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

Attention is drawn to the possibility that some of the elements of this document may be the subjeqt of
patent righits. ISO shall not be held responsible for identifying any or all such patént rights. Details of
any patent|rights identified during the development of the document will be in the Introduction and/or
on the ISO Jist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does|not
constitute pn endorsement.

For an explanation of the voluntary nature of standards, the.meaning of ISO specific terms jand
expressionls related to conformity assessment, as well as information about ISO’s adherence to|the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.qrg/
iso/forewadrd.html.

This docuhent was prepared by Technical Committee’ISO/TC 34, Food products, Subcommittee SC 9,
Microbiology, in collaboration with the European ‘€ommittee for Standardization (CEN) Techrtical
Committeq CEN/TC 463, Microbiology of the food chain, in accordance with the Agreement on techrfical
cooperatiop between ISO and CEN (Vienna Agreement).

Alist of all[parts in the ISO 16140 series can-be found on the ISO website.

Any feedbdck or questions on this doeument should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

0.1

The ISO 16140 series

The ISO 16140 series has been expanded in response to the need for various ways to validate or verify
test methods. It is the successor to ISO 16140:2003. The ISO 16140 series consists of six parts with the
general title, Microbiology of the food chain — Method validation:

Part 1: Vocabulary;
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Part 3: Protocol for the verification of reference methods and validated alternative method
laboratory;

Part 4: Protocol for method validation in a single laboratory;
Part 5: Protocol for factorial interlaboratory validation for non-proprietary methods;

Part 6: Protocol for the validation of alternative (proprietary) methods'for microbiological cc
and typing procedures.

plopment and validation of standardized methods.
eneral, two stages are needed before a method can be«ised in a laboratory.

The first stage is the validation of the method.Validation is conducted using a study
laboratory followed by an interlaboratory study (see ISO 16140-2, ISO 16140-5 and IS(
In the case when a method is validated within one laboratory (as described in this dod
interlaboratory study is conducted.

The second stage is method verification, where a laboratory demonstrates that it can sa
perform a validated method. This\is described in ISO 16140-3. Verification is only ap
methods that have been validated using an interlaboratory study.

eneral, two types of methods\are distinguished: reference methods and alternative metH

ference method is defined in ISO 16140-1:2016, 2.59, as an “internationally recognized
bpted method”. The 'note to entry clarifies that “these are ISO standards and standd
lished by ISO and €EN or other regional/national standards of equivalent standing”.

ned in ISO 17468:2016, 3.5, as a “reference method described in a standard”.

alternative method (method submitted for validation) is defined in ISO 16140-1:201¢

thod of analysis that detects or quantifies, for a given category of products, the same

is detécted or quantified using the corresponding reference method”. The note to entry clg

ethod;

5 in a single

nfirmation

17468 is a closely linked International Standard, which establishes technical rules for the

in a single
16140-6).
ument), no

kisfactorily
plicable to

ods.

hnd widely
rds jointly

he [SO 16140 series, reference methods include standardized reference (ISO and CEN) methods as

b, 2.4, as a
analyte as
rifies that:

“The method can be proprietary. The term ‘alternative’ is used to refer to the entire ‘test procedure
and reaction system’. This term includes all ingredients, whether material or otherwise, required for
implementing the method.”.

This document, ISO 16140-4, addresses validation within a single laboratory. The results are therefore
only valid for the laboratory that conducted the study. In this case, verification (as described in
ISO 16140-3) is not applicable. ISO 16140-5 describes protocols for non-proprietary methods where a
more rapid validation is required or when the method to be validated is highly specialized and the
number of participating laboratories required by ISO 16140-2 cannot be reached. This document
and ISO 16140-5 can be used for validation against a reference method. This document (regarding
qualitative and quantitative methods) and ISO 16140-5 (regarding quantitative methods only) can also
be used for validation without a reference method.
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The flow chart in Figure 1 gives an overview of the links between the different parts mentioned above.
It also guides the user in selecting the right part of the ISO 16140 series, taking into account the purpose

of the study and the remarks given above.
Choose
1SO 16140-2

Are specific (e.g. legal)
requirements given to use
1SO 16140:2003 or ISO 16140-2?

To validate alternative

START: Is the method validated
(proprietary) methods

(performance characteristics are given)?

To validate non- Choose
proprietary methods 1SO 16140-5
To do a single- Choose
YES laboratory validation 1SO 16140-4
l To validate reference Choose
v methods 1SO 17468

[s the method validated in accordance with ISO 16140-4? Choose
1SO 16140-2

o

Apply method only in that particular
laboratory (incl. scope extension)

A4

Is the (food) cafjegory to be
. - < Choose
tested in the sdope of the D—P[ For extension of the scope of a reference method 1SO 17468
methdd?
p For extension of the scope of an alternative (proprietacy) method validated Choose
in accordance with ISO 16140-2 1SO 16140-2

p For extension of the scope of a non-proprietary‘method validated in accordance Choose
with ISO 16140-5 1SO 16140-5

For use of the (food) type in a single laberatory, in the case of:
a) an alternative (proprietary) methodvalidated in accordance with ISO 16140-2; or
Choode [ b) anon-proprietary method validated in accordance with ISO 16140-5; or
1SO 16140-3 c) areference method with performance characteristics; or
(verifiction) d) areference method without performance characteristics.

Choose
ISO 16140-4

Figure 1 — Flow chart for application of the ISO 16140 series

T

NOTE In this document, the words,“category”, “type” and/or “item” are sometimes combined with “(fopd)”
to improve feadability. However, the word “(food)” is interchangeable with “(feed)” and other areas of the food
chain as mehtioned in Clause 1.

ISO 1614016 is somewhat different from the other parts in the ISO 16140 series in that it relatep to
a very spefific situation-where only the confirmation procedure of a method is to be validated |e.g.
the biochemical confirmation of Enterobacteriaceae (see ISO 21528-2)]. The confirmation procedure
advances a suspeeted (presumptive) result to a confirmed positive result. The validation of alternafive
typing techniques-(e.g. serotyping of Salmonella) is also covered by ISO 16140-6. The validation stjudy
in ISO 16110-6"clearly defines the selective agar(s) from which strains can be confirmed using|the
alternative—confirmratiomr method—H-successfulty vatidated;theattermative confirmatiomr mrethod-can
only be used if strains are recovered on an agar that was used and shown to be acceptable within the
validation study. Figure 2 shows the possibilities where an alternative confirmation method validated
in accordance with ISO 16140-6 can be applied (see text in the boxes).
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Figure 2 — Use of validated alternative confirmation methods (see ISO 16140
MPLE An example application of a validated alternative.confirmation method is as follows.
hlternative confirmation method based on ELISA has beén validated (in accordance with 1SO

ace the biochemical confirmation for Salmonella as\described in ISO 6579-1. In the validation
hdatory agar in accordance with ISO 6579-1) plus BGA and a specified chromogenic agar (two op
econd plating in accordance with ISO 6579-1) were used as the agars to start the confirmation. T
irmation method can be used to replace the biochemical confirmation under the following condi

by laboratories using the ISO 6579-1; ot
by laboratories using an ISO 16140-2validated alternative method that refers to ISO 6579-1 for conf

by laboratories using an 1SO_16140-2 validated alternative method that starts the confirmatiqg
and/or BGA agar and/or the specified chromogenic agar.

validated confirmatiopmethod cannot be used under the following conditions:

by laboratories using-an ISO 16140-2 validated alternative method that refers only to agars othe
included in thesvalidation to start the confirmation (e.g. Hektoen agar and SS agar only); or

by laboratepies using an ISO 16140-2 validated alternative method that refers only to a c
procedufe that does not require isolation on agar.

Validation protocols in the ISO 16140 series
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boratories

for quantitative methods and at least ten laboratories for qualitative methods. ISO 16140-5 is intended
to be used for interlaboratory studies comprising four to seven laboratories for quantitative methods
and four to nine laboratories for qualitative methods. ISO 16140-5 can only be used for non-proprietary
methods. Table 1 provides an overview of the different protocols.
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Table 1 — Overview of different validation protocols described in the ISO 16140 series

Number of participating

1 . With reference method Without reference method
aboratories
This document: This document:
1 — factorial (see 5.1.1 and 5.2.1),or |— factorial (see 5.1.2 and 5.2.2), or
— conventional (see 6.1.1 and 6.2.1) |— conventional (see 6.1.2 and 6.2.2)
4 to 7 (quantitative method)/ |ISO 16140-5: for non-proprietary ISO 16140-5: for non-proprietary
4 to 9 (qualitative method) methods only quantitative methods only
>8 (quanglﬁat}ye met}go%)\/ I§OJ16140:2: for the interlaboratory Not applicable
2 10 (q]FauLauvc lllCLllUu) aLuu_y Pal T

The aim oithis document is to assess the performance of detection or quantification methods within
a single laboratory, typically across a number of (food) categories and (food) types. Single-laboratory
validation [of alternative methods for microbiological confirmation and typing procedures can also
be performed under certain conditions: the general principles are the same as those’ described in
ISO 1614046 for the validation of alternative (proprietary) methods for microbiolegical confirmation
and typing procedures (except there is no interlaboratory study). Further information is given in
Annex G.

The protodols in this document only validate the method for the particularlaboratory. A generalizafion
to other lalporatories is not within the scope of these protocols. However; extension to other laboratofies
is possible|if this document is used as the first phase of validation of d reference method, to be folloyed
by an interjaboratory study as described in ISO 17468.

If a reference method is available, the validation of a method is‘@onducted by comparing the alternafive
method to| the reference method. This allows inclusion ef‘maturally contaminated samples in|the
validation process and thus provides a more realistic picture of the performance of the method. If no
reference method is available, the validation process is,;based on samples with known contaminafion
levels only| This document provides protocols for both situations.

The generdl principles for single-laboratory validations of detection and quantification methods are|the
same as thpse described in ISO 16140-2 for the-validation of alternative (proprietary) methods agajnst
a referenc¢ method. This document cannot’ be used without ISO 16140-1 or ISO 16140-2, as mfany
definitions| and procedures are given in these International Standards. In addition to the validation
parameterf described in ISO 16140-2;this document describes the calculation of in-house repeatabllity
and in-houpe reproducibility. Calculation of these parameters is not required if an interlaboratory stjudy
is to be copducted after the single-laboratory validation (i.e. if the single-laboratory validation is ¢nly
the first phase of validation)Reliability of performance parameters obtained with this document is
comparablp to ISO 16140-2¢-This also means that the workload associated with the technical protofols
for the single laboratorysis.comparable with the method comparison study of ISO 16140-2.

This docuipent proyides two strategies for the single-laboratory method validation of detection pnd
quantificatlion methods. The first strategy is based on a factorial approach while the second strafegy
uses the convehtional approach derived from the protocols of ISO 16140-2. In addition, protocols forfthe
determinatiémof the in-house reproducibility for quantitative methods are described.

The advantages of using a factorial approach, over the conventional approach, are that it takes into
account specific conditions that the laboratory encounters during routine testing and provides more
information on the factors (technicians, culture media, etc.) that vary within the laboratory across
relevant (food) items, while using fewer samples to assess the performance of the method. The factorial
approach offers assessment of the precision of quantitative methods. It allows computation of reliable
and representative single-laboratory method validation parameters such as in-house reproducibility
standard deviation, LODs, or RLOD values because it provides information on the variability of these
values under different measurement conditions. The factorial approach requires fewer test results in
order to obtain similar or higher levels of reliability compared to the conventional approach.

viii © IS0 2020 - All rights reserved
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Microbiology of the food chain — Method validation —

Part 4:
Protocol for method validation in a single laboratory

1
Thi

Scope

5 document specifies the general principles and the technical protocols forsingle

laboratory

validation of methods for microbiology in the food chain. The protocols in this dociment or}ly validate

the

Thi

Thi
(mi

Single-laboratory validation is requiréd if an interlaboratory validation in accordance with I

isn

Sing
(sed

method for the laboratory conducting the study:.

5 document is applicable to single-laboratory validation of:

methods used in the analysis (detection or quantification) of microdrganisms in:
— products intended for human consumption;

— products intended for animal feeding;

— environmental samples in the area of food and feed production, handling;
— samples from the primary production stage;

methods for the confirmation or typing of microorganisms. This validation will repla
confirmation or typing procedure of a specified method (see Annex G).

5 document is, in particular, applicableto-bacteria and fungi. Some clauses can be applical
cro)organisms or their metabolites, to-be determined on a case-by-case basis.

bt appropriate. Possible applications are:
validation of an in-house method;

method evaluationstudy in the validation process of a reference method in accor
ISO 17468;

extension ofth&'scope of an ISO 16140-2 validated method, e.g. category extension or testp
modifications of existing methods.

rle-flaboratory validation is the second step in the standardization of a referen

Ce only the

ble to other

50 16140-2

lance with

ortion size;

fe method

ISO 17468). It is only applicable to methods that are fully specified with regard to ¢

11 relevant

parameters (including tolerances on temperatures and specifications on culture media) and that have
already been optimized.

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 6887 (all parts), Microbiology of the food chain — Preparation of test samples, initial suspension and
decimal dilutions for microbiological examination

©IS
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ISO 7218, Microbiology of food and animal feeding stuffs — General requirements and guidance for
microbiological examinations

ISO 16140-1:2016, Microbiology of the food chain — Method validation — Part 1: Vocabulary

IS0 16140-2:2016, Microbiology of the food chain — Method validation — Part 2: Protocol for the validation
of alternative (proprietary) methods against a reference method

3 Terms and definitions

F h delas | dodel 4o P R o adan. . - ICO- 1140 4 el £all - l
OI't e pUI [PUSTS ULLITIS UUCTUILITIIL, THT LTS AU UTTIIITIVIIS g1IVEITNTITNTOoU 10 1T UTL dlIU LT TUITUWIITG d -4 p y.

ISO and IEC maintain terminological databases for use in standardization at the following addresse

12

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

— IEC Elgctropedia: available at http://www.electropedia.org/

31

block
group of sdttings (3.12) that are conducted in parallel or in a short time intexval, and that are used for
the same spmples

EXAMPLE Block = settings conducted in parallel =

“_n

technician “‘@” + culture medium “b” + temperature “a” + incubation condition “a”

and

w_n

technician “pb” + culture medium “a” + temperature “b” + incubation condition “b”.

Note 1 to entry: This definition is based on how ISO 3534-3:2013, 3.1.25, defines “block”. In ISO 3534-3:2013,
3.1.25, the definition is more general as it is defining ablock as a set of experimental units that are homogerous
in some senfe. The statistical meaning is the same.

3.2

factor
qualitativelor quantitative parameterwithin the method that can be varied at two or more levels within
the limits qf the specified method

EXAMPLE Technician.

Note 1 to dntry: In this decument, only those factors that are in line with the protocol of the method|are
considered.

3.3
factor level
value of the factors (3.2) within the experimental design

EXAMPLE Technician ™a”, technician "b”, etc.
Note 1 to entry: In this document, each factor is varied at two factor levels: “a” and “b”.

Note 2 to entry: This definition is based on how ISO 3534-3:2013, 3.1.12, defines “factor level”. In ISO 3534-3:2013,
3.1.12, the definition is more general, but the statistical meaning is the same.

34
in-house repeatability
measurement precision under a set of in-house repeatability conditions in a specific laboratory

Note 1 to entry: In-house repeatability conditions include the same measurement procedure, same technicians,

same measuring system, same operating conditions, same location and replicate measurements on the same or
similar objects over a short period of time in a particular laboratory.

2 © IS0 2020 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=9986a8d2ebefaf9c786ec244533682b1

1SO 16140-4:2020(E)

3.5
in-house reproducibility
measurement precision under a set of in-house reproducibility conditions in a specific laboratory

Note 1 to entry: In-house reproducibility conditions include different technicians, different operating conditions
and replicate measurements on the same or similar objects over a longer period of time in a particular laboratory.

3.6

level of detection
LOD,

<qualitative methods> measured analyte concentration, obtained by a given measurement procedure,
for hich the probability of detection (3.9) is x

EXAMPLE LODg, is the level of detection for which 50 % of tests give a positive result.

Note 1 to entry: The term “level of detection” is used for qualitative methods in microbiology based fon replicate
analyses with three different contamination levels of the target analyte in a tested.matrix. The replicates
are pnalysed, and the number of positive results is recorded (e.g. 20 %, 70 % and.100 %) respectiyvely at each
confamination level. These data are then used to determine the number of cellsjthat would give 50 % positive
usinjg a generalized linear model (see ISO 16140-2). This differs from the procedure used for chemical §nd physical
methods for which a “limit of detection” is defined as the lowest quantity of dh,ahalyte that can be distinguished
from the absence of that analyte with a stated confidence level.

[SOPRCE: I1SO 16140-1:2016, 2.35, modified — Note 1 to entry has been slightly modified.]

3.7
limjit of quantification
LOg

limt of determination
<quantitative methods> lowest analyte concentration that can be quantified with an acceptdble level of
prefision and trueness under the conditions of.the test

[SOPURCE: ISO 16140-1:2016, 2.36]

3.8
orthogonal design
factorial design, in which for every pair of factors (3.2), each combination of factor levels (B.3) occurs
the [same number of times across the possible factor levels

Not¢ 1 to entry: This defimition is based on how ISO 3534-3:2013, 3.1.31, defines “orthogonal arfay”, but for
“orthogonal design”, a moregeneral and more theoretical definition is used.

3.9
probability of detection
POD

proportion-ofpositive analytical outcomes for a qualitative method for a given matrix at a giyen analyte
level orzconcentration

Note
[SOURCE: ISO 16140-1:2016, 2.53, modified — Note 1 to entry has been added.]

3.10

relative level of detection

RLOD

level of detection (3.6) at P = 0,50 (LOD;) of the alternative (proprietary) method divided by the level of
detection at P = 0,50 (LODg) of the reference method

Note 1 to entry: For purposes of alternative-method acceptance, the derived RLOD is checked with the
acceptability limit for conformity.

[SOURCE: ISO 16140-1:2016, 2.61]

© IS0 2020 - All rights reserved 3
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3.11

single-laboratory method validation
in-house method validation
establishment of the performance characteristics of a method for the one particular laboratory in which

the validat

3.12
setting

ion is conducted

combination of factor levels (3.3)

EXAMPLE

Note 1 to enLry: These conditions can be described by the combination of levels of factors varied within the'st

4 Gene
validatio

4.1 Gen

A single-13
framework
(food) catg
interlaborsz

«_n

Technician “a” + culture medium “b” + temperature “a” + etc.

n
eral
boratory detection or quantification method validation study“is the first step in

gories, (food) types and (food) items. The second step in-general method validation i
tory study to assess the performance of the method acrdss¥aboratories.

A single-la

boratory method validation study is used to demonstrate the performance of the metho
ory that conducted the study. The results are only@alid for that particular laboratory.

of general method validation and is needed to assess the performance of the method acy

udy.

ral principles of the single-laboratory detection or quantification methjod

the
0SS
an

d in

nnex G gives the general principles for single-laboratory validation of alternative methodq for

microbiological confirmation and typing procedures.

This docurhent describes two approaches for single-laboratory method validation:

— afactgrial approach, with:

— performance characteristics derived from ISO 16140-2;

anlorthogonal, factorial study/design (see ISO 3534-3);

— mgore routine settings-covered and fewer tests required than the conventional approach;

a conventional approachywith:
rformances¢hiaracteristics derived from ISO 16140-2;
tepwiseprocedure;

tudy design derived from ISO 16140-2.

Validation protocols are dependent on whether the method is qualitative or quantitative, and on
whether a factorial or a conventional approach is chosen. The factorial single-laboratory validation
approach can only be used for a fully developed and optimized method. A conventional approach
investigates the method for one specific setting (that is, one set of specific conditions under which the
method is performed). The main differences in approach for the single-laboratory validation covered in
this document are the number of various (food) items and the number of tests required to show that the
method performs adequately. Validation of methods with, and without, a reference method is possible
with the described protocols.

The scope of the validation protocol shall be determined at the start of the process, e.g. validation of
in-house methods, the second step in the validation process in accordance with ISO 17468, extension of
the scope of an [SO 16140-2 validated method, modification of existing methods.
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For methods that include a PCR-based detection step, an assessment of the performance characteristics
for the PCR-based detection step is described in ISO 22118. To ensure the reliable detection of the target
organism in the samples tested, the relevant performance parameters of the PCR step should first be
assessed (based on ISO 22118), before validation of the complete analytical procedure (e.g. following

this

document).

The selection of (food) categories and (food) types used in the validation study shall be conducted in
accordance with ISO 16140-2:2016, 5.1.3.1. It is recommended that each (food) category relevant to
the test method is also considered in the single-laboratory method validation study. Guidance on the

sele

ction of (food) categories and (food) types is given in ISO 16140-2:2016, Annex A.

The
intq

4.2

In 4
und
metf

labgratory using a given procedure. By investigating the method in a vartiety of conditions co

the
the

Itis]
enc
rec

The
par

studly, in which the central aim is the detectioh of specific significant method parameters,

per
imp

Compared to the conventional approach as described in ISO 16140-2, the factorial approach

sm43
of v

4.3

Thd
not
tob

scope of the validation study, results (tables and calculations) of the different par
rpretation of the results, including discrepant results, shall be included in a validation st

Principles of the factorial approach

factorial approach, a systematic variation of factors is used to investigate'tlie method pe
er a defined range of conditions that are typically encountered in the routine applic
hod. Typical factors are the technician or the sample storage, which(can vary even withi

factorial approach allows generalization of the validation to conditions commonly encd
laboratory and is not just limited to a single condition.

necessary to select four major factors that are expected €0 reflect the typical variation of
buntered in the routine application of the method. A\risk analysis of the analytical W
bmmended for the selection of the factors. Examples'offactors are given in Annex A.

systematic variation of factors ensures that\their combined impact on general pé¢
hmeters, such as precision and sensitivity, can-be derived. This is in contrast to a factorial

formance of the method can be optimized. Compatibility between different factor lev
act on precision of non-significant effects are not taken into account in such a study.

ller number of (food) items and a smaller number of tests, while allowing for a reliable det
plidation parameters.

Principles of the conventional approach

conventional approach principally follows ISO 16140-2. It is conducted in several step
vary factors (see Table 2). The conventional approach requires more (food) items and te
e tested thanithe factorial approach.

ts and the
1dy report.

rformance
ion of the

the same
hcurrently,
untered in

conditions
rorkflow is

rformance
Ffobustness
so that the
bls and the

requires a
ermination

s and does
St portions
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Table 2 — Number of tests required for a method validation per (food) category by the factorial
and conventional approach

Factorial approach Conventional approach
Qualitative
method A R A R
againsta
reference Factorial study 78 78 Sensitivity study 60 60
method (sensitivity + RLOD)
Inclusivity/exclusivity 80 0 RLOD study 30 30
study? Inclusivity/exclusivity 80 0
study?
Total number of tests 236 Total number of tests 260
(see 5.1.1) (see 6.1.1)
Qualitative
mi:wdt Factorial study 256 Specificity 20
x‘fer‘;‘lci (sensitivity + LODs,)
method Inclusivity/exclusivity 80 LODg, study 360
study? (LODg, + sensitivity)
Total number of tests 336 Inclusivity/exclusivity 80
study?
Total numbér of tests 460
(see 5.1.2) (see 64122)
Quantitative
method A R A R
againsta
reference Factorial study 48 48 Relative trueness study 15 15
method (relative trueness +
accuracy profile +
in-house precision)
Inclusivity/exclusivity 80 0 Accuracy profile study 30 30
study?
Total number of tests 176 In-house precision study 40
Inclusivity/exclusivity 80
study?
Total number of tests 215
(see 5.2.1) (without LOQ study) (see 6.2.1)
Quantitativg
msc'cglodt Factorial study 48 Relative trueness study 15
Wlf outa (relativetirueness +
re t:}rletéce accuracy profile +
metho in<house precision)
Inclusivity/exclusivity 80 Accuracy profile study 30
study?
Total number of tests 128 In-house precision study 40
(see 5.2.2) Inclusivity/exclusivity 80
study?
Total number of tests 165
(without LOQ study) (see 6.2.2)
Key

A: number of tests of the alternative method
R: number of tests of the reference method

2 Inclusivity/exclusivity study requires 80 culture strains (130 for Salmonella) and is carried out only once for all approaches
irrespective of the number of (food) categories.

6 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=9986a8d2ebefaf9c786ec244533682b1

5

5.1

5.1.

5.1.

1SO 16140-4:2020(E)

Technical protocol for validation — Factorial approach
Qualitative methods
1 Single-laboratory method validation study against a reference method

1.1 General considerations

The factorial single-laboratory validation can only be used for a fully developed and optimized method.

Th

See

5.1

5.1

Thd
altd
usul

Thd

validation studv consists of twao narts:
J r

a factorial, orthogonal comparison study (sensitivity and RLOD);
an inclusivity/exclusivity study of the alternative method.

Annex D for an elaborated example.
1.2 Factorial, orthogonal method comparison study

1.2.1 Selection of samples

method comparison study compares the results obtained by the reference method and
rnative method. The study is conducted using naturally.and/or artificially contaminate
ally, only artificially contaminated samples are used.

requirements are as follows.

Twelve different (food) items shall be selected for each (food) category: three (food)
(food) category shall be selected and four (food) items shall be selected for each (food) ty
items should be representative for the respective (food) type.

The selection of (food) items shall¢ake into account: background microbiota and food-
factors, such as heat, pH, freezing; smoking, drying (low a,,); matrix conditions, such a
a,, value, aerobic/anaerobic; special sample preparation requirements, such as high faf]
presence of inhibitors, in aceordance with the ISO 6887 series.

Each (food) item shall\be contaminated at a minimum of two levels, consisting of 3
following.

— A low (fractional) level L;: the low level should have fractional recovery by thg
method/{fractional recovery at the low level should be between 25 % and 75 % of {
of testiportions tested). Ideally, the low level should be close to the theoretical detect
0,7<cfu/test portion (e.g. 0,5 cfu/test portion to 0,9 cfu/test portion).

—AA high level L,: at the high level (e.g. 5 cfu/test portion to 10 cfu/test portion), 100

that of the
d samples:

types per

pe. (Food)

[processing
5 pH value,
content or

t least the

reference
he number
ion level of

% positive

results are expected.

The four (food) items from each (food) type are allocated at random to four different blocks. Each

block shall contain three (food) items, each at two contamination levels, from three (foo

d) types.

Use a different strain per block and/or the same strain subjected to different stress factors
[e.g. temperature abuse, acid treatment or chlorination, depending on their relevance for the (food)
type]. Where it is not possible to use different strains for each block, the laboratory needs to provide

an explanation.

Points to be considered when selecting strains are provided in ISO 16140-2:2016, Annex E.

Six (food) items out of the twelve different (food) items shall be tested at zero level L, (blank, i.e. no

target organism in the test portions).
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The size of the test portion shall be standardized for each study and should be the same for both

methods, if possible. If the size of the test portion allowed by the alternative method is different
from the reference method, contamination levels of the target microorganisms have to be adjusted

accord

Artific

5.1.1.2.2

ingly so that the final contamination level (cfu/test portion) is the same for both.

ial contamination of samples shall be finalized before starting the analyses.

Selection of method factors

General protocols for artificial contamination of samples are provided in ISO 16140-2:2016, Annex C.

Decisions ¢n the most suitable factors for the particular study should be based on expert knowle

For examp
at37°Can
acceptable
of these (¢
are descrik

Relevant m
temperatu

routine conditions in the specific laboratory. The choice of these factors and-factor levels is cruci3

the reliabi
under rout
preparatio

e, optimal conditions are specified in each method (e.g. incubation temperature and.dura
l 24 h) and these will give the best results. However, ranges around these, which prpvide
conditions (e.g. for 24 h + 1 h), are permitted and the study design should test the extre

ed in [SO 7218.

ethod factors that are more difficult to control (e.g. technicians, culture media and incuba
e) shall be selected and varied systematically to enable assessment-of the accuracy ufy

ity of the validation result. These shall reflect the variation ‘within the single laboratf
ine conditions and should cover the most relevant aspectsof the method, such as sa
h, sample storage, laboratory technician, laboratory eqdipment or background microbi

Other infl

Four relevant factors shall be varied simultaneously, each on &wo levels.

ences, such as atmosphere and stress conditions, can also be taken into account.

ge.
[ion
Still
mes

g. incubate the samples for 23 h or 25 h). Acceptable operating conditions.for equipnpent

[ion
der
I to
ory
ple
ta.

For methodls for culturable microorganisms, the factorsand factor levels shown below are to be taken

into consideration. “Technicians” and “culture media”fyave the greatest impact and shall be include
all studies ps follows.

— Technicians: Tests shall be independently eonducted in the single laboratory by two technician$

from

Two other

provided ih Annex A. If possible, one factor from two of the most relevant groups shall be selected.

Factors arg

5.1.1.2.3

Culturp media: Use culture media from-two different manufacturers, if available, or two diffe
batches of culture media (lots), of\pre-prepared versus prepared from dehydrated media.
choicep depend on the normal conditions of use of media in the laboratory. For example, two diffe
batches can be used if only one)product is used in the laboratory, even if the product is avail

ifferent manufacturérs.

factors shall be faken into account. A non-comprehensive list of grouped potential factos

studied@imultaneously using the study design described in 5.1.1.2.3.

Experimental design

d in

D«

fent
The
fent
hble

sis

The twelve (food] items from three (food) types shall be allocated to four blocks: thatis, each b

ock

shall include one (food) item from each (food) type. Each (food) item, contaminated at fractional
and high level, is analysed under two different settings (factor level combinations). Each setting is a
combination of levels of four factors, e.g. (food) items 1 to 3 are analysed in setting 1: technician

backgroun

“«_n

d microbiota “b”, culture medium “a”,

selected (food) items shall be tested at zero level L (blank).

Tests shall

be performed as follows:

incubation condition “a” (see Table 3). In addition,

“_n

a,
six

— the zero level L, (blank) shall be tested using 1 replicate for each of 6 selected (food) items

repres

enting the 3 (food) types (6 tests);
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NOTE1 The zero level L, samples are tested to demonstrate that there are no false positive results
[cross reactivity e.g. with (food) matrix]. Therefore, the choice of the settings used for testing the L, samples
is not important, i.e. any setting can be used. All food items used (all 12 and not only the 6 used for zero
level) are examined so that these do not contain the target organism.

— the fractional level L; shall be tested using 2 settings x 2 replicates for each of the 12 (food) items in
accordance with the factorial design presented in Table 3 (48 tests);

— the high level L, shall be tested using 2 settings x 1 replicate for each of the 12 (food) items in
accordance with the factorial design presented in Table 3 (24 tests).

st method.

NOTE 2  The second setting within each block corresponds to the first setting with all fa¢tor levgls switched
aroyind. The second setting therefore reflects the most extreme deviation from the first setting.

NOTE 3  The factorial design with blocks allows not only detection of various effeets of factors| but also of
intefactions between factors.

NOTE4  Asanillustration, consider the case where all results were in the expected range, except the results of
setting 3 with factor level combination a-a-a-b and setting 8 with factor level.combination b-a-a-a. This suggests
thaf] background microbiota “a” causes an undesired effect for culture medium “a”, because this is what the two
settjngs have in common. In this case, the laboratory would perform a root cause analysis in order t¢ provide an
explanation for the observed results.

Table 3 — Study design for a factorial, orthogonal study for qualitative methods against a
reference method; per (food) category

12 (food) items from 6 out of the 12 (food) items\at zero level | 6 out of the 12 (food) items at gny setting

3 (food) types in ra?‘dom The 12 (food) items atffactional level 1to3 4to6 7t09 10to 12
order, each (food) item

Wit,h knpwn The 12 (food) items at high level 1to3 4to6 7t09 10to 12
bntamination levels

[}

Block 1 Block 2 Block 3 Block 4

AN

Setting 1 2 314 1|5 6 7 | 8
Factor 1 technician a b a b a b a b
Factor 2 culture medium b a a b a b b a
Factor 3 e.g. background microbiota (storage) a b a b b a b a
Factor 4 e.g. incubation condition a b | b a a b b a

NOTE 1 _Alocation of the 12 (food) items to 4 blocks, each with 2 different factor-level combinatior}s (settings).
The 12 (foed) items are contaminated at 2 levels: fractional (2 replicates) and high (1 replicate).

NOTE-2) Number of tests: 12 (food) items x ((2+1) x replicates) x 2 settings x 2 methods = 144 tests.

NOTE 3 In addition to the 144 tests: 6 (food) items x 1 replicate x 2 methods = 12 tests for zero level L (blank).
NOTE 4 Total number of tests = 144 + 12 = 156.

«_n

Figure 3 provides an overview of the design for technician “a”.
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(Food) items 1,2,3 each at
fractional (2 replicates)
and
high (1 replicate) level

(Food) items 4,5,6 each at
fractional (2 replicates)
and
high (1 replicate) level

(Food) items 7,8,9 each at
fractional (2 replicates)
and
high (1 replicate) level

(Food) items 10,11,12
each at
fractional (2 replicates)
and high (1 replicate) level

Culture medium "b"

Culture medium "a"

Culture medium "a"

Culture medium "b"

Storage "a" Storage "a" Storage "b" Storage "b"
Incubation Incubation Incubation Incubation
condition "a" condition "b" condition "a" condition "b"

Confirmation of the alternative method (end) result is needed as'described in ISO 16140-2:2016, 5.1

to avoid fa

An exampl
reference 1

5.1.1.3 (

Calculatioy
conducted

— separ]:ely, for each (food) category [all (food) types];

— separ
The result;
The resultg
limits (see

indicative Y

To see fact]

([T )

Figure 3 — Design for technician “a

se-positive results and confirm true positive results.

e of a factorial single-laboratory method validation study for a qualitative method again
hethod is provided in Annex D.

alculation and interpretation for sénsitivity

s based on the results of the \factorial comparison study at fractional level L; shal
in accordance with ISO 16140-2:2016, 5.1.3.4. All calculations shall be performed:

ely, for each (food)-type.
obtained can be’summarized as presented in Table 4.

and calculations obtained for (food) categories are used to evaluate against the acceptab
Clause.&7).' The results and calculations obtained for (food) types can only be useq
Falues.and can also be used in a root cause analysis.

ofial effects, calculations can also be conducted for specific factor levels, e.g. for all res

3.3,

sta

be

lity
| as

ults

from cultu

re medium 'a’, across (food] types and (food] categories.

To see factorial interaction effects, examine:

a) whether the results for 2 of the 8 settings are not in the expected range;

b) which factor levels these two settings have in common.

For example, settings 2 and 5 have factor levels of culture medium (level “a”) and background microbiota
(level “b”) in common, i.e. unexpected results in settings 2 and 5 suggest that there is an interaction
effect between culture medium and background microbiota.

10
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Table 4 — Summary of results obtained with the reference and alternative method at fractional
level L, for each (food) category and (food) type, based on the study design described in Table 3

c:(jlft-‘:;gl)'y (Food) types PA|NA|ND |PD | FP | N2 SE;%“) SEo(/gef) Rozb FI;)RC
Category 1 |All (food) types
Category 1 |(Food) type A
Category 1 |(Food) type B
Category 1 |(Food) type C
Catpgery1—{Technician-a’fall- food)-types]
Catpgory 1 |Technician “b” [all (food) types]
Catpgory 1 |Culture medium “a” [all (food) types]
Catpgory 1 |Culture medium “b” [all (food) types]
Catpgory 1 |Background microbiota “a” [all
(food) types]
Catpgory 1 |Background microbiota “b” [all
(food) types]
Catpgory 1 |Incubation condition “a” [all (food)
types]
Catpgory 1 |Incubation condition “b” [all (food)
types]
Catpgory 2 |All (food) types
Category 2 |(Food) type A
Category 2 |(Food) type B
Category 2 |(Food) type C
Catpgory 2 |... (separately for each factor level)
Catpgory x |All (food) types
Catpgory x |(Food) type A
Catpgory x |(Food) type B
Category x |(Food) type C
Catpgory x |... (separately foreach factor level)
Key
PA:[positive agreement, NA_negative agreement, ND: negative deviation, PD: positive deviation, FP: false positive, N: sum,
SE(ip): sensitivity alterhdtive method, SEs): sensitivity reference method, RT: relative trueness, FPR: false pogitive ratio
a |N=NA+PA+®PDFND.
b [RT = (PA #NX)/N x 100 %.
¢ |FPR=FR/NA x 100 %.
NOTE-Definitions and the derivation of the parameters can be found in ISO 16140-2:2016, 5.1.3.4.

Calculate the difference, (ND - PD), for both paired and unpaired studies and the sum, (ND + PD), for
paired studies. The explanation for paired and unpaired studies can be found in ISO 16140-2:2016,
5.1.2. Check whether the difference and/or sum of PD and ND conform to the acceptability limit (AL)
stated in Table 5. The AL is not met when the observed value is higher than the AL. The interpretation
of results shall be done per (food) category and for all (food) categories used in the validation study. See
Annex D for an elaborated example.
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Table 5 — Acceptability limit (AL) parameters and values for a paired and unpaired study
design in relation to the number of categories used

Number of Paired study Unpaired study
categories (ND2 - PDb) (ND + PD) (ND - PD)
1 3 6 3
2 4 8 4
3 5 10 5
4 5 12 5
5} 5] 14 5]
6 6 16 6
7 6 18 7
8 6 20 7
3 ND = number of samples with negative deviation results at fractional level L;.
b PD = number of samples with positive deviation results at fractional level L;.
NOTH Acceptability limits (AL) are based on data and consensus expert opinion. Thé AL are not based on
statigtical analysis of the data.

5.1.1.4 (alculation and interpretation of the RLOD

Calculatioy
conducted

Effects of

factor leve].

NOTE 4
dso.org/iso,

s based on all results of the factorial comparison.study per (food) category shal
in accordance with ISO 16140-2:2016, 5.1.4.2.

the individual factors should be analysed basedien the RLOD values calculated for ¢

be

ach

hrds

\n Excel®-based program?) is available for performing the RLOD calculations from https://stand
16140/-4/ed-1/en.

For a speci

Y(@) thd
level “4

Y(®) the

Calculate t

d=y

If this diffe
influence g

fic factor of interest, denote by:

log;, value of the RLOD usingall'test results of the four settings in which the factor is sg

”,

L

he difference of these log;, RLOD values as shown by Formula (1):

~Y(@) =logy{RLOD(level "b"))-log, , (RLOD(level "a"))

renced-is smaller than -0,6 or larger than +0,6, the factor is considered to have a substar
ncithe RLOD. In this case, it can be concluded that the LOD;, of the two factor levels diffe

tto

log;, value of the RLOD_using all test results of the other four settings in which the factgr is
set to level “b”.

M

tial
" by

A1 _TL
T.L. 1111

hod.

more than

14 1 13- 43 £ 1] ikla—tla 1l A3 £l £, 4
o LUUIU UCT dll TIIUILdlivIl vl d lJl UUICIIT VVILIT LIIT dItCT IIdUIVO Ul LIIT TUICTUITICTU ITITT

Perform a root cause analysis in order to provide an explanation for the out of range results. Reject the
alternative method if it cannot be excluded that there is a problem with this method.

Table D.4 provides an elaborated example. Further analysis techniques can be found in Reference [12].

5.1.1.5 Inclusivity/exclusivity study

In the inclusivity/exclusivity study, both target strains and non-target strains are tested with the
alternative method. The study, including the selection and number of strains, shall be conducted in

1) Excel® is the trade name of a product supplied by Microsoft and is an example of a suitable product available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.
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accordance with ISO 16140-2:2016, 5.1.5. If the validation is a matrix [(food) item or type or category]
extension of an already validated method, no additional inclusivity/exclusivity study is required. If the
enrichment procedure is replaced with another selective enrichment, an inclusivity/exclusivity study is
required.

5.1.2 Single-laboratory method validation study without a reference method

5.1.2.1 General considerations

Without a reference method, the validation of the method is slightly varied from 5.1.1. Instead

of §
cor
kno
Enu

5.1

Sixt
(Fo
sha
con
eac
and

Eac
Thy

high level, and with four replicates at a low (fractiohal) level. In total 256 [16 (food) items x

rep

The
for
catg

‘esponding to each setting of the factorial design. The study is conducted usingsa
wn contamination levels and the inoculum should be enumerated using a non-selectiy
meration shall be performed as described in ISO 7218.

2.2 Factorial study

een (food) items, from at least three (food) types, shall be seleeted for each (food
bd) items shall be selected in accordance with the criteria described in 5.1.1.2. Each

| be artificially contaminated at two different levels: a low (fractional) level and a h
famination (ISO 16140-2:2016, 5.1.4.1). An uninoculated sample (blank) shall also be pt
h (food) item. Tests shall be performed in replicate, with twe‘replicates for the blank and
four replicates for the fractional level.

h (food) item is analysed under two different settings (= combination of levels for fo
s, each of sixteen (food) items is analysed in two §ettings with two replicates at both a

icates x 2 settings] tests are performed.

experimental design of 5.1.1.2 is followed for selection of factors. Table 6 shows the st
the factorial, orthogonal study for qualitative methods without a reference method for

gory.

reference method; per (food) category

comparison study based on the RLOD, all calculations are based solely on the LUDg, values

ples with
e medium.

category.
food) item
gh level of
epared for
high level,

i factors).
zero and a
2+4+2)

udy design
one (food)

[able 6 — Study design fora factorial, orthogonal study for qualitative methods without a

16 (food) items from at least The 16 (food) items at zero level 1to4 5to8 | 9to1% |13 to 16
) (fOOd)_typeS from 1fped) The 16 (food) items at fractional level | 1 to 4 5to8 | 9to1% |13to 16
cafegory, in randomorder, each
(food) item withyknown
rontaminatiofdevels: zero, The 16 (food) items at high level 1to4 5to8 9to12 |13to 16
fractionaland high
Block 1 | Block 2 | Block 3 | Block 4
Setting 1|12 |3|4|5|61|7]8
Factor 1 technician a|b|a|b|la|bj]a]|b
Factor 2 culture medium b|lala|b|a|b|b]a
Factor 3 e.g. background microbiota (storage) a|/b|la|b|b]|al|b]|a
Factor 4 e.g. incubation condition a|b|b|la|la|b|b]a
NOTE 1  Allocation of the 16 (food) items to 4 blocks, each with 2 different factor-level combinations (settings).
The 16 (food) items have known contamination levels: zero (2 replicates), fractional (4 replicates) and high (2 replicates).
NOTE 2 Number of tests: 16 (food) items x (2 + 4 + 2) replicates x 2 settings = 256 tests.
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The validation study should be performed using four strains per (food) category. Use a different strain
per block and/or the same strain subjected to different stress factors [e.g. temperature abuse, acid
treatment or chlorination, depending on their relevance for the (food) type].

When testing different categories also different strains per category should be used ideally. However,
this will depend on the availability of strains.

Where it is not possible to use different strains, for each block or the entire study, the laboratory should
provide an explanation.

Points to be considered when selecting strains are provided in ISO 16140-2:2016, Annex E.

5.1.2.3 (

Calculatior
principles

level are n
are treated

NA repres;
method at
test results

Acceptabil
is larger th

5.1.2.4 (

The LODg,
probability
10k where
LODg valu
of the LOD
in Referen

NOTE1 1
for statistic
language is

alculation and interpretation for sensitivity

of the results of the factorial study at zero level and at high level shall be baséd on
butlined in ISO 16140-2:2016, 5.1.3.4, for an unpaired study. Test results at low (fractio
bt used. All reference results at zero level are treated as negative results. Athigh level, t
as positive results.

ents the number of negative test results and PD the number of pesitive test results of

of the method at high level.

ty limits (ALs) per (food) category are as follows: ND = 3,,RD = 1. If ND is larger than 3, o}
an 1, the method cannot be validated.

alculation and interpretation of LOD

can be calculated for each setting using the.complementary-log-log (CLL) approach for
of detection (POD) adapted from ISO 16140<2. The LOD; across settings can be obtaine
k denotes the mean of log;, LODs, values across settings (i.e. as the geometric mean of]
es). An example is provided in Annex E~A more comprehensive approach for the calcula
o that includes the calculation ofin-house reproducibility standard deviation can be fo
e[12].

'he LOD;, can be calculated using “R”. “R” is a programming language and free software environn

widely used among statistitians. It can be downloaded from https://cran.r-project.org. The R

for the computation of LOD;, is as follows:

fit=glm(Res

family3

ult~1+offset(log(Concentration))+Item,

binomial(links"cloglog"), data=TEST.RESULTS.DATAFRAME)

Item1 = su

mary (fit)$coefficients[1]

Item2 = summary(fit)$coefficients[1]+summary(fit)$coefficients[2]

the
hal)
hey

the

zero level. ND represents the number of negative test results and\PA the number of posifive

PD

the
] as
the
[ion
und

hent

al computing and graphics that is supported by the R Foundation for Statistical Computing. The R

ode

()

ItemN = summary(fit)$coefficients[1]+summary(fit)$coefficients[N]

MeanAcrossltems = mean(c(Item1, Item2,..., [temN))

LOD;, = -log(0,5)/exp(MeanAcrossltems)

NOTE 2

An Excel®-based program?) is available for performing the LODs calculations from https://standards

.iso.org/iso/16140/-4/ed-1/en.

2) Excel® is the trade name of a product supplied by Microsoft and is an example of a suitable product available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.
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In addition, effects of the individual factors (e.g. technician) and of interactions between factors (e.g.
culture medium and incubation conditions) can be calculated from the factorial design based on the
LOD; values calculated for each setting. For a specific factor of interest, denote by:

— Y@ the log,, value of the LOD<, value using all test results of the four settings in which the factor is
set to level “a”;

— YO the log,, value of the LOD¢, values using all test results of the other four settings in which the
factor is set to level “b".

Calculate the difference of these log;, LODs values as shown by Formula (2):

d=y(b) _y(a) (2)

If this difference d is smaller than —0,6 or larger than +0,6, the factor is considered tohave a substantial
inflhience on the LODg,. In this case, it can be concluded that the LOD of the two-factor levgls differ by
mote than 4:1. This could be an indication of an undesired effect with the alternative methdd. Perform
a rqot cause analysis in order to provide an explanation for the large differences in results. Examine
whether the undesired effect is related to certain factor level combinhations. Reject the plternative
method if it cannot be excluded that there is a problem with this methed.

5.1/2.5 Inclusivity/exclusivity study

Inclusivity/exclusivity testing shall be conducted in accordance with 5.1.1.5.
5.2| Quantitative methods
5.2{1 Single-laboratory method validation study against a reference method

5.2/1.1 General considerations

The factorial single-laboratory validation can only be used for a fully developed and optimizgd method.
The validation study consists of twoparts:

— |a factorial, orthogonal ¢omparison study (relative trueness and accuracy profile anld in-house
precision);

— |an inclusivity/excliisivity study of the alternative method.

See|Annex C for ad elaborated example.

5.2{1.2 Selection of samples

Thg method comparison study compares the results obtained by the reference method with| that of the
altgrhative method. The study is conducted using naturally and/or artificially contaminatdgd samples,
selected as foltows.

— For each (food) category to be tested, twelve (food) items from three or four (food) types shall be
selected. For each (food) type, at least three (food) items shall be selected. For example, if there are
three (food) types, four (food) items could be selected for each (food) type, but it is also possible to
select six (food) items for the first (food) type and three (food) items for each of the two remaining
(food) types.

— Selection shall take into account background microbiota and food-processing factors, such as heat,
pH, freezing, smoking and drying (a,,), and matrix conditions, such as pH value, a,, value, aerobic/
anaerobic and resuscitation procedures.

— The size of the test portion shall be standardized for each study.
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(Food) items may be naturally or artificially contaminated. In the case of artificial contamination,

use a different strain and/or background microbiota and stress factors, for each (food) item, where
possible, e.g. temperature abuse, acid treatment or chlorination, depending on relevance for the
respective (food) type. Where itis not possible to use different strains per (food) item, the laboratory
needs to provide an explanation.

Points

to be considered when selecting strains are provided in ISO 16140-2:2016, Annex E.

The twelve (food) items shall be (artificially or naturally) contaminated at three levels: four (food)

items shall be at low contamination level L; (denoted by numbers 1, 4, 7, 10), four at medium
contamination level L, (2, 5, 8, 11), and four at high contamination level L, (3, 6, 9, 12), see Table 7.

Genera
Annex

5.2.1.3 §

The select
simultaned

5.2.1.4 E

For ea
high ¢

dilutiops of the (food) item, shall be conducted in each setting. Therefore, 12 (food) items

setting
metho

Each s

1 protocols for the artificial contamination of samples are provided in ISO 16140¢2:2
C.

election of method factors

usly using the study design described in 5.2.1.4.

xperimental design

h method and (food) category: twelve (food) items (four atfow, four at medium and foy
bntamination level) shall be analysed in two settings. Two'replicates, i.e. two indepenc

s x 2 replicates = 48 single tests are to be conducted. A total of 96 (48 for the referg
d and 48 for the alternative method) single tests.are performed per (food) category.

btting is a combination of levels of four method'factors. Eight different settings (1 to 8) s

D16,

on of method factors shall be performed as described in 5.1.1.2.2., Factors are studlied

r at
lent
x 2
nce

hall

be conkidered.
Table 7 shdws the allocation of samples to the different settings.
Table|7 — Study design for a factorial'validation study for a quantitative method with a
reference method; per (food) category
12 (food) items from at least 3 4 (food) items at low level 1 4 7 10
(food) tyges per (food) categoryy 4 (food) items at medium level 2 5 8 11
it random order 4 (food) items at high level 3 6 9 17
Block 1 | Block 2 | Block 3 | Block 4
Setting 12|34 |5|6/|7]||8
Fdctor 1 technician a|b|la|b|a]|b]|allb
Factor 2 culture medium blala|b|a|b]|b]|a
Factor 3 e.g. incubation duration a|b|a|b|bjlal|b]|a
Factor 4 e.g. time of reading a|lb|bjala|b|b|a

NOTE Number of tests per method: 12 (food) items x 2 settings x 2 replicates = 48 tests.

5.2.1.5 Relative trueness

Calculate the average for the four (2 settings x 2 replicates) test results for each (food) item and use
these averages for the calculation of relative trueness across all settings. Calculation and interpretation
of relative trueness shall be conducted in accordance with ISO 16140-2:2016, 6.1.2.3.

16
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In addition, determine the relative trueness separately for each level of the four factors in accordance
with the allocation of settings given in Table 7: e.g. technician “a” (settings 1, 3, 5, 7), technician “b”
(settings 2, 4, 6, 8), culture medium “a” (settings 2, 3, 5, 8), culture medium “b” (settings 1, 4, 6, 7),
incubation duration “a” (settings 1, 3, 6, 8), incubation duration “b” (settings 2, 4, 5, 7), time of reading
“a” (settings 1, 4, 5, 8), time of reading “b” (settings 2, 3, 6, 7).

Calculate the differences in bias:
a) between the two technicians;

b) between the two culture media;

c) |between the two incubation durations;
d) |between the two different times of reading.
NOTE Further tests can be performed if certain factor combinations yield unexpected results. The factorial

desilgn allows further interrogation of performance parameters, if there is a particularly significapt result for
spe¢ific combination of factors, e.g. culture medium in combination with a specifig iicubation setting.

5.2]1.6 Accuracy profile

Calgulation and interpretation of the accuracy profile shall be conducted in accordance with
[SO|16140-2:2016, 6.1.3.3. Treat the four test results (2 settings x 2 replicates) from each method for
each (food) item as four replicates.

NOTE1  Further assessments of the accuracy profile can be'carried out by analysis of factorial effgcts.

NOTE2 AnExcel®-based program?3) is available for pefforming the accuracy profile calculations ffom https://
starldards.iso.org/iso/16140/-4/ed-1/en.

5.211.7 In-house precision (in-house repeatability and in-house reproducibility)

The following notation is used: i refers to'the level (1 <i < 3);jrefers to the setting (1 <j < 8)] k refers to
thejreplicate (1 < k < 2). Note the datajas follows:

— |Vij is thelog;y transformeditest result on level i for settingj of replicate k using the alternatjve method;

— [Vp1 and y,,, are the twoumean values of the paired values y, with p denoting the respectiye sample p
(1 <ps 1p2) of the two)corresponding settings.

3) Excel® is the trade name of a product supplied by Microsoft and is an example of a suitable product available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.
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The in-house repeatability standard deviation across (food) types is computed as shown by Formula (3):

Sr.in-house — 48 ZZ(yUl yyz) (3)

i=1 j=1
The in-house reproducibility standard deviation across (food) types is computed as shown by

Formula (4):

— |2 2
SR,in-house _\/SL,in-house +Sr,in-house (4)
where
12
_ |1 z 1,
SI,in-holse = Z(ypl ypZ ) ~5 Sr in-house
24 & 2

If the formplae result in the computation of the square root of a negative number, theresult = 0.

In-house rg¢peatability standard deviation and in-house reproducibility standard deviation are ysed
to describg¢ precision of the alternative method under in-house repeatability conditions and in-hduse
reproducilility conditions.

NOTE1  The variance components can be calculated more efficiently, with better precision, using restrifted
maximum lijkelihood (REML) estimates([13],

NOTE 2  Evaluation of the calculated in-house reproducibility standard deviation can be conducted using
the criteriop proposed by Reference [11]: target value +0,25 logyg ¢fu/g. Since accuracy comprises precision, no
additional ejvaluation of precision is required in this document:

5.2.1.8 Ipclusivity/exclusivity study

Inclusivityfexclusivity testing is required-‘for enumeration methods designed for speg¢ific
microorgahisms. It is not required for generallenumeration methods such as total plate count and y¢ast
and mould|methods.

In the inclusivity/exclusivity studyyboth target strains and non-target strains are tested with|the
alternativeg method. The study, including the selection and number of strains, shall be conductefl in
accordance¢ with ISO 16140-2:2016, 6.1.5. If the validation is a matrix [(food) item or type or categpry]
extension ¢f an already validated method, no additional inclusivity/exclusivity study is required.

5.2.2 Single-laboratory'method validation study without a reference method

5.2.2.1 (General-considerations

The generglcconsiderations of 5.2.1.1 apply. Without a reference method however, the results of|the
alternative—rrethod—shalbe—compared—with-—knewn—eontaminationtevels—ofthe—samples;—and- the
inoculum should be enumerated using a non-selective medium. Enumeration shall be performed as
described in ISO 7218.

If contamination levels are not known, relative dilution levels of the inoculum can be used to assess
dilution proportionality of the method. This is a minimum requirement of each quantitative method:
results of different dilution levels should be inversely proportional to the dilution level. Dilution
proportionality and in-house repeatability precision can be examined by using the protocol of 5.2.1,
where the reference method is substituted with the alternative method with additional dilution steps
(e.g. diluting all samples 1:10).

5.2.2.2 Selection of samples

Samples shall be selected in accordance with 5.2.1.2.
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5.2.2.3 Selection of method factors

Method factors shall be selected in accordance with 5.2.1.3.

5.2.2.4 Experimental design

(Food) items shall have a known contamination level at three levels: a low level L;, a medium level L,
and a high level L;. Relative contamination levels shall be achieved by using different dilutions of
the inoculum (e.g. 1:10:100). The experimental design from 5.2.1.4 is used: four (food) items per
contamination level are analysed in two settings with two replicates. The allocations of the twelve

different (anﬂ) items to the pighf settings in four blocks are given in Table 7 In total eight settings

wit
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h three levels and two replicates are tested, yielding 48 individual tests.
E For some methods, it could be more appropriate to use the same block of (food) if

amination levels of the same setting. This can be accomplished by using four sample|blocks ar
ks to settings in accordance with Table 6.

2.5 Relative trueness

ulation and interpretation of the relative trueness shall be based of-the protocol of 5.2.1.}
calculation of relative trueness for the eight described subsets 6f data. This protocol is n

2.6 Accuracy profile

odified version of the accuracy profile shall be calculated by following ISO 16140-2:2016
acing the test results of the reference method withithe known contamination level of the

The calculation of the standard deviation\of the reference method in Step 5 of ISO 161
6.1.3.3, can be omitted, and the value.réplaced by 0 since the contamination levels are }
hence, there is no variability.

Step 9 of ISO 16140-2:2016, 6.1/3.8, does not apply because the standard deviation of th
values cannot exceed the threshold of 0,125.

2.7 In-house precision (in-house repeatability and in-house reproducibility)

escribe precisiomof the alternative method under in-house repeatability conditions an
roducibility cenditions. They are calculated in accordance with 5.2.1.7.

2.8 Inclusivity/exclusivity study

Incllusivity/exclusivity testing shall be conducted in accordance with 5.2.1.8.
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6

6.1

6.1.

6.1.

Technical protocol for validation — Conventional approach
Qualitative methods

1 Single-laboratory method validation study against a reference method

1.1 General

The conventional approach for the single-laboratory validation is based on the ISO 16140-2:2016, 5.1,
method comparison study design.
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6.1.1.2 Sensitivity study

The sensitivity study compares the results obtained by the reference method with that of the
alternative method. It shall be conducted and interpreted in accordance with ISO 16140-2:2016, 5.1.3.
For each (food) category being examined, a minimum of 60 samples shall be tested. At least 20 samples
representative of each of the three (food) types shall be tested per (food) category. Fractional positive
results by either the reference or alternative method (i.e. samples should not be all positive or all
negative) shall be obtained for each (food) type tested. In the ideal situation, 10 samples (50 %) tested
per (food) type should be positive. For each (food) category, at least 30 samples shall have a positive
result by the reference and/or the alternative method.

6.1.1.3 RLOD study

The RLOD ptudy is a comparative study of the LOD; obtained by the reference method and that of|the
alternativg method. It shall be conducted and interpreted in accordance with ISO 16140-2:2016, 5.1}4.

6.1.1.4 Inclusivity/exclusivity study

Inclusivityfexclusivity testing shall be conducted in accordance with 5.1.1.5.
6.1.2 Single-laboratory method validation study without a reference method

6.1.2.1 (eneral

If no refergnce method is available, the validation of the alternative method proceeds in two steps.
The specifjcity of the method is first established, before inyestigation of the LODs, and sensitivity, pnd
performanice of the inclusivity/exclusivity study.

For the sel¢ction of (food) categories and (food) items;$ee 1SO 16140-2:2016, 5.1.3.1.

6.1.2.2 Specificity

Twenty nop-contaminated (with the target microorganism) (food) items per (food) category shall be
used as blank samples. If more than oneissample yields a positive result, the method cannot be validajed.

6.1.2.3 10D, study

For each (food) category, tweélve (food) items from three (food) types shall be selected. Each (fdod)
item shall pe analysed on a-different day. For each (food) item and for each day, 30 test portions|are
artificiallylcontaminated at different levels:

— 5 test portionsavithout contamination (uninoculated) so that no positive results are expected;

— 20 test portiors at a fractional level such that about 50 % positive results are expected;

— S testpartionsata high level such that 100 9% pasitive results are prprde

Use a different strain per (food) item and/or the same strain subjected to different stress factors
[e.g. temperature abuse, acid treatment or chlorination, depending on their relevance for the (food) typel].
Where it is not possible to use different strains for each (food) item, the laboratory needs to provide an
explanation. Points to be considered when selecting strains are provided in ISO 16140-2:2016, Annex E.
General protocols for artificial contamination of samples are provided in ISO 16140-2:2016, Annex C.
Each inoculum should be enumerated using a non-selective medium. Enumeration shall be performed
as described in [SO 7218.

In total 360 tests are conducted per (food) category.
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For each (food) item, the LOD;, shall be calculated by using the complementary-log-log (CLL) approach
for the probability of detection (POD) adapted from ISO 16140-2.

NOTE1  The LODs, can be calculated using “R”. “R” is a programming language and free software environment
for statistical computing and graphics that is supported by the R Foundation for Statistical Computing.
The R language is widely used amongst statisticians. It can be downloaded from https://cran.r-project.org.
The R code for the computation of LODg, is as follows:

fit=glm(Result~1+offset(log(Concentration))+Item,

family=binomial(link="cloglog"), data=TEST.RESULTS.DATAFRAME)

Ite:tl = summary(fit)$coefficients[1]
Ite

()

Ite]N = summary(fit)$coefficients[1]+summary(fit)$coefficients[N]

2 = summary(fit)$coefficients[1]+summary(fit)$coefficients[2]

MednAcrossitems = mean(c(Item1, Item?2,..., ltemN))

LOO50 = -log(0,5)/exp(MeanAcrossltems)

NOTE2  AnExcel®-based program® is available for performing thé\.0Ds calculations from https}/standards

Jdsojorg/iso/16140/-4/ed-1/en.

Annjex B provides further information on the LODg, (study that allows the calculation ¢f in-house
reproducibility.

6.1{2.4 Calculation and interpretation for sensitivity

Calgulation for sensitivity shall be conducted in accordance with ISO 16140-2:2016, 5.1.3.4. Use the test
resyilts of the LOD;, study at zero level and at high level. Test results at low (fractional) lgvel are not
usefl. All reference results at zero level @re treated as negative results. At high level, they arq treated as
posjtive results.

NA [represents the number of negative test results of the method at zero level and PD the|number of
posjtive test results at zerg.level. ND represents the number of negative test results of thelmethod at
high level and PA the number'of positive test results at high level.

Accpptability limits (ALS) per (food) category are as follows: ND = 3, PD = 1. If ND is larger than 3, or PD
is Iqrger than 1, themethod cannot be validated.

6.1)2.5 Inclusivity/exclusivity study

Inclusivity/exclusivity testing shall be conducted in accordance with 5.1.1.5.

6.2 Quantitativerethods
6.2.1 Single-laboratory method validation study against a reference method

6.2.1.1 General

The conventional approach for the single-laboratory validation is based on the ISO 16140-2:2016, 6.1,
method comparison study design.

4) Excel® is the trade name of a product supplied by Microsoft and is an example of a suitable product available
commercially. This information is given for the convenience of users of this document and does not constitute an
endorsement by ISO of this product.
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6.2.1.2 Relative trueness study

The relative trueness study is a comparative study between the results obtained by the reference method
and that of the alternative method. It shall be conducted in accordance with ISO 16140-2:2016, 6.1.2.

6.2.1.3 Accuracy profile study

The accuracy profile study compares the results obtained by the reference method to that of the
alternative method. It shall be conducted in accordance with ISO 16140-2:2016, 6.1.3.
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in accordance with ISO 16140-2:2016, 6.1.4.

h-house precision study

epeatability standard deviation and in-house reproducibility.standard deviation
performance characteristics of any measurement method. They describe precision of]

item is selected per (food) category for the determination of the in-house repeatab

cially contaminated (food) item is sufficiently stable, microbiologically, tests are condug

However, if only two technicians are available, then each technician shall conduct test
[f only one technician is available, this technician shall conduct all tests, but the methg
ted only for this technician.

fotal of 8 x 5 = 40 tests. In addition, five replicate tests are performed using the refere
day one as a control.

se repeatability standard deviation is calculated as shown by Formula (5):

1 5 —\2
1se ~ EZ?:lZi:l(yij _yj)

is the log,, measurement of the ith replicate on day j;

method under in-house repeatability conditions and in-houSe reproducibility conditiony.
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in-house reproducibility standard deviation is calculated as shown by Formula (6):

_ |2 2
SI,in-house Y SA +Sr,in-house

where
8
1 2 1
2 _ - = 2
Sa _;2<yj _y) _Esr,in-house
J=1
an

(6)
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e average over all 40 log;, measurements. If s3 <0, set 5 =0.

e artificially contaminated (food) item is not sufficiently stable, microbiologically, th
ons apply.

Conduct the precision study based on the design described ‘above. The calculate
reproducibility standard deviation will very likely be larger‘than the actual unknow
reproducibility standard deviation. Therefore, it can only-De used as an upper limit of
variation. However, the calculated in-house repeatability’standard deviation is not (mud
by sample instability and can be used without limitatien.

underlying trend, see F.2.

Conduct the precision study based on thedesign described above but replace the eig
eight different times. These eight different times shall comprise at least three differen
within each day, different equipment or different batches/suppliers of media shall be us

Conduct the precision study and adjust the results of the alternative method by the re
reference method, see E.3.

design of the precision study shall be described in the validation study report.

E1l
ricted maximum likélihood (REML) approachl13],
E2  Evaluation of the calculated in-house reproducibility standard deviation can be cond

tional evaluation of precision is required in this document.

1.6<_\Inclusivity/exclusivity study

The variance ¢omponents can be calculated more efficiently, with better precision

Criterion proposed by Reference [11]: target value £0,25 log;, cfu/g. Since accuracy comprises g

e following

1 in-house
n in-house
the actual
h) affected

Conduct the precision study based on the desigii“described above, but adjust the results for the

ht days by
I days, and
pd.

bults of the

, using the

licted using
recision, no

Incl

6.2.

6.2.

2 Single-laboratory method validation study without a reference method

2.1 General

The conventional approach for the single-laboratory validation is based on the ISO 16140-2:2016, 6.1,
method comparison study design. In the case of a validation without a reference method, the study has

tor

©IS

ely on known contamination levels of artificially contaminated samples.
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6.2.2.2 Relative trueness study

The relative trueness study is determined using the known contamination levels of the samples. It
shall be conducted in accordance with ISO 16140-2:2016, 6.1.2, where each test result of the reference
method is replaced with the known contamination level of the artificially contaminated sample.

6.2.2.3 Accuracy profile study

The accuracy profile study shall be conducted in accordance with ISO 16140-2:2016, 6.1.3, where each
test result of the reference method is replaced with the known contamination level of the artificially

contamina

a) The ca
6.1.3.3
hence,

b) Step9
values

6.2.24 1

The LOQ st

6.2.25 1

One (food)

standard deviation and the in-house reproducibility standard-deviation.

If the artif

on eight different days by three or more technicians\'"No technician shall conduct tests on more

three days
four days.
then valida

On each d4
eight days.

The in-hou|

ed c:\mp]n In nddih'nn’ the Fn”nun'ng :\dapfafinnc shall be made

Iculation of the standard deviation of the reference method in Step 5 of ISO 16140-2:2
can be omitted, and the value replaced by 0 since the contamination levels are Known
there is no variability.

of ISO 16140-2:2016, 6.1.3.3, does not apply because the standard deviation'of the referg
cannot exceed the threshold of 0,125.

imit of quantification study

udy, if applicable, shall be conducted in accordance with IS0,16140-2:2016, 6.1.4.

h-house precision study

item is selected per (food) category for the deterniination of the in-house repeatab

cially contaminated (food) item is sufficiently>stable, microbiologically, tests are condug
However, if only two technicians are.available, then each technician shall conduct test

[f only one technician is available, this technician shall conduct all tests, but the metho
ted only for this technician.

y, the technician performs tests on five replicates, giving a total of 8 x 5 = 40 tests over

se repeatability standard’deviation is calculated as shown by Formula (7):

185 iy
e =\ 37 2275 7))

J=1ET

is the log,, value of the test result of the ith replicate on day j;

16,
hind,

nce

lity

ted
han
b on
d is

the

(7)
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is the average over the five test results on day j.
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in-house reproducibility standard deviation is calculated as shown by Formula (8):

_ |2 2
SI,in-house Y SA +Sr,in-house

where

an

1<, 21
531 :;2<yj _y)z _gsz,in-house
j=1

Ift
opt

The

In-h
of t
metf

NOTI
app

NO']
the
add

6.2

is tIe average over all 40 log;, measurements. If s% <0, set s =0.

_ 1 5 8
y:EZizlzjﬂyij

ons apply.

reproducibility standard deviation will very likely be larger‘than the actual unknow
reproducibility standard deviation. Therefore, it can only-De used as an upper limit of
variation. However, the calculated in-house repeatability’standard deviation is not (mud
by sample instability and can be used without limitatien.

underlying trend, see F.2.

Conduct the precision study based on the.design described above, but replace the eig
eight different times. These eight different times shall comprise at least three difft
Different equipment or different batches/suppliers of media shall be used for each day.

design of the precision study shall\be described in the validation study report.

ouse repeatability and in-house reproducibility standard deviations are used to describ
he alternative method. If the in-house reproducibility standard deviation is larger th
hod cannot be considered to be validated.

E1 The variance*components can be calculated more efficiently, with better precision, usin
Foach.

Criterion proposed by Reference [11]: target value 0,25 log;, cfu/g. Since accuracy comprises g
tional evaltiation of precision is required in this document.

2:6) Inclusivity/exclusivity study

(8)

e artificially contaminated (food) item is not sufficiently stable, microbiologically, the¢ following

Conduct the precision study based on the design described ‘above. The calculated in-house

n in-house
the actual
h) affected

Conduct the precision study based on the desigiZ’described above but adjust the resilts for the

ht days by
brent days.

e precision
an 0,5, the

g the REML

E2  Evaluation of the calculated in-house reproducibility standard deviation can be conducted using

recision, no

Inclusivity/exclusivity testing shall be conducted in accordance with 5.2.1.8.
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7 Summary of acceptability limits

Table 8 provides the overview of acceptability limits (ALs). Criteria applied in the inclusivity/exclusivity
study are not included. The organization of the table is based on the following method and study
characteristics:

— qualitative or quantitative method;
— factorial or conventional study design;

— with or without reference method;

— paired|or unpaired study.

Table 8 — Overview of acceptability limits

Refer- Paired/
Study Method ence ired Acceptability limit (AL)
method |Unpaire
(ND-PD) < AL in accordance with\Table 5
Unpaired [RLOD < 2,5
Factorial difference of RLOD+|d| < 0,6
Yes (ND-PD) and (ND+PD}<)AL in accordance with Table 5
Qualitative Paired |RLOD<1,5
Factoria Factorial difference of RLOD: |d| < 0,6
ND <3
Not
No applicable Ph=1

Factorial difference of LOD: |d| < 0,6

Yes Paired/ |Adcuracy profile in accordance with ISO 16140-2:2016,
Quantitative unpairedy\|6.1.3.3

Not Accuracy profile in accordance with ISO 16140-2:2016,

No applicable |6.1.3.3
(ND-PD) < AL in accordance with
Unpaired |1SO 16140-2:2016, 5.1.3.4
RLOD < 2,5
Qualitative Yes (ND-PD) and (ND+PD) < AL in accordance with
Paired |ISO 16140-2:2016, 5.1.3.4
Conventional RLOD <1,5
No Not ND <3
applicable [pp < 1
Yes Paired/ |[Accuracy profile in accordance with ISO 16140-2:2016,

Quantitative unpaired |6.1.3.3

Not Accuracy profile in accordance with ISO 16140-2:2016,
applicable [6.1.3.3

No
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Annex A
(informative)

List of factors and factor levels for factorial method validation

in
res

It should be selected from the followmg llst

— | Culture media and incubation:

— |Background microbiota [at least two levels of background microbiota per (food) item, e.g
at the expiry of the best-before date]:

supplier of non-selective/primary broth;

in-house versus ready-made non-selective/primary broth;
supplier of selective/secondary broth;

in-house versus ready-made selective/secondary broth;
supplier of agar plate;

in-house versus ready-made agar plate;

storage time of broths or plates after incubation before subsequent subculturing ¢
(as long as specified within the procedure ofthe method);

age of the medium (within the expiry p€riod of the medium);
batches of media (e.g. media for Enterobacteriaceae containing bile salts);

time of incubation of different'steps (e.g. 20 h versus 28 h when 24 h + 4 h is allowed

background microbiota associated with storage (refrigerated/room temperature,
stored);

contamination levels (add different levels artificially);
interference organisms;

batches of (food) items, where background microbiota is known to vary.

The followmg llst can be used to select factors and factor levels for the factorlal study de51gns provided

on the end

r counting

).

. fresh and

stored/not

— |Sample preparation and storage:

blender or vortex;

“«_n

resuscitation procedure [e.g. thawing of frozen samples (“a
at 4 °CJ;

immediate use or freezing/thawing of samples;

transport conditions: storage or transport of samples.

— Equipment and technicians:

technician (use technicians with different level of experience, if possible);

different pipetting systems;

© IS0 2020 - All rights reserved
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NOTE y;
from Table 4

— different incubation conditions [use two different types of incubators, e.g. different 37 °C air
incubators, air incubator versus water bath incubation; if only one type of incubator is available,
vary incubation conditions at two levels, e.g. level “a” = shortest time permitted by the method
tolerance and lowest position in the incubator (= lowest temperature), and level “b” = longest
time permitted by the method tolerance and highest position in the incubator (= highest
temperature)];

— spread plates versus pour plates, if relevant.

Stress factors (if applicable):

— loy
— hi
— c¢h
— phH
— hi
— loy

— dr

setting

setting

-stress;

;h pressure stress;

\.1 are:

v/normal temperature;

bh /normal temperature;

pmical stress (e.g. smoking and curing);

v-dose radiation/no radiation (e-beam);

y/non-dry, e.g. low a,, (<0,60)/high a,, (20,95).

1 (a,a,b,b): technician “a”; in-house agar plates; refrigeridted storage; incubation condition “b”;

2 (b,b,a,a): technician “b”; ready-made agar plates;no storage; incubation condition “a”.

Table A.1 — Examples of factors and their levels

\ setting is a specific combination of levels for all factors. Twe examples of a setting for the fadtors

Factor Level “a” Level “b”
Technician Technician “a” Technician “b”
Prepafation of agar plates Made in-house Purchased ready-made
StorageJof inoculated samples None Hold refrigerated 2 days

(increaq

es background levels)

Inc

ibation condition

Incubation condition “a”

Incubation condition “b”

28
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Annex B
(informative)

Calculation of in-house reproducibility for qualitative methods

based on the LOD, study described in 6.1.2.3

The
met
not
tha
con

For
alte
und
con
cou
and
eve

Thd
the

In-house reproducibility parameter captures important information about the perid
hods in microbiology and should be determined in the course of validation studies|Th
considering the in-house reproducibility is that the actual reliability of a methodris-not
reliance is placed on inaccurate routine laboratory determinations. This can have seriot
sequences.

instance, if the validation study takes place on a “good” day, in the sénse that the L(
rnative method is found to be 3 cfu/test portion, the true unreliability of the meth

Cluded that the contamination level is below 3 cfu/test portion.But'on a “bad” day, the :
d have been 30 cfu/test portion. If, however, the validation, study had taken place on ¢
the LOD;, of the alternative method was found to be 30 cfu/inl, the method would not bg
h though both methods may be considered, on average, to)be equivalent.

in-house reproducibility standard deviation across.(food) items can be estimated as a
precision of the alternative method under different,conditions and across (food) items i

labgratory by the following procedure.

a)

b)

wh

d)

Calculate, for each (food) item/day i = 1, 2<:12, the LOD¢, for the alternative method
model for the POD. Denote the log,, value'of the LOD;, for day i by Y;.

Calculate the standard deviation ofthe log,, value of the LODc, as shown by Formula (H

112
S, = |— Y. -Y )
Y 11214(' )

12

Pre Y:E ZYI dengtes the average of the log,, value of the LODg,.
i=1

Extract the-Standard error of the LODg, for (food) item/day i, (s;). This value is
automatically by standard software for fitting the CLL model.

Calculate'the average standard error, as shown by Formula (B.2):

1182,

rmance of
e risk with
known and
(s practical

D¢, of the
pd may go

etected. When a negative result is obtained during routine laboratery determination, it would be

ictual level

“bad” day
 validated,

measure of
In the same

sing a CLL

.1):

(B.1)

calculated

50015 220
\le i=1

(B.2)

e) Calculate the in-house reproducibility standard deviation across (food) items, as shown by

Formula (B.3):

— [c2 _c2
Sin-house —VSY 750

The in-house precision is set at 0 when the difference in step €) is negative.

An

in-house reproducibility standard deviation, s;,.pouser

considerable variation of LODs, between different (food) items or days.

© IS0 2020 - All rights reserved
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Annex C
(informative)

Example of a factorial single-laboratory method validation study
for a quantitative method against a reference method

C1 Genleral

This anne
quantitatiy

C.2 Study design

Twelve fog
selected. S
level L, an

Two techn

aerobic plafte count of the dairy products. Ineubdtion times, for the alternative method and the refere

method, w

Each food
Therefore,
of 96 (48 1
48 tests.

Table C.2 s
Four influg

techni

provides an example to illustrate the procedure for the performance of the validation
e method against a reference method as described in 5.2.

d items from three food types of the food category “raw milk«and dairy products” w
nmples were artificially contaminated at three contamination levels: a low level L, a med
I a high level L in accordance with Table C.1.

Table C.1 — Food items and contamination levels

Level Foed'item
Low 1,4,7, 10
Medium 2,5,8,11
High 3,6,9,12

cians performed the reference method (see ISO 4833-1) and the alternative method for

bre 48 h £ 3 hand 72 h £ 3 h, respectively.

item was analysed in two Settings, and in each setting two replicates were conduc
48 (12 food items x 2 seftings x 2 replicates) single tests were conducted per method. A t

hows the allocatjon of samples to the settings of factor level combinations.
ncing factor's were evaluated in the study:

Cian;

of a

fere
um

the
nce

ted.
ptal

eference and 48 alternative) single tests were conducted, with each technician perfornjing

cultur

b medium;

incuba

tion condition;

incubation time.

All twelve food items were evaluated in a paired study design: the same replicates were used for both
the alternative and the reference method. The variations in technicians, culture medium, incubation
conditions and incubation time in accordance with the experimental design summarized in Table C.2
were applied to both the alternative and the reference method.

Detailed instructions were provided for the analysis, including a flowchart for each of the two
technicians (see Figures C.1 and C.2).
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d 1 2 Factor 3 Factor 4
Setting Foo Factor Factor 2 Incubation Incubation time
item Technician Culture medium i .
condition Alternative | Reference

1 1,2,3 a Pre-made dilution buffer Incukl)z?tion 45h 69 h
condition A
Dehydrated dilution Incubation

2 1,23 b buffer condition B 51h 75h

” L. . Dehydrated dilution Incubation 11 75 h

o - buffer condition A -

4 4,56 b Pre-made dilution buffer |  Lncubation 45h 69h
condition B
Dehydrated dilution Incubation

5 7.8,9 a buffer condition B Nh 69h

6 7,8,9 b Pre-made dilution buffer |  1ncubation 51h 75h
condition A

7 10, 11,12 a Pre-made dilution buffer Incul');?tion 51h 75 h
condition-B

8 10,11, 12 b Dehydrated dilution Incuba}tlon 45h 69 h
buffer cordition A

Fooditems 1, 2, 3, each

contamination level

at a different

Fooditems 4, 5, 6 each

contamination level

at a different

Fooditems 7, 8, 9 each

contamination level

at a different

Food items 10, 1], 12
each at a differgnt
contamination l¢vel

Pre-made dilution buffer

Dehydrated dilution

huffer

Dehydrated dilution

buffer

Pre-made dilution puffer

Incubation condition A

Incubation condition A

Incubation condition B

Incubation condition B

Incubate plates for
alternative method
for.45 h

Incubate plates for
reference method
for69h

—alternative method

Incubate plates for

for51h

Incubate plates for
alternative method
for 45 h

Incubate plates for
reference method

for75h

Incubate plates for
reference method
for69 h

Incubate plafes for
—alternative mhethod
for51h

Incubate plafes for
reference mlethod
for75h

Figure C.1 — Instructions for technician “a

© IS0 2020 - All rights reserved
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Food items 1, 2, 3 each
at a different
contamination level

Food items 4, 5, 6 each

contamination level

at a different

Food items 7, 8, 9 each

contamination level

at a different

Food items 10, 11, 12
each at a different
contamination level

Dehydrated dilution Pre-made dilution Pre-made dilution Dehydrated dilution
buffer buffer buffer buffer
Incubationeenditon’ treubationeconditton Ieubatioreondition Ievbatioreonditton

Incubate plates for
— alternative method
for51h

Incubate plates for
—1 reference method
for75h

Incubate plates for
alternative method
for45h

Incubate plates for
alternative method
for51h

Incubate plates for
reference method
for 69 h

C.3 Calqulations and summary of data

C.3.1 Summary of the results

Incubate plates for
reference method
for 75 h

Figure C.2 — Instructions for technician “b”

Incubate plates for
— alternative method
for 45 h

Incubate plates for
—— reference method
for 69 h

Upon receipt of the data, it was verified that bothtechnicians performed the analyses in accordgqnce
with the mgthods as indicated in the standard ©peration procedure. No outlier tests were performed on
the data, anpd no data points were excluded(

All single tpst result calculations weredog, , transformed. The results are given in Table C.3.

C.3.2 Rejative trueness

The calculgtion of relative trueness was conducted in accordance with the steps described in 5.2.1.5.

summary ¢f the results ig'given in Table C.4.

C.3.3 Acpuracy profile

T
>

The calculgtion ofthe accuracy profile was conducted in accordance with the steps described in 5.2{1.6,
based on the-individual test results tabulated in Table C.5. Figure C.3 is the graphical representatiojn of

the accuratyprofile

32
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Table C.3 — Results of single-laboratory method validation study

log,, cfu/g or ml - Single test results
Contamina- Reference Alternative
tion level Setting Food item | Replicate 1 | Replicate 2 | Replicate 1 | Replicate 2
1 1 2,08 2,11 2,65 293
2 2,52 2,41 2,41 2,38
3 4 2,69 2,36 2,73 2,84
Low 4 2,62 2,40 2,62 2,40
5 7 2,15 2,45 2,76 254
6 2,45 2,32 2,30 249
7 10 2,53 2,62 2,82 2,74
8 2,54 2,78 2,51 2,7p
1 2 3,28 3,26 3)20 3,20
2 297 291 2,94 291
3 5 2,83 293 291 3,11
Medium 4 293 2,98 2,96 297
5 8 3,36 3,18 3,08 3,15
6 291 2,93 2,99 299
7 11 2,89 2,88 2,81 2,6p
8 294 2,86 3,04 3,08
1 3 3,94 3,79 4,11 4,1p
2 4,34 4,20 4,15 4,08
3 6 4,26 4,23 4,56 4,51
High 4 4,11 3,89 4,12 4,11
5 9 4,15 3,72 398 3,74
6 4,34 4,11 4,30 4,08
7 12 4,08 3,80 4,62 4,36
8 4,18 4,00 4,26 4,08

© IS0 2020 - All rights reserved
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Table C.4 — Summary of relative trueness

] log,, cfu/g or ml
C;)ir:)ﬁllr: ‘172?' Food item Mean test results
Reference | Alternative Mean Difference
1 2,280 2,593 2,436 0,313
Low 4 2,518 2,648 2,583 0,130
7 2,343 2,523 2,433 0,180
10 2,618 2,698 2,658 0,080
3,105 3,063 3,084 -0,043
Medium 5 2,918 2,988 2,953 0,070
3,095 3,030 3,063 -0,065
11 2,893 2,898 2,895 04005
3 4,068 4,115 4,091 0,048
High 6 4,123 4,325 4,224 0,203
9 4,080 4,025 4,053 -0,055
12 4,015 4,330 4,173 0,315
Average differences: Total 0,098
Stanjdard deviation of differences: Total 0,133
Avefage differences: Technician “a” 0,190
Avefage differences: Technician “b” 0,007
Avefage differences: Pre-made dilution buffer 0,134
Average differences: Dehydrated dilution buffer 0,063
Avefage differences: Incubation condition A 0,146
Average differences: Incubation condition B 0,051
Avefage differences: Incubation time short 0,110
Avefage differences: Incubation time lang 0,087
Table C.5 — Fabulated results for the accuracy profile
Contamiha- Food ) log;, cfu/g or ml - Single test results
. ‘r . Setting -
tion level item Reference Alternative
1 1,2 2,08 2,11 2,52 2,41 2,65 2,93 2,41 2,38
Low 4 3,4 2,69 2,36 2,62 2,40 2,73 2,84 2,62 2,40
7 56 2,15 2,45 2,45 2,32 2,76 2,54 2,30 2,49
10 7,8 2,53 2,62 2,54 2,78 2,82 2,74 2,51 2,12
2 1,2 3,28 3,26 2,97 291 3,20 3,20 2,94 291
Medium 5 34 283 293 293 298 29+ 351t 296 297
8 56 3,36 3,18 291 293 3,08 3,15 2,99 2,90
11 7,8 2,89 2,88 2,94 2,86 2,81 2,66 3,04 3,08
1,2 3,94 3,79 4,34 4,20 4,11 4,12 4,15 4,08
High 6 3,4 4,26 4,23 411 3,89 4,56 4,51 4,12 4,11
56 4,15 3,72 4,34 4,11 3,98 3,74 4,30 4,08
12 7,8 4,08 3,80 4,18 4,00 4,62 4,36 4,26 4,08
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Figure C.3 — Accuracy profile
C.3}4 Precision data
The calculation of precision data was conducted in accordance with the steps described in 5.2.1.7.
Table C.6 shows\the tabulated results for the precision data. Precision for the alternative njethod was

quit

e close tethe precision of the reference method.

Table C.6 — Tabulated results for the precision data

Referemnce Altermative
Srin-house 0,132 0,109
S1in-house 0,146 0,181
SR,in-house 0,197 0,211

C.3.5 Interpretation

Acceptability criterion of the accuracy profile is fulfilled. No critical factorial effects were detected, and
precision of the alternative method is similar to the precision of the reference method.

© IS0 2020 - All rights reserved
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Annex D
(informative)

Example of a factorial single-laboratory method validation study
for a qualitative method against a reference method

This annek provides an example to illustrate the procedure for the computation of validafion
parameterf in accordance with 5.1. The study is unpaired. The experimental design provided inTalle 3
is implemented. The tests were carried out with twelve (food) items allocated to four blocks,each block
consisting jof two settings, at two contamination levels.

In this examnple, the food category “heat-processed milk and dairy products” is validated;’by choosing} for

example, the three food types “pasteurized dairy products”, “sterilized or UHT dairy products” and “dry”.

The study design is presented in Table D.1. The test results for both the alternative and the refergnce
methods afe provided in Table D.2. Note that in this example, the results*of’the alternative method
and the confirmed alternative method are identical. Therefore, for the sake of simplicity, no distincfion
is made bdtween the results of the alternative method and the resuilts of the confirmed alternafive
method. Ir] addition, six zero level L, (food) items tested negative’with both the reference and|the
alternativg methods.

Table D|1 — Design for both the alternative and the reference methods (fractional and high
contamination level)

. Block 1: Block 2: Block 3: Block 4:

Food items 1 to 12 1to3 4106 7t09 10 to 12

Jetting 1 2 3 4 5 6 7 8

Factor 1 technician a b a b a b a b

Fhactor 2 culture medium b a a b a b b a

Factor 3 ba.ckgro-und X b a b b a b a
microbiota

Fhctor 4 incub.at'ion a b b a a b b a
conditien
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