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Foreword

[SO (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.

T]Ile procedures used to develop this document and those intended for its further maintenance are describgd
in[the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different.types
of{ISO document should be noted. This document was drafted in accordance with the editorial rules of the
ISP/IEC Directives, Part 2 (see www.iso.org/directives).

ISP draws attention to the possibility that the implementation of this document may invelye*the use of (a)
pdtent(s). ISO takes no position concerning the evidence, validity or applicability of @iy claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not.r'eceived notice of (a)
pdtent(s) which may be required to implement this document. However, implemefters are cautioned that
thlis may not represent the latest information, which may be obtained from the patent database available|at
whvw.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
cqnstitute an endorsement.

Fdr an explanation of the voluntary nature of standards, the meanihg’of ISO specific terms and expressiohs
reflated to conformity assessment, as well as information about ISO’s adherence to the World Trage
Organization (WTO) principles in the Technical Barriers to Tradé (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC|9,
Mijcrobiology, in collaboration with the European Committee for Standardization (CEN) Technical Committge
CEN/TC 463, Microbiology of the food chain, in accerdance with the Agreement on technical cooperatipn
bgtween ISO and CEN (Vienna Agreement).

Alist of all parts in the ISO 16140 series can b&’found on the ISO website.

Any feedback or questions on this docuthént should be directed to the user’s national standards body.| A
cdmplete listing of these bodies can bg-feund at www.iso.org/members.html.
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Microbiology of the food chain — Method validation —

P

A

t
p

In
Ré

c}tata evaluation, relative level of detection calculations ifvthe
i

art 2:

ethods against a reference method

MENDMENT 1: Revision of qualitative method comparison studjy

terlaboratory study, calculation and interpretation©f the relativ
‘ueness study, and inclusion of a commercial sterility testing
rotocol for specific products

froduction

place the text with the following:

|
0.

Tlhe ISO 16140 series has been expanded in response to the need for various ways to validate or verify td

m
tif

IS
ar

troduction

The ISO 16140 series

thods. It is the successor to ISO 16140:2003.5Fhe ISO 16140 series consists of six parts with the gene
le, Microbiology of the food chain — Methodwdlidation:

Part 1: Vocabulary;
Part 2: Protocol for the validatienof alternative (proprietary) methods against a reference method;

Part 3: Protocol for the vérification of reference methods and validated alternative methods in a sing
laboratory;

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

Part 6: Pratocol for the validation of alternative (proprietary) methods for microbiological confirmation a
typing pracedures.

D 17468 is a closely linked International Standard, which establishes technical rules for the developme
d.validation of standardized methods.

e

st
al

nt

In

general, two stages are needed before a method can be used in a laboratory:

— Thefirststage is the validation of the method. Validation is conducted using a study in a single laboratory
followed by an interlaboratory study (see this document, ISO 16140-5 and ISO 16140-6). In the case when

a method is validated within one laboratory (see ISO 16140-4), no interlaboratory study is conducted.

The second stage is method verification, where a laboratory demonstrates that it can satisfactorily

perform a validated method. This is described in ISO 16140-3. Verification is only applicable to methods

that have been validated using an interlaboratory study.

© IS0 2024 - All rights reserved
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In general, two types of methods are distinguished: reference methods and alternative methods.

ISO 16140-2:2016/Amd.1:2024(en)

A reference method is defined in ISO 16140-1:2016, 2.59, as an “internationally recognized and widely
accepted method”. The note to entry clarifies that “these are ISO standards and standards jointly published
by ISO and CEN or other regional/national standards of equivalent standing”.

In the ISO 16140 series, reference methods include standardized reference (ISO and CEN) methods as
defined in ISO 17468:2023, 3.7, as a “reference method described in a standard”.

An alternative method (method submitted for validation) is defined in ISO 16140-1:2016, 2.4, as a “method

offanalysis that detects or quantifies, for a given category of products, the same analyte as is detected
qyantified using the corresponding reference method”. The note to entry clarifies that: “The method-can
piloprietary. The term ‘alternative’ is used to refer to the entire ‘test procedure and reaction system’. Thi
tefm includes all ingredients, whether material or otherwise, required for implementing the method.”

ISP 16140-4 addresses validation within a single laboratory. The results are therefore only valid for t
laporatory that conducted the study. In this case, verification (as described in ISO 16140-3)is not applicab
ISP 16140-5 describes protocols for non-proprietary methods where a more rapid validation is required
when the method to be validated is highly specialized and the number of participatinglaboratories requir
by this document cannot be reached. ISO 16140-4 and ISO 16140-5 can be used for validation against
refference method. ISO 16140-4 (regarding qualitative and quantitative methods)\and ISO 16140-5 (regardi

gyantitative methods only) can also be used for validation without a reference’method.

The flow chart in Figure 0.1 gives an overview of the links between the different parts mentioned above,
5o guides the user in selecting the right part of the ISO 16140 series; taking into account the purpose of t
ldy and the remarks given above.

al
st

START: Is the method validated Ar.e specific (?'g' legal) To validate alternative
f h teristi . " NO requirements given to use (proprietary) methods
(performance characteristics are given)? 1S0 16140:2003 or ISO 1614027 prop: y

C

v

To validate non-
proprietary methods

To do a single-
laboratory validation

To validate reference
methods

Is the method validated in accordance with ISO 16140-4?

Choose
1SO 16140-2

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

tested in the scopeof
validation of the'method?

Is the (food) category to.be
: Choose
b—b{ For extension of the scope of a reference method '——P 1SO 17468

p For extension of the scope of an alternative (proprietary) method validated
in accordance with ISO 16140-2

Choose
1SO 17468

YES
p For extension of the scope of a non-proprietary method validated in accordance
with ISO 16140-5
- A . N
For-tse-ofthetfood-type-inasingtetaboratory-rtheecaseof:
v a) analternative (proprietary) method validated in accordance with ISO 16140-2; or
Choose » b) anon-proprietary method validated in accordance with ISO 16140-5; or
1SO 16140-3 c) areference method with performance characteristics; or

(verification)

\d) areference method without performance characteristics.

Figure 0.1 — Flow chart for application of the ISO 16140 series

© IS0 2024 - All rights reserved
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» o«

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

ISO 16140-6 is somewhat different from the other parts in the ISO 16140 series in that it relates to a very
specific situation where only the confirmation procedure of a method is to be validated [e.g. the biochemical
confirmation of Enterobacteriaceae (see 1SO 21528-2)]. The confirmation procedure advances a suspected
(presumptive) result to a confirmed positive result. The validation of alternative typing techniques (e.g.
serotyplng ofSalmonella) is also covered by ISO 16140 6 The valldatlon study in ISO 16140 6 clearly defines
If

Reference method

Detection method

Test portion ——> Enrichment —> lsolat.lon: —>| Confirmation:

Selective agar(s) Alternative confirmation method

 Diochemical lidated d ith ISO 16140-6
- immunological | umm—— validatedin ac¢ordance wit -
Enumeration method - molecular [validated for specific agar(s)]
Enumeration:

Test ; —> - etc.
est portion Selective agar(s)

Alternative method validated in accordance with ISO 16140-2

Detection method . Confirmation is not
Test portion —————> Deteczllon included in the protocol
procedure >< of the alternative method
Enumeration method Confirmation is Are any of the confirmation
Test portion ————> Enumeration included in the procedures for the alternative E:’Zizs: dl?:l‘c':l‘:vdl::on
rocedure —3method based on a reference _
P protocol of the SO 16140-6

method or is confirmation
starting from an isolation agar
that is included in the Not covered by

validation study in accordance _) <= validation in accordance
with ISO 16140-2? with ISO 16140-6

alternative method

Figure 0.2 — Use of validated-alternative confirmation methods (see ISO 16140-6)

EXAMPLE An example applicationof 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 repldce
the biochemical confirmatien for Salmonella as described in ISO 6579-1. In the validation study, XLD (mandatory agar
inlaccordance with 1SO 6579-1) plus BGA and a specified chromogenic agar (two optional agars for second plating|in
acrordance with ISO 6579-1) were used as the agars to start the confirmation. The validated confirmation method chn
bd used to replace the biochemical confirmation under the following conditions:

—{ by laborataries'using ISO 6579-1; or
—| by labgratories using an ISO 16140-2 validated alternative method that refers to ISO 6579-1 for confirmation; or

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

The validated confirmation method cannot be used under the following conditions:

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

— by laboratories using an ISO 16140-2 validated alternative method that refers only to a confirmation procedure
that does not require isolation on agar.

© IS0 2024 - All rights reserved
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0.2 Validation protocols in the ISO 16140 series

This document describes the general approach to method validation in the field of microbiology of the food
chain and serves as a fundamental basis to the other parts of the ISO 16140 series, which cross-reference to
it. An understanding of the performance characteristics, the (food) categories, the technical protocol and
data analysis as outlined in this document provides support in the application of the ISO 16140 series in

ge
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Adld the following text at the end of the clause:
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5.1

r the validation of an alternative qualitative method, a corresponding qualitative refergnce meth
selected for carrying out the validation study. This is commonly done using test portigns of 10 gra
gram or higher. In some cases, it can be of interest to validate a qualitative alternative miethod agains
antitative reference method, using smaller test portion sizes.

AMPLE 1  Enterobacteriaceae criterion for pasteurized milk and other liquid pasteurized products in Regulati
C) No 2073/2005 is < 10 cfu/ml and refers to the quantitative method ISO 21528-2.

such situations, it is of interest to validate the performance of qualitative alternative methods against t
ecified (quantitative) reference method. To that end, the technical protocél for the validation of qualitati

ethod have to be converted into qualitative results prior to interpretation according to Clause 5.

AMPLE 2 When one or more colonies are observed on a plate using1'ml of a 10-2 dilution, this result correspon|
a positive detection in 0,01 gram.

TE Annex | provides the special case of validation of a“method for commercial sterility testing for speci
oducts [sterilized or ultra high temperature (UHT) dairy.and plant-based liquid products].

a technical change in a validated alternative (proprietary) method is evaluated as being major, a 1
lidation of this alternative method in accordance with this document is needed.

hen the re-validation of the alternative method is conducted, the impact on the performan
aracteristics shall be evaluated to detépmine if the changes are to be regarded as major (performan
aracteristics have substantially chaniged) or minor (no or minor impact on performance characteristi
served). In certain cases, a majortechnical change in the method can be considered to be minor, if the 1

major (technical) change thdt, after re-validation, has a major impact on the performance characteristi

D 16140-3.

al

AId the following text at the end of the subclause:

The organizing laboratory shall be competent to perform both the reference method as well as t

fernative method.

bthods (see Clause 5) is to be used. For such a validation study, thequantitative results of the reference

lidation study shows that it has\no significant impact on the performance characteristics or test results.

the alternative method, y€quires re-verification of the method by the user laboratory in accordance with

bd

m,

<)

CS

NOTE Competence can be demonstrated in different ways (e.g. for the reference method, a documented proof of
meeting the requirements of ISO/IEC 17025, and for the alternative method, a documented training).

© IS0 2024 - All rights reserved
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51.2

Add the following text at the end of the subclause:

When the reference and alternative methods are based on two different principles and are performed

with the same test portion, but do not share a common enrichment procedure, an unpaired data study

is

performed. For example, when a qualitative alternative method is validated against a quantitative reference
method at a limit of 100 cfu/g. In this case, a suspension of the (food) item can be used to inoculate both
culture media for the reference method and the alternative method before any enrichment/multiplication of

themicrogorganism
(=]

51.3.3
AId the following text at the end of the subclause:

T
vdlidation study. The method is considered to be validated for any test portion size up, to the validated te

ad that used during the validation study.

EXAMPLE A reference method used in a validation study of this document was validated for a “broad range
fopds” using a 25 g test portion and a 1:10 dilution ratio. The alternative method‘was validated for a “broad range

e alternative method shall be evaluated for a defined test portion size (e.g. 25 g, 200 g)375 g) during the

pqrtion size if the testing protocol (dilution ratio, incubation time and incubation temperature) is the same

of
of

fopds” using a 375 g test portion and a 1:5 dilution ratio at a determined incupation time. In practice, a user laboratory

can use the alternative method for all food items (broad range of foods)using a test portion size up to 375 g td

infthe method validation).

51.34

Adld the following text before the last sentence of the‘second paragraph:

The interpretation of the results (positive agreement, negative agreement, etc.) is based on a comparison

thle reference method result (column 1 in Tables 1 and 2) and the alternative method result, including ahy

pdrtion and a 1:5 dilution ratio at the validated incubation time (unless statéd differently by the organization involved

st

of

cdnfirmations as described in the alternative method protocol (column 2 in Tables 1 and 2). When positive or

nggative deviations are obtained, a footnote should be included at the end of each table to provide addition

alfernative method (including any confirmations as described in the alternative-method protocol) (columr
in[Tables 1 and 2) and the confirmed alternative method (by any means) (column 3 in Tables 1 and 2).

=

explanations for the interpretation<ef’the deviations. The footnotes indicate if the result is due to a false
pgsitive or false negative result of\thie alternative method. The footnote is a comparison of the results of the

al

2

© IS0 2024 - All rights reserved
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5.1.3.4, after the second paragraph

Replace the text with the following:

ISO 16140-2:2016/Amd.1:2024(en)

Table 1 — Comparison and interpretation of sample results between the reference and alternative

methods for a paired study

Result of the (reference or alternative) method per sample

Reference Alternative method Confirmed Interpretation
method (Including amny coniirmations alternative (based on the confirmed
as described in the method alternative-method result)
alternative-method protocol) (by any means)?
+ + Not neededP Positive Agreement (RA)
- - Not neededP Negative Agreement (NA)
Negative Deviatiotpdue to false
+ - Not neededP negative alternative-method result
(NDgNGlr)
- + + PositiveDeviation (PD)
Positive Deviation due to false
- + - positivealternative-method result
(PDppgalr)©

rgsult.

a

a | Confirmation of the alternative-method result is done according to 5.1.3.3.

b1 No need for additional confirmation test(s). Confirmed alternative-methodCresult is the same as the alternative-meth

This false positive result (FP) shall also be used to calculate the false positive ratio.

d

methods for an unpaired study

Table 2 — Comparison and interpretation of sample.résults between the reference and alternativ|

Result of the (reference or(alternative) method per sample

Reference
method

Alternative method
(including any confirmations
as described in the
alternative-method protocol

Confirmed
alternative method
(by any means)ab

Interpretation
(based on the confirmed
alternative-method result)

+ +

Positive Agreement (PA)

Positive Agreement due to false
positive alternative-method result

(PApp(ain)©

Negative Agreement (NA)

Negative Agreement due to false
negative alternative-method result

(NApN(an)

Negative Deviation (ND)

Negative Deviation due to false
negative alternative-method result

(NDgyai)

Positive Deviation (PD)

Positive Deviation due to false
positive alternative-method result

(PDppgain)©

a  Confirmation of the alternative-method result is done according to 5.1.3.3

b Confirmation by any means is only required when the result of the alternative method does not produce viable organisms.
This is used as the confirmed alternative method result in comparison to the reference method result.

¢ These false positive results (FP) shall also be used to calculate the false positive ratio.

© IS0 2024 - All rights reserved
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Determine the Total Negative Deviation (TND) and Total Negative Agreement (TNA) for the validation study.

Paired evaluation: Total Negative Deviation: TND = NDpy(,1p
Total Negative Agreement: TNA = NA + PDgp(y)
Unpaired evaluation: Total Negative Deviation: TND = ND + NDgy(a1) + PApp(aly

Total Negative Agreement: TNA = NA + NAgy (a1 + PDppparg

Table 3 — Summary of results obtained with the reference and alternative methods (after
confirmation) of all samples for each category

Reference-method positive Reference-method negative
(R+) (R)
. (s +/+ oJF
Alternative-method positive (A+) Positive Agreement (PA) Positive Deviation (PD)
. . +/- -/
Alternative-method negative (A-) Total Negative Deviation (TND) Total Négdtive Agreement (TNA)

Based on data summarized in Table 3 for the combined categories per category and per type, calculate
thie values for sensitivity of the alternative method (see Formula (1)) and ‘of the reference method (sge
Fqrmula (2)), as well as the relative trueness (see Formula (3)) and false-positive ratio and false negatiye
ratio for the alternative method after the additional confirmation of the results (see Formula (4)).

Sdnsitivity for the alternative method:

(PA+PD)

x100 % (1)
(PA+TND+PD)

SEqc =

Sdnsitivity for the reference method:

¢ __(PA+TND)
ref = (PA+TND+PD)

x100 % (2)

R¢lative trueness:

PA+TNA
rr=(PATTNA) 0096 (3)

Fqlse positive ratio (FPR) ahd/false negative ratio (FNR) for the alternative method:

PDgp(ar)

Paired evaluationZFPR = x100 %

(4)
PAgp(alt) + PDppart)
TNA
NAgN(ait) + NDengart)
PA+TND+PD

x100%

Unpairedevaluation: FPR =

Falsenegative ratio: FNR =

where

N isthe total number of samples (PA + PD + TND + TNA);
FP isthe false positive results;
FN is the false negative results.

For explanation of the abbreviated terms used, see Tables 1 to 3.

© IS0 2024 - All rights reserved
7


https://standardsiso.com/api/?name=27cf596ecc431fd67332234e5bd145cb

ISO 16140-2:2016/Amd.1:2024(en)

The confirmed alternative-method results shall be used to determine whether the alternative method
produces comparable results to the reference method.

Calculate the difference between (TND - PD) for both paired and unpaired studies and the sum of (TND +
PD) for paired studies. Check whether the difference and/or sum of PD and TND conform to the Acceptability
Limit (AL) stated in Table 4 with respect to the type of study (paired or unpaired) and the number of
categories used in the evaluation.

NOTE1  Acceptability Limits (AL) are based on data and consensus expert opinion. The AL are not based on
statistical analysis of the data

The interpretation of results shall be done per category and for all categories used in the validation‘study.
An interpretation of results shall also be done per enrichment protocol in case different protocolsrare usg¢d
for different types of samples. A sensitivity study can also exist of a partly paired and unpaired study. In that
cdse the results for (TND + PD) shall be evaluated based on the number of positive samples ohtained for the
categories tested using the paired study design. The results for (TND - PD) shall be evaluatéd based on the
nymber of positive samples obtained for the full study (so all categories belonging to both the paired and
ulpaired study design).

The AL is not met when the observed value is higher than the AL. When the Alnjs.hot met, if the numbjer
off positive samples is higher than expected according to the number of categorjes (e.g. having 60 or moje
pgsitive samples for one single category), it is possible to use the second column of Table 4 and switch [to
higher AL. When the AL is not met, investigations should be made (e.g. root cause analysis) in order to provifle
an explanation of the observed results. Based on the AL and the additional information, it is decided whethler
thle alternative method is regarded as not fit for purpose for the category or categories involved. The reasops
fof acceptance of the alternative method in case the AL is not met shall be stated in the study report.

Table 4 — Acceptability limit parameters and valuesfor-a paired and unpaired study design in
relation to the number of positive samples obtained

Number of | Number of positive Paired study Unpaired study Mixed study®
fategories samples (N+) (TND? - PDb) | (FND + PD) (TND - PD) (TND-PD) | (TND +PD

1 30to 59 3 6 3 3 6
2 60 to 89 4 4 4
3 90 to 119 5 10 5 5 10
4 120 to 149 5 12 5 5 12
5 150 to 179 5 14 5 5 14
6 180 to 209 6 16 6 6 16
7 210 to 239 6 18 7 7 18
8 240 to 269 6 20 7 7 20
9 270.t0 299 7 22 8 8 22
10 300 to 329 7 24 8 8 24
11 330 to 359 7 26 9 9 26
12 360 to 389 8 28 9 9 28
13 390 to 419 8 30 10 10 30
14 420 to 449 8 32 10 10 32
15 450 to 479 9 34 11 11 34
16 480 to 509 9 36 11 11 36
17 510 to 539 9 38 12 12 38
18 540 to 569 10 40 12 12 40

a2 TND = total number of samples with Negative Deviation results.

b PD = number of samples with Positive Deviation results.

¢ Mixed study includes both paired and unpaired study design.

© IS0 2024 - All rights reserved
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Table 4 (continued)

Number of | Number of positive Paired study Unpaired study Mixed study*
categories samples (N+) (TND2- PDb) | (TND + PD) (TND - PD) (TND -PD) | (TND + PD)
19 570 to 599 10 42 13 13 42
20 600 to 629 10 44 13 13 44
21 630 to 659 11 46 14 14 46
22 660 to 689 11 48 14 14 48
23 690 to 719 11 50 15 15 50
24 720 to 749 12 52 15 15 52
25 750 to 779 12 54 16 16 54

a| TND =total number of samples with Negative Deviation results.
b1 PD = number of samples with Positive Deviation results.

¢| Mixed study includes both paired and unpaired study design.

NOTE 2 A negative value for (TND - PD) is acceptable as this indicates a better perfdrnrance of the alternative
method compared to the reference method.
N

TE3 Information on differences observed between results of the altennative method before and affer
copfirmation of the results (step 1 and step 2) according to the alternative-method protocol is commonly presented
in|the validation report as additional information but is not used in the overall assessment of the alternative-methpd
pdrformance.

5.1.4, last sentence
Replace the text with the following:

The level of contamination shall be determined. This allows calculation of the LODg, of the alternatiye
mpgthod, which isrequired in order to verify the performance of the alternative method upon implementatipn
off the validated method in a laboratory in agtordance with ISO 16140-3. The level of contamination|is
ddtermined by performing a most probable hittmber (MPN) analysis on the (stabilized) inoculated samplees
(pgreferably) and/or through the enumeration of the inoculum at the time of inoculation, see 5.1.4.3.

5.1.4.1, second paragraph
Ré¢place the text with the following:

A minimum of three levels per type shall be prepared consisting of at least a negative control level, a Iqw
leyel and a higher leével. Ideally, the low level shall be the theoretical detection level (i.e. 0,7 cfu per tgst
partion) and the higher level just above the theoretical detection level (e.g. 1 cfu to 1,5 cfu per test portion).
Fdr fastidious bacteria, the low level can significantly exceed the theoretical detection level; thus, the lqw
arjd high levelishould be adjusted appropriately. A fixed ratio (e.g. 1:2) between the low- and high-level
cdntamination should be used to aid in determining the final contamination levels. At least the low leyel
sHould ;provide fractional recovery by either the reference method or the alternative method (fractional
rejcovery at the low level should be between 25 % and 75 % of the number of samples tested). An evaluatipn
shall’be performed to ensure the relationship and consistency of the number of positives of the intermedidte
and high level. In cases where the alternative method produces fractional recovery at the low level and the
reference method produces all positive results, the results of the RLOD study are not valid and a root cause
analysis shall be performed.

© IS0 2024 - All rights reserved
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The level of contamination of the sample used (except for the negative control) shall be determined as
5.1.4. At the negative control level, at least five replicate samples should be tested by both methods. F

in
or

the second (low) level (theoretical detection level), at least 20, and for the third (higher) level, at least five
replicate samples should be tested by both methods. The negative control level shall not produce positive
(by isolation of the target organism) results. When positive results are obtained, the experiments have to be

repeated for all levels.

514

Adld the following text at the end of the subclause:
5.1.4.3 Calculation of the LODg,

LQD;, shall be calculated for each category for the alternative method and optionally for(the referen
mpthod. The LOD; is used in method verification (see ISO 16140-3).

Far each category evaluated, determine the contamination of the low level by perfortming a 3-level MPN f
thle particular (food) item tested using the reference method (preferably) at the time of the RLOD experime
arjd/or by the enumeration of the inoculum at the time of inoculation using a non*selective medium. Wh
erfumeration is performed, the inoculum for the low and high contamination leyels should be determined.

The MPN and 95 % confidence interval shall be determined for the fractional level only. For the low

fractional) contamination level, analyse 20 test portions plus 5 test pogtions at approximately 2 times t
tept portion size and 5 test portions at approximately half of the test‘portion size evaluated in the validati
sthdy (e.g. if the reference method test portions were 25 g, evaluaté.5 test portions at 50 g and 5 test portio
at{10 g). To each test portion, add a proportionate amount of eririchment broth as described in the referen|
method to maintain the enrichment volume to mass ratio (€.g."a reference method with a 1:10 enrichme
ratio, add 450 ml to the 50 g test portions and 90 ml to the 10 g test portions). Analyse the test portio
following the reference method from enrichment to confirmation. Use the number of positive results p
tept portion size to calculate the MPN value. An Excel®-based program? for calculating MPN values is freq
available for download at https://standards.iso.0tg/iso/7218 (download the file “MPN calculation Exq
prlogram”).

Enumerate the inoculum at the time of ineculation by plating onto non-selective agar (see ISO 7218 f
gyidance on plating). Agar plates shouldbe incubated under conditions to allow for optimal growth of t
target microorganism.

Uge the number of positive results per test portion size and the MPN value or the results of the enumeration
thie inoculum to calculate the LODs, and 95 % confidence interval. An Excel®-based program for calculati
LQD;, values is freely available for download at https://standards.iso.org/iso/16140/-2/ed-1/en/amd/

ce

or
nt
En

ce
nt
ns
er
ly
el

of

18
L/

(download the file “PODLOD_ver12”). The LODs, value is calculated per category tested in the RLOD stu
arjd shall be expressed(as cfu/test portion.

ly

NOQTE The 20 tesf*portions from the low level are the same as the 20 test portions used in the RLOD studly.

THerefore, only 5%est portions at 2 times and 5 at approximately half of the test portion size are analysed in additi
to[the RLOD study:

pn

1) Excel® is an example of a suitable product available commerecially. This information is given for the convenience
users of this document and does not constitute an endorsement by ISO of this product.
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521

Add the following text after the second sentence of the first paragraph:

The interlaboratory study shall be conducted with collaborators belonging to more than one country.

The collaborators shall be competent to perform both the reference method as well as the alternative method.

NOTE Competence can be demonstrated in different ways (e.g. for the reference method, a documented proof of
meeting the requirements of ISO/IEC 17025, and for the alternative method, a documented training).

5.2.2, third bullet
Ré¢place the text with the following:

— atleast three different levels of contamination shall be used: a negative control (Ly) ‘and two levels (L,
and L,). Atleast one of these shall produce fractional positive results. The level of conttamination needed
to obtain fractional recovery shall be based on the RLOD study data of the reference method in the
method comparison study. Theoretically, an average level of contamination of &\cfu/sample is adequateto
obtain fractional recovery. The level of contamination shall be determined.(Tlis allows calculation of the
LODg, of the alternative method, which is required in order to verify the.pérformance of the alternatiye
method upon implementation of the validated method in a laboratorydn accordance with ISO 1614013.
The level of contamination is determined by performing an MPN analysis at the time of the start of the
interlaboratory study, see 5.2.4.4.

5.p.3, title
Replace the text with the following:

Symmary of data and trueness calculations

5.B.3, after the third paragraph

Replace the text with the following:

Table 9 — Summarized results for all collaborators for a paired study

Result of the (reference or alternative) method per sample

Reference | Alternative | Confirmed alternative Interpretation
method method? methodP (based on the confirmed alternative-method result)
+ + Not needed¢ Positive Agreement (PA)
- - Not needed¢ Negative Agreement (NA)
+ - A R G
- + + Positive Deviation (PD)

Positive Deviation due to false positive
alternative-method result (PDpp(,)®

= + =

a  The alternative-method results includes any confirmations as described in the alternative-method protocol.

b The confirmed alternative-method result is the result after additional confirmation as described in the protocol for the
validation study.

¢ No need for additional confirmation test(s). Confirmed alternative-method result is the same as the alternative-method
result.

d  This false positive result (FP) shall also be used to calculate the false positive ratio.

© IS0 2024 - All rights reserved
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Table 10 — Summarized results for all collaborators for an unpaired study

Result of the (reference or alternative) method per sample

Reference | Alternative | Confirmed alternative Interpretation
method method? methodb (based on the confirmed alternative-method result)
+ + + Positive Agreement (PA)
+ + - Positive Agreement due to false positive

alternative-method result (PAgp(,;p)°

Neagativa Aagraamant (N A)
e gatve-AfFeeme Rty

- - + Negative Agreement due to false negative
alternative-method result (NApy(,)p)

+ - - Negative Deviation (ND)

+ - + Negative Deviation due to false negative
alternative-method result (NDjytain)

- + + Positive Deviation (PD)

- + - Positive Deviation due to false positive
alternative-method result (PDgp(,1)

a | The alternative-method result includes any confirmations as described in the alternative-method protocol.

bl The confirmed alternative-method result is the result after additional confirmationra$ described in the protocol for the
vdlidation study.

Dé¢termine the Total Negative Deviation (TND) and Total Negative Agreement (TNA) for the validation studly.

P3ired evaluation: Total Negative Deviation: TND = NDgy iy
Total Negative Agreement: TNA5NA + PDgp(y
Unpaired evaluation: Total Negative Deviation: TND:= ND + NDgy,19) + PApp(arg)

Total Negative Agreemeit: TNA = NA + NAgy(a10 + PDppalg

Table 11 — Summary of results for all colaborators obtained with the reference and alternative
methods (after confirmation) for level L, or L,

Reference-method positive Reference-method negative
(R+) (R)
. . +/+ -/+
Alternative-method positive (Ax) Positive Agreement (PA) Positive Deviation (PD)
. . +/- -/-
Alternative-method negative (A-) Total Negative Deviation (TND) Total Negative Agreement (TNA)

Based on data summarized in Table 11, calculate the values for sensitivity of the alternative method (spe
Fqrmula (8)) and of the reference method (see Formula (9)), as well as the relative trueness (see Formula (1())
and false positive ratio and false negative ratio for the alternative method after the additional confirmatipn
of{the results{(see Formula (11)).
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Sensitivity for the alternative method:

(PA+PD)
(PA+TND+PD)

SE,; = %100 % (8)

Sensitivity for the reference method:

(PA+TND)
SE,of = %100 % 9)
(PA+TND+PD)

R¢lative trueness:

(PA+TNA)
RT=-———"/x100% (10)

Fqlse positive ratio (FPR) and false negative ratio (FNR) for the alternative method:

PDep(art)

Paired evaluation: FPR = x100%

(11
PAgp(ait) + PDpp(an)
TNA
NAgN(ait) + NDengarr)
PA+TND+PD

Unpaired evaluation: FPR = x100%

False negative ratio: FNR =

whnere

N isthe total number of samples (TNA + PA + PD +TND);
FP is the false positive results;

FN is the false negative results.

Fdr explanation of the abbreviated terms uséd, see Tables 9 to 11.

The confirmed alternative-method results shall be used to determine whether the alternative meth
prjoduces comparable results to the.réference method.

5p4

Ré¢place the text with the following:
5.2.4 Interpretation of trueness data
5.2.4.1 Paired study

Fdr a paired 'study, calculate the difference between (TND - PD) and the sum of (TND + PD) for the level

where fractional recovery was obtained (so L; and possibly L,). The values found for (TND - PD) and (TN

+ PD),shall not be higher than the Acceptability Limits (ALs) given in Table 12 with respect to the number

s)
D
of

s ds. ). | b - LAL Y
partreipating raporatores {1V, ,J-
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Table 12 — Acceptability limits for a paired study design in relation to the number of collaborating

laboratories

Niab (TND - PD) (TND + PD)

10 3 4

11 4 4
12to 13 4 5
14 to 16 4 6

17 4 7

18 5 7
19 to 20 5 8

The AL is not met when the observed value is higher than the AL. When the AL is not met, ihivestigatiops
sHould be made (e.g. root cause analysis) in order to provide an explanation of the observed results. Bas¢d
o1 the AL and the additional information, it is decided whether the alternative method is1egarded as not fit
fof purpose. The reasons for acceptance of the alternative method in case the AL is not.imet shall be stated|in
thie study report.

5.2.4.2 Unpaired study

Fdr an unpaired study, calculate the difference between (TND - PD) for the leyel(s) where fractional recovefy
whs obtained (so L; and possibly L,). The observed value found for (TND = PD) shall not be higher than the
AL. The AL is defined as [(TND - PD), .. ] and calculated per level wherefractional recovery was obtained ps
dgscribed below using the following three parameters:

(12)

Pyrery 1s number of samples with a positive result obtained with the reference method at level x
(L; or L,) for all laboratories;

Ny(rery is number of samples testeddblevel x (L, or L,) with the reference method by all laboratories

CPyal
(p+)a = (13)
x(alt)
whnere

CPyiy s numberof samples with a confirmed positive result obtained with the alternative method 4t
level x(Lj-0r L,) for all laboratories;

Ny is@umber of samples tested at level x (L; or L,) with the alternative method by all laboratoriess.

(TND—PD)maX :\/3Nx(ref) X((p+)ref +(p+)alt _2((p+)ref X(p"‘)a]t )) (14)

where N, .n is number of samples tested at level x (L, or L,) with the reference method by all laboratories,

The AL is not met when the observed value is higher than the AL. When the AL is not met, investigations
should be made (e.g. root cause analysis) in order to provide an explanation of the observed results. Based
on the AL and the additional information, it is decided whether the alternative method is regarded as not fit
for purpose. The reasons for acceptance of the alternative method when the AL is not met shall be stated in
the study report.
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5.2.4.3 Calculation of the relative level of detection

For both a paired and unpaired study, the variation of the relative levels of detection (RLOD) between
laboratories shall be assessed. Conduct this evaluation in accordance with Annex F. The ALs for the RLOD of
paired and unpaired studies are found in 5.1.4.2.

In addition, the data can be evaluated using the probability of detection (POD) model described in
Reference [14] and included in the AOAC validation guidelines.[®] The evaluation using the POD model can
give additional information on the equivalence of the methods.

5.2.4.4 Calculation of the LODg

LQD;, shall be calculated for each category used in the interlaboratory study for the alternativeymethod
arjd optionally for the reference method. The LODs is used in method verification (see ISO 16140-3). For
method verification, it is only necessary to calculate the LOD;, for the alternative method. Thisghall be dope
by the expert laboratory only at the time the interlaboratory study starts. The MPN and_95'% confidenice
interval shall be determined for the fractional level only. Determine for the L; level-the contaminatipn
leyel by performing a 3-level MPN for the particular (food) item tested in the interlaboratory study using
thle reference method. For the low (or fractional) contamination level, analyse 20 test portions plus 5 tgst
portions at approximately 2 times the test portion size and 5 test portions at apptoximately half of the tgst
partion size evaluated in the validation study (e.g. if the reference method test(portions were 25 g, evaludte
5 ltest portions at 50 g and 5 test portions at 10 g). To each test portion, mdd a proportionate amount |of
erfrichment broth as described in the reference method to maintain the enrichment volume to mass ratio
(e]g. a reference method with a 1:10 enrichment ratio, add 450 ml to-the 50 g test portions and 90 ml fto
the 10 g test portions). Analyse the test portions following the_teference method from enrichment fto
cdnfirmation. Use the number of positive results per test portion size'to calculate the MPN value. An Excel®-
bdsed program for calculating MPN values is freely available for déownload at https://standards.iso.org/isp/
7418 (download the file “MPN calculation Excel program”).

Uge the number of positive results per test portion size.from the alternative method and the MPN valpe
oRhtained using the reference method to calculate the k0D of the alternative method and 95 % confidenge
inferval. An Excel®-based program for calculating I{OD, values is freely available for download at https{//
sthndards.iso.org/iso/16140/-2/ed-1/en/amd/1/ fdownload the file “PODLOD-interlab”). The LODs, valpe
sHall be expressed as cfu/test portion.

6.1.1

AId the following text at the end.ofthe subclause:

e organizing laboratory shall be competent to perform both the reference method as well as the
alfernative method.

z

TE Competencéean be demonstrated in different ways (e.g. for the reference method, a documented proof|of
meeting the requirements of ISO/IEC 17025, and for the alternative method, a documented training).

6.1.2.3, firstparagraph after Figure 1

Répldee'the text with the following:

Determine the average of each pair of data values and the dilference between the values as in Table 13 and
plot these differences against the corresponding averages per category and for all categories to illustrate the
degree of agreement between the reference method and the alternative method. Figure 2 shows the line of
identity (zero difference), the line of bias (average difference) as well as the upper and lower 95 % prediction
limits of the individual sample-specific bias values. These limits of the prediction range are called “limits of
agreement”.
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6.1.2.3, text after Table 13

Replace the text with the following:

Compute per category and for all categories the average difference D, the standard deviation of differences
sp and the limits of agreement using Formula (15):

D+T- ’_D (15)
n

whnere

n is the number of data pairs;

T isthe percentile of a Student’s t distribution for the prediction probability (B = 95&'is used) and
for (n—1) degrees of freedom, thatis: T 1_g .
2

Plpt as in Figure 2 the individual sample differences against the mean values on a graph that shows the lihe
of{identity (zero difference), the line of bias (average difference) as well as and thie"upper and lower 95 %
pifediction limits (limits of agreement) of the individual sample-specific biascvalues (both separately per
cdtegory and across all categories). This illustrates the degree of bias and the (lack of ) agreement of the data.

Y
1,5
1,04
0,51 -
A g . . /1
0,0 7777.777*A{*%‘.**%‘72*.‘77{.7‘\47.7777.7777.777;7777.7777 —
+ - j‘ - A & _\ > 4
-0,51 T - ¢
-1,04
*®
-1,54
-2,0 S
-2]':
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5 55 6 X
Key
®| catl X  mean oflog;, cfu/g
cat. 2 Y difference (alternative - reference)
Al cati3 1 line of identity
+| Ceat. 4 2 overall bias
- cat.5 3 95 % upper limit of agreement
4 95 % lower limit of agreement

Figure 2 — Bland-Altman difference plot for all categories
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The results of the difference and scatter plot shall be interpreted based on a visual observation of the overall
bias, the spread of the individual sample-specific bias values, and any bias values lying outside the limits
of agreement. If the individual bias values are normally distributed, it can be expected that 1 in 20 values
will lie outside the limits of agreement. Discrepancies can be seen as an indication that the individual bias
values do not follow a normal distribution, e.g. due to the presence of outliers. Any such departures from
expectations should be documented.

Ré

Ré

If
bu

33
place Formula (19) with the following:
1 2
Sref = _Zsref,i (19)
E)

place the second sentence below Figure 3 with the following text:

any of the upper or lower limits exceeds the Acceptability Limits and the standard deviation, S,..; > 0,12

t < 0,25, the following additional evaluation procedure (step 9) is followed:

Adld the following text below the second sentence:

In

(e

Of

cases of S, > 0,25, no recalculation of the AL is allowed. In¢his’ case, investigations should be ma
g. root cause analysis) in order to provide an explanation of thethigh S, correct possible issues and, as
tion, repeat the experiment.

.1

5z =35 =2 > o

d the following text at the end of the first paragraph:
e interlaboratory study shall be conducted with collaborators belonging to more than one country.
e collaborators shall be competent toperform both the reference method as well as the alternative methg

TE Competence can be demonstrated in different ways (e.g. for the reference method, a documented proofi
beting the requirements of ISO/IEC 17025, and for the alternative method, a documented training).

.R.3, title and header of Table 18

d.
of

Ré¢place the text with the following:
Table 18— Summary of the results of the interlaboratory study per each analyte level (k)
Reference method x;;, Alternative method y;;,
Collaborators (k) | Level (k) Result Result
Annex F

Replace the text with the following:
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Annex F
(normative)

Calculation of the relative level of detection (RLOD) using data from

the interlaboratory study

F/l1 General

nex D. To further characterize the performance of a qualitative method in terms of dete¢tion capabili
itfis necessary to estimate the magnitude of variation of RLOD between laboratories using data from t
inferlaboratory study.

RLOD is estimated in the interlaboratory study using similar statistical models asiin the method comparis

stpdy (see Annex D). In the case of the interlaboratory study, it is investigateéd’'whether the RLOD valules

differ between laboratories. A random effect model is used for the laboratoery‘effect to estimate the RL(
frpm the interlaboratory study. In this random effect model, it is assumed-that the laboratories taking p3
to| the interlaboratory study are chosen at random from the populatien of laboratories using the methga
thjus the results of the interlaboratory study are valid for all laboratotiés using the method. The statistic
agproach is detailed in References [27] and [28].

Given it is assumed that the contamination levels of the samples in the interlaboratory study are known, t
LQDs of the alternative method, LOD,;,, and of the referencéumethod, LOD ., are estimated separately ai
RLOD is derived as their ratio.

ref’

F.2 Estimation of LOD

C3qlculate the LODg(, (contamination level giving a 50 % probability of detection or an expectation of 50
pgsitive results with the method) of the reference method and of the alternative method as follows.

Fdr a given method (reference or alternative method), the number of positive samples, y, at a contaminati
leyel d in laboratory i is binomial distributed with expectation p, see Formula (F.1):

p =p;(d) =1 - exp(-FyL,d) 21 = exp(~exp(u + [; +Ind)) (F.1)
where

d isthe contamination level of the sample, in cfu/test portion;

F, is the\fixed effect of the method;

Tie relative level of detection (RLOD) is estimated using data from the method comparison study [i

Y,
ne
bn
D
rt

d,
al

he
nd

%o

pn

L; Jsthe random effect of the laboratory i;
[~ =InL;;
u  =InkF,.

The laboratory effects I, are assumed to be normally distributed with mean 0 and laboratory standard

deviation o.
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p according to Formula (F.1) is transformed into 7, see Formula (F.2):

n=In(-In(1-p)) =p +[;+ Ind (F.2)

n is a complementary log-log (CLL) model, a special case of the general linear mixed model. Ind are known; u
and o are estimated with the maximum likelihood method. The estimates fi, 6 and the approximate

standard error of [, sﬂ ,are used to calculate the level of detection LOD of the method, see Formula (F.3), i

..

the estimated LOD of the population of laboratories, for a specified probability of detection, p, see

Fdrmula (F.1).

—In(1-
LOD = M (E3)
p oh
A}Lapproximate confidence interval of the LOD of the method for a specified probability of. detection, p aj
thie confidence level 1 - a is given in Formula (F.4):
—-In(1-p —-In(1-p
- ( ) , - ( ) ) (F.4)
H+t .Sy H-t .Sy
e v;l-a/2 u e v;l-o/2 u

wheret,,; _,,isthe (1-a/2)-quantile of the ¢-distribution with v degrees of freedom, i.e. the valuet, ; _,
which the cumulative distribution function of the ¢-distribution is equal to\I - a/2: P(¢, Sty _o0) =1 -«
anld v = k — 1 where k is the number of participating laboratories.

F.3 Relative level of detection (RLOD) of the alternative method as compared to that
of the reference method

The RLOD is the ratio of LODs of the alternative method and of the reference methods calculated in Clause F
sele Formula (F.5).

p;alt

RLOD = = exp (o — ) (F.5)

LOD ¢

An Excel®-based program for the calculation of the LOD according to this annex and Reference [27]
freely available for download at https://standards.iso.org/iso/16140/-2/ed-1/en/amd/1/ (download the f
“HODLOD-interlab”).

acceptability limit (AL) of2,5 is defined for RLOD for unpaired studies and of 1,5 for paired studies. A
RLOD < 2,5 for unpaired studies (1,5 for paired studies) is interpreted as the LOD of the alternative meth

is
le

hy
bd

of

of an alternative method for the detection of Listeria monocytogenes in milk at three levels of contamination,

y

with 10 participating laboratories. Each laboratory used the reference method (see ISO 11290-1) and the
alternative method (alt). The number of repeated measurements is n = n_..; = n,, = 8 for each contamination
level in each laboratory and y = y_.¢ =y, = the number of positive results obtained. Given the unpaired study

design, RLOD has an acceptability limit (AL) of 2,5.
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Table F.1 — Example of a data set from an interlaboratory study of an alternative method for the
detection of Listeria monocytogenes in milk

Laboratory d[cfu/25 g] Nyer Yref Nait Yait

A 0,000 8 0 8 0

B 0,000 8 0 8 0

D 0,000 8 0 8 0

F 0,000 8 0 8 0

G 0,000 8 0 8 0

H 0,000 8 0 8 0

] 0,000 8 0 8 0

L 0,000 8 0 8 0

M 0,000 8 0 8 0

0 0,000 8 0 8 0

A 0,096 8 8 8 8

B 0,096 8 6 8 6

D 0,096 8 7 8 7

F 0,096 8 8 8 8

G 0,096 8 7 8 7

H 0,096 8 5 8 5

] 0,096 8 6 8 5

L 0,096 8 7 8 7

M 0,096 8 6 8 6

0 0,096 8 7 8 7

A 1,012 8 8 8 8

B 1,012 8 8 8 8

D 1,012 8 8 8 8

F 1,012 8 8 8 8

G 1,012 8 8 8 8

H 1,012 8 8 8 8

] 1,012 8 8 8 8

L 1,012 8 8 8 8

M 1,012 8 8 8 8

0 1,012 8 8 8 8
F4.2 Reference method
The estimates of the parameters defined in Clause F.2are g =-0,278, 6, =0, S " 0,140.LOD,=0,0
with a 95 % confidenceinterval 0,027 - 0,050. Since 6ref =0, there is no difference in the performance of t
laporatories.
Ff.3 Alternative method
The estimates of the parameters defined in Clause F.2 are @, = -0,320, 6, =0, Sﬂalt =0,139. T
LODZj; = 0,038 with a 95 % confidence interval 0,028 - 0,052. Since 6, = 0, there is no difference in t

ne

performance of the laboratories.
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F.4.4 RLOD of the alternative method as compared to the reference method

The RLOD is the ratio of the LOD of the alternative method by the LOD of the reference method, as in
Formula (F.6):

LOD,, A,
RLOD = LODa = exp (Mo — M, ) = exp(-0,278 +0,320) = 1,04 (F.6)

ref

Thus, the alternative method is only very slightly less sensitive (4 % higher LOD) than the reference method,
dye to only one less positive result for a sample at the intermediate contamination level in laboratory J. Given
thfat the RLOD of 1,04 is less than AL (2,5), the LOD of the alternative method is satisfactory in comparjson
to|the LOD of the reference method.

Annex H, Table H.1

Re¢place the row “Step 1” with the following:

Step 1 X; 1,74 2,11 2,68 2,72 3,65 3,77

1 2,00 1,95 2,95 2,63 3,96 3,89

2 1,78 1,40 291 2,71 3,38 3,96

Alternative 3 1,85 1,78 2,66 2,68 3,57 3,78
4 1,93 1,70 2,72 2,72 3,53 3,79

5 1,65 1,81 2,76 2,76 3,89 3,78

Replace the row “Step 2” with the following:

Step 2 Y,

1

1,85 1,78 2,76 2,71 3,57 3,78

Annex H, Table H.2

Replace the table with the following:

Sample Central Central Bias Upper Lower Upper Lower
value (Ref) ([ walue (Alt) B-ETI B-ETI AL AL
Sample 1 1,74 1,85 0,105 0,330 -0,120 0,5 -0,5
Sample 2 211 1,78 -0,336 -0,111 -0,561 0,5 -0,5
Sample 3 2,68 2,76 0,082 0,307 -0,143 0,5 -0,5
Sample 4 2,72 2,71 -0,008 0,217 -0,234 0,5 -0,5
Sample 5 3,65 3,57 -0,085 0,140 -0,310 0,5 -0,5
Sample6 3,77 3,78 0,014 0,240 -0,211 0,5 -0,5
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