selection

es the level of expertise required (e.g. technique=sensitive areas, need of speciallized

ions,

test

rials

tain bacteria from startingsmaterials that cannot be sterilized through the manufactfiring

A vendor can refer to a contract laboratory that performs the test or does the validation or the
supplier of the kit or system.[12][13][14][15] I release testing, a kit or system vendor should have proper
quality assessment and should follow guidelines for manufacturers of testing Kits, or ISO 13485 when
applicable. The kit or system should be accompanied by applicable validation documents and services.

If a manufacturer is using an external kit or system vendor of RMTMs, the following points for the kit or
system vendor selection should be taken into account:

a)

required QA certification of kit or system vendor;

b) QA standards employed by the kit or system vendor (e.g. ISO 9001);

10
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f)
g)

6.4
The

use gnd balance competing URS including the time to result, specificity, detectionlimit, san

prod[nct attributes.

Recommended approach for microbial contamination detection options ipeludes:

a) after completion of a batch, record the step that includes aseptic manipulations
feplenishment of the cell culture medium), and a sample should be taken to screen f
¢ontamination (i.e. in-process testing);

b) a sample should be taken in advance of the final step Wwith the timing reflecting th
method employed, e.g. 48 h to 72 h prior to release-for a growth-based contaminati
ghorter for a more rapid microbial test (i.e. surrogate finished product testing);

c) the final product can be subjected to a compendial or growth-based microbial test 3
Eefore the completion of the test with the.@linician responsible for the treatment of

eing notified if the test becomes positive (t.e. traditional finished product testing);

d) the final product should be tested for-microbial contamination using a rapid microk

Tabl¢ 1 describes these different release testing strategies with the detection options.

Further information and guidance on specification of various RMTM types can be found in

1SO 24190:2023(E)

audit history and plan (i.e. auditing by regulators, pharmaceutical companies or accreditation

bodies);

economic viability of kit or system vendor;

references for credibility of the test method (i.e. current user list, scientific publications or

accreditation);

technical support services available from the kit or system vendor;

documentation supplied by the kit or system vendor (i.e. evaluation and validation documentation).

Considerations for various test types

microbial tests are risk-based, so the user can select the preferred technology for th

Table 1 — In-process and release testing strategies[®l

feleased at the successful completion of the test (i.e. real-time finished product testing).

pir intended
Iple size and

e.g. manual

br microbial

e screening
on check or

nd released
the patient

ial test and

Annex H.

Technology Basis of the test Detection option Viable versus non-viable
distinction
Gram stain Differential staining of Final product testing no
bacterial cells
USP k71> sterility Growth in soybean-casein | Final product testing yes
test digest and fluid
thioglycolate medium
Respiration CO, production in In-process monitoring, timed yes
proprietary aerobic pre-release testing, final
product testing
Nucleic acid method |Nucleic acid amplification |Rapid release testing of final no
product
Flow cytometry Vital staining Rapid release testing of final yes
product
Solid phase Vital staining Rapid release testing of final yes
cytometry product

© IS0 2023 - All rights reserved
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Table 1 (continued)
Technology Basis of the test Detection option Viable versus non-viable
distinction
Adenosine ATP production in In-process monitoring, timed yes
triphosphate soybean casein digest pre-release testing, final
(ATP) and fluid thioglycolate product testing
bioluminescence medium

6.5 User requirement specifications

6.5.1 General

URS concerping RMTM should be identified. URS depend on the factors outlined in Clause 4. Aninexes B,
C, D, E, F and G provide information on factors for consideration.

6.5.2 Spepd

Prior to paffient administration, a cellular therapeutic product shall be suitdbly tested for micrpbial
contaminatjon. The selected method should provide results within thée_appropriate time frame
generally agsociated within the short shelf life of the cellular therapeutic-product. This allows [for a
sufficient tefting review without delaying the cellular therapeutic product release.[1]

Microbiologjcal tests with results obtained within 3 days to 4.days or a shorter time frame¢ are
preferable tp tests that take 7 days to 14 days for results.

NOTE1 Fdqrnon-frozen cell products, sterility testing often yields results within 1 day.

NOTE 2  Fqr frozen cell products, acceptable validated méthoéds can require 7 days to 14 days.

NOTE 3  Fqr typical frozen resuscitated cell products;the preferred testing period is within 1 h.

NOTE4  Fdr acell culture process prior to productcanning, the preferred testing time is within 1 day.

6.5.3 Sanjple volume

A sample is|often defined on a per(test basis and sampling frequency requirements are based on the
likelihood df contamination. Sample volumes available for microbial testing vary depending op the
manufacturng lot size/volumeZand the volume of each product unit. The test method selected should
take into ac¢ount the volume®f the sample available for testing. Cellular therapeutic products are pften
single lots of small lots; hence, only small volumes are available for microbial testing.

6.5.4 In-processversus final release testing

Assays perfprimed on in-process samples and final product samples can differ based on the length of
the employad manufacturing processes Due to the long cycle times of traditional visnal ohservhtion

methods using direct inoculation, membrane filtration and culture-plating, microbial testing can be
difficult to carry out as an in-process control. URS for in-process testing and final release tests can
differ. A risk-based approach for defining the requirements of in-process testing and final product
testing should be used. In-process testing shall be conducted as part of any change control procedure
(e.g. media exchanges or after the addition of growth factors).

6.5.5 Specificity

A clear distinction between the analytical specificity characterizing the capability related to the
presence or absence of microorganisms and the analytical specificity related to species identification in
measurement shall be determined.[17][18](19]
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Diagnostic specificity is mathematically expressed as shown by Formula (1):

Ry = [Npene/(NpnetNrpr)]

where

Rpy  is the true negative rate;

Npnc is the number of samples tested negative correctly;

Nrp; _is the number of samples tested positive incorrectly.

ey

Diag
posit
caref

The

both
a rol
pote
spec

6.5.6

Diag

=3

whet|

]
]

Each
mon
on el

7

7.1

hostic specificity for microbiology methods is traditionally demonstrated through'thg
ive and negative control cultures. Appropriate target and non-target control culturg
ully selected.

definition of appropriate target and non-target control cultures or other standard
validation and routine QC shall be done in the development of any new microbial m|
ust method, a single target microorganism should be discernible in.complex matrice

use of pure
s should be

s for use in
ethod.[12] In
5 containing

htially millions of non-target organisms. The selection of the microorganism for the analytical

ficity validation should comply with the concerning microbiolagy population.

Sensitivity
hostic sensitivity is mathematically expressed as shéwn by Formula (2):

tp = Nrpc / (N1pc + Nryp)

Rrp is the true positive rate;

Vopc 1s the number of samples.tested positive correctly;
Noni 1S the number of saniples tested negative incorrectly.

manufacturer should .perform a risk assessment to determine the type of en
toring programmeanid determine acceptability of product testing strategy. Further
ilvironmental ma@nitoring can be found in Annex I.

Validation

Géneral concepts

(2)

Vironmental
information

For quantitative measurements, validation can include, but is not Iimited to:[L£ILZIISIIIIZU

a) analytical sensitivity;

b) analytical specificity;

c 1
d) 1

imit of quantification;

inearity;

e) accuracy;

f) precision;

g) robustness;
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h) ruggedness;

i) reproducibility.

For qualitative measurements validation can include but is not limited to:
— diagnostic specificity;

detection limit;

ruggedness;

robustr

When apprd
RMTM shoy
from, the cd
of the samp
reagents ca
conducted.

Assays shot
application

A represent

When cellul
method sho

A multi-vari
[21]

EXAMPLE
potential var

Sound and appropriate statistical methods forthe design and analysis of laboratory experiments s}

be incorpor

NOTE 1  Gyidelines for proper validation can be found in the ISO 5725 series, ICH Q2(R1)[11, [SO/IEC 1
and ISO/TS 2B565.
NOTE 2 Lgboratory documentation, including complete data derived from all assays necessary to e

compliance W

NOTE3 W
properties, W

there is

TSS.

le that is available for testing. Cell culture medium containing antibiotics or anti-f
h interfere with the results; therefore, studies on bacteriostasis and fungistasis shd

ild be demonstrated to meet predefined method performancé criteria required fo
bf the cellular therapeutic product.[21]

htive sample should be used for assay validation and verification.

ar samples with unknown characteristics are to be‘measured, the qualification of thq
11d be carried out first.

te approach to evaluate effects of various facters on the method performance can be

The experimental design can incorpoerate the identification of operating parameters
ations in the test sample.

hited into the design of validation protocols.

rith establishedsspecifications and standards, is maintained.

hen definirig~the quantitative assay control space, cell measurements can have the follg
hich canfequire further consideration:

h case 'of no reference material;

itis diffi

priate, RMTMs should be compared with traditional methods. A plan for validation pf an
1d take into account which step in the manufacturing process the sample is.-being tiaken
mponents of the sample that can interfere with the accuracy of the test, and the volume

ngal
1l be

r the

t test

hsed.

and

jould

7025

sure

wing

cult'to secure the amount of measurement samnle:
r T

the measurement target is unstable;

the state of the object to be measured cannot be determined unambiguously.

7.2 Selection of microorganisms for validation

The RMTMs shall be tested using the microorganism relevant to the cellular therapeutic product and
manufacturing method.

Examples of microorganisms and samples for validation belong to several of the following categories:

a) gram-negative bacteria;

14
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gram-positive bacteria;
aerobic bacteria;
anaerobic bacteria;
yeast;

fungi;

solates detected in starting materials;

i
i

i

4

q

1)

The
for c

7.3

The
samyj
cell
bact(
for

The 4
in a

in-pr]
diffe

To v§
micr

olatesdetectedbyimprocesstestingorduring pretiminmary cebutar-therapeuticprod
solates detected by environmental monitoring of the manufacturing facility;

solates from production areas that represent low-nutrient and high-stress edvironmer

rrowth media;
low-growing bacteria.

Ualidation should include the study of growth under aerobi¢.and anaerobic condition
ellular therapeutic products manufactured in closed systems.

Quality by design of method validation

ict testing;

hts;

microorganisms from commercial sources that have continually been, exposed to hligh-nutrient

5, especially

composition of the test sample should be representative of the cellular therapeytic product

les that RMTMs are intended to be tested..Some test parameters to take into accq
concentration, media and additives, as well as preservation and antimicrobial ag
briostatic or fungistatic effect. Several matrix compositions should be tested to validatg
ultiple sample types of the same cellular therapeutic product.

ipplication of RMTMs shall be validated for in-process use and the final cellular therape|
fell culture production. The cell culture medium can contain antibiotics in different
ocess, which can contain_aspreservation agent as well as a higher cell concentratio
Fent steps of cell production'shall be separately validated, because of their different co

compared with those provided by the supplier to show sufficient performance.

In th
false
matn
posit

e validatiofisstudy design, the potential for the materials being tested to generate fals
negativé.results should be evaluated using appropriate controls. This will depend on
ix, additives and preservatives, and unique characteristics of the sample. The use ¢
ive and negative controls containing cellular therapeutic product components, but

recoi

nmended.

unt are the
ents with a
the method

utic product
tages of the
t;. Thus, the

positions.
nlidate the performance of a commercially available testing system, studies using c}
borganisms under prescribed assay conditions should be performed, and the resulf

laracteristic
s should be

P positive or
the product
f additional
not cells, is

7.4

Revalidation method

Revalidation should be completed when there any changes in cellular therapeutic product
manufacturing, including the formulation, or any changes in the RMTMs that can potentially inhibit
or enhance the detection of viable microorganisms.[22] Initial validation can be designed to minimize
the effect of some changes by designing assay conditions that encompass known or proposed changes
(e.g. worst case, matrix approach). Revalidation of the RMTM should be performed whenever there are
changes in the process that can potentially inhibit (e.g. the addition of antimicrobials) or enhance the
detection of viable microorganisms.
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Verification of critical parameters of the test method post-process, or cellular therapeutic product
changes using the microorganisms most difficult to detect, can serve as an indication of the need to

revalidate the method.

7.5 System validation

System validation should encompass the entire process, from the decision to change any aspect of the

testing programme to ongoing use. It should consist of the following phases:[23]

a) URS;

b) design quatification(DQJ;

c) installafion qualification (IQ);

d) operatipnal qualification (0Q);

e) performance qualification (PQ).

7.6 Use df reference material in validation

When an appropriate certified reference material is available, it should be wsed in the validation gf the
test method

When an appropriate certified reference material is not available;in-house reference materials cgn be
used. In—hO\Fse reference materials should be homogeneous and.stable with an appropriate shelf life.
Their establiished properties should be regularly verified.

Reference materials can be used as comparison control fofimeasurement, when appropriate.

The use of reference materials in validation shall be.documented. Reference materials are appropriate
when the intended use of a test is to detect and, identify any bacterial and fungal contaminantg in a
sample.

NOTE Cases can exist where no suitable reference material is available for validation. In these ¢ases,
alternative approaches can be applied. Foreexample, for cell counting, practices described in ISO 20391-2 cpn be
applied.

7.7 Acceptance criteria oftargeted validation parameters

Acceptance [riteria shall hercensistent with:

a) theintepded use;

b) the valiflation®f'the instrument;

c) the corqputerized supporting platform;

d) the validation of the new technology as compared to compendial methods;[32]

e) the general test method;

f) the test method specification.

When the test method specification is not compatible with the intended use of the measurement, then
the test method should be reconsidered. Changes based on reconsiderations can include a change of
instrument(s), reagent(s) or protocol(s), or multiple of these.[24]

Acceptance

16

criteria can be predefined from external requirements (e.g. tests for endotoxin level).
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Acceptance criteria can be:

either quantitative or qualitative;
defined by a performance index or URS, or both;
defined from scientific papers;

defined by local regulations.

Acceptance criteria shall be determined before validation, established and documented. Documentation
should include justification and rationale, and should contain sufficient information to permit evaluation

of th

If th
dilut

P results.

e RMTM involves bacterial growth and the growth is inhibited, modifications)(e.
jon, additional membrane filter washes, addition of inactivating agents) to the:test mq

be implemented to optimize recovery.

Medi
grow

Valid
Inste

some
folloy

a used to perform sterility testing should be rendered sterile. If the)RMTM involv
th, the media should be demonstrated as growth promoting.

ation should be more than a study conducted on a new methdd or cellular therapey
ad, validation should encompass the entire process that commences with the decisiq
aspect of the microbiological testing programme and continues through ongoing ro
vs, therefore, that validation starts from the outset, and/the validation plan shall be

include each stage of the process required to implement a iew test method. Adoption of th

can
proc

7.8

Depd
inter]
meth

7.9

The
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unde

NOTH
In th
testir
of He

The

$treamline and expedite the introduction of the new method by ensuring that each

bss is taken into account and documented beforeaioving onto a subsequent stage.[23]

Precision

nding on the stipulated conditionsj>precision can be divided into method r
mediate precision and reproducibility. Within the frame of a single laboratory validati
od repeatability and intermediate precision should be determined.

Detection limit

Hetection limit measurenients establish a baseline detection value under optimal con
bwest number of micreorganisms in a sample that can be detected, but not necessarily
r the stated experiniental conditions.

1  Colony €eunting methods can be capable of detecting single target microorganisms in 1
s method,-the result is reported as “not detected” when no microorganisms are detected. H
g is possible when the pathogen is difficult to cultivate. A significant example is the “accident3
icobagter pylori. In cases where RMTMs are independent of culture, colony counting is not app

detection limit for cell-based therapies should be established through indu

b, increased

D

thod should

es bacterial

tic product.
n to change
utine use. It
designed to
is approach
step in the

bpeatability,
on, both the

ditions. It is
y quantified,

rge samples.
alse negative
1” cultivation
icable.

stry needs,

appropriateness and patient safety. Local regulations can apply. This should be determined through a
fit-for-purpose approach.[23]

NOTE 2

If the user does not know where to expect the detection limit, a good strategy is to estimate it by first

performing a pilot study with just a few replicates at each concentration and covering a wider concentration
range, and then following up with a larger number of replicates over a narrow concentration range.

7.10 Accuracy

Frequently, accuracy can be improved, taking into account the mean of a number of results produced by
the method. There are four general approaches to obtain a suitable estimate of the true quantity value:

a)

the use of certified reference materials;
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b) the comparison with results obtained from higher order reference measurement procedures

(further information is provided in ISO 17511);
c) recovery experiments using spiked samples;

d) the comparison with results obtained from interlaboratory comparison tests.

Accuracy is critical for repeatability and reproducibility. The use of appropriate calibrators can increase

accuracy. Guidance for accuracy can be found in ISO 5725-2.

7.11 Robustness

The robustllless of a microbiological method is a measure of its capacity to remain unaffectgd by
small but d¢liberate variations in method parameters. During the robustness test, the effect, of $mall
deviations ip relevant method parameters on the method performance and the measurement results

should be investigated. Relevant method parameters that are likely to influence the niethod out
should be nponitored and include, but are not limited to, critical reagent concentrations, instru
operation parameters and incubation temperatures.

7.12 Ruggedness

fome
ment

Ruggedness|is the reproducibility of a method achieved when the same sample is tested under a variety

of normal test conditions (e.g. different analyst, reagents, batches).

Ruggedness|should be assessed for RMTMs in the manufacturing.process.

8 Use and application of rapid microbial tests

8.1 Number and type of samples

Factors to determine the number of samples sheuld include, but are not limited to:

a) the typ¢ of samples to be tested;

b) the number of samples per work shift;

c) the abiljty of the test methodto-be extended to other types of samples in the process;
d) the valye of samples;

e) the volyme of samples-ieeded;

f) the amqunt of natural variation within patient populations.

The sampleg shall‘represent the entire batch and processing conditions. Samples should be taken:

— at the beginning, middle and end of the aseptic processing operation,
— in conjunction with processing interventions or excursions;

— after any point in the manufacturing process that has an increased risk of contamination.

8.2 Testing environment

Certain aspects of sterility testing are of particular importance, including the control of the te

sting

environment, understanding the test limitations, and investigating the sources of contamination in

manufacturing systems following a positive test result.
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The testing laboratory environment should maintain facilities and controls in a manner that is
comparable to those sterility conditions used for aseptic filling operations. Poor or deficient sterility
conditions in test facilities or controls can result in false positive results.[26]

Significantly better production facilities and controls than those for sterility testing can result in
mistakenly attributing a positive sterility test result to a faulty laboratory even when the product
tested could have, in fact, been non-sterile. Therefore, a manufacturing deficiency can go undetected.

Isolators (e.g. glove boxes, laminar flow hoods for sterility testing) should be used in order to minimize
the chance of a false positive test result.

8.3 [Sensitivity

Points to be taken into account for the diagnostic sensitivity to help determine which tedt method to
use dan include, but are not limited to:

a) therequired level of diagnostic sensitivity for the needed application;

b) the needed analytical sensitivity level that depends on the current specification(s) |for the test
method being replaced (e.g. the detection limit for traditional plate)count and turbidjty methods
¢an be < 10 CFU per ml);

c) the comparison of the detection limit to the compendial methed;
d) the results evaluated for the intended application;

e) detection of variation(s) between test batches.

8.4 | Analytical specificity (microorganism;detection)

Poinfs to be taken into account for the analytical specificity to help determine which fest method
to use should include the evaluation of which microorganisms the novel test method|is required
to d¢tect or identify based on the needed application (more information is given in Anpex A). This
determination should be based on the historical data generated from the compendial tesf method[35]
and ¢omplemented by information compiled through the research and manufacturing procgss.

8.5 | Comparable test data

Poin{s to be taken inte‘agcount for comparable test data to help determine which test m¢thod to use
shou]d include, but arenot limited to:

a) the neededxequirement of the ability to demonstrate comparable test data;

b) vyalidatien*studies and acceptance criteria designed to reflect the needs of novel, mgre sensitive
lechnology.

If the RMTM is based ontechnology that can readily demonstrate comparable data, then tHe validation

,,,,,,,,,
studies and acceptance criteria detailed in Clause 7 can be used.

Points to be taken into account for the needed degree of operator qualification to help determine which
test method to use should include, but are not limited to:

— the complexity of operation of the RMTM;
— the skill level required to run an assay and interpret results;
— the educational background and experience of laboratory personnel involved;

— the various areas that personnel will be required to have a background in (i.e. analytical chemistry,
nucleic acid biochemistry, computer skills).
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9 Investigation of positive sterility results

A plan for investigating positive sterility results should be in place (e.g. confirmation of the test result
by either repeating the assay or conducting a secondary assay, or both). If a positive test for microbial
contamination is confirmed, the manufacturer should investigate the source of the contamination. See

requirements for the local regulatory agency with oversight for cellular therapeutic products.[111112]{13]
[14]

The planin cases of unsatisfactory results should include identifying whether the cause is manufacturing
or testing. Some examples of plans for the identification can include:

— the repetitien-ef-eriginal-test

— the performance of secondary tests for confirmation of results.

Some of thelfactors that should be involved in the determinations of the secondary tests.are:
— analytiqal sensitivity;

— diagnostic sensitivity;

— diagnostic specificity.

Repetition gf the original test or execution of a secondary test shouldybe performed when micrpbial
growth is fpund in the repeat test, which indicates the sample examined does not meet the test
requirements for sterility.

In order to declare a not-sterile test invalid, it should clearly bédemonstrated that the failure of th¢ test
was unrelated to the product being examined.

Possible reafsons to declare a test invalid:

a) the datq of the microbiological monitoring of the sterility testing facility show a fault;
b) areview of the testing procedure used during the test in question reveals a fault;

c) microbigl growth is found in the negative controls;

d) after determination of the identityof the microorganisms isolated from the test, the growth of this
species|(or these species) cambe ascribed unequivocally to faults with respect to the material or
the technique, or both, used-in conducting the sterility test procedure.

The plan in ¢ases where the s$ample does not meet the requirement is that the risk assessment shoulld be
repeated. The plan can.also include:

— the performancevof investigations for risk levels associated with the specific steps during the
manufafturing-process;

— the perf fi L ] ] . . f N

10 Training

Personnel performing sterility testing shall be qualified and trained for the task. A written programme
should be in place to maintain updated training of personnel and confirm acceptable sterility testing
practices.

Where warranted, a risk-based assessment of the relevant factors shall be performed by personnel
with specialized training in appropriate disciplines based on the test method (e.g. microbiology,
molecular biology, immunology) and in the interpretation of microbiological data. For raw materials,
the assessment shall take account of the processing to which the product is subjected, the current
technology of testing, and the availability of materials of the desired quality.
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A qualification programme shall be in place to train personnel to conduct testing according to an
established protocol.

11 Documentation
Detailed protocols and experimental designs for validation studies shall be documented.

Examples of items to be included in the documentation:

a) the make and model of the instrument and kit used, and relevant settings;

b) the measurement results with appropriate units and uncertainty;
c) the equipment calibration record;

d) the sample preparation procedures and conditions;

e) the data analysis procedure;

f) the time when the sample is taken and the time to result.

Stanflard operating procedures (SOPs) for the conducting of tests shall be established and flocumented
to ensure that the appropriate test parameters are followed. Datalgenerated from validatign studies as
well ps data analyses shall be documented and made availablete‘appropriate personnel.

12 Test report

Testing results shall be documented and shouldibe included in the batch records for [the cellular
thergpeutic product. Test reports should contajdssufficient detail to allow for independentj assessment
of testing results.[28] If possible, data should befindable, accessible, interoperable and reugable (FAIR).
ISO 40691 and ISO/TR 3985 provide resources on data management.

The test report shall include, but is netlimited to, the following:

a) the sample;

b) the International Standard-used (including its year of publication);
c) the method used (ifthe’standard includes several);

d) the result(s), including a reference to the clause which explains how the results were cglculated;
e) 4ny deviations from the procedure;

f) any untsual features observed;

g) the-date of the test.

Examples of further reporting elements include, but are not limited to, the following:
— the data analysis procedure;
— the make and model of the instrument and kit used, and relevant settings;

— the source of the sample (step in manufacturing process).
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Annex A
(informative)

Exemplary framework for identifying microbial contamination

Determining the appropriate use of rapid microbial tests in biological samples requires many different
factors to be taken into account. A thorough method selection based on risk assessment is used

to determin
biological pi

An overviey

e the requirements for development and methods of use for rapid microbial testi

F of influences on the risk assessment is provided in Clause 5.

oducts.

ng in

This annex will help rapid microbial test designers and users to consider factors that'can be rel¢vant
when develgping and using an appropriate test method risk assessment plan, see Figure A.1.
user specific ' consumables data QC & analysis
requirerpents collection process environmental
autologous/ isolates
allogenic N software
speed — ——sterilized o
o normalization QC test
. dilution . es
specificity ——single use sample
4\ threshold
test sampl¢ .| positive/ negative
purity integrity microbe result
sample contamihation open
conditions steps
atient )
Eonditions biohazard closed
sample safety steps
fresh varsus  yolume
frozen sample controls facility history  process steps
suitability
sample type
sample source
NOTE The central arrow,-represents the process from test sample to result. Branches feeding into

experimenta
the developm

Figure A.1

progression characterize the sources for consideration for the risk assessment when determ
ent and use of rapid microbial tests in biological products.

— Cause’and effect diagram — Whole process uncertainty for contributions to 1
assessment for use and development of rapid microbial test methods

ining

isk

22

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ffad80cdb6cc202e84fd439b815a6afe

Annex B
(informative)

1SO 24190:2023(E)

Risk analysis with cellular therapeutic products related to input

materials — Donor selection

able B.1 — Risk analysis with cellular therapeutic products related to input mat

Donor selection!®]

brials —

Input materials Risk identification Risk rating Riskumitigation/critical
process dontrols
Dongr qualification Autologous donation Low Donor intervigw; medical
examination
Allogenic donation Moderate to high Donor intervidw; medical
examination
Sourfce of the cells Peripheral blood Low? Skin sanitizatijon;
diversion of the first
10 ml during
collection
Adipose tissue Moderate to high Surgical suite
Bone marrow High Surgical suite
Cord blood Moderate Maternal risk
screening; vaglinal
birth; use of cqrd-
retrieval technicians
Collgction process Systems with:a‘high High Eliminate “opgn” systems
probabilityof
microbial ingress
Systemswith a low Low Promote “clos¢d” systems
probability of
microbial ingress

an be high when the patient has a pre-existing microbial infection.
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Annex C
(informative)

Risk analysis with cellular therapeutic products related to input
materials — Cell transformation and expansion

Table C.1 + Risk analysis with cellular therapeutic products related to input materials — (ell
transformation and expansionlél

Input rhaterials Risk identification Risk rating Risk mitigation/critiical
proceéss-control
Single-use cgnsumables Open (e.g. transfer bags, |High Sterile, disposable
roller bags, cassettes) consumables
Closed Low
Cell banks Contamination Moderate Sterility, mycoplasma and

infectious agent screeping

Transduction

Viral and bacterial vectors

Low to moderate

Infection agent screenfing;
sterile filling/sterility
testing

Cell expansipn

Multiple aseptic
manipulations

Low to moderate

Biological safety cabinets,
restricted access barrjer
systems, and isolator
systems; bioburden
monitoring

Culture medja

Foetal bovine serum and
other components

Low to moderate

Source certification;
adventitious agent
screening; terminal
sterilization
(pasteurization,
chemical treatment
or irradiation)

Micro-carridr

Immunomagnetic beads

Low

Terminal sterilization

Utilities

Pharntaceutical-grade
water

Moderate

Good manufacturing
practice compendial
compliance; microbial
monitoring; endotoxin
monitoring

Compressed gasses

Moderate

Sterile filtration at point
of use

Facility

ctontainment

Low 10 moderate

BSC, 1solators, RABS, etc.

Segregation of process
steps

Labelling consideration
for dedicated work areas
for high-risk containment
steps, appropriate
disinfection between
steps, process flows

and HVAC cascades
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Input materials

Risk identification

Risk rating

Risk mitigation/critical
process controls

Personnel and materials
flow

Clearly defined and
physically separate or
proceduralized segregated
entry and exit; transfer
disinfection procedures
for materials; adequate
protection of sterile
materials for transfer

Cell

harvesting

Digestive enzymes (e.g.
trypsin, collagenase,
DNase/RNase, restriction
endonucleases, growth
factors, cytokines,
monoclonal

antibodies)

Low to moderate

Terminal steri]ization;
use of nan-ahimal derived
materijals

Cell

torage solution

Buffers; saline;
surfactants;
cryoprotectants

Low

Sterile filtratign

© IS0 2023 - All rights reserved

25


https://standardsiso.com/api/?name=ffad80cdb6cc202e84fd439b815a6afe

ISO 24190:2023(E)

Annex D
(informative)

Risk analysis with cellular therapeutic products related to input
materials — Packaging storage and administration

Table DJ1 — Risk analysis with cellular therapeutic products related to input materials -—
Packaging storage and administrationl®]
Input rhaterials Risk identification Risk rating Risk mitigation/critiical
proceéss-control
Packaging Intravenous (IV) bags Low Irradiatien sterilizatidn;
aseptictransfer, contafiner-
closure integrity
Storage Ambient temperature; Low Frozen storage should|
refrigeration; include liquid nitroger
temperature; vapour not liquid nitrggen
frozen/cryopreserved
Shipping Refrigerated or frozen Low Shipping frozen in liqyid
nitrogen or controlled
refrigerated transporf
Donor/recipjent Allogenic only Moderate<high Vaccination: pre- and
post-antibiotic treatmpnt
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Risk-based classification for monitoring practices for cellular
therapeutic product manufacturing

Table E.1 — Risk-based classifications for monitoring practices for cellular therapeutic product
manufacturinglél
Mapufacturing | Air cleanliness | Environmental | Environmental | Aseptic precess Microbial
environment standards monitoring fre- | monitoring ac- | simulationre- testing
quency tion levels (CFU) quirenients
BSC In a classified ISO 5/1SO 7 Each shift/each <1/<5 Initiali3 batches/ | In{process and
area operator semi-annual fihal product
testing
Barrjier system in ISO 5/1SO 7 Each shift <1/<5 Initial 3 batches/ | In{process and
a clapsified area semi-annual fihal product
testing
Open isolator ISO 5/1SO 7 Each shift <1/<5 Initial 3 batches/ | In{process and
systém semi-annual final product
testing
Clos¢d isolator ISO 5/1SO 8 Periodic <1/<50 Initial 3 batches/| Fipal product
system semi-annual testing
Glovgless, robotic, ISO 5/1SO 8 None None None None
isolaftor system
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Validation of rapid microbial test methods

F.1 General

When a commercial kit is used, certain elements of the validation can be carried ouf) by the
manufacturgr and information provided to the user. However, different results can be obtained bl the
user depending on the equipment used and the target (sample) tested. Therefore, the user.can confirm
the manufadturer’s validation results by using their own facilities. This can be especially.relevant yhen
the measur¢ment sample is different from the sample validated by manufacturer,-Tthe detection [limit
and reproducibility of the kit can be confirmed with the targets of interest. When‘the user’s sample
preparation| or measurement methods are different from the method specified by the instrument
manufacturer, the employed method for validation of the instrument should be used. In addition, yhen
information| on the kit reagents is not available from the manufacturer, a Countermeasure is reqfiired
to obtain information from the manufacturer about how to modify theXKit production if required. [f the
compositior] of the kit reagents is modified, the user confirms that the détection limit and the detegtion
accuracy of the modified kit for target microorganisms is comparable to the previous one, as needgd.

Method valiflation shows sufficient analytical and diagnostic sensitivity for the microbial species listed
in Annex G.|Here the species are selected from the viewpeint of the user’s facility environment, the
source of prpduct and the location of administration to th&patient.

The tests injclude both a positive control (run control) of 100 CFU or less and a negative control| The
microbial stirains used for the positive control tests'are those within a low number of passages obtgined
from an offjcial or suitably accredited agency,and handled appropriately. The unit of inoculatipn is
determined|before use. When cell suspensian;is used as a test sample, a preliminary test is perfoymed
for the effeqt of the cells on detecting microorganisms. The cell suspension used for the preliminary
test confirms bacteria/fungi-free. The €ell suspension itself is used as a negative control, and the¢ cell
suspension [spiked with test microprganisms is used as a positive control. On the other hand, when
a supernatgnt of a cell sample is used as test samples, method validation implies that the mgthod
employed is|able to fully detectthe'microbial contamination in the cell-contained sample.

The most important parameters for method validation of the analytical procedure are the analytical
and diagnosttic specificity/atid the detection limit. In addition, the robustness of the analytical procgdure
should be ejaluated,~-THie range of validation is established as the complete procedure from sample
preparation|to detection.

Where commereial klts and instruments are used for a part or all of the analytlcal proce:lure
documented_full vali ] afa by
the user, and a full Valldatlon by the user is unnecessary Nevertheless the performance of the k1t and
instrument with respect to its intended use and user’s test system is demonstrated by the user (e.g.
specificity, detection limit).

Reference strains evaluated for concentration in CFUs/ml are used at various stages during validation
of analytical or diagnostic specificity or the detection limit. During routine application of the test,
microbial reference strains or the test sample calibrated for concentration using reference strains
are used as positive controls. In the test, microorganisms for validation of the procedure are included
in sample preparation. As for evaluation parameters, three parameters are evaluated: specificity,
detection limit and robustness.
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F.2 Detection limit

The detection limit of an individual analytical procedure is the lowest amount of target in a sample
that can be detected, but not necessarily quantitated as an exact value. For the establishment of the
detection limit, a positive cut-off point is determined for the analytical procedure. The positive cut-off
point is the target (bacterial cells, nucleic acid, ATP, etc.) per volume of sample that can be detected
in 95 % of test runs. To determine the positive cut-off point, a dilution series of characterized and
calibrated (CFUs) microbial reference strains or international standards are tested on different days to
examine variation between test runs.

For validation of the detection limit, the microbial species listed in Annex G can be used. These species
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termined as the minimum number of CFUs in the test sample. For-éach microbial sty
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der to keep the number of dilutions at a manageable level, a preliminary test is p
n a preliminary value for the positive cut-off point (i.e. the highest dilution givin
1). The range of dilutions can then be €hosen around the determined preliminary d
foncentration of microorganism (CFUs/ml, etc.) that can be detected in 95 % of test ry
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bility of the analytical procedure.

alternative method is proposed to replace the conventional culture method, the syst
tect 10 CFU, spiked in target sample for each microbial reference species.
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robustness a@f’an analytical procedure is a measure of its capacity to remain unaffec
leliberate-variations in method parameters, and provides an indication of its relial
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al usage:The evaluation of robustness is taken into account during the development
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As for nucleic acid testing, for example, small variations in the method parameters can be crucial.
However, the robustness of the method can be demonstrated during its development when small
variations in the concentrations of reagents (e.g. MgCl,, primers, deoxyribonucleotides) are tested.
Modifications of extraction Kits or extraction procedures as well as different thermal cycler types can
also be evaluated.

©1S0 2023 - All rights reserved 29


https://standardsiso.com/api/?name=ffad80cdb6cc202e84fd439b815a6afe

ISO 24190:2023(E)

Annex G
(informative)

Microorganisms for validation of rapid microbial test methods

It can be helpful to have a list of microorganisms to use for validation of rapid microbial tests intended
for cell-based therapies. Table G.1 provides a non-exclusive list of microorganisms for the validation of

rapid microbial tests in cell-based therapies.
For more irfformation on the microbial species and strains given in Table G.1, see References|[30]
and [31] for|bacteria, and References [32], [33] and [34] for yeast and mould.
Table G.1 — Microorganisms for validation
No.2bcd Species name Strains Type More potential soufces
ATCC 16404,
IMI 149007,
1 Aspergillus brasiliensis Yeast and miould |Environmental/air
IP 1431.83,
NBRC 9455
ATCC 6633,
Baqicillus spizizenii (Bacillus CIP 52.62, Aeroblc.and . .
2 subtilis subsp. spizizenif) facultative Environmental/air
: NBRC 3134, bacteria
NCIMB 8054
ATCC 10231,
IP A8:72, e
3 Cqndida albicans Yeast and mould Process specific/
NBRC 1594, bronchus
NCPF 3179
ATCC 11437,
CIP 100651,
NBRC 14293,
4 Clostridium sporggenes NCIMB 12343, gnaerc_)blc Environmental/air
acteria
ATCC 19404,
CIP 79.3,
NCTC 532
ATCC 9027,
CIP 82.118, Aerobic and
5 Pseudomonas aeruginosa facultative Environmental/water
NBRC 13275, bacteria
NCIMB 8626
a2 No. 1 to 6: Microbial species and strains specified by pharmacopeia (United States Pharmacopeia (USP), European
Pharmacopoeia (EP), Japanese Pharmacopoeia (JP).
b No. 7 to 12: Human-derived microorganisms that can be contaminated from operators working in-process.
¢ No. 13 to 18: Microorganisms that can be contaminated from environment such as soil and water.
d  No. 19 to 23: Typical pathogenic microorganisms.
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Table G.1 (continued)
No.2bcd Species name Strains Type More potential sources
ATCC 6538,
CIP 4.83, Aerobic and
6 Staphylococcus aureus NBRC 13276, facultative Process specific/skin
NCIMB 9518, bacteria
NCTC 10788
7 Cutibhacterium acnes ATCC 11827 AnaerOblC Process cnnt‘ific/skin
NBRC 107605 bacteria i
ATCC 8739,
clp 3.126, Aerobic and Process spedific/
8 Escherichia coli DSM 1576, facultative ) 555p
bacteria intestines
NBRC 3972,
NCIMB 8545
ATCC 10240, Aerobic and . .
9 Micrococcus luteus facultative Environmen 'a.l / am,
NBRC 13867 bactefia process specffic/skin
ATCC 9341,
NCIMB 8553, Aerobic and Environmental/air,
10 Kocuria rhizophila facultative [
NBRC 3232, bacteria process specffic/skin
NBRC 12708
ATCC 12228,
CIP88.21, Aerobic and
11 Staphylococcus epidermidis Ker 1798 facultative Process spedific/skin
, bacteria
NBRC 12993
ATCC 33400,
eir 10297, Aerobic and Process spedific/
12 Streptococcus pnéuimoniae DSM 20566, facultative . p
bacteria respiratory ystem
NBRC 102642,
NCTC 7465
Aree 19t Aerobic and Process spedific/
13 Streptococcus pyogenes CIP 1042.26, facultative pharynx
NCIMB 13285 bacteria
ATCC 19606,
CIP 70.34,
DSM 30007, Aerobic and Environmental /water,
14 Acinetobacter baumannii facultative o Y
JCM 6841, bacteria process specific/urine
NBRC 109757,
NCTC 12156

d  No. 19 to 23: Typical pathogenic microorganisms.

a2 No. 1 to 6: Microbial species and strains specified by pharmacopeia (United States Pharmacopeia (USP), European
Pharmacopoeia (EP), Japanese Pharmacopoeia (JP).

b No. 7 to 12: Human-derived microorganisms that can be contaminated from operators working in-process.

¢ No. 13 to 18: Microorganisms that can be contaminated from environment such as soil and water.
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Table G.1 (continued)
No.2bcd Species name Strains Type More potential sources
Aerobic and
15 Acinetobacter calcoaceticus ATCC 23055 facultative Environmental/water
bacteria
ATCC 19146,
DSM 1635, Aerobic and
16 Brevundimonas diminuta facultative Environmental/water
NBRC 14213, bacteria
NCIMB 11091
ATCC BAA-2500, |Aerobicand
17 Mgthylobacterium extorquens facultative Environmental/watgr
NBRC 15911 bacteria
ATCC 17386, Aerobic and
18 Pgeudomonas protegens facultative Envirenmental/watgr
NBRC 15842 bacteria
ATCC 9849,
CBS 342.61,
IMI 61272,
19 Pe¢nicillium citrinum NBRC 6352 Yeast and meuld |Environmental/air
NRRL 756,
QM 1226
ATCC 7966,
CIP76.14, Aerobic and
20 Ag¢romonas hydrophila DSM 30187 facultative Environmental/watgr
JCM 1027 bacteria
NGTC8049
ATCC 33152,
CIP 103854, Aerobic and
21 Leggionella pneumophila DSM 7513, facultative Environmental/watgr
JCM 7571 bacteria
NCTC 11192
ATCC 15313,
CIP 82.110, Aerobic and
22 Lilsteria mendcytogenes facultative Process specific/animal
DSM 20600, bacteria
NCTC 10357
ATCC BAA-2162,
CIP 80.39, Aerobic and
s [Sdmorelatecosibspentrtlpgu gy, e |"rocess st
bacteria
NBRC 100797,
NCTC 6017

d  No. 19 to 23: Typical pathogenic microorganisms.

a2 No. 1 to 6: Microbial species and strains specified by pharmacopeia (United States Pharmacopeia (USP), European
Pharmacopoeia (EP), Japanese Pharmacopoeia (JP).

b No. 7 to 12: Human-derived microorganisms that can be contaminated from operators working in-process.

¢ No. 13 to 18: Microorganisms that can be contaminated from environment such as soil and water.
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Table G.1 (continued)
No.2bcd Species name Strains Type More potential sources
ATCC 13311,
CIP 58.58,
Salmqnella enterica subsp. JCM 1652, Aerobic _and Process specific/
24 enterica serovar facultative intestines
Typhimurium NCTC 74 bacteria
ATCC 14028
NBRC 105726
ATCC 15531 Aerobic and
25 Mycoplasmoides pneumoniae facultative Environimental/skin
NBRC 14401 bacteria
ATCC 33530 Aerobic and
26 Mycoplasmoides genitalium facultative Environmental/skin
DSM 19775 bacteria
ATCC 27545 Aerobic and
27 Metamycoplasma hominis facultative Environmental/skin
NBRC 14850 bacteria
ATCC 23714 AereBic and
28 Metamycoplasma orale NBRC 14477 facultative Environmental/skin
NCTC 10112 pacteria
ATCC 17981 Aerobic and
29 Mesomycoplasma hyorhinis NBRC 14858 facultative Environmental/skin
NCTC 10430 bacteria
a2 No. 1 to 6: Microbial species and strains specified"by pharmacopeia (United States Pharmacopeia (U$P), European
Pharmacopoeia (EP), Japanese Pharmacopoeia (JP):
b No. 7 to 12: Human-derived microorganisms that can be contaminated from operators working in-process.
¢ No. 13 to 18: Microorganisms that can be ¢ontaminated from environment such as soil and water.
d  No. 19 to 23: Typical pathogenic microorganisms.
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(informative)

Methods for rapid microbial testing

ence-based methods

Molecular (llvucleic acid-based) methods are platforms for rapid microbial testing which allow fo
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ic analysis of contaminants. Such techniques are increasingly indicated for rapid dete
Anisms, which cannot be grown in vitro or under common culture conditiens. PCR-H
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Even more broadly, metagenomics is a promising molecular appreaeh, which utilizes
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tbased assays, and typically require expert analysis and, software. A major limitati
based assays in general is that such methods can provide'd positive result for both v
ble microorganisms. The detection of microbial DNA dees not necessarily equate to a v
bent, which puts a patient at risk of infection.
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been demonstrated to be promising for quantification of protein impurities. By combining diode arrays
for detection and PLS for analysis, co-eluting proteins can be analysed online.[29]

H.5 Bioluminescence-based tests

Some microbial tests use bioluminescence-based techniques. Typically, these techniques are based on
detection of ATP. This simple and relatively straightforward assay uses ATP as an indicator of viable
microbiological contamination. It measures the amount of light emitted when the enzyme luciferase
converts luciferin into oxyluciferin in the presence of molecular ATP, and is designed to be proportional
to the amount of ATP present. This technique is very sensitive and rapid (within 4 h). Amplified ATP
methods have also been developed to further reduce the time to result. ATP-based methods are
sufficiently flexible in that virtually any combination of parameters can be used, provided that neither
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the product nor the media possess significant levels of ATP or otherwise interfere with the enzymatic
reaction, and that the selected conditions satisfy compendial requirements. Microbial testing via ATP-
based methods is currently used in food and beverage production; therefore, these testing methods can
potentially be adapted quickly for regenerative medicine therapies. Tests based on this technology have
been developed for commercial use.

H.6 Mass spectrometry techniques

Mass spectrometry (MS), an analytical technique that measures the mass-to-charge ratio of ions to
identify an analyte, is one major platform. MS-based tests are becoming increasingly more powerful due
to te i i i ttabih i i fOTT tal, analysers
to separate ions and detector capabilities. MS has also become more accessible and affordaple in recent
years. MS tends to have a good to excellent throughput both in terms of the number,df sdmples and the
speefl of testing. Common challenges of MS approaches include the requirement for a'brief culture step
and the need for an established library for robust identification. MS is often coupled with § separation
technique, such as liquid chromatography (LC) to physically isolate specific demponents in the sample
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Flow cytometry

cytometry is another promising platform fo#rapid microbial testing. In flow cytometry
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Liquid chromatography mass spectrometry (LC-MS) is a hyphenated technology to first separate
digested proteins (LC) then analyse the peptides (MS). LC-MS provides quantitative information but
requires extensive sample preparation and analysis. Shortening the procedure as well as automating
the data processing are the recent trends for LC-MS method development. Currently few other
techniques are able to produce a similar quality of data. A top-down and middle-down LC-MS method
by direct analysis of protein biopharmaceuticals with minimized sample preparation can represent a
future trend, which will provide direct information related to the proteoforms rather than extracting
information from peptide fragments from the proteins.[39]

H.9 Binding affinity assays

Another RMTM is based on an enzyme-linked immunosorbent assay (ELISA), which is a binding
affinity assay detecting specific antibody-antigen interactions. ELISA is typically performed using
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