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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.

ethod;

5 in a single

nfirmation

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

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 16140-6, and as d
this document). In the case when a method isvalidated within one laboratory (see ISO 1
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”.

in a single
escribed in
h140-4), no

kisfactorily
plicable to

ods.

hnd widely
rds jointly

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

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

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.”.

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. This document, 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. ISO 16140-4 and this
document can be used for validation against a reference method. ISO 16140-4 (regarding qualitative
and quantitative methods) and this document (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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Reference method

Detection method
Test portion ——> Enrichment —>

Isolation:

. ——>| Confirmation:
Selective agar(s)

_ biochemical Alternative confirmation

_ immunological ' method validated in
Enumeration method ~ mole cularg accordance with this document
Enumeration: S| - etc [validated for specific agar(s)]
Selective agar(s)

Test portion

Alternative method validated in accordance with ISO 16140-2

Detgction method ) Confirmation is not
Test portion ————> DEtec:ilon included in the protocol
procedure of the alternative method

i . . Are any of the confirmation
Enujneration method Confirmation is y $vered by

. C
. i X ) rocedures for the alternative
Test portion ————> Enumeration —> included in the p v4lidation in
—>| method based on a reference _
procedure protocol of the hod ori i . Yes adcordance with
alternative method method or is confirmation tHlis document
starting from an isolation

agar that is included in the, Npt covered by
validation study in accordarice |_ m vdlidation in
with ISO 16140-2? <= adcordance with

this document

Figure 2 — Use of validated alternative confirmation methods (see ISO 161406)

EXAMPLE An example application of a validated alternative.confirmation method is as follows.

An alternative confirmation method based on ELISA has been validated (in accordance with ISO [16140-6) to
replace the biochemical confirmation for Salmonella assdescribed in I1ISO 6579-1. In the validation| study, XLD
(mapdatory agar in accordance with ISO 6579-1) plus BGA and a specified chromogenic agar (two optional agars
for 4econd plating in accordance with ISO 6579-1) were used as the agars to start the confirmation. The validated
confirmation method can be used to replace the biochemical confirmation under the following condifions:

— | by laboratories using the ISO 6579-1; or
— |bylaboratories using an ISO 1614 0-2validated alternative method that refers to ISO 6579-1 for confirmation; or

— | by laboratories using an IS0,16140-2 validated alternative method that starts the confirmatign from XLD
and/or BGA agar and/or the specified chromogenic agar.

The|validated confirmatiommethod cannot be used under the following conditions:

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

— | by laboratasies using an ISO 16140-2 validated alternative method that refers only to a cpnfirmation
procedufe that does not require isolation on agar.

0.2| Validation protocols in the ISO 16140 series

A favlolb oot oo Lidos: a2l 3 s dh ICN 12140 9 o % +£1 faials] b t 3
1N Heerranotratot Yy varmaatror STaay, T actUTOanCC Wit 10U 1O TU Z,; TCHUIT TS at ICaST CTgIITT oratories

for quantitative methods and at least ten laboratories for qualitative methods.

This document provides a protocol that addresses the special case where the number of laboratories
required in an interlaboratory validation of a method by ISO 16140-2 cannot be achieved. The protocol
allows a method validation based on a minimum of four laboratories. It applies, for example, in situations
where there is an urgent need for a validated method but the in-house and interlaboratory studies in
accordance with ISO 16140-2 take too long to complete. This document also addresses the problem of
method validation of highly specialized methods, for which only a few laboratories might be available
for a validation study. This document can only be used for non-proprietary methods. Table 1 provides
an overview of the different protocols.

© 1S0 2020 - All rights reserved vii
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Table 1 — Overview of different validation protocols described in the ISO 16140 series

Number of participating

With reference method

Without reference method

> 10 (qualitative method)

laboratories
1 [SO 16140-4 [SO 16140-4
4 to 7 (quantitative method)/ |This document: for non-proprietary |This document: for non-proprietary
4 to 9 (qualitative method) methods only quantitative methods only
> 8 (quantitative method)/ ISO 16140-2: for the interlaboratory

study part

Not applicable

In order tq-re

applicabilif
In the fact
and the m
analysis of]
of laborato

viii

the precision parameters of the method while, at the same time, requiring a smaller nunjber
ries and tests.
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Microbiology of the food chain — Method validation —

Part 5:
Protocol for factorial interlaboratory validation for non-
proprietary methods

1
Thi

factorial studies) for the validation of non-proprietary methods for microbiologjyzef the food

Thi

qualntification) of microorganisms in:

Thi
(mi

Thi
and
met
met

NOT
mog

Thi
reld
tha

Met
the

2

Scope

5 document is applicable to the validation of methods used for 'the analysis (d¢g

products intended for human consumption;

products intended for animal feeding;

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

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

qualitative methods. This document. also provides a protocol for the validation of q
hods without a reference method:-Qualitative methods cannot be validated without §
hod in accordance with this document.

E ISO 16140-2 specifies-the general principle and the technical protocol for the validation of]
tly proprietary, methods against a reference method.

5 document is only applicable to the validation of methods that are fully specified with r
vant parameters-(including tolerances on temperatures and specifications on culture 1
have alreadybeen optimized.

hods thathave been validated in accordance with this document can be used by the labg
specified\population of laboratories.

5 document specifies the general principles and the technical protocols (haseéd on ¢rthogonal,

chain.

tection or

ble to other

5 document specifies protocols for the.validation against a reference method for both qﬁantitative

antitative
W reference

alternative,

board to all
media) and

ratories of

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.

[SO 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

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

© IS0 2020 - All rights reserved
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3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 16140-1 and the following apply.

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

3.1
factor

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

[EC Electropedia: available at http://www.electropedia.org/

qualitative
the limits ¢

EXAMPLE

Note 1 to 4
considered.

3.2

factor levgl

value of th

EXAMPLE

or quantitative parameter within the method that can be varied at two or more levels.wi
f the specified method

Technician.

ntry: In this document, only those factors that are in line with the protocolrof‘the method

e factors (3.1) within the experimental design

Technician “a”, technician “b”, etc.

Note 1 to enftry: In this document, each factor is varied at two factor levels: “a” and “b”.

Note 2 to en
3.1.12,the d

3.3
orthogond
factorial d¢

Lry: This definition is based on how ISO 3534-3:2013,3.%12, defines “factor level”. In ISO 3534-3:2
efinition is more general, but the statistical meaning\s the same.

1 design
sign, in which for every pair of factors (3-1), each combination of factor levels (3.2) occurs

same number of times across the possible factonlevels

Note 1 to e
“orthogonal

3.4
reference
<reference

3.5

reference
<no referel
level obtail

htry: This definition is based on-how ISO 3534-3:2013, 3.1.31, defines “orthogonal array”, bu
design”, a more general and more theoretical definition is used.

value
method is available> estimated concentration level obtained with the reference method

value
ice method is available, for artificially contaminated samples only> estimated concentra
ned fromthe concentration level of the inoculum

3.6

hin

are

P13,

the

for

fion

setting

combination of factor levels (3.2)

EXAMPLE

«_n w_n

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

Note 1 to entry: These conditions can be described by the combination of levels of factors varied within the study.

© IS0 2020 - All rights reserved
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4 General principles for the factorial interlaboratory validation of non-
proprietary methods

4.1 General

This document uses a protocol based on orthogonal, factorial studies. A high certainty of the determined
method validation parameters is achieved by focusing on suitable factors (e.g. technician, culture media,
sample preparation, temperature, test duration) that can influence the test result. This allows the
number of required laboratories to be reduced to a minimum of four. General concepts and considerations
given in ISO 16140-2 shall apply, unless explicitly excluded. The validation can be conducted against a
refdrence method or, in the case of a quantitative method, without a reference method.

Thd outcome of the validation study applies to:

— |any laboratory: if the four laboratories can be considered a “random sample” of ifjdependent
laboratories from different organizations;

— |alllaboratories within an organization: if the four laboratories can be considered a “rand¢m sample”
of laboratories at different sites from one organization.

4.2 Validation against a reference method
The validation protocol comprises two phases:

— |an in-house validation study of the non-proprietary miethod against the reference method carried
out in the organizing laboratory (see ISO 16140-1:2016, 2.45);

— |an interlaboratory study of the non-proprietary’method against the reference method farried out
in different laboratories.

The technical protocol for performing the, ifi-house validation study and the interlaboratory study are
givgn in Clauses 5 and 6, depending uponwhether the test method is qualitative or quantitative in nature.

The selected factors for the factorial interlaboratory study should be relevant and applied fo both the
refdrence and the alternative method.

4.3| Validation without areference method
The validation protocdlapplies to the validation of quantitative methods only. It comprises tiwo phases:

— |an in-house yalidation study of the non-proprietary method against the reference value farried out
in the organizing laboratory;

— |an interlaboratory study of the non-proprietary method against the reference value cagried out in
different laboratories.

Thetechnical protocol for pprfnrming the in-house validation thdy and the infprlqhnrnfnr] study for
quantitative methods are given in Clause 6.

5 Qualitative methods — Technical protocol for factorial interlaboratory
validation

5.1 In-house validation study

The in-house validation study is the part of the validation process that is performed in the organizing
laboratory. It can be conducted in accordance with the conventional approach or the factorial approach,
as described in ISO 16140-4.

© IS0 2020 - All rights reserved 3
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An in-house validation study can be used to demonstrate the performance of the method for

the

laboratory that conducted the study. It is the first step in the framework of general method validation.
The in-house validation study assesses the performance of the method across (food) categories, (food)

types and (food) items, whereas the interlaboratory study assesses the performance of the met
across laboratories.

5.2 Interlaboratory validation study against a reference method

5.2.1 General considerations

hod

The aim of the interlaboratory study is to compare the performance of the reference method to
alternativeg method in terms of the RLOD obtained by different laboratories. The results of the’s
set of samples, examined under reproducibility conditions, are compared with pre-set critexia’ for|
acceptable|difference between the reference method and the alternative method. Wherever poss

the study donditions should reflect the normal variation between laboratories.

The interl
the sample
conditions
alternative

Technician
partin the

5.2.2 Mg
A minimun
The labora
If all labor

used by lahoratories belonging to this organization or network.

EXAMPLE 1|  Laboratories belonging to one public or private organization.

EXAMPLE 2  Network of federal, state.dnd/or provincial laboratories.

EXAMPLE 3] Network of national\rveference laboratories coordinated by a European Union refer
laboratory.

If possible,|more than fourlaboratories should participate, so that results from at least eight technic

are availab
The protog

In case
enrich

boratory study is planned by the organizing laboratory. The organizing laboratory prep:
s and a data sheet for the recording of all experimental data and, critical experime
used by each laboratory. Each laboratory shall demonstrate its competence in the use of]
and the reference method in accordance with ISO 7218 prior tocparticipating in the stud

s involved in the preparation of the samples used in the inteérlaboratory study shall not
testing of the samples in the interlaboratory study.

asurement protocol
1 of four independent laboratories are required to-conduct the test series.
fories shall belong to different organization&or shall be located at different sites.

htories belong to one organization or*network, results of the validation study can only

le for analysis even if, for some reason, certain data cannot be used.
ol is as fallows.

s where different enrichment protocols for the alternative method exist, the most challeng
mment protocol shall be selected, e.g. the protocol having the shortest incubation time or

the
hme
the
ble,

\res
htal
the

Y.

ake

' be

Pnce

ans

ing
the

most setectiveenrichmentcomditions—Thesetected (fuud) CyptE shattbeTetevantforthrechdsen
enrichment protocol. The (food) item, which is used to prepare the test samples, should contain
natural background microbiota.

The selected (food) item shall be artificially contaminated with the target organism. The protocol

for inoculation of the samples shall be appropriate for the selected (food) item. Samples shall
be prepared by the organizing laboratory to ensure homogeneity between and within samples
using preparation protocols contained in ISO 16140-2:2016, Annex C. In general, liquid samples
(compared to solid samples) give greater assurance of homogeneity. The samples should be shown
to be homogeneous by the organizing laboratory. Homogeneity tests and criteria for acceptance are
described in ISO 22117.
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At least three different levels of contamination shall be used: a blank (L) and two levels (L; and
L,). Level L; should be between the LODsj of the reference method (LODs ¢) and the LODs of the
alternative method (LODg ., = RLOD - LODs ). Level L, should be 1 log, above level L. Level L,

shall produce fractional positive results.

Inocula should be enumerated using a non-selective medium. Enumeration shall be performed as

described in ISO 7218.

For the selected (food) item, for each setting and for each laboratory, four replicates shall be

conducted at level L; One replicate is conducted at the two other levels L and L,.

5.2

Ded

According to the factorial, orthogonal design, eight settings shall be conducted by each
for both test methods (alternative and reference) and for all levels of contaminationc(Ly,
In total 96 tests (1 + 4 + 1 replicates x 8 settings x 2 methods) are conducted in eachylab

All samples should be blind-coded to ensure that the technicians are not aware of th
contamination.

Settings shall be common to both test methods (paired and unpaired)!"Pdired results af
when the primary enrichment is the same for the alternative ahd reference methd
one test portion is used to conduct tests according to the altertrative and the referen
Unpaired results are obtained when the alternative and referehce methods use differe
enrichments. That is, two sets of test portions are requir€d: one test portion is analy
alternative method and another test portion by the referénge method.

The data are reported in two tables, giving the results from the reference method an
alternative method before and after confirmation of'the results.

If the results for alternative and reference methods have been obtained from the s
enrichment broth (paired data), there s no need to confirm the presumptive res

laboratory
L; and L,).
pratory.

eir level of

e obtained
d. That is,
re method.
nt primary
sed by the

d from the

ame initial
ults of the

alternative method if the results agree with that obtained with the reference methodl. However,

confirmation of the positive resultiis required when the reference method gives
result and the alternative method gives a positive result.

If the results for alternative and reference methods have been obtained fron
enrichments (unpaired data), then all enrichments obtained with the alternative m
be taken forward foryeonfirmation. Confirmation pathways are described in ISO 161
5.1.3.3.

The organizing laboratory can indicate that broths, plates and/or isolates shall be ret

a negative

h different
bthod shall
40-2:2016,

hined for a

certain period eftime to enable confirmation of results obtained by a laboratory, if needed.

The analysi§/of’samples shall be performed by each laboratory on the stipulated date.

3 Selection of the factors to be studied

ision's on the most suitable factors for the particular study should be based on expert knoy

vledge. For

exa

1 Ao 1 i LR 1 41 pa | - 1 4 4 4 |
HIIPIT, UPLIIIAT CUIIUITIUILS 4TI T SPTUITITU TIT T4AUIT HITUIUU, T. 5. TIILU D AUIUIT TTIHIpPTT ATUT T diiu

uration at

37° Cand 24 h, and these will give the best results. However, ranges around these, due to inaccuracies of
the instrument, but which provide still acceptable conditions (e.g. 37 °C + 1 °C, 24 h + 1 h), are permitted
and the study design should test the extremes of these. Acceptable operating conditions for equipment
are described in ISO 7218. Other influences such as stress conditions can also be taken into account.

To estimate the accuracy under routine conditions, relevant method factors that are difficult to control
shall be selected and varied systematically, e.g. technicians, culture media and incubation conditions.
The choice of these factors and factor levels is crucial to the reliability of the test result. For unpaired
study designs, chosen settings biased against the reference method cannot be used.

Five relevant method factors shall be varied simultaneously, each on two levels.
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For methods for culturable microorganisms, the factors “technicians” and “culture media” have the
greatest significance and shall be included in all studies as follows.

— Technicians: Tests shall be independently conducted in each of the laboratories by two technicians.

— Culture media: Use culture media from two different manufacturers, if available, or two different
batches of culture media (lots), or pre-prepared versus prepared from dehydrated media. If possible,
each laboratory should use manufacturers/batches that are different from the ones used in the
other laboratories.

Three other factors shall be included in the study. A non-comprehensive list of grouped potential factors
is provided T Annex A. Depending on the method, one factor [rom eacn of the most relevant grqups
shall be selected.

Factors angl factor levels shall reflect the normal variation within routine testing laboratories. Facfors
are studied simultaneously using the study design described in 5.2.4.

5.2.4 Experimental design

Each setting is a combination of levels of five method factors. At each setting; ‘each of the laboratofies
conducts (I + 4 + 1) tests at levels L, L; and L, for both test methods. Eightdifferent settings (1 tp 8)
shall be copsidered. The study design is shown in Table 2, where “a” and ¢b"* represent the levels of{the
respective(factors.

NOTE This study design (5 factors) is different from the design used in ISO 16140-4 for single-laborafory
validation sfudies (4 factors).

Tableg 2 — Study design for qualitative methods to<be conducted by each of at least four

laboratories
) Factor 1: Factor 2: Factor 3 F_actor 4:_ Factor 5:
Setting technician cultpre e.g. thawing e.g. 1nc1§b_at10n e.g. l?ackg_round
medium process condition microbiota
1 a a a a
2 a b b b b
3 a a b b
4 b b a a
5 a b a b
6 b b a b a
7 a b b a
8 b a a b

With four [aboratories, eight settings, three levels of contamination and two test methods (refergnce
and alternative) the minimum number of individual testsis 4 x 8 x (1 +4 + 1) x 2 = 384,

The organizing laboratory shall examine the raw data and other information requested in the data
sheet to ascertain that all laboratories have performed the analyses in accordance with both the
alternative and reference methods as written. When there is evidence that results might be obtained
under inappropriate conditions and/or that the methods have not been strictly followed, these or all
results from the laboratory are excluded for further analysis.

Annex C shows an example of a factorial interlaboratory study for a qualitative method.

5.3 Calculations and summary of data

The results obtained by the individual laboratories in the interlaboratory study are summarized in
Tables 3 and 4.
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Table 3 — Fraction of positive results by the reference method

Contamination level

Laboratory
Lo L L,

Laboratory 1 /8 /32 /8

Laboratory 2 /8 /32 /8

Laboratory 3 /8 /32 /8

Etc.... /8 /32 /8

Total
Tallle 4 — Fraction of positive results (before and after confirmation) by the alternatiye method

Contamination level
Laboratory Ly Ly L,
Presumptive | Confirmed | Presumptive | Confirmed | Presumptive | Confirmed

LaHoratory 1 /8 /8 /32 /32 /8 /8
LaHoratory 2 /8 /8 /32 /32 /8 /8
LaHoratory 3 /8 /8 /32 /32 /8 /8
Etc|... /8 /8 /32 732 /8 /8
Totpl
Subsequent calculations, using the data from the fractiehal recovery level L; only, are carfried out in

acc
sett

factjors and one of the two factor levels, as shownin Table 5.

rdance with ISO 16140-2:2016, 5.2.3. These caleulations shall be conducted across
ings, 1 to 8, and also separately for each subgreup of factor settings that belongs to ong

all factor
of the five
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Table 5 — Summary of results

PA: positive g
sitivity alterr]
SP(ref): relatiy

a  N=NA+
b FPR=FpP
NOTE 1 Defi

NOTE 2 Inm
nician “a” ang
and the corrg

cannot be me

e specificity reference method, FPR: false positive ratio
PA + PD + ND.
NA x 100 %.

hningfully interpreted.

hitions and the derivation of the parameters can be found jnISO 16140-2:2016, 5.2.3.

Factor levels Settings | PA NA | ND | PD FP N2 |SE(1y) [SEgery| RT |SP(qyy | SPgen FPRP
% % % % % %
All settings 1to8
Factor 1 (technician) “a” - see
NOTE 2 1,2,34
Factor 1 (technician) “b” - see
NOTE 2 5,6,7,8
Factor 2 (culture medium) “a” 1,3,5,7
Factor 2 (culture medium) “b” 2468
Factor 3 (e.g. fhawing process) “a” 1,3,6,8
Factor 3 (e.g. fhawing process) “b” 2,457
Factor 4 (e.g. Incubation condition)
“a” 14,58
Factor 4 (e.g. Incubation condition)
“b” 2,3,6,7
Factor 5 (e.g. packground
microbiota) “p” 1,4,6,7
Factor 5 (e.g. packground
microbiota) “p” 2,3,5,8
Key

oreement, NA: negative agreement, ND: negative deviation, PD: positive deviation, FP: false positive, N: sum, SE(alt): sen-
ative method, SE ,p): sensitivity reference method, RT: relative trueness, SP(,: relative specificity alternative method,

ost cases, factor levels for the factor “technician” are different from one laboratory to the next (except cases where tech-
“b” represent specific training levels). Then the sensitivity analysis cannot be meaningfully interpreted for this faftor,
sponding rows should be left empty. This holds alse for any other factor when sensitivity analysis for its factor ldvels

5.4 Inte

54.1 Pa
For a paire

level L;. Th
(ALs) giver]

Table|

rpretation of data

jred study

1 study, calculate the-difference, (ND - PD), and the sum, (ND + PD), for the fractional recoyery
e values found for,(ND - PD) and (ND + PD) shall not be higher than the acceptability litnits
in Table 6 wifth respect to the number of participating laboratories (Ny,).

6 — AccCeptability limits (ALs) for a paired study design in relation to the number
of participating laboratories

N Acceptability limits (ALs)

"lab (ND - PD) ND + PD
4 3 4
5 4 5
6 4 6
7 5 7
8 5 8
9 6 9
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The AL is not met when the observed value is higher than the AL. When the AL is not met, investigations
should be conducted (e.g. root cause analysis) in order to provide an explanation for the observed
results. The decision on whether the alternative method is regarded as fit for purpose is based on the
AL and the findings of the investigations. The reasons for acceptance of the alternative method when
the AL is not met shall be stated in the validation study report.

5.4.2 Unpaired study

For an unpaired study, calculate the difference, (ND - PD), for the fractional recovery level L;. The
observed value shall not be higher than the AL. Calculate AL as shown by Formula (1):

A]":4'\/6Nlab ((P+ )ref +(P+ )alt —2((P+ )ref X(p+ )alt ))

e8]

whére

Ny is the number of laboratories;

is the number of samples with a positive result obtained withythe reference method at level

L, for all laboratories divided by the number of samplestésted at level L;;

(p+)ref

hlternative
atlevel L;.

is the number of samples with a confirmed positive result obtained with the
method at level L, for all laboratories divided bythe number of samples tested

(p+)a]t

Theg AL is not met when the observed value is higher than the AL. When the AL is not met, inv
shopld be conducted (e.g. root cause analysis) in order~to provide an explanation for th
restilts. The decision on whether the alternative method is regarded as fit for purpose is bz
AL hnd the findings of the investigations. The reasons for acceptance of the alternative me
thelAL is not met shall be stated in the validation;study report.

pstigations
b observed
sed on the
thod when

5.4/3 Analysis of factorial effects with'respect to RLOD

ben factors
h based on

In 4

(e.g
the

ddition, effects of the individual‘factors (e.g. technician) and of the interactions betw
culture medium and incubation-conditions) can be calculated from the factorial desig
RLOD values calculated for.each laboratory.

NO7
stud

E An Excel®-based program?) is available for performing the RLOD calculations in an intq
y from https://standards.iso.org/iso/16140/-5/ed-1/en.

rlaboratory

Thd
For

lab¢ratory k imwhich the factor is set to level “a”, and denote the log;, value Y]Ea) =log;, (RLO

. Ca

following notation.is used: k refers to the laboratory and p is the number of laboratorieg
a specific factoy of interest, calculate the RLOD using all test results of the four sett

lculate the’RLOD using all test results of the four settings of the laboratory k in which t

D

(1<sk<p).
ings of the

(level a))
he factor is

set fo level™b” and denote the log;, value YIEC') =log,, (RLOD(level b)).

wata tha avaraoga of tha diffaranca af thacalag DI AN yaluac acrace All loharatoiae o b
gal.mcitv ;m average-of-the-difference-of-theselog REOD-valuesacross-alHaborateries—as shown by
ormula (2):
p
1 b a
d=—3 (" -1 2)
=)

If this difference (d) is smaller than -0,3 or larger than +0,3, the factor is considered to have a substantial
influence on the RLOD and shall be reported in the validation study report. Further analysis techniques
can be found in Reference [9].

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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6 Quan
validatio

6.1

In-ho

titative methods — Technical protocol for factorial interlaboratory
n

use validation study

The in-house validation study is the part of the validation process that is performed in the organizing
laboratory. It can be conducted according to the conventional approach or the factorial approach

described i

n ISO 16140-4.

An in-house validation study can be used to demonstrate the performance of the method for the

laboratory]
The in-hou
types and
across labg

6.2 Inte

6.2.1 Ge

The aim of
reference

set of samj]
acceptable
the study ¢

The interldboratory study is planned by the organizing laberdtory. The organizing laboratory prep4

the sample
conditions
alternativg

Technician
partin the

6.2.2 Mg
A minimun
The labora

If all labor;
used by lak

EXAMPLE 1
EXAMPLE 2

that conducted the study. IT 1S the TiTSt Step 1N the [Tamework of generat metnod vaiida
se validation study assesses the performance of the method across (food) categories;) (f¢
(food) items, whereas the interlaboratory study assesses the performance of the.met]
ratories.

rlaboratory validation study against a reference method

neral considerations

the interlaboratory study is to compare the performance (accuracy and precision) of
method to the alternative method across different laboratories. The results of the s
bles, examined under reproducibility conditions are compared with pre-set criteria for
difference between the reference method and the alternative method. Wherever poss
onditions should reflect the normal variation between laboratories.

s and a data sheet for the recording of all experimental data and critical experime
used by each laboratory. Each laboratory shall demonstrate its competence in the use of
and the reference method in accordance with ISO 7218 prior to participating in the stud

s involved in the preparation of the samples used in the interlaboratory study shall not
testing of the samples in the interlaboratory study.

asurement protocol
 of four independent laboratories are required to conduct the test series.
fories shall belong fe)different organizations or shall be located at different sites.

htories belong(to one organization or network, results of the validation study can only
oratories bélonging to this organization or network.

Labhoratories belonging to one public or private organization.

Network of federal, state and/or provincial laboratories.

on.
od)
hod

the
hme
the
ble,

\res
htal
the

Y.

ake

' be

EXAMPLE
laboratory.

Network oI national reference laboratories coordinated Dy a LEuropean uUnion reference

If possible, more than four laboratories should participate, so that results from at least eight technicians
are available for analysis even if, for some reason, certain data cannot be used.

The protoc

ol is as follows.

— Avrelevant (food) item is used to prepare the test samples. The (food) item should contain natural
background microbiota.

— The selected (food) item may be artificially contaminated with the target organism. The protocol
for inoculation of the samples shall be appropriate for the selected (food) item. Samples shall be
prepared by the organizing laboratory to ensure homogeneity between and within samples using

10
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preparation protocols contained in ISO 16140-2:2016, Annexes B and C. In general, liquid samples
(compared to solid samples) give greater assurance of homogeneity. The samples should be shown
to be homogeneous by the organizing laboratory. Homogeneity tests and criteria for acceptance are
described in [SO 22117.

At least three different levels of contamination shall be used. The analyte concentrations should
be chosen to cover at least the lower, middle and upper levels of the entire range of the alternative
method. A negative control level should also be included, especially in cases where artificially
contaminated samples are used.

Analyses are carried out by each laboratory for each enumeration method at the three levels of

The
us

—

6.2
Thd

me
lab
test

g the study design described in 6.2.3.

contamination, in accordance with the factorial, orthogonal design described in 6.2.3;

All samples should be blind-coded to ensure that the technicians are not awarge of their level of
contamination.

The analysis of samples shall be performed by each laboratory on the stipulated date.

method factors shall be selected as described in 5.2.3. Five factors’are studied simyltaneously

3 Experimental design

study design for quantitative methods requires parficipation by at least four laporatories.

hod factors, where “a” and “b” represent the levels of respective factors. At each sefting, each
ratory conducts one single measurement at each ‘contamination level L;, L, and If3 for both
methods. The study design is shown in Table'7*and requires 4 laboratories x 3 confamination

Eig{t different settings (1 to 8) shall be considered. Each“setting is a combination of leyels of five

levgls x 8 settings x 2 methods = 192 individual tests. If no reference method is available, th¢ minimum
number of individual tests is 4 x 3 x 8 = 96.4f available, or in cases of artificial contamination, a
negptive control at each laboratory should be included. The results of the negative control dan provide
infqrmation on the background microbiota:and may be used to explain unexpected test resuflts.

Table 7 — Study design for quantitative methods to be conducted by each of at leat four

laboratories
. Factor 1: Factor 2: Factor 3: F-a ctor 4:. Factjor 5:
Setting . . . . e.g. incubation e.g. background
technician ( ‘culture medium |e.g.thawing process L . .
condition micr¢biota

1 a a a h

2 a b b b D

3 a a b D

4 b b a h

5 a b a D

6 b b a b h

7 a b b a

8 b a a b

The organizing laboratory shall examine the raw data and other information requested in the data
sheet to ascertain that all laboratories have performed the analyses in accordance with both the

alte

rnative and reference methods as written. When there is evidence that results might be obtained

under inappropriate conditions and/or that the methods have not been followed strictly, these or all
results from the laboratory shall be excluded for further analysis. No outlier tests are performed on the
selected data.

Annex B shows an example of a factorial interlaboratory study for a quantitative method.
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6.3 Calculations, summary, and interpretation of data

6.3.1 Summary of test results

The log-transformed test results from the different laboratories for both the reference and alternative
method are entered in Table 8. Calculations are performed as a sequence of operations starting with
the log-transformation of all test results. The following notation is used: i refers to the level and q is
the number of levels (1 < i < q); j refers to the setting (1 < j < 8); k refers to the laboratory and p is the

number of laboratories (1 < k < p). Note the data as follows:

—  Xjjp Is phedogrtransformed-testresult-onleveliforsettingfollaboratory k-using-therefergnce
methof (if available);
— JYijio is fhe log;, transformed test result on level i for setting j of laboratory k using the alternative
methof.
In Table 8,|each square represents a single test result. Results of additional laboratories (p > 4)[can
be added.
Table 8 — Summary of the results of the interlaboratory study for a gquantitative method
Setting/method
1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8
Laboratofy [Contam-| R | A | R | A| R|A | R|A|RYA | R|A| R|A|R||A
ination
level
1
2
3 Negative
4 control
1
2
3 Low
4
1
2
3 Medium
4
1
2
3 High
4
Key
R: reference method
A: alternative method

12
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2 Precision data

Precision data (reproducibility standard deviations) can be derived by means of restricted
maximum likelihood (REML) using a random effect model with random factors: “laboratory”,
“laboratory x technician”, “laboratory x culture medium”, “laboratory x thawing process”,
“laboratory x incubation condition”, “laboratory x background microbiota”. The calculation can
be conducted with software packages such as “R”. Details on the statistical method can be found in
Reference [10].

NOTE

“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

amd

ng statisticians. It can be downloaded from https://cran.r-project.org.

An plternative relatively simple calculation method for the precision data is described\.in"thg following
steps. This method is statistically less efficient and should be used only if the REML. method is not
avajlable.
Step 1: If a reference method is available, calculate for each level i of contamination, the megdian of the
log{transformed counts X; obtained with the reference method, x;;. These medians are called “reference
valyes” of the samples used in the validation study: X; = median(x;;).
If no reference method is available, use log-transformed counts<obtained with the method to be
validated, Y; = median(y;;,).
Step 2: Calculate, for each level i (using yj;), the repeatability’(r) standard deviation, s,, ag shown by
Forpmula (3):
2 1 E 2 1« 2
Sri —_Z<J’i1k +Yiok ~Vizk ~Viax) * _Z(yiSk +Yiek ~Yizk ~Visk) (3)
8pia 8pia
— |2
Sri =N Sri
Step 3: For each level i (using y;; ), the intermediate standard deviation, s4, can be obtained by using the
calqulation shown in Formula (4):
SAi =Sk + STy 5+ 55 + S4B )
— [c2
Sai =N Sai
with
D
1 2 1
2 _ 2
ST Z(J’uk +Yiok T Visk TViak ~Visk ~Viex ~Vizk ~Visk) ~ = Sr
32p pr 4p
p
1 2 1
2 _ 2
52i = Z(yilk ~Yiok TVizk ~Viak tVisk ~Viek tVizk ~Yisk ) ~ S
32p P 4p
p
1 2 1
2 _ 2
53; = Z(yilk ~Yiok tVizk ~Yiak ~Visk TViek —Yirk tVisk) — =S
32p = 4p
p
1 2 1
2 _ 2
4i Z(J’nk ~YViok ~Yizk tViak T Visk ~Yiek ~Yirk tVisk) — =S
32p v 4p
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p
1 2 1
2 _ 2
S5 “32p Z(J’nk ~Yiok ~Visk tViak ~Visk tViek tVizk ~Visk) _Esri
k=1
If one of these terms s%i ,s%i '53%1' ,sﬁi ,séi is a negative number, replace the negative value with 0.

Step 4: For each level i, the residual laboratory standard deviation, sz can be obtained using the
calculation shown in Formula (5):

SBI

=

1
2 2 12 462 462 42

51i TS5 T53; +S4; +S5;

)

(5)

SBi:\/’

1
_E(

oo
O

with the laporatory mean values:
8
-1
Yik =g 2 ik
J=1
and the overall mean:
p
_ 1x
Y Z_‘> ik
P
Step 5: Calfulate, for each level i, the reproducibility (R) standard deviation, sp, as shown in Formula|(6):
— [}2 2
SRi_\/ Ai +SBi (6)
6.3.3 Acfuracy profile
The accurpcy profile for comparing the‘alternative method with the reference method shall be
calculated |in accordance with ISO 16140-2:2016, 6.2.3: the S-ETI (range of values within whigh a
stated proportion of the population-istexpected to lie (see ISO 16140-1:2016, 2.8) is calculated ffom

the mediar
intermedid
residual la
the ALs.

The interp
alternative
within the
falls outsid
the referery

X; of the reference valdes and the reproducibility standard deviation above. The necesg
te parameters G and H are based in the repeatability standard deviation of Step 1 and
boratory standard'‘deviation of Step 4. The S-ETI then defines the upper and lower limit

retation ofr&sults shall also be carried out in accordance with ISO 16140-2:2016, 6.2.3:
methodds)regarded as equivalent to the reference method when the values for the §-ET]]
ALs for:all levels of contamination. The AL is set at +0,5 log,,. However, if any of the va
e these limits, an adjustment to the AL, based on the reproducibility standard deviatio

ce“method as calculated in the above Step 5 for the reference test results, is performe

ary
the
for

the
fall
ues

EOf

in

accordance with ISO 16140-2:2016, 6.2.3, and the results are then re-evaluated.

6.4 Interlaboratory validation study without a reference method

Factorial interlaboratory studies can be conducted without a reference method. The calculation of
precision data for the alternative method is not dependent on a reference value and can be conducted in
accordance with 6.3.

For the calculation of the accuracy profile, the selected (food) item shall be artificially contaminated so
that the reference concentration of the contamination is known. The results of the reference method
are replaced by the corresponding reference values in the calculations outlined in 6.3.

14
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Annex A
(informative)

List of factors and factor levels for factorial validation

— | 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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— 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

v/niormal temperature,

bh /normal temperature;

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

rh pressure stress;

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

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

NOTE A setting is a specific combination of levels for all factors. Twe examples of a setting for the faqtors
from Table .1 are:
— setting|1 (a,a,b,b,a): technician “a”; in-house agar plates; refrigérated storage; incubation condition “b”; ffesh
product;
— setting| 2 (b,b,a,a,b): technician “b”; ready-made agar plates; no storage; incubation condition “a”; stpred
product.
Table A.1 — Examples of factors and their levels
Factor Level “a” Level “b”
Technician Technician “a@” Technician “b”
Preparalion of agar plates Made in-house Purchased ready-made
Storage offinoculated samples None Hold refrigerated 2 days
(increaseq background levels)
Incubgtion condition Incubation condition “a” Incubation condition “b”
Backgrjound microbieta Fresh product Stored product

16
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Annex B
(informative)

Example of a factorial interlaboratory study for a quantitative

method

B.]I General

Thi
ina

Twyd
inst
(Ca
met
(SM
met

B.2
Fivd

See

All
the

ccordance with 6.2.

ant non-fat dry milk powder (NFMP) were shipped to five laboratories-located in thre
nada, France and United States). Two technicians from each laboratory performed the
hod and the reference method [see Standard Methods for thé Examination of Dair
EDP)][11] for the aerobic plate count analysis of the NFMP. Incubation times for the
hod and the reference method were 48 h + 3 hand 72 h + 3 iyrespectively.

Study design
influencing factors were evaluated in the study:
technician (technician “a”, technician “b”);
culture medium (agar medium pre-made, agar medium prepared from dehydrated medi
pipette (1,0 ml serological, 1 000 ul'micropipette);
incubation condition (incubationi condition “a”, incubation condition “b”);
incubation time (lowest, highest).

Table B.1 for a detailéd summary of the factors to be evaluated.

P4 test portions (fer 8 settings, 3 contamination levels each) were evaluated in a paired st
same test portions were used for both the alternative and the reference method. The v3

tec
exp
the

Eac
kn

followed by the test setting nu

nicians, cultare media, pipettes, incubation conditions and incubation times in accordan
rimental design in Table 7 and summarized in Table B.1 were applied to both the altey
eference method. Table B.2 provides a summary of the study:.

5 annex provides an example to illustrate the procedure for the computation of validation parameters

nty-four test portions (eight settings at three contamination levels) of naturally coptaminated

b countries
hlternative
V' Products
hlternative

1dy design:
riations in
ce with the
native and

ian did not

laboratory analysed all test portions. Test portions were prepared so that the technid

mber. For example, 125-1 or 145-3. Samples were clearly ide

ce number,

ntified with

the factor levels that needed to be adhered to for each test portion (i.e. incubation condition, incubation
time, etc.). Detailed instructions were provided for the analysis, including a flowchart for each of the
two technicians (see Figures B.1 and B.2).
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Table B.1 — Experimental design

Setting | Factor 1: Factor 2: Factor 3: Factor 4: Factor 5:
Techni- | Agar medium Incubation time Incubation Pipette
clan Alternative Reference condition
1 Agar medium 4Sh 69 h Incu.b.atio"n" 1,0 ml ;erological
(pre-made) condition “a pipette
Agar medium
an (prepared from Incubation 1000 pl
2 a dehydrated >Lh 75h condition “b” micropipette
Aucdia)
Agar medium Incubation 1000 pt
3 (pre-made) 45h 69h condition “b” micropipétte
Agar medium
(prepared from Incubation 1,0 serologicjl
4 dehydrated 51h 75h condition “a” pipette
media)
5 Agar medium 51h 75 h Incu_b'atlcrln” .1 00(_) pl
(pre-made) conditiort~a micropipette
Agar medium
wpn (prepared from Incubation 1,0 ml serologicjl
6 b dehydrated 45h 69h condition “b” pipette
media)
Agar medium Incubation 1,0 ml serologicjl
7 (pre-made) S1h ok condition “b” pipette
Agar medium
(prepared from Incubation 1000 pul
8 dehydrated 45h 69h condition “a” micropipette
media)
Table B.2 — Overview of study design per participating laboratory
. Target
Matl:lX/ t(? pt contamination # T?St Alternative method Reference method
portion size ] portions
evel
Low 8 Plating of appropriate dilutions dilljll;'ic‘ic(l)rrllgs Ofeiligggpglf;in
NFMP 11 g Medium 8 per test portion incubatedat | . o0 per te: f or k
- 30°C + 1 °C for 48 h + 3 ha incubated at 30 °C + 1 °C for
High 8 - - 72h+3ha
a  With valiations through/different settings.
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All testportions to be analysed by Technician ”"a”

v

v

v

v

Test setting 1

Test setting 2

Test setting 3

Test setting 4

v

v

v

v

Agar medium

Agar medium Agar medium Agar medium
{prepared-from {prepareq fi
(pre-made) i i (pre-made) £ ron_l
dehydrated media) dehydrated media)
1 ml . . . . 1 ml]
serological pipette 1000 pl micropipette 1000 pl micropipette serological pipette

.

v

v

v

«_n

Incubation condition “a

Incubation condition “b”

Incubation condition “b”

Incubation condition “a”

v

v

v

v

v

v

v

v

Incubate Incubate Incubate Incubate Incubate Incubate Incubate Incubate
pllates of plates of plates of plates of plates of plates of plates of plates of
alfernative reference alternative reference alternative reference alternative reference
mg¢thod for method for | | method for method for method for method for | | method for Imethod for
45h 69 h 51h 75h 45h 69h 51h 75h
Figure B.1 — Instructions for technician “a”

NOTE The order of factors, as presented in Figure B.1 from top to bottom, is the order of the midrobiological

work flow and not the order of the factors as numbered in the study (see also Table B.1).
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All test portions to be analysed by Technician “b”

v

v

v

v

Test setting 5

Test setting 6

Test setting 7

Test setting 8

v

v

v

v

Agar medium

Agar medium

Agar medium

Agar medium

(pre-made)

£ v
W1 Cpal cuinuin

dehydrated media)

(pre-made)

£ A£
pPreparcaIronr

dehydrated media)

v

v

v

v

1 000 plmicropipette

1 ml serological pipette

1 ml serological pipette

1 000 plmicropipettd

v

v

v

v

Incubatioh condition “a”

Incubation condition “b”

Incubation condition “b”

Incubation condition “

v v

v v

v v

v v

Incubate Incubate
plates of plates of
alternative] reference
method for] method for
51h 75h

Incubate Incubate
plates of plates of
alternative reference
method for method for
45h 69 h

Incubate Incubate
plates of plates of
alternative reference
method for method for
51h 75h

Incubate Incubat
plates of plates o
alternative referend
method for method f]
45h 69 h

D 0

pr

NOTE The order of factors, as presented in Figure B.2 from top to bottom, is the order of the microbiolog
work flow ajnd not the order of the factors as naumbered in the study (see also Table B.1).

Figure B.2 — Instructions for technician “b”

B.3 Calqulations and summary of data

B.3.1 Summary of the results of laboratories 1 to 5 of the interlaboratory study

Upon receipt of the data, it was verified that all laboratories performed the analyses in accordance v
the methodls as indicatedin the study design. No outlier tests were performed on the data and no ¢

points werg excluded

All data pofnts{aerobic plate countresults per test portion and method in cfu/g) were log; , transforn
are'shown in Table B.3 (to only two decimal places for better readability).

The resultg

ical

vith
lata

ned.
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Table B.3 — Results of interlaboratory study, log;, transformed data

Setting/method
1 1 2 2 3 3 4 4 5 5 6 6 7 7 8 8
Laboratory | Level | R | A R | A R | A R | A R | A R | A R | A R A
1 Low |2,08(2,11(2,15(2,15(2,04|2,15|2,11(2,20|1,90(2,00|2,04(2,08|2,00(2,00|2,00|2,08
2 Low |2,52(2,41(2,41(2,38(2,46|2,41|2,59(2,51|2,34(2,45|2,32(2,30(2,49(2,53|2,45|2,46
3 Low (2,69(2,36(|2,73|2,38(2,66|2,45|2,53|2,53(2,04|2,53|2,62(2,45(2,49(2,45|2,20(2,48
4 Low [2,62(2,40|2,62|2,40(2,58(2,60|2,72|2,45|2,64|2,54(2,78|2,51|2,72(2,41|2,91|2,66
5 Low |2,15(2,45|2,57|2,45(2,41(2,60|2,84|2,85|2,26|2,45(2,64|2,45|2,34|2A43|/2,75| 1,90
Medi-
1 um |3,28|3,26(3,20(3,20(3,36/3,18|3,08|3,15|3,26|3,08|3,08|3,15(3,11,3,08|/ 3,38 3,38
Medi-
2 um (297(2,91(294(2,91(2,91|2,93(2,99(2,90|3,08(2,94|2,99|2/9712,98|2,94| 2,99|2,99
Medi-
3 um |2,83(2,93|291|3,11|2,89(2,88|2,81|2,66(2,38(2,96(2,82(2,95|2,78(2,90|2,85|3,04
Medi-
4 um [2,93(2,98(296(2,97|2,94|2,86|3,04|3,08|2,98|3,0412,97|2,99|3,00|3,00]3,08|3,08
Medi-
5 um |2,58(2,91|2,70|2,92|2,65(2,79(2,73|2,91 }2,66|2,97(2,59|2,97|2,70|2,96| 2,85 | 3,04
1 High (3,94|3,79|4,08|3,70|4,08|3,79|3,66|3,4%]3,95|3,61|3,89(3,58/|4,15|3,72| 3,98 3,74
2 High |4,34(4,20(4,15|4,08|4,38|4,08|4,08}3;89|4,34(4,08|4,49 (4,18 4,34 |4,11{4,30| 4,08
3 High |4,26(4,23(4,56(4,20|4,56|4,36|4,58(4,40|4,00|3,86|4,08|4,00|4,08 3,80 4,04| 4,15
4 High |4,11(3,89(4,52(4,11|4,18|4,04|4,26|4,08|4,49(4,30|4,28(4,08|4,18 (4,00 4,26 | 4,08
5 High (3,73|3,70(3,80(3,89|3,80{3/58|3,81|3,66|3,60|3,68(3,92(3,97|3,693,62| 3,97 3,79
Key
R: Feference method
A: plternative method
B.3l2 Precision data
Calg¢ulation of precision ddta was conducted in accordance with the steps described in 4.3. For the
altgrnative method, results, at each step in the calculation, are provided below. For th¢ reference
method, the final resultSare provided.
Step 1: Median ef.the reference values X; and the values of the alternative method Y, a$ shown in
Table B.4.
Table B.4 — Median values
Reference method Alternative method
Low Medium High Low Medium High
X, X; X3 Yy Y Y3
2,490 2,950 4,095 2,450 2,970 3,985

Step 2: Repeatability variance and standard deviation for each level i (usingyijk), as shown in Table B.5.

© IS0 2020 - All rights reserved
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Step 3: Intermediate variance and standard deviation for each level i (usingy,-jk), as shown in Table B.6,

with Table B.7.

Step 4: M
Tables B.8

22

Table B.5 — Repeatability standard deviations

Alternative method
Low Medium High
sfl. 0,020 825 0,008 607 0,016 208
Sy 0,144 0,093 0,127

Table B.6 — Intermediate standard deviations

Alternative method
Low Medium High
th. 0,037 876 0,015 615 0,040 516
S 0,195 0,125 0,201

Table B.7 — Components of intermediate variances

Alternative method

Factor Low Medium High

i=1 =2 i=3
Technician Sy 0,008 751| 0,001 667| 0,012 418
Culture medium 52,-2 0,000 02640,000 762| 0,005 855
Incubation time 33,-2 0,004-314| 0,001 367| 0,003 968
Incubation s | 0;000011| 0,001 419| 0,000 653

condition
Pipette 551‘2 0,003949| 0,001 794| 0,001 415
pan values, residual variance, residual standard deviation for each level i, as shown in
hnd B.9.
Table B.8 — Laboratory mean values and overall mean values
Alternative method

Low Medium High

i=1 i=2 i=3

yl.l 2,096 3,185 3,670

Vi, 2,431 2,936 4,088

Laboratory — s e

mean values Vi3 245" 2,929 7,125

Vo 2,496 3,000 4,073

_15 2,448 2,934 3,736

Overall mean y,. 2,385 2,997 3,938
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Table B.9 — Residual laboratory standard deviation

Alternative method

Low Medium High
5123_ 0,015 503 0,007 35 0,032 803
1
Sg; 0,125 0,086 0,181

Step 5: Reproducibility variance and standard deviation for each level i, as shown in Table B.10.

Tabhloa R 10
Do

Raonradu

cihilituv ctandard doaviation

TOoUTC

O PToTUCIOIITY STaiudT tr aC v Iactrotr

Alternative method

Low Medium High
512_( 0,053 379 0,022 961 0,073 320
1
Spi 0,231 0,152 0,271
Surmmary: As shown in Table B.11.
Table B.11 — Summary
Reference method Alternative methpd
Low Medium High Low Medium High
Meglian log;, 2,490 2,950 4095 2,450 2,970 3,985
Repeatability standard 0,114 0,093 0,109 0,144 0,093 0,127
devjiation, s,
0,114 0,051 0,144 0,094 0,041 0,111
S1
Sy 04135 0,049 0,080 0,005 0,028 0,077
S3 0,023 0,052 0,079 0,066 0,037 0,063
Sy 0,082 0,049 0,062 0,003 0,038 0,026
Sg 0,055 0,054 0,057 0,063 0,042 0,038
Int¢rmediate standard 0,234 0,147 0,229 0,195 0,125 0,201
devjiation, s,
Redidual laboratery 0,189 0,188 0,179 0,125 0,086 0,181
stapdard degiation, sp
Reproducibility standard 0,301 0,239 0,291 0,231 0,152 0,271
devjiation, s,
Podledaverage 0278 9223
reproducibility standard
deviation

NOTE For reasons of readability, the index i is not used in this table.

B.3.3 Accuracy profile

The calculation of the accuracy profile was conducted in accordance with the steps described in
ISO 16140-2:2016, 6.2.3.

Step 1: Average of the reference values X; for each level i, as shown in Table B.12.

In accordance with 6.3, as average of the reference values, the respective median will be used.

© IS0 2020 - All rights reserved
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Table B.12 — Median values of reference method

Reference method
Low Medium High
X X, X3
2,490 2,950 4,095

Step 2: Reproducibility variance 51%1‘ for each level i, as shown in Table B.13.

Taken from Step 5 (see 6.3) calculated above.

Step 3: Glo

Step 4: Ab

Step 5 and

Table B.13 — Reproducibility variances for reference method

Alternative method
Low Medium High
2 2 2
SR1 SR2 SR3
0,053 379 0,022 961 0,073 320

bal average Vi of measurements made with the alternative method; as shown in Table B{14

Table B.14 — Mean values of alternativeinethod

Alternative method
Low Medium High
yl yz J_/3
2,385 2,997 3,938

solute bias y; —X;, as shown in Table B.15,

Table B.15 — Bias of alternative method

Bias
Low Medium High
y1 —X1 y2 _Xz y3 _X3
=0,105 0,047 -0,157

Step 6: Limits of the $-ETI, as shown in Table B.16.

Table B.16 — Limits of the S-ETI

24

Low Medium High
i=1 i=2 i=3
n 8 8 8
p 5 5 5
§2 0,020 8 0,0086 0,016 2
rl
Szi =S}zﬁ _Szi 0,0325 0,014 3 0,057 1
SIZZi 0,053 4 0,0229 0,073 3
H (intermediate parameter) 0,744 0,853 2,024
G (intermediate parameter) 0,501 0,487 0,419
572‘11‘ 0,058 7 0,025 4 0,083 7
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Table B.16 (continued)
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Low Medium High
i=1 i=2 i=3
v 14,432 13,151 7,773
ky; 1,343 1,349 1,400
Limits of B-ETI U; 2,695 3,201 4,317
L; 2,075 2,793 3,559

Table B.16 provides the correct k,,; values. An Excel®-based program? does not allow th

of correct quantile values for non-integer degrees of freedom. Only a rough approximation is possiblg.

Step 7: Graphical representation of computed results (see Figure B.3), as shown in Table)B.1

Table B.17 — Limits of accuracy profile

Low Medium High
i=1 i=2 i=3
Li-X; -0,415 -0,157 -0,536
U -X 0,205 0,251 0,222
Y
1
0,8 -
%
0,6 - \
0,4 4 X
0,2 - X Stk vt o Nl i Sttt et Attt
0 _— —
_0‘2 - - / ’,~§‘ —
N P “w
w P Sso
-0,4 | s’ ~~“s
C—y —_—_—_—_—he\
-0,6 4~ -
0,8 F
1
2 3 4

reference value (log;)

accuracy: difference log;,(alt) - log(ref)

T~

absolute bias
upper and lower S-ETI

line of zero bias

upper and lower acceptability limits

calculation

Figure B.3 — Accuracy profile of the alternative method using f =80 % and A = 0,5 log,,

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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Step 8: Additional evaluation procedure.

For the high target contamination level, the lower B-ETI falls outside the *0,5 log;, AL. Hence, an
additional evaluation procedure is followed.

Pooled average reproducibility standard deviation of the reference method, as shown by Formula (B.1):
Sg ref =0,278 (B.1)

Step 9: New ALs (see Figure B.4), as shown by Formula (B.2):

ALg=33-5p ¢ =0,918 (B.2)
Summary{ As shown in Table B.18.
Table B.18 — Summary
Step Low Medium High
i: 1 i= 2 i= 3
1 X; 2,490 2,950 4,095
2 5}2?1, 0,053 4 0,022 9 0,073 3
3 y; 2,385 2,997 3,938
4 y,-X, -0,105 0,047 ~0,157
8 8 8
p 5 5 5
§2 0,020.8 0,008 6 0,016 2
rl
2 _2 _ 2 0,082 5 0,014 3 0,057 1
SLi =SRi ~Sri
5/6 H 0,744 0,853 2,024
G 0,501 0,487 0,419
2 0,058 7 0,025 4 0,083 7
S7ii
v 14,432 13,151 7,773
Ky 1,343 1,349 1,400
Limits)of B-ETI | U; 2,695 3,201 4,317
L; 2,075 2,793 3,559
7 L,-X; 0,415 -0,157 0,536
U - X 0,205 0,251 0,222
8 Sk ref 0,278
9 Al . n,qm

26
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0,8 -
0,6 -
0,4 -
0,2 |

-0,2
-0,4
-0,6 -
-0,8 -

Key
X reference value (log;)

Y accuracy: difference log;(alt) - log;o(ref)

—a@— absolute bias
---4-- upper and lower S-ETI

__ | line of zero bias

- = L - upper and lower acceptability limits

with steps 8 and 9

acc¢pted as being equivalentto the reference method.

Figure B.4 — Accuracy profile of the alternative method using # = 80 % and corrected ALs
based on the reproducibility standard deviation of the reference method in accorflance

U;qX; < AL; and L; - X; > AL\ for all i in the accuracy profile. Therefore, the alternative| method is
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