INTERNATIONAL ISO
STANDARD 16140-2

First edition
2016-06-15

Microbiology of the food chain —
Method validation —

Part 2:

Protocol for the yalidation of
alternative (proprietary) methods
against a reference method

Microbiologie de\la‘chaine alimentaire — Validation des mgthodes —

Partie 2: Protaocole pour la validation de méthodes alternatives
(commerciales) par rapport a une méthode de référence

_ Reference number
—/@\— ISO 16140-2:2016(E)

© IS0 2016


https://standardsiso.com/api/?name=fe31cf14ebc1db8414b6d16a62b7f671

ISO 16140-2:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=fe31cf14ebc1db8414b6d16a62b7f671

ISO 16140-2:2016(E)

Contents Page
FOT@WONM ... oottt iv
00T 00 X0 ) ot o (0) o VOSSOSO \ 14
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........ooooooooeeeeeeeeeoeeeeeeeeeeeeeee oottt ettt ettt e eeeeeese e 1
3 R @ T Y 0 Lo 00 = 0 0 o (0] o KOOSO 1
4' chcn a} pl ;llb;p}c) fUl thc va};dat;uu Uf a}tcn uat;vc lucthuda 1
5 Qualitative methods — Technical protocol for validation ... S 2
5.1 Method cOomMPariSON SEUAY ... iesseesseeesieesssessssieesssesessesessesesssesss koo
5.1.1 General considerations
5.1.2  Paired or unpaired StUAY ... e
5.1.3  Sensitivity StUAY ... e

5.1.4  Relative level of detection study
5.1.5 Inclusivity and exclusivity study

5.2 Interlaboratory study...........cn
5.2.1  General considerations.............c......
5.2.2  Measurement protocol ...
5.2.3  Calculations and summary of data ... .y ]
5.2.4  Interpretation of data ... S
6 Quantitative methods — Technical protocol forvalidation ...
6.1 Method comparison StUAY ...l
6.1.1  General considerations........ %> ...
6.1.2  Relative trueness STUAY ....ofb et
6.1.3  Accuracy profile StUAY . .an s
6.1.4  Limit of quantification study
6.1.5  Inclusivity and eXcluSiVity STUAY ...
6.2 INterlaboratory STUAY .o fot s

6.2.1  General considerations
6.2.2  Measurement protocol
6.2.3  Calculatiens, summary, and interpretation of data

Annex A (informative) Classification of sample types and suggested target combinations for

VAlIAAtioON SEUAIES).......ccccoooio s | 30
Annex B (normative}-Order of preference for use of naturally and artificially contaminated

samples if validation STUAIEs ... 46
Annex C (informative) General protocols for contamination by mixture and artificial

contAMINATION OF FOOUS ... e 47
AnnexD\(informative) Models for RLOD calculations using data from the method

COMPATISOI STUAY ...t s 50
Annex E (normative) Points to be considered when selecting strains for testing inclusivity

AN @XCIUSTVETY ... 52
Annex F (informative) Considerations for calculations of the relative level of detection

(RLOD) between laboratories as obtained in an interlaboratory study ... 54
Annex G (informative) Principle of the accuracy profile for validation of quantitative models......57
Annex H (informative) Application of the accuracy profile in the method comparison study........ 59

Annex I (informative) Example of the application of the accuracy profile for an
interlaboratory study

Bibliography

© 1S0 2016 - All rights reserved iii


https://standardsiso.com/api/?name=fe31cf14ebc1db8414b6d16a62b7f671

ISO 1614

0-2:2016(E)

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

described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with

editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Today, many alternative, mostly proprietary, methods exist that are used to assess the microbiological
quality of raw materials and finished products and the microbiological status of manufacturing
procedures. These methods are often faster and easier to perform than the corresponding standardized
method. The developers, end users, and authorities need a reliable common protocol for the validation
of such alternative methods. The data generated will also provide potential end users with performance
data for a given method, thus, enabling them to make an informed choice on the adoption of a particular
method. The data generated can also be the basis for the certification of a method by an independent
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5 part of ISO 16140

methods intended to be used as a rapid and/or easier method to perform thran the corr
reference method,

can also be used for the validation of other non-proprietary methods that are used ins
reference method,

is intended as the successor of the validation protocol publishéd in the first version of
(ISO 16140:2003), and

ismainly written for the validation of methodsthatare capable of culturing the target micr
but can also be applied to methods for microorganisms.that cannot be cultured such as v
Norovirus) and protozan parasites (e.g. Cryptosporidium or Giardia). In these cases, som
are to be interpreted so as to fit the situation foxnon-culturable organisms.

use of this part of ISO 16140 involves expertise on relevant areas such as microbiology
gn, and analysis as indicated in the respective sections. The statistical expertise en
Fview of sampling theory and desigrnDof experiments, statistical analysis of (qual

Progeneity, sample stability, designiof experiments, and variance components.

en this part of ISO 16140 is next reviewed, account will be taken of all information the]
hrding the extent to which\the guidelines have been followed and the reasons for devi
n in the case of particularproducts.
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Microbiology of the food chain — Method validation —

Part 2:
Protocol for the validation of alternative (proprietary)
methods against a reference method
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Scope
5 part of ISO 16140 specifies the general principle and the technical protocolAfor the

Iternative, mostly proprietary, methods for microbiology in the food chain. Validati
brding to this part of ISO 16140 are intended to be performed by organizations involved

5 part of ISO 16140 is applicable to the validation of methods”for the analysis (d¢

products intended for human consumption,
products intended for animal feeding,
environmental samples in the area of food and feed, production, handling, and

samples from the primary production stage.

16140 could be applicable to other (micro) organisms or their metabolites on a case-byH
he future, guidance for other organisms (e.g. viruses and parasites) will be included in
[ or a separate part of ISO 16140,

Normative references
following documents; in whole or in part, are normatively referenced in this docume
16140-1, Microbiology of the food chain— Method validation — Part 1: Vocabulary

Terins and definitions

For

validation
on studies
in method

ptection or

5 part of ISO 16140 is in particular applieable to bacteria and fungi. Some clauses of ghis part of

case-basis.
either this

nt and are

spensable for its @pplication. For dated references, only the edition cited applies. F¢r undated
rences, the latestedition of the referenced document (including any amendments) appligs.

wn

the PULposes ofthis dnr‘nmnnf’ the terms and definitions givnn inIS0 16140-1 :\pp]y

4

General principles for the validation of alternative methods

The validation protocol comprises two phases:

— amethod comparison study of the alternative (proprietary) method against the reference method

carried out in the organizing laboratory;

— an interlaboratory study of the alternative (proprietary) method against the reference method

carried out in different laboratories.

The technical rules for performing the method comparison study and the interlaboratory study are
given in Clause 5 and Clause 6, depending upon whether the alternative (proprietary) method is

© ISO 2016 - All rights reserved
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qualitative or quantitative in nature. The data generated in some parts of the validation study are
evaluated using the so-called Acceptability Limits (AL) and no statistical evaluation of the data are
conducted. These AL are based on experts’ opinion and data generated in existing validation studies.

5 Quali

tative methods — Technical protocol for validation

5.1 Method comparison study

5.1.1 Ge

neral considerations

The metho
laboratory;

a comp
in (nat|
— acomy
samplg

— aninclusivity/exclusivity study of the alternative method.

The results
discrepant|

Test portidns size shall be used as written in the reference method.

5.1.2 Pa

The refere
sample (sa
can be use
same first
for the refe
the same
each other
that sampl
method ar
used for th

The oppos

d comparison study is the part of the validation process that is performed in the organi
It consists of three parts namely the following:

arative study of the results of the reference method to the results of the alternative met
urally and/or artificially) contaminated samples (so-called sensitivity study);

arative study to determine the relative level of detection (RLOD) in artificially contaming
s (so-called RLOD study);

(tables and calculations) of the different parts and the interpfetation of the results, includ
results, shall be given in a study report.

jred or unpaired study

hce and alternative methods shall be performed with, as far as possible, exactly the s
me test portion). However, a distinction isymade between studies where the same test por
1 for both the reference and the alternative method due to both methods having exactly
Ktep in the (enrichment) procedureland those where different test portions need to be y
rence and the alternative method (e.g. due to different enrichment broths). In the case wk
est portion is used for bothunethods, the results from both methods are highly relate
For example, when the sample is not contaminated, both methods should find the resu

b named paired or matched. In this part of ISO 16140, the wording “paired study” wi
is type of study.

te situation where there is no shared initial (enrichment) step for both the reference

the altern

or lot of prjoduct have‘to be used for the two methods and the resulting data are named unpaire
unmatched. In this-part of ISO 16140, the word “unpaired study” will be used for this type of study.

choice of

alternativg method. If there is a common initial step in the (enrichment) procedures, a paired st

ive method'is-also possible. In this case, different test portions coming from the same bz

vig@ paired study or an unpaired study depends on the protocols of the reference

e negative. Due to this relationship, the data produced by the reference and the alternaﬁ
il

ring

hod

ted

ling

hme
[ion
the
sed
lere
1 to
t of
ive
be

and
itch
1 or
The
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udy

design is mandatory.

This clause describes the method comparison study if the reference and alternative method have a
joint initial step in the (enrichment) procedures (paired study) and if the reference and alternative
method do not have a joint initial (enrichment) step (unpaired study). Differences between both types
of studies are indicated in the text where appropriate.

5.1.3

Sensitivity study

The sensitivity study aims to determine the difference in sensitivity between the reference and the
alternative method. This study is conducted using naturally and/or artificially contaminated samples.
Different categories and types shall be tested for this. Acceptability Limits have been defined for the

© ISO 2016 - All rights reserved
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maximum acceptable difference depending on the type of study (paired/unpaired) and the number of
categories tested.

5.1.3.1 Selection of categories to be used

The selection of categories and types used within the validation will depend on the type or group of
microorganism and the scope of the validation.

If the method is to be applied for a broad range of foods, then at least five categories of food shall be
studled The validation study report shall state the food categorles used in the study. If the method

incl
for

For

dition to food, feed samples, environmental samples, and primary production stage-sa
ded as additional categories. This will broaden the application of the use of the alternat
these additional categories.

incl

all selected categories (food and others), at least three different typés”per categol
ded in the study. Annex A presents an overview of the relevant types and categories

microorganisms that might be relevant for the validation. Annex A should be used to fa
selgction of categories, types, and items for the specific microorgdnism involved. It sho
regarded as a mandatory choice.

When selecting samples for the study, it is of the highest priority to find those that ar
confaminated. If it is not possible to acquire a sufficient nimber of naturally contaminatg

arti
of t
foo
spe

icial contamination of samples is permissible (see Annex B and Annex C). Details on the g
he artificially inoculated samples should be given in“the validation study report. It is de{
I samples come from as wide a distribution as pessible in order to reduce any bias fron
Cialities and to broaden the range of validation,

It shall be ensured that with the selection of the'different types, both high and low (natural) b

mic
the

EXA
to-¢
stre|
(aw

Ins
pos
the
thrd

roflora, different types of stresses due to processing, and raw (unprocessed) items are
study.

MPLE For the validation of a method for detection of Listeria monocytogenes and the categ
at, ready-to-reheat meat products”, the types can be (1) cooked meat products (lower backgroun
5s), (2) fermented or dried meat-products (high background flora, pH stress), and (3) raw cursg
<0,92) (intermediate background flora, ay stress).

ome cases, for example,‘for an alternative method that is applicable for a broad range of

categories raw-and ready-to-eat meat (products) can be combined into one categ
be types divided over relevant raw and ready-to-eat food types. The selection of (coml

ve method

y shall be
for specific
Cilitate the
uld not be

b naturally
d samples,
reparation
irable that
local food

ackground
ncluded in

ory “ready-
d flora, heat
d (smoked)

foods, it is

Kible to combine the™ready-to-eat” and “raw” categories from the same product group. F¢r example,

bry having
ined) food

catggories should be based on risk analysis.

5.1

3.2, UNumber of samples

For : : ) ed made up of
at least three types with at least 20 samples representatlve for each type (three types x 20 samples
for each type = 60 samples). Fractional positive results by either the reference or alternative method
(i.e. samples should not be all positive or all negative) shall be obtained for each type tested. In the
ideal situation, 10 samples (50 %) tested per type should be positive and 10 negative, but should range
between 25 % and 75 %. For each category, at least 30 samples shall have a positive result by the
reference and/or the alternative method.

5.1.3.3 Alternative-method result and confirmation

Many alternative-method protocols contain two steps, the first being the enrichment and detection
step and the second being the confirmation of the detection result from step one. The end result
of the alternative method is the result after step two. The end result will be the same as the result

© ISO 2016 - All rights reserved
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after enrichment and detection in case there is no confirmation step included in the protocol of the
alternative method.

The (end) result of the alternative method shall be confirmed for the sensitivity study part. All results
obtained with the alternative method in an unpaired study shall be confirmed. In a paired study, only
the positive results obtained with the alternative method, for which the corresponding result with the
reference method was negative, shall be confirmed. This confirmation is needed to determine whether
the resultis a true-positive or false-positive result. The confirmation test or tests shall be able to recover
and confirm the identity of the isolate as being the target of the method. These test(s) can be based on
the confirmation procedure of the reference method, the confirmation step of the alternative method
in case this procedure is able to isolate and confirm the identity of the target analyte, a combination of

both, or by

If the enric

(i.e. prima

confirmati

any other means that is able to isolate and confirm the identity of the target analyte.

y/non-selective and secondary/selective) or total duration of incubation, dn,additi

hments of the reference and alternative methods differ in terms of the number of entiehmjd

with the al
alternativd
which can
alternativd
total durat

two confir

5.1.3.4

In general
obtained.

artificially
study or u

For artifici
specified (3

The result

meaning f1

study, shal
to Table 2.

(

En pathway is necessary for the validation study. The first pathway shall be‘that to be u
ernative method according to its procedure/instructions (regular testingconditions by
method according to the kit insert procedure; this does not include the cémplementary t
be performed during the validation study). The second pathway shatldivert a portion of]
method’s incubated enrichment to that of the reference method.su¢h that at minimum,
ion of incubation of the reference method enrichment(s) is/are fespected. The results of]
mation pathways are to be reported separately.

alculation and interpretation for sensitivity

contaminated) of the samples used, the type of study design that was used (e.g. pa

ally contaminated samples, the (reference'to the) procedure used for preparation sha
ee also Annex C).

be described for a paired study according to Table 1 and for an unpaired study accor
Table 3 is prepared for the\summarized sample results for all categories per category

samples) a

hd per type (220 samplés) for both a paired and unpaired study.

the data shall be presented in a report in order to have an overview of the raw ¢
Information shall be given on the type of contamination (naturally contaminated

hpaired study), and the confirmation test(sjused to confirm the alternative-method re{ult.

|

5 obtained for the reference and\alternative methods originating from the same sanj
om one test portion in case of a-paired study or two test portions in case of an unpaired

((

(

bnts
nal
sed
the
bsts
the
the
the

lata
or

ed

be

ple,

ling
260
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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 any confirmations alternative (based on the confirmed
as described in the method alternative-method result)
alternative-method protocol) (by any means)a
+ + Not neededb Positive Agreement (PA)
- - Not neededb Negative Agreement (NA)
Negative Deviation due o false
+ - Not neededb negative alternative-niethpd result
(ND)
- + + Positive Deyiation (§D)
Negative Agreement due fto false
- + - positive alternative-methg¢d result
(NA)C
a Confirmation of the alternative-method result is done according to 5.1.3.3.
b No need for additional confirmation test(s). Confirmed alternative-method-tesult is the same as the|alternative-
method result.
c This false-positive result (FP) shall also be used to calculate the false positive ratio.

Table 2 — Comparison and interpretation of sample results between the referende and
alternative methods for anunpaired study

Result of the (reference or alternative) method per sample

Réference Alternative method Confirmed Interpretation
method (including any confirmations |-alternative method (based on the confirmed
as described in the (by any means)2a alternative-method r¢sult)
alternative-method protocel)
+ + + Positive Agreement {PA)
Negative Deviation due [to false
+ + - positive alternative-methjod result
(ND)b

- 2 - Negative Agreement [NA)

Negative Agreement dud to false
- - + negative alternative-metHod result
(NA)

+ - - Negative Deviation (IND)

Negative Deviation due [to false
+ - + negative alternative-metHod result
(ND)

+ + Positive Deviation ( D)

Negative Agreement due to false

- + - positive alternative-method result
(NA)b
a Confirmation of the alternative-method result is done according to 5.1.3.3
b These false-positive results (FP) shall also be used to calculate the false positive ratio.

© IS0 2016 - All rights reserved 5
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Table 3 — Summary of results obtained with the reference and alternative methods of all

samples for each category

Reference-method negative

(R)

Reference-method positive
(R+)

(A4)

Alternative-

+/+
Positive Agreement (PA)

_/+
Positive Deviation (PD)

method positive

(A)

Alternative-

+/-
Negative Deviation (ND)

method negative -/-
Negative Agreement (NA)

Based on

ata siimmarized in Table 3 for the combined categaries per categary and pertype calculate

the values
relative try
of the resu

Sensiti

Sensiti

Relativ

False p
where N is
explanatio

The confir
produces ¢

Calculate the difference between (ND:+'PD) for both paired and unpaired studies and the sun

(ND + PD)
Acceptabil
the numbe

NOTE A
statistical a

The interp
study. An
protocols 3

retation’of results shall be done per category and for all categories used in the valida

for sensitivity of the alternative method (1) and of the reference method (2), as wellfas
eness (3) and false positive ratio for the alternative method after the additional confirma
ts (4) as follows:

(PA + PD)

¢ = x 100 %
(PA + ND + PD)

ity for the alternative method: SE

(PA + ND)

= x 100 %
ref ~ (pA 4 ND + PD) ’

7ity for the reference method: SE

(PA + NA)

e trueness: RT = x 100 %

psitive ratio for the alternative method: FPR = % x 100 %

the total number of samples (NA + PA +.RD + ND) and FP is the false-positive results.
h of the abbreviations used, see Table 1. to Table 3.

med alternative-method results shdll be used to determine whether the alternative met
pbmparable results to the reference method.

for paired studies. Cheek-whether the difference and/or sum of PD and ND conform to
ty Limit (AL) stated in Table 4 with respect to the type of study (paired or unpaired)
I of categories usedih-the evaluation.

\cceptability Limits’(AL) are based on data and consensus expert opinion. The AL are not base
halysis of thedata.

interpretation of results shall also be done per enrichment protocol in case diffe
re‘used for different types of samples. The AL is not met when the observed value is hig

than the A

[.. When the AL is not met, investigations should be made (e.g. root cause analysis) in o1

the

[ion

M

(2)

(3)

(4)

For

hod

h of
the
and

1 on

[ion
rent
her
der

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 for the category or categories
involved. The reasons for acceptance of the alternative method in case the AL is not met shall be stated
in the study report.
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Table 4 — Acceptability limit parameters and values for a paired and unpaired study design in

relation to the number of categories used

NOTI
con

in the validation report as additional information, but is not used in thé overall assessment of the

met

5.1

Ac
aga
(RL
con
req

5.1

For
the
bet
the
pre
wit

A
low
per
test
rec

Number of Paired study Unpaired study
categories (NDa - PDb) (ND + PD) (ND - PD)
1 3 6 3
2 4 8 4
3 5 10 5
4 5 12 5
5 5} 14 5}
6 6 16 6
7 6 18 7
8 6 20 7
a ND = number of samples with Negative Deviation results.
b PD = number of samples with Positive Deviation results.

E Information on differences observed between results of the alternative method befoy
irmation of the results (step 1 and step 2) according to the alternative-mé&thod protocol should b

hod performance.

4 Relative level of detection study

bmparative study is conducted to evaluate the level of detection (LOD) of the alternati
nst the reference method. The evaluation is baséd on the calculation of the relative level d

famination. Preferably, the levels are knownas it allows calculation of the LOD. However
hired.

4.1 Selection of categories, number of samples, and replicates tested

the selection of categories and types, see 5.1.3.1. The same categories will be used as §
sensitivity study (see 5.13). For each category, one relevant type is selected. In orde
er representation of the évaluated category, this type should be different from tho
sensitivity study (if possible). The samples shall be artificially inoculated. Procedu
baration of artificially inoculated samples are presented in Annex C. Each type will be
h a different strdin.

inimum of.three levels per type will be prepared consisting of at least a negative cont
level, andya higher level. Ideally, the low level shall be the theoretical detection level

test portion) and the higher level just above the theoretical detection level (e.g. 1 cfu to
portion). At least the low level should have fractional recovery by the reference method

pvery at the low level should be between 25 % and 75 % of the number of samples

e and after
e presented
alternative-

ve method
fdetection

OD). In the study, replicates of artificially contaminated samples are used at three or mdre levels of

this is not

elected for
" to have a
se used in
res for the
inoculated

rol level, a
i.e. 0,7 cfu
1,5 cfu per
(fractional
ested). An

esti

mate Ior the level of contamination (exceptIor the negative control) should be made. Att

e negative

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

Positive deviating test results obtained with the alternative method shall be additionally confirmed
(see 5.1.3.3). The RLOD shall be evaluated after confirmation.

NOTE1 In order to have a better assurance that fractional recovery will be obtained, more levels of
contamination can be produced and tested.

NOTE 2  The level of contamination needed targets the LOD of the reference method if the alternative method
has alower LOD than the reference method.
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5.1.4.2 Calculation and interpretation of the RLOD

The RLOD is defined as the ratio of the LODs of the alternative method and the reference method:

LOD
LOD

RLOD= (5)

ref

For each category, at least the RLODs shall be estimated by fitting a complementary-log-log (CLL) model
to the combined absence/presence data of both methods as a function of method. The contamination
levels are not needed for the calculatlons of the RLOD since they are 1ncluded in the model resultmg in

and the ¢
spreadshe
available

calculation
Calculate f

Table 5 —

An Acceptd
the maxinj
considered
be a value

The AL for

than the L
method is

The AL for

shall not b
method snj

Iculations are worked out in Annex D. Calculations can be performed with the Exce
t of this part of ISO 16140. The Excel® spreadsheet for calculating RLOD values-is\r
r download at http://standards.iso.org/iso/16140 and then select the RLOD) file.
s using this Excel® spreadsheet, the option of “unknown concentration” shall be u
pr each item i the RLOD, . Tabulate the results as indicated in Table 5.

Presentation of RLOD before and after confirmation of the alternative-method res

RLOD using the
alternative-method results

RLOD using the corfirmed
alternative-method results

Item
(category)
()

1
2

RLOD; RLOD;

k

Combined

bility Limit (AL) for the RLOD based on the confirmed alternative-method results speci
um increase in LOD of the alternative versus the reference method that would nof
as relevant in consideration'of the fitness for purpose of the method. Consequently, AL
1. The interpretation should be made for each item.

ikely to detectlower levels of contamination than the reference method.

unpaired' study data are set at 2,5, meaning that the LOD for the alternative met]

allér than the LOD value for the reference method is always accepted as this means that

11ts

fies
be
will

paired study data are setat 1,5, meaning that the LOD for the alternative method shall ngt be
higher than 1,5 times the LOD-0f the reference method. An LOD value for the alternative method sms
0D value for thereference method is always accepted as this means that the alternafive

ller

hod

e highér-than 2,5 times the LOD of the reference method. An LOD value for the alternafive

the

alternativdg

nmrethod is likely to detect lower levels of contamination than the reference method.

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 for the item or category involved. The reasons for acceptance of the
alternative method in case the AL is not met shall be stated in the study report.

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

1) Excel 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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5.1.5 Inclusivity and exclusivity study

5.1.5.1 Selection and number of strains

A range of strains shall be used. Criteria for selecting test strains are given in Annex E. The strains
used should take into account the measurement principle of the alternative method (e.g. culture-based,
immunoassay-based, and molecular). Different measurement principles may require the use of different
test panels of strains.

Each strain used shall be characterized biochemically and/or serologically and/or genetically in

suf

icient detail for its iﬂpnh'fy tobe known. Strains used should pl"ﬂfﬂl"ﬂﬂfiﬂ”}l have been is

lated from

foo
of 1
orig
nat

For
the
sha

For

Is, feeds, the food-processing environment, or primary production taking into accoln
he validation. However, clinical, environmental, and culture collection strains can be
inal source of all isolates should be known and they should be held in a local (e.g. expert1

the scope
used. The
hboratory),

onal, or international culture collection to enable them to be used in future testing, if required.

inclusivity testing, at least 50 pure cultures of (target) microorganisms shall be tested.
inclusivity for Salmonella methods, at least 100 pure cultures of different serotypes of
| be tested.

exclusivity testing, at least 30 pure cultures of (non-target) microorganisms shall be tesf

Sonpe microorganisms will be difficult or impossible to culture like viruses or protozan

Wh

bre the target organism cannot be cultured, pure suspensioens of the test strains should

For testing
Salmonella
ed.

parasites.
be used for

spilting at the earliest appropriate step of the method.

NOTE1 For some microorganisms, it will be difficult tobtain the required number of strains fof inclusivity
and|exclusivity. In these cases, an agreed set of test strains should be selected by the parties invplved in the
valiflation study.

NOTE 2  Guidelines for the preservation and maintenance of strains in (local) collections can pe found in
ISO[11133.[2]

5.1{5.2 Inoculation of target strains (inclusivity)

Each test is performed once and.only with the alternative method (including a confirmation step if

pre
wit
san

The
pro
gre
of t
alte
diff}

scribed in the alternativeémethod protocol). Inoculation of a suitable growth medium is
n a dilution of a pure culture of each test strain. This culture is used for testing the inc
ple is added.

pure culture should be grown in a non-selective broth under optimal conditions of
vide high cellpopulations in a stationary phase. The inoculum level shall be 10 times tc

rarried out
usivity. No

growth to
100 times

hter than the’minimum detection level of the alternative method being validated and t

e protocol

he alterfiative method shall be used including all (enrichments) detailed in the instructions of the
rnative.method. If the alternative method includes more than one (enrichment) proto¢ol (e.g. for
erent 'sample types), then use the most challenging one with the complete panel of t¢st strains.

Wh

bri_negative or doubtful results are obtained, the test should be repeated and with th¢ reference

method included, checking that the strain could be detected with the appropriate reference method. If
results are negative, consideration could be given to repeat the test with the addition of a food item. If
the alternative protocol includes a confirmation step, the confirmation tests shall be included in testing
the selected strains.

5.1.5.3 Inoculation of non-target strains (exclusivity)

Each test is performed once and only with the alternative method (including a confirmation step if
prescribed in the alternative-method protocol). Inoculation of a suitable growth medium is carried out
with a dilution of a pure culture of each test strain. This culture is used for testing the exclusivity. No
sample is added.
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The pure culture should be grown in a non-selective broth under optimal conditions of growth to
provide high cell populations in a stationary phase. If the method involves a growth in a selective
medium before a detection step, then for the purposes of exclusivity testing, the selective medium
should be replaced by a non-selective medium. If the alternative method gives a positive or doubtful
result, then the test should be repeated using the complete (enrichment) protocol recommended in the
instructions of the alternative method using selective enrichments if these are noted in the instructions.
If the alternative method includes more than one type of enrichment (e.g. for different sample types),
then each of these should be used with the complete panel of test strains. Additionally, the reference
method should be used to check that the strain could not be detected with the reference method.

5.1.5.4 Expressiomand inmterpretation of the results
Tabulate the results as in Table 6. The interpretation shall be done by the laboratory in chafge offthe
method comparison study. The report should state any anomalies from the expected results.
Table 6 — Presentation of the results for inclusivity and exclusivity
Microorganisms Alternative method
Test result Confirmed resudt
Inclusivity (target strains)
1
2
Etc.
Exclusivity (non-target strains)
1
2
Etc.
5.2 Interlaboratory study
5.2.1 Geperal considerations
The aim qof the interlaboratory study is to determine the difference in sensitivity between [the
reference and the alternative method when tested by different collaborators using identical samples
(reproducipility conditions). Fhe’/conditions for conducting the interlaboratory study should reflect,
as much as possible, the norimal conditions used by the individual collaborators in order to flilfil
reproducilility conditions as far as possible. The distinction between paired and unpaired studigs is
indicated ih the text. However, no separate sections are given as the effect for the measurement protpcol
and analysjs of data-are limited. The interlaboratory study is managed by the organizing laboratoryj.
The resultg (tables'and calculations) of the different parts and the interpretation of the results, including
discrepant|results, shall be given in a study report.

5.2.2 Measurement protocol

The interlaboratory study shall produce at least 10 valid data sets from at least 10 collaborators.
The collaborators shall come from a minimum of five different organizations, but preferably 10
organizations excluding the organizing laboratory. A maximum of three data sets can be produced by
one organization. Technicians involved in the preparation of the samples used in the interlaboratory
study shall not take part in the testing of those samples within the interlaboratory study.

NOTE Laboratories in different locations, but belonging to one company or institute, are accepted as
different organizations.
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The protocol is as follows

in cases where different (enrichment) protocols for the alternative method exist, a challenging
(enrichment) protocol shall be selected, e.g. the protocol having the shortest incubation time or the
most selective conditions. The selected item shall be relevant for the chosen protocol. This relevant

item (for selection see Annex A) which is used to prepare the test samples should contai
background microflora;

n a natural

the item shall be inoculated with the target organism. The protocol for inoculation of the samples

shall be appropriate for the selected item. Samples shall be prepared by the organizing

laboratory

to ensure homogeneity between samples using preparation protocols contained in Annex B and

Annex C;

atleastthree differentlevels of contamination shall be used: anegative control (Lo)-and tw
and Ly). At least one of these should produce fractional positive results. The leyel.of con

olevels (L1
famination

needed to obtain fractional recovery shall be based on the RLOD study data ofthe refereice method

in the method comparison study. Theoretically, an average level of contamination of 1 cf
adequate to obtain fractional recovery;

at least eight blind replicates at each level of contamination are analysed by each collg
both methods, so in total, a minimum of 48 results (eight replicates x three levels x tw
per collaborator;

for tests which give paired results [a paired result occrs when the initial (enrichm
the same for the alternative and reference method], ené sample is required to obtain

the alternative and the reference method. For tests‘\which give unpaired results [an
result occurs when the alternative and reference methods start from different initial (e

/sample is

borator by
b methods)

bnt) step is
h result for
unpaired
hrichment)

steps], different test portions from the same sample are required. One test portion is analysed by

the alternative method and another test portion by the reference method;

the data are reported in two tables, the first giving the results from the reference meth
second giving the results from the alternative method before and after confirmation of
If the results for alternative and reference methods have been obtained from the s
(enrichment) broth (paired data);then the confirmation of the reference method also cq
alternative method. In cases when the reference method gives a negative result and the
method gives a positive result, then confirmation of the positive result is required. If the
alternative and referencé methods have been obtained from different (enrichment) steps
data), then all results obtained with the alternative method shall be taken forward for coi

od and the
the results.
hme initial
nfirms the
hlternative
results for
(unpaired
\firmation.

The procedure for,coenfirmation should be included in the protocol of the study and shalll be able to

recover and confirm the identity of the isolate as being the target of the method;

the organizing1aboratory can indicate that broths, plates, and/or isolates shall be ret
certain petied of time to be able to confirm results obtained by a collaborator if needed;

the analysis of samples shall be performed by each collaborator at the stipulated date;

ibreither case, the combination “number of levels of contamination/number of replicat]

hined for a

es/number

Of non-outlier collaborators  shnall be selected so that at least 480 results (240 by each It
generated for use in the calculations for each method.

ethod) are

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

© ISO 2016 - All rights reserved
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When the interlaboratory study is completed, all the information on data sheets and the results shall be
submitted to the organizing laboratory and examined as follows:

— disregard data from collaborators if transit conditions and times fall outside the specified acceptable
tolerances (the limits for transport time and temperature have to be set before the samples are
shipped);

— disregard data from collaborators that received samples/test kits, etc. that were damaged during
transportation;

— disregard data from collaborators using media formulation that are not in accordance with the
(refergnceymethod;

— disregprd data from collaborators if the questionnaire suggests that the laboratory has(devidted
from ejither the standard protocol or the critical operating conditions.

5.2.3 Calculations and summary of data

The resulty obtained by the individual collaborators in the interlaboratory study‘are summarizefl in
Table 7 and in Table 8.

Table 7 — Positive results by the reference method

Collaborators Contaminationlevel
Lo Ly L
Collaborator 1 /83 /8b /8¢
Collaborator 2 /8 /8 /8
Collaborator 3 /8 /8 /8
Etc. /8 /8 /8
Total Py Py P,
a Number of positive reference-method results at level 0.
b Number of positive reference:niethod results at level 1.
c Number of positive reference-method results at level 2.

Table 8 — Positive results (before and after confirmation) by the alternative method

Collaborators Contamination level
Lo Ly Ly
Collaboraterd /82 /8b /8¢ /8d /8e /8f
Collaborator 2 /8 /8 /8 /8 /8 /8
Collaborator 3 /8 /8 /8 /8 /8 /8
Etc. /8 /8 /8 /8 /8 /8
Total Po CPo P1 CPy P2 (P
a Number of positive alternative-method results at level 0.
b Number of confirmed alternative-method results at level 0.
c Number of positive alternative-method results at level 1.
d Number of confirmed alternative-method results at level 1.
e Number of positive alternative-method results at level 2.
f Number of confirmed alternative-method results at level 2.
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Calculate the percentage specificity (SP) of the reference method and the alternative method, using the
data after confirmation, based on the results of level Lg as follows:

For

Py

Specificity for the reference method: SP.; = 1—[ J x100%

CP,
Specificity for the alternative method: SP,j, =| 1 —(N—Oj x100 %

where N _is the number of all Lg tests;

(6)

(7)

CP, is the total number of false-positive results obtained with blank samples.

each of the levels L1 and Ly, the results for all collaborators are combinedtin‘Table 9 f(

Py is the total number of false-positive results obtained with the blank samples beforé cml\firmation;

r a paired

stugly design and in Table 10 for an unpaired study design. Table 11 is prepared for the symmarized

dat

h from all collaborators for both a paired and unpaired study.

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

Result of the (reference or alternative) méthod per sample

C

d

for

metfhod result.

Reference Alternative Confirmed Interpretation
method methoda alternative (based on the confirmed alternativ¢-method
methodb result)

+ + Not needed¢ Positive Agreement (PA)

- - Not needed¢ Negative Agreement (NA)
Negative Deviation due to false n¢gative

- C

* Not ngdded alternative-method result (ND)

- + + Positive Deviation (PD)

) . i Negative Agreement due to false positive

alternative-method result (Nj)d
a The alternative-method results includes any confirmations as described in the alternative-method pijotocol.

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

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

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

the protocol

alternative-

Table 10 — Summarized results for all collaborators for an unpaired study

Result of the (reference or alternative) method per sample

Refevence Alternative- Confirmed alternative

Interpretation

method method resulta methodb (based on the confirmed alternativ

result)

e-method

Positive Agreement (PA)

alternative-method result (N

Negative Deviation due to false positive

D)c

Negative Agreement (NA)

a

b

C

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

The confirmed alternative-method result is the result after additional confirmation as described in

for the validation study.

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

the protocol

© ISO 2016 - All rights reserved
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Table 10 (continued)

Result of the (reference or alternative) method per sample

C

Th

Reference Alternative- Confirmed alternative Interpretation
method method resulta methodb (based on the confirmed alternative-method
result)
- - + Negative Agreement due to false negative
alternative-method result (NA)
+ - - Negative Deviation (ND)
+ - + Negative Deviation due to false negative
alternative-method result (ND]
- + + Positive Deviation (PD)
- + - Negative Agreement due to false positive]
alternative-method result (NA)c¢
a Th¢ 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 déscribed in the protpcol
for the validption study.

se false-positive results (FP) shall also be used to calculate the false positive ratio;

Table 11 — Summary of results for all collaborators obtained with the reference and

alternative methods for level L1 ord

Reference-method positive Reference-method negative,
(R+) (R)
Alternativg-method positive +/+ -/+
(A+) Positive Agreement (PA) Positive Deviation (PD)
Alternativg-method negative +/- -/~
(A5 Negative Devidtion (ND) Negative Agreement (NA)
Based on data summarized in Table 11, calculate the values for sensitivity of the alternative method
(8) and of the reference method (9), as well-as-the relative trueness (10) and false positive ratio for|the
alternativd method after the additional confirmation of the results (11) as follows:
| _ (PA+PD)
Sensitiyity for the alternative method: SE;; = ——-+—2—x100% (8)
(PA+ND+PD)
| (PA+ND)
Sensitiyity for the reference method: SE ¢ = ————"—-x100% 9)
(PA+ND+PD)
(PA + NA)
Relative trueness: RT = x 100 % [10)
EP
False positive ratio for the alternative method: FPR = NA x 100 % (11)

where N is the total number of samples (NA + PA + PD + ND) and FP is false-positive results. For
explanation of the abbreviations used, see Table 9, Table 10, and Table 11.

The confirmed alternative-method results shall be used to determine whether the alternative method

produces c

14

omparable results to the reference method.
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4 Interpretation of data

4.1 Paired study

For a paired study, calculate the difference between (ND - PD) and the sum of (ND + PD) for the level(s)
where fractional recovery was obtained (so L1 and possibly L;). The values found for (ND - PD) and
(ND + PD) shall not be higher than the Acceptability Limits (ALs) given in Table 12 with respect to the
number of participating laboratories (Njap).

Table 12 — Acceptability limits for a paired study design in relation to the number of

The
sho
Bas
reg
not

5.2

For
rec

collaborating lIaboratories

Niab (ND - PD) (ND + PD)
10 3 4
11 4 4
12-13 4 5
14 - 16 4 6
17 4 7
18 5 7
19 - 20 5 8

AL is not met when the observed value is higher than theAAL. When the AL is not met, invj
1ld be made (e.g. root cause analysis) in order to provide an explanation of the obsery
ed on the AL and the additional information, it.is* decided whether the alternative
hirded as not fit for purpose. The reasons for acceptance of the alternative method in cas
met shall be stated in the study report.

4.2 Unpaired study

an unpaired study, calculate the difference between (ND - PD) for the level(s) wherg
very was obtained (so L1 and possibly Ly). The observed value found for (ND - PD) s

higher than the AL. The AL is defined as [(ND - PD)nax] and calculated per level where

rec

whg

pbvery was obtained as described below using the following three parameters:
(PH)rer =3

ref Nx
bre

Py =number of samples with a positive result obtained with the reference method at 1
(L4-or’Ly) for all laboratories;

Ny “=number of samples tested at level x (L1 or L) with the reference method by all labj

pstigations
ed results.
method is
e the AL is

fractional
hall not be
fractional

(12)

bvel x

oratories.

cpP

X

(p+)alt - Nx

where

(13)

CPy =number of samples with a confirmed positive result obtained with the alternative method

atlevel x (L1 or Lp) for all laboratories;

Ny  =number of samples tested at level x (L1 or Lp) with the alternative method by all laboratories.

© ISO 2016 - All rights reserved
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(ND-PD) = \/31vx x((p ) ot

where

Nx

() e = 2((P*) e <(P ) )

(14)

= number of samples tested at level x (L1 or Lp) 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

Based on
regarded 3
not met sh

5.2.4.3

Additional
between tH
to Annex F

only for information.

In addition,
Reference
can give ad

6 Quantitative methods — Technical protocol for validation

6.1 Metl

6.1.1 Ge|

The metho
laboratory;

TrorereS T S PTO e e T O O T o T

=N P*
Lhe AL and the addltlonal 1nf0rmat10n 1t is dec1ded whether the alternatlve metho
s not fit for purpose. The reasons for acceptance of the alternative method whenthe A
i1l be stated in the study report.

Jse of relative level of detection
y, for both a paired and unpaired study, an evaluation should be made for the differg
erelative levels of detection (RLOD) between laboratories. Conductthis evaluation accorq
As there is limited experience with the interpretation of this appreach, the results are y

the data can be evaluated using the probability of detedtion (POD) model describe

ditional information on the equivalence of the methods:

nod comparison study

neral considerations

d comparison study is the part of the validation process that is performed in the organi
It consists of four parts.

A comj

parative study of the results of the reference method to the results of the alternative metho

d is
L is

nce
ling
sed

1 in

[14] and included in the AOAC validation guidelines.[6], The evaluation using the POD m¢del

ring

din

a varidty of different items {maturally and/or artificially) contaminated samples (so-called relaftive

truene

A com
in arti

analys

ss study).

barative study-of the results of the reference method to the results of the alternative met
icially contaminated samples using replicates of a single item per category. The data
d usingthe accuracy profile (AP) approach (so-called AP study).

the LOQ of the alternatlve method Thls study is only done fr 1nstrumentallybased methods (i.e.
methods that are not based on the counting of individual colonies).

An inclusivity/exclusivity study of the alternative method.

The results (tables and calculations) of the different parts and the interpretation of the results, including

discrepant

results, shall be given in a study report.

6.1.2 Relative trueness study

The relative trueness study is a comparative study between the results obtained by the reference
method and the results of the alternative method. This study is conducted using naturally and/or

artificially

16

contaminated samples. Different categories, types, and items will be tested for this.
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6.1.2.1 Selection of categories to be used

The selection of categories and types used within the validation will depend on the type or group of
microorganism and the scope of the validation.

If the method is to be applied for a broad range of foods, then at least five categories of food shall be
studied. The validation study report shall state the food categories used in the study. If the method
is to be validated for a restricted number of food categories, e.g. “ready-to-eat, ready-to-reheat meat
products”, and “heat-processed milk and dairy products”, then only these categories can be studied.
In addition to food categories, feed samples, environmental samples, and primary production stage
samples can be included as additional categories. This will broaden the application of the use of the

altgrnative method for these additional categories.

For|all selected categories (food and others), at least three different types per categoi
included in the study. Annex A presents an overview of the relevant types and categories
microorganism that might be relevant for the validation. This annex should be used to fa
selgction of types and items for the type of microorganism involved. It should not be reg
mandatory choice.

Wh
con,

bn selecting samples for the study, it is of the highest priority to.find those that ar
faminated. If it is not possible to acquire a sufficient number of‘\naturally contaminatg

artificial contamination of samples is permissible (see Annex B and*Annex C). It is desirabl

san
foo

It s
bac

ples come from as wide a range of contamination as possible’in order to reduce any biag
| specialities and broaden the range of validation.

hall be ensured that with the selection of the different types of both high and lov
kground microflora, different types of stresses due to processing and raw (unprocessed

being included in the study.

EXA
“rea
flor
(sm

Ins
pos
the
rele
on 1

6.1

For
wit
sha
of 1]

MPLE For the validation of a method for enumeration of Listeria monocytogenes and the fo
dy-to-eat, ready-to-reheat meat products”, thefood types can be (1) cooked meat products (lower
h, heat stress), (2) fermented or dried meat.products (high background flora, pH stress), and (3
bked) (aw < 0,92) (intermediate background flora, ay, stress).

ome cases, for example, for an alternative method that is applicable for a broad range of
categories raw and ready-to=eat meat (products) into one category, having three types d

vant raw and ready-to-gat-food types. The selection of (combined) food categories shou
isk analysis.

2.2 Number-ofsamples

each categoel’y being examined, a minimum of 15 samples shall be tested and at least t

y shall be
ber type of

cilitate the

arded as a

e naturally
d samples,

le that food

from local

U (natural)
) items are

od category
background
raw cured

foods, it is

Kible to combine the “ready-te-eat” and “raw” categories from the same product group. For example,

vided over
d be based

hree types

hin that<ategory should be used. For each type, at least five samples representative f

hree different types. The samples should be contaminated at a level that is repres

the

r this type

| be tested. This results in a minimum of 15 samples per category being tested using th¢ minimum

tative for

ndtural variation in level of contamination. All samples combined should cover the range of

concentration normally observed for the type of microorganism used.

Some naturally contaminated samples may contain high numbers of target analyte and this can result
in difficulty in achieving the required range of contamination. In such cases, the naturally contaminated
sample can be “diluted” with uncontaminated material of the same item.

The reference and alternative methods shall be performed with, as far as possible, exactly the same
sample.

6.1.2.3 Calculation and interpretation of relative trueness study

The results obtained are analysed using the Bland-Altman method.[Z] Plot the data for each sample per
category and for each sample in all categories and draw the line of identity on which all points would
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lie if the two methods gave identical results for each sample analysed. Figure 1 presents an example
for a single category. The plot for a single category should show the results of each type tested with
a distinct symbol. The plot for all categories should show the results of each category tested with a
distinct symbol. This provides a rapid visual assessment of the extent to which the two methods (do
not) agree. If any result (either reference or alternative method) is below the quantification limit, the
data should be plotted using a substituted value of 1 logig unit less than the observed value in case of a
lower than value (e.g. <2 log1g units will be amended to 1 logi¢ unit). Similarly, any value greater than
the upper limit should be amended by adding 1 log1p unit more (e.g. >6 logio units will be amended to
7 log1o units). For example, a reference method result of 2,54 logyo cfu/g and an alternative-method
result <2 logig cfu/g will be plotted in the graph as 2,54 for the reference method and 1,0 for the
alternative-methodtnformation{based-eninvestisation—e-s—rootcatseanalysislecanbe-givenim the
study report in order to provide an explanation of the findings when one of the methods gave a'result

hall
,0
=
0 -
S
B $
=
@ 0 -
£
o
= 5 XN A
g ©
b
[ 0 -
t ¢ type
©
e
%o . typ
D7 A type
5 A 8 vP
e 5y
oo
o) ,0
=
0 L 4
)5
,0 , r ‘ ‘ , ‘ J ‘ ‘ ‘ \
0,0 a5 1,0 15 2,0 2,5 3,0 35 4,0 45 5,0 55 6,0
Log,, cfu/g reference method

Figure 1 — Scatter plot of reference-method versus alternative-method results for a single
category

Determine the average of each pair of data values and the difference between the values as in Table 13
and plot these derivatives (see Figure 2) per category and for all categories to illustrate the degree of
bias and the (lack of) agreement of the data. Figure 2 shows the line of identity (zero difference), the
line of bias, and the upper and lower 95 % confidence limits (CL) of the bias.
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Table 13 — Summarized results for all categories

Category Type Sample Log1p cfu Mean Difference
Reference- Alternative-
method result method
result
1 1 1 R1 Al (R1+A1)/2 D1=A1-R1
2 R2 A2 (R2 +A2)/2 D2 =A2-R2
3 R3 A3 (R3+A3)/2 D3=A3-R3
4 R4 Ad (R4 + A4)/2 D4 = A4 - R4
5 R5 A5 (R5+A5)/2 D53 A5 - R5
1 2 6 R6 A6 (R6 + A6)/2 D6 3 A6 - R6
7 R7 A7 (R7 +A7)/2 D7 3 A7 -R7
8 R8 A8 (R8 + AB)/2 D8 3 A8 -R8
9 R9 A9 (R9FA9)/2 D9 1 A9 - R9
10 R10 A10 (R10+A10)/2 | D10 =[A10 - R10
1 3
Average category 1 [—)1
Standard deviation category 1 Sp1
x4 Rx Ax (Rx + Ax)/2 Dx # Ax - Rx
Average category x =
Dx
Standard deviation category x SDx
Average all categories Ball
Standard deviation all categories Spall

Compute per category and for all dategories the average difference D, the standard d
differences sp and the limits of agreement using the following formula:

{BiTsD/1+l}
n

whegre n is the nuniber of data pairs, T is the percentile of a Student-t distribution for 8
propability of theinterval and (n—1) degrees of freedom, that is: T{l B}( )
n-1

Plot

agr

difference), the line of blas and the upper and lower 95 % confidence limits of the blas

© ISO 2016 - All rights reserved

as indiglre 2 the individual sample differences against the mean values on a graph
the(line of identity (zero difference), the line of bias, and the upper and lower 95 % confid
of agteement (CLs) of the blas for all categorles ThlS illustrates the degree of blas and th

bviation of

(15)
the chosen
that shows

ence limits
e (lack of)

ntity (zero
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1,0

05 -

0,0

05 -

-1,0

-1,5

Difference (alterntaive - reference)

-2,5

The result
amount of
outside thq

6.1.3 Ac

The accuracy profile study is a comparative study between the results obtained by the reference met
sults of the alternative-method. This study is conducted using artificially contaming

and the re
samples. O

6.1.3.1 S

See 6.1.2.1

6.1.3.2 N

For each c:

2,0]-

0,0 0,5 1,0 15 2,0 2,5 3,0 3,5 4,0 4,5 5,0 5,5 6,0

Mean of log,, cfu/g

Figure 2 — Bland-Altman difference plot for all categories

CLs. Any disagreements with the expé&ctation should be recorded.

curacy profile study

he type per category will-be tested.

election of categeries to be used

[lumber-of samples

5 of the difference and scatter plot will be-interpreted based on a visual observation on
bias and extreme results. It will be expected that not more than one in 20 data values wil

itegory being examined, at least one type shall be tested using six samples per type. Of

A _ ) - < 'S
A X, i, o
e Bl R s
= - <,
} LA 1 L 4 e
+ - * 'S 4 cat.1
cat. 2
+ cat. 4
- cat.5
L 4 — Lineair (Bfas)
—Lineair (95 % upper lin
—Liheair (95% lower lim
+

six sampleS; TheTe Stioutd be tTWo at a tow [evet, TWO at an INtermed ate [everl, and two at a g [ev

it)

=

the
I lie

hod

ted

the
I of

contamination. These levels should cover the whole range of contamination of the selected type. For
each sample, five replicates representing five different test portions from the same sample shall be used.

NOTE

The six samples might be different belonging to the same type, but not necessarily the same item. For

example, one sample might be full fat milk powder, another is infant formula belonging to the same food type
(dried milk products), but not the same food item (see Annex A).

6.1.3.3 Calculation and interpretation of accuracy profile study

Tabulate the results as in Table 14 based on log-transformed counts.

20

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=fe31cf14ebc1db8414b6d16a62b7f671

ISO 16140-2:2016(E)

Table 14 — Results of the accuracy study (in log1¢ cfu/g)

Category | Type Item Reference method Alternative method
(level) tpal|tp.2 |tp.3|tp.4|tp.5|tp.1|tp.2|tp.3|tp.4|tp.5
()P | (x2) | (x3) | (x4) | (xs) | (y1)e | r2) | (¥3) | va) | ys)
Sample 1 (low)
Sample 2 (low)
Sample 3 (in-
termediate)
alo 4+ 1Sample 4 (in-
Catpgory +type terrr;ediat\e)
Sample 5
(high)
Sample 6
(high)
Catpgory x |Typex |Samplel-6
a |t.p. = test portion.
b |(xa) =1og10 test result for the reference method (x) for test portions 1 to 5.
¢ |(va) =log10 test result for the alternative method (y) for test portionsito 5.
The accuracy profile is used to check the requirement that the alternative method produdes a result

for
acc

Thd
to t
catd

For
metf

(B-

dev

Thd
refq

Ste

eptability criterion. The principle of the accuracy profile is explained in more detail in Ax

following notation is used: i refers to the samiple and q is the number of samples (1 <7 <
he test portions and n is the number of test portions (1 < j < n). Calculations are perf
gory/type as the following sequence of eperations:

xjj, the logyo transformed test result;of sample i for replicate j with 1<i<qgand 1<j<
reference method;

vij, the logo transformed test result of sample i for replicate jwith 1 <i<qgand 1 <j <
alternative method.

each item sample onjust sample, measurements are made under repeatability conditio
hods. y; values aredassumed to be normally distributed. The (-expectation toleran
ET1) of the y; valties'is computed according to Reference [8]. It is assumed that a combine
iation can be-galculated that holds for all item samples.

Acceptability Limit is set at: AL = +0,5 logip units. It is expressed as a difference bg
rence and the alternative method.

a sample that differs from the value produced by<the reference method by less thap a certain

nex G.

q); j refers
ormed per
h using the

h using the

hs for both
e interval
d standard

btween the

obt

X;i= median(x,-j)

ed counts

b A For each sample i, calculate the central value X; as the median of the log1g transfor
aimred wittrtirereferemnce mﬂmﬂﬂmmmmw i iation samples:

(16)

Step 2: For each sample i, calculate the central value Y; as the median of the logig transformed counts
obtained with the alternative method yj. These values are the alternative values of the validation
samples:

© ISO 2016 - All rights reserved
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Y; =median(y)

Step 4: Cal

culate the combined standard deviation s;j¢ as follows: St =

Step 5: Calculate the combined standard deviation of the reference method s..c (analogous to step 3

and step 4]
Sref,i n
and

Sref =
\

Step 6: For

methods B;

to the refej

Step 7: Fo
proportion

{BiiT‘

where Tis
freedom (2

as follows:

1

" N2
n—1 Z(XU_Xi)
j=1

1 5
_2 Sref,i
n*

Jj=1

each sample i, compute the absolute bias as the difference of the medians calculated for K
=Y; —X; . Thisis an estimate of the lack of trueness of'the alternative method in compar

ence method.

I each sample i, compute the limits of the B:ETI. This is the interval where the expe
of future results will fall is . For each sample, B-ETI is expressed as:

f 1
Salt 1+;j|

the percentile of a Student-t distribution for  the chosen probability and g-(n—1) degree
4 in de-requested setup), that'is: T(l ﬁj ( . For the purpose of this part of ISO 16140,
q(n-1

18)

[19)

oth
son

ted

20)

s of

Bis

set at 80 %. T is the coverage factor of the B-ETI of the validation sample. It defines the upper limjt U;
and the lower limit L;:
1 1
Ui:Bi“r‘T‘Salt 1+— and Li:Bl’_T‘Salt 1+— 21)
n n
Step 8: Foil eachieategory, tabulate the different values calculated for the samples as in Table 15.
Tall 4 D okl £l taotiaks 1 1 £i:l H g |
1dUIC 1 J LI TOCOUVIIUAUIVUII UL L1IIU JSLAdUISUIVAdI 1 COoOUILD Ul LIIT \'Ulllllal 10UI11 otuu_y
Category | Sample Central Central Bias Upper Lower | Upper AL | Lower AL
value value B-ETI B-ETI
(Ref) (AlY)
Category 1 | Sample 1 Xi Y; B; U; L; +AL -AL
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
22 © IS0 2016 - All rights reserved
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Make a graphical representation of computed results as follows:
— the horizontal axis is for reference values X; in log1¢ units;

— thevertical axis is for the bias, the Acceptability Limits, and the tolerance interval limits U; — X; and
L; — X; all expressed inlog1o units as differences to the corresponding reference value of the sample.

Make a graphicrepresentation like the example given in Figure 3. The upper and lower tolerance-interval
limits are connected by straight lines to interpolate the behaviour of the limits between the different
levels of the validation samples. The horizontal line represents the reference values obtained with
the reference method. The differences between reference values and average levels of contamination
are|represented by black dots. Whenever no biases exist, these recovered values are locdted on the
horjzontal reference line. In addition, Acceptability Limits are represented by two dashed|horizontal
lings and B-ETI limits as broken full lines.

0,60 -

0,40 -
0,30 -

0,20 -

0,10 \
—ot-Bias
0,00 ‘ /\ : b2 ‘

Bias

—-B-ETI

0,10 -+AL=4/-0.5

-0,20

0,30 -

0,40 -

050 = mim i o QAN i i i i i o o i o

-0,60 s
Reference Median

Figure 3 — Example of accuracy profile for a category in the method comparison study
If for all i idthe accuracy profile U; < AL and L; >—AL, the alternative method is acceptgd as being

equiivalefit-to the reference method for the individual categories and the combined categories.
If :Ly of the upper or lower limits exceeds the Acceptability Limits and the standard| deviation,

Srer >0,125, the following additional evaluation procedure is followed:

Step 9: Calculate new Acceptability Limits as a function of the standard deviation: AL =4-s..¢. If for
all i in the accuracy profile U; < ALg and L; >—ALg, the alternative method is accepted as being
equivalent to the reference method for the given combination category and type.

NOTE If Srer < 0,125, the new Acceptability Limits would be smaller than or equal to 0,5. The second
evaluation would yield the same results in that case.

The alternative method is accepted as being equivalent to the reference method if it is equivalent for
all individual and combined categories. An example on the use of the accuracy profile is presented in
Annex H. Investigations should be made (e.g. root cause analysis) in order to provide an explanation of
the findings when the methods are not equivalent for individual or combined categories. Based on the
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investigations, it is decided whether the methods are regarded as equivalent or not for the category or
categories involved. The results of the evaluation shall be stated in the study report.

For the Accuracy Profile calculations, an Excel® spreadsheet is freely available for download at: http://
standards.iso.org/iso/16140 and then select the AP file for the method comparison study.

6.1.4 Limit of quantification study

6.1.4.1 General considerations

For some a
only releva
colonies of
methods fa
or fluoresc

6.1.4.2 S

Select the §

6.1.4.3 N

If the LOQ
samples ar
portions f1

A C U C C U UCLC C C c A U . U
nt when the measurement principle of the alternative method is not based on counting vi
the target microorganism and shall therefore be determined in these cases. Example
r which the LOQ needs to be determined are the instrumental measurement of,conducti
ence which is related to the growth of the microorganism.

election of categories to be used

ame categories and types as used for the accuracy profile study (see6.1.2.1 and 6.1.3.2),

[lumber of samples

needs to be determined, blank samples are tested per)type/category used. These bl
e used to verify the limit of quantification of the alterhative method. A minimum of 10

om the same sample shall be used. Examine the test‘gortions with the alternative methofd.

dible

s of
ity

ank
test

6.1.4.4 (alculation and interpretation of limit of quantification study

The 10 res
Calculate t

11ts per type/category are used to estimate‘the baseline or threshold standard deviation sg.
he standard deviation sq of the n results@s follows:

22)

where

rhe total number oftest portions used;

yj isthe logio transformed result of test portion j;

y isthe averagelogyo transformed result of all test portions.

The limit of quantification is calculated as LOQ = 10 sp.

6.1.5 Inclusivity-and-exelusivity-study
Inclusivity and exclusivity testing is not required for general enumeration methods such as total plate
count (TPC) and yeast and mould (Y&M) methods. It is required for enumeration methods designed for
specific microorganisms (e.g. Listeria).

6.1.5.1 Selection and number of test strains

A range of strains shall be used. Criteria for selecting test strains are given in Annex E. The strains
used should take into account the measurement principle of the alternative method (e.g. culture-based,
immunoassay-based, and molecular). Different measurement principles may require the use of different
test panels of strains.

24 © IS0 2016 - All rights reserved


http://standards.iso.org/iso/16140
http://standards.iso.org/iso/16140
https://standardsiso.com/api/?name=fe31cf14ebc1db8414b6d16a62b7f671

ISO 16140-2:2016(E)

Each strain used shall be characterized biochemically and/or serologically and/or genetically in
sufficient detail for its identity to be known. Strains used should preferentially have been isolated from
foods, feeds or the food-processing environment, or primary production taking into account the scope
of the validation. However, clinical, environmental, and culture collection strains can also be used.
The original source of all isolates should be known and they should be held in a local (e.g. an expert
laboratory), national, or international culture collection to enable them to be used in future testing if
required.

For

inclusivity testing, at least 50 pure cultures of (target) microorganisms shall be tested.

For exclusivity testing, at least 30 pure cultures of (non-target) microorganisms shall be tested.

Sonlle microorganisms will be difficult or impossible to culture like viruses or protozan

Wh
spil

For
and|
the

NOT
ISO

6.1

Eac
aga
of t
ino
be g

6.1

Eac
sho
use
opt

If t

befpre use.

6.1

Tab
intg
sho

ulate the'results as in Table 16 for the inclusivity tests and Table 17 for the exclusivity

bre the target organism cannot be cultured, pure suspensions of the test strains should
[ing at the earliest appropriate step of the method.

some microorganisms, it will be difficult to obtain the required number, of<strains for
exclusivity. In these cases, an agreed set of test strains should be selected-by the parties
validation study.

E Guidelines for the preservation and maintenance of strains in(local) collections can
11133.[2]

5.2 Target microorganisms (inclusivity)

. The inoculum level should be at least 100 times greater than the minimum level for quz

fulum level shall obtain a countable number on‘the plate. If results are negative, consider
iven to repeat the test with the addition of 4food item.

5.3 Non-target microorganisms (exclusivity)

h test is performed once and with 'the alternative and the reference method. The inoq
1ld be similar to the greatestlevel of contamination expected to occur in any of the categ
. No sample is added. Thespure culture should be grown in a suitable non-selective b
mal conditions of growgh\for at least 24 h and diluted to an appropriate level before test

he organism cannot\be cultured, a stock suspension should be diluted to an approg

5.4 Expréssion and interpretation of results

rpretation shall be done by the laboratory in charge of the method comparison study.
ld-state any anomalies from the expected results.

parasites.
pbe used for

inclusivity
involved in

be found in

h test is performed once and with the alternative method, the reference method, and a ngn-selective

ntification

he alternative method being validated. When using a plate method as the alternative npethod, the

htion could

ulum level
pries being

fFoth under

ng begins.

riate level

tests. The
The report

Table 16 — Presentation of results for inclusivity

Microorganisms Reference Alternative Non-selective
method method agar
1
2
Etc.

The interpretation of the inclusivity data for an alternative method using a plating medium is made on
a qualitative basis. However, quantitative data should facilitate the interpretation of the data.
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Table 17 — Presentation of results for exclusivity

. . Reference Alternative
Microorganisms method method
1
2
Etc.
6.2 Interlaboratory study

6.2.1 Geperal considerations

The aim off the interlaboratory study is to compare the performance of the alternative methed to

reference
conditions

ethod by different collaborators using identical samples examined under reproducib
and to compare these results with pre-set criteria for the acceptable difference between

the
lity
the

reference nethod and the alternative method. Wherever possible, the study conditions should refllect

the norma
laboratory]

The results
discrepant

6.2.2 Mg

The interlg
The collab

variation between laboratories. The interlaboratory study is organized by the organi

(tables and calculations) of the different parts and the interpretation of the results, includ
results, shall be given in a study report.

asurement protocol

boratory study shall produce at least eight valid data sets from at least eight collaboraf]
prators shall come from a minimum of four different organizations, but preferably e

organizati

one organilzation. Technicians involved in the prepardtion of the samples used in the interlaboratf
study shall not take part in the testing of those samples within the interlaboratory study.

NOTE

different organizations.

The accur

This figure
three level
measurem

General gt
organizer

all experinmpental data.and critical experimental conditions used by each laboratory. It is necessary

each collab
prior to pa

The protog

ring

ling

ors.
ght

ns excluding the organizing laboratory. A makximum of three data sets can be produced by

ory

aboratories in different locations, buttbelonging to one company or institute, are acceptedl as

should be a minimum of 96 vesults for the one item chosen consisting of eight collaboraf]
5 of contamination, twd niethods of enumeration (reference and alternative), and dupli
bnts, i.e. 8 x 3 x 2 x 2(=96.

idelines for comduicting the interlaboratory studies are described in ISO 5725-2.[1]

orator t@’démonstrate his competence in the use of the alternative and the reference met
Fticipating in the study proper.

olis as follows

cy and precision estimates should be calculated from a large number of duplicate test restlts.

ors,
Cate

The

s responsiblefor the preparation of the test protocol and a data sheet for the recordinig of

for
hod

contain a natural background microflora.

A relevant item (for selection see Annex A) is used to prepare the test samples. The item should

The selected item can be inoculated with the target organism. The protocol for inoculation of the

samples shall be appropriate for the selected item. Samples shall be prepared to ensure homogeneity
between samples using preparation protocols contained in Annex B and Annex C. In general, liquid
samples (compared to solid samples) give greater assurance to obtain homogeneity. The samples
shall be shown to be homogeneous by the organizing laboratory. Homogeneity tests and criteria for
acceptance are described in ISO/TS 22117.[4]

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 be included in addition.

26
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— Duplicate samples are tested by each collaborating laboratory at the three levels of contamination.
All samples should be blind coded to ensure that the analysts are not aware of their level of
contamination.

— The analysis of samples shall be performed in each laboratory at the stipulated date.

The organizing laboratory using all recorded data shall determine which results are suitable for use
in analysing the data. The organizing laboratory shall examine the raw data and other information
requested in the data sheet to ascertain that all collaborators have performed the analyses according
to both the alternative and reference methods as written. When there is evidence that results might be
obtained under inappropriate conditions and/or the methods have not been followed strictly, these or
all tesults from the collaborator are excluded for further analysis. No outlier tests are perferfned on the
selgcted data.

6.2)3 Calculations, summary, and interpretation of data

The log1o transformed test results of the different collaborators for both the reference and plternative
metfhod are presented in Table 18. Note the data as follows:

— |xijk the log1o transformed test result on level i for replicate j of colfaborator kwith 1<igq,1<j<n
and 1 < k < p using the reference method;

— |vijk the log1o transformed test result on level i for replicatej©f collaborator kwith 1<igq,1<j<n
and 1 < k < p using the alternative method.

[FTable 18 — Summary of the results of the interlaberatory study per each analyte l¢vel (k)

Reference method x;jx Alternative method yjjx
C Dllab((_))rators Level (k) Re&hilt Result
i

1 Blank

2 Blank

Etc Blank

) Blank

Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2

1 Low

2 Low,

Etc Low

M Low

1 Medium

2 Medium

Etc Medium

M Medivm

1 High

2 High

Etc. High

M High

Calculations are performed as a sequence of operations starting with the logio 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 replicate and n is the number of replicates (1 <j < n); k refers to the collaborator and p
is the number of collaborators (1 < k < p). Detailed calculations can be obtained in Reference [9] or
Reference [13].
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Step 1: For each level of contamination, calculate X; as the global average of the logig transformed
replicate counts obtained with the reference method x;jk for a given sample. These averages are assigned
reference values of the samples used in the validation study:

5ijixﬁ

p gL - (23)
np
Step 2: Calculate, for each level i (using yjjk), the reproducibility standard deviation sg; as follows:
2 2
SRi:\/SLi+Sri 24)
This proceflure is described in detail in ISO 5725-2.[1]
Step 3: Forfeach level, compute y;, the global average of measurements made with the altefnative method.
Step 4: Foif each level, compute the absolute bias as y; — X;. This is an estimate of the lack of truenegs of

the alterngtive method when compared to the reference.

Step 5: Fo

interval where the expected proportion of future results will fall is {3,

a) Forea

where ki
given level

b) The st

ST =9

c) The coverage factor for the level i is equal to ky; =T

I each level, compute the limits of the B-ETI according to Reféyvence [12]. The B-ETI is

h level, B-ETI can be expressed as: y; + k,; .5,

represents a coverage factor and srj; the standard-deviation of the tolerance interval of
L

hndard deviation of the tolerance interval isequal to

f 1
1l —
R

: p-n-G2

the

the

25)

where T = T(%(l—ﬂ),v) , 1.e. the percentile of the Student-t distribution, 8 the chosen probability, p[the
number of|collaborators, n the number of replicates, and v the number of degrees of freedom. For|the
H+1
purpose of{this part of ISO 16140, 3 is set at 80 %. The intermediate parameters are: G = Tl and
n-H+
2
H= SLi
2
Sri
. (H+1)?
The nymberfof degrees of freedom is calculated as follows: v = 3
(H : 1\ 1_1
k ”) 4N
p-1 p-n
NOTE1 G, H, and v will have different values for each level i and should be indexed. For reasons of readability,

the index i is not used here.

NOTE 2

The number of degrees of freedom (dof) v is not an integer and it is necessary to get the T value for the

non-integer (dof). This can be done by using extended statistical table or by interpolation between the two upper
and lower rounded values of v.

NOTE 3

It is necessary to use another method for the calculation of the 3-ETI than for the method comparison

study (see 6.1.3.3), because measurements are made under reproducibility conditions in the interlaboratory

study and under repeatability conditions in the method comparison study.

28
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Step 6: For each level i, compute the limits of the B-ETI expressed as: [)71- Tk -SRI-]

It defines the upper limit U; and the lower limit L;: U; =y; +ky;-Sp; and L; =y; —kp; -Sg; -

Step 7: Make a graphical representation of computed results as follows:

the horizontal axis is for target values X; in log1¢ units;

the vertical axisis for the bias y; — X, the Acceptability Limits AL (¥0,50 log units), and th

e tolerance

interval limits U; —X; and L; —X; all expressed in logio units as differences to the corresponding

Respults are illustrated in an accuracy profile graph like the example given in Annex I (Figui
graph is used as a graphical decision-support tool. The upper and lower tolerance-ititerva
conpected by straight lines to interpolate the behaviour of the limits between the different 1

vali
met
the

val
twa
+0,]

Thd
the

Ste
eva

the

Ste

If fg
bei

—

The
sho
Bas
reg
the

For

stamp

An

Ues are located on the horizontal reference line. In addition, Acceptability Limits are repr

g equivalent to the reference method.

reference value of the cnmplp

ation samples. The horizontal line represents the reference values obtairted with thg
hod. The differences between reference values and average levels of contamination detg
alternative method y; are represented by black dots. Whenever no bidses exist, thesg

dashed horizontal lines and B-ETI limits as broken full lines.«The Acceptability Lim
b log10 units.

alternative method is regarded as being equivalent to thieyreference method when the
3-ETI fall within the Acceptability Limits for all levels of\¢ontamination.

b 8: If any of the values for the B-ETI fall outside thé Acceptability Limits, the following
uation procedure is followed. Calculate the pooled average reproducibility standard d

13
reference method sp of = —Zsﬁi .
B =

b 9: Calculate new Acceptability Limitsas a function of the standard deviation: AL =3,3

r alliin the accuracy profile U; »X;< AL, and L; — X; >—AL, the alternative method is

AL is not met when the observed value is higher than the AL. When the AL is not met, inv
1ld be made (e.g. root ¢ailtse analysis) in order to provide an explanation of the obsery
ed on the AL and_the ‘additional information, it is decided whether the alternative
hirded as not fit fox purpose for the category or categories involved. The reasons for ac
alternative methiod in case the AL is not met shall be stated in the study report.

the Accuragy Profile calculations, an Excel® spreadsheet is freely available for downloa
dards.is0.0rg/iso/16140 and then select the AP file for the interlaboratory study.

bxample of the application of the accuracy profile to interlaboratory studies is presented

e .2). This
limits are
bvels of the
e reference
brmined by
recovered

esented by
it is set at

values for

additional
eviation of

"SR ref

iccepted as

pstigations
ed results.
method is
eptance of

1 at http://

in Annex I.
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Annex A
(informative)

Classification of sample types and suggested target combinations
for validation studies

Table A.1 putlines the classification of mainly foods intended to guide method developers for|the
relative validation of alternative methods. The intrinsic properties of foods such as levels of indigerjous
microflora| fat content, pH, salt content, water activity, and the presence of antimicrobial compounds
can have g substantial influence on the outcome of a method. Therefore, the intrinsic propertiefs of
foods havelbeen considered to the extent possible in the classification of foods, but the Wjide varietly of
foods availpble makes this consideration difficult to apply past the level of food type.

Regulatory authorities in different jurisdictions often have slightly different requirements ag to
the classification of foods. These differences have been included in the notes 'of Table A.1 as much as
possible.
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NOTE1 Ifrelevant, some categories or items can be gathered or split.

NOTE 2  Some regulation bodies have specific requirements to get a regulatory approval on the validation
study claim.?)

NOTE 3  Unprocessed products, according to the REGULATION (EC) No 852/2004, are described as “Foodstuffs
that have not undergone processing and includes products that have been divided, parted, severed, sliced, boned,
minced, skinned, ground, cut, cleaned, trimmed, husked, milled, chilled, frozen, deep-frozen, or thawed”. This
does not include sanitation processes allowed by certain jurisdictions. Therefore, a distinction between raw
products not submitted and products submitted to sanitation processes is needed. Different jurisdictions have
different definitions for processed and unprocessed products. Check with the appropriate authority in your
jurisdiction

EXAMPLE Fresh meat (REGULATION (EC) No 853/2004) means meat that has not undergoné\any preserving
progess other than chilling, freezing, or quick-freezing including meat that is vacuum-wrapped-or wrapped in a
confrolled atmosphere.

NOTE4  Processing according to the REGULATION (EC) No 852/2004 is described as “Any |action that
substantially alters the initial product including heating, smoking, curing, maturing, drying, [marinating,
extifaction, extrusion, or a combination of those processes”. Processed products may contain ingredignts that are
nec¢ssary for their manufacture or to give them specific characteristics. Different jurisdictions have different
defipitions for processed and unprocessed products. Check with the appropfiate authority in your jufisdiction.

NOTES5 Minced meat preparations include portioned, cut, or minced‘meat (<1 % NaCl or spices)|intended to
undergo a heat treatment before consumption presented as seasoned,‘marinated, coated, with herbg and spices,
or ofher ingredients are added to improve sensory properties or t€xture.

NOTE 6  Poultry meat preparations include marinated and.spiced meat cuts, chicken fillets, chicken wing, i.e.
intaft structure either with or without skin.

NOTE7  Seafoods include live bivalve molluscs and by analogy marine gastropods, echinoderms, arjd tunicates.

NOTE8 Ready-to-eat (RTE) food: Food intended by the producer or the manufacturer for di}{ect human
con$umption without the need for cooking or,other processing effective to eliminate or reduce to an acceptable
level of microorganisms of concern.

NOTE9  Ready-to-cook (RTC) food: Food designed by the producer or the manufacturer as requiljing cooking
or ofher processing effective to eliminate or reduce to an acceptable level microorganisms of conceri.

NOTE 10 Ready-to-reheat (RTRH) food: Food designed by the producer or the manufacturer as|suitable for
dirgct human consumption without the need for cooking, but which may benefit in organoleptic quality from
somle warming prior to consumption.

NOTE 11 For definitions of feeding stuff, refer to REGULATION (EC) No 79/373/EEC.[3]

NOTE 12 Water meéntioned in Table A.1 is water used in the manufacturing process or for PPS. In [these cases,
filtrption of samples is not needed.

NOTE 13 Uifspecific sample sizes of a considered item are to be tested in a food category, for instance, 375 g ground
beef, itis'needed to test a complete technical protocol in the method comparison study for this specifidcase.

NOTE 14 When a method is to be validated for infant formula and/or infant cereals containing probiotica, the
items containing probiotics need to be selected and validated as a full category.

NOTE 15 Ifthe study targets spore-formers, both vegetative cells and spores are included.

2) http://www.fda.gov/; http://www.hc-sc.gc.ca/; http://www.fsis.usda.gov/
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Annex B
(normative)

Order of preference for use of naturally and artificially

contaminated samples in validation studies

This anney gives the order of preference and information on the use of different kinds of sample

both methgd comparison studies and interlaboratory studies.

1st option} Naturally contaminated samples

The ideal

aturally contaminated sample has a level of contamination for the target brganism ths

close to the¢ (expected) level of detection.

2nd option: Contamination by mixture

If naturally contaminated samples are found to contain a level that is too high, then the concentra

can be re
normal bag
of the targ

3rd optior

Strains us
item and t
phenotype

The level

kground microflora. The mixed sample should be made to‘have a homogeneous distribu
bt microorganism.

: Artificially contaminated samples

ed for the artificial inoculation should, by preference, have been isolated from the s
hke into account the natural diversity of the'target organism e.g. serotype, genotype,

f target microflora should be representative of the contamination which occurs in

product nafturally. The item should contain a “mormal” background microflora.

4th option

Reference
levels of ta
for analysi
be limited
reference 1

: Reference materials

rget analyte (microorganisms) in a stable, but stressed state can be used to spike sam
s by both qualitativé ‘and quantitative methods. For qualitative studies, their use sh
when only a few stfains or serotypes of food origin of the target analyte are availabl
haterials.

it is

Fion

uced by “dilution” of the naturally contaminated sample with-a similar item containing a

fion

hme
and

that

materials such as certified* reference material containing appropriate, but well-defined

bles
uld
b as
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Annex C
(informative)

General protocols for contamination by mixture and artificial

contamination of foods

General

5 annex provides examples for artificial contamination of matrices. Methodscused by

labgratories are not limited to the methods shown here. For the artificial contamination

twa
is b
san
of t
cult
the

Gui
4.1.

C.2

X g1
ord

Sto1
iten
ana

C3

NOT

C.3

Pre

a)

b)

d)

©IS

possibilities are given: the first named seeding, the other named spiking*The seediy
nsed on the contamination of natural samples by a diluted culture and(subsequent sto
ple for an extended period in order for the microorganism to adapt to.the environmental
he food. The spiking protocol is based on the application of relevant-stress conditions t
ure and subsequently inoculation of the stressed culture into thefood item. More info
spiking methodology is described in Reference [10].

lelines for environmental samples (e.g. surfaces) are published by AOACIE] (see sectio
3.3 and 4.1.3.8.2 of the guidelines).

Contamination by mixture
ams of naturally contaminated sample are fhixed up with y grams of non-contaminated

br to reach the desired level of contamination.

1. Allow the microbial population\to’equilibrate in the food item for a minimum of 1 d
llysis.
Artificial contamination of foods using seeding protocol

E The focus of the'seeding protocol is on achieving fractional recovery.

1 Artificiakcontamination of high moisture foods with a liquid (broth) cult
parationof foods with microorganism(s) by single sample inoculation.

Cultlire target strain: Inoculate a tube of non-selective enrichment broth with the
strain. Incubate the broth under optimal growth conditions for the strain. Enumerate

organizing
bf samples,
)g protocol
rage of the
conditions
0 a diluted
"mation on

s 4.1.3.11,

| sample in

e the food sample contaminated byxmixture at the appropriate storage temperature for that food

before any

re

designated
Lhe level of

h oftho ctorting ~lb e
Ot

CITC—STaT CItrg Curcures

Adjust level by dilution: After incubation, dilute the starting culture in a suitable diluent to achieve
the desired food contamination level(s). The level of dilution required is dependent on the food to
be inoculated, the strain chosen, the intended level of contamination, the expected background
microflora level, and the storage conditions of the food item.

Thermal stress: Strains used to inoculate foods that are exposed to thermal processing during
manufacturing should be heat stressed, e.g. at 50 °C for 15 min, prior to inoculation of the food.

Inoculation of the food: Inoculate the food by pipetting a known volume or spraying a known
volume of the culture at the chosen dilution into the food. Inoculation of individual samples is
allowable. Alternatively, the entire preparation of the food can be inoculated and mixed thoroughly
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f)

g)

C.3.2 Artificial contamination of low moisture foods withcalyophilized culture

a)

b)

d)

to achieve homogeneity. The volume of the inoculum should be as low as possible as it should not
influence the ay, significantly. Generally, 0,25 ml per 25 g of sample is used (1 %).

Mix to ensure homogeneity: After inoculation, the food is mixed thoroughly to ensure homogeneity.
If the inoculum is added in steps. Mixing should be done after each step.

Sample stabilization/stress: Store the food at the temperature that is the normal storage
temperature for that food. Consider the potential growth or survival of the organism during the
storage period. Regarding the different storage temperatures, store the inoculated foods for the
minimum period indicated below.

1) Frpzentood: Atleast 2 weeks at —20 °C,
2) Rdfrigerated storage: Atleast48 hat2 -8 °C;
3) Rdom temperature storage: At least 2 weeks at 20 - 25 °C.

EXAMHLE Nutmeat would be stored at room temperature, orange juice would be stoered at 2 - 8 °C,|Jand
ice cregm would be stored at -20 °C.

Verificption of contamination level: If needed, a check of the inoculation level can be done after{the
samplg¢s have been stored for the appropriate stabilization time. If necessary, adjust contaminafion
levels fo be certain that the desired contamination is achieved.

Prepate a lyophilized culture: Inoculate a tube of nonsselective enrichment broth with [the
designipted strain. Incubate the broth at optimal conditigns for the strain. After incubation, collect
the bdcterial cells by centrifugation. Wash cells twice with a sterile buffered diluent. Releat
centriffugation and decant the supernatant. Resuspénd the pellet into sterile 10 % NFDM (nor]-fat
dried milk). Transfer resuspended cells into appropriate containers for lyophilization.

Assesq level of target organism: Collect the\lyophilized cell suspensions in a sterile container.
Manudlly crush the lyophilized culture.tg,ereate a homogenous fine powder before assessr:Eent
of the|level of contamination. Use a non-selective method for the determination of the levgl of
contamination and incubate the plates under optimal growing conditions.

Inoculpte the lyophilized culture into the food to attain the required level: Mix 0,1 g of|the
lyophilized culture with 10_g'of the uninoculated food item in, for example, a sterile plastic pag.
The bdg is shaken until the.inoculum appears to be evenly distributed throughout the food item.
Perform serial 10-fold dilutions with the item (e.g. 1 g from first step with 9 g item, etc.) to dilutethe
lyophilized culture tethe appropriate level. Ensure that proper mixing occurs at each dilution lgvel.

Store the food at the'appropriate storage temperature (preferably the normal storage temperatfire)
for thaft food. Allow the microbial population to equilibrate in the food for a minimum of two wdeks
beforelany analysis.

Verificption of the contamination level: If needed, a check of the inoculation level can be done affter
the samples have been stored for the appropriate time.

C.4 Artificial contamination of foods using spiking protocol

The spiking protocol exists of different steps as presented below.

a)

b)

<)

48

Culture target strain: Inoculate a tube of non-selective enrichment broth with the designated
strain. Incubate the broth at optimal conditions for the strain.

Adjust level by dilution: After incubation, dilute the culture in a suitable diluent until the desired
level(s). Injury protocols are usually done on pure cultures with 104 to 105 cells/ml.

Apply an injury protocol: Apply an appropriated culture treatment as in the examples below.
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EXAMPLE1 Heattreatment (e.g. 15 min at 50 °C) by immersion in a given temperature bath.

EXAMPLE 2  Freezing treatment (e.g. 72 h at =20 °C).

EXAMPLE 3  Chemical treatment (e.g. treatment at high salt concentration or at low pH).

EXAMPLE4  Storage at 4 °C (e.g. for one week minimum).

The conditions for applying stress strongly depend on the type of microorganism and even the selected
strain. The selected stress protocol should also resemble the stress of the microorganisms found in the
food sample to be used for spiking.

d)

f)

g)

Injury measurement: Injury efficiency is usually evaluated by enumerating the pure
selective and non-selective agars. More than 0,5 log1g cfu/ml difference is expected'for
stress application.

culture on
h sufficient

Adjust level by dilution: Dilute the culture, if necessary, in a suitable diluentruntil the d¢sired level
in order to inoculate the food item. For qualitative methods, this level ,should be at the level of

detection of the method.

Inoculate into food by pipetting a known volume or spraying a known volume: The dilu

ted culture

is inoculated into the item by spraying or pipetting. Inoculation of-individual samples i preferred.

The volume of the inoculum should be as low as possible as it should not influence the wa
significantly. Generally, 0,25 ml per 25 g of sample is used.

ker activity

Mix to ensure homogeneity: After inoculation, the item is\mixed thoroughly to ensure hogmogeneity.

If the inoculum is added in steps, mixing should be done after each step.
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Annex D
(informative)

Models for RLOD calculations using data from the method
comparison study

D.1 Genleral

The level dof detection (LOD) is the lowest level of contamination where reliable detection-is.€xpecfed.
In this part of ISO 16140, the LODsg is used, the level of contamination with an expectation of 50 %
positive tept results. The relative level of detection (RLOD) is the ratio of the LOD,of*the alternafive
method anf the LOD of the reference method. As such, this measure is not dependentof the chosen lgvel
of positive [test results.

Table D.1 gives an example of data used for the calculation of LOD and RLOD:levels of contaminaatli;on,
numbers of tests performed, numbers of positive results for the referencesmethod, and the alternafive
method. The numbers of positive results are described by a binomial distribution. The numbers of CFU
present in the test portions that are actually being analysed are (theeretically) described by a Poigson
distributiop.

Table D.1 — Example of data used for the calculation of LOD and RLOD

Category Level X (cfu/g) Ntot Npos ref Npos alt

Milk and dgiry products 0 5 0 0
Milk and dgiry products 0,022+4 20 12 10
Milk and dgiry products 3 0,037°33 5 5 5

The LOD and RLOD are calculated from.the data by linking the binomially distributed observatjons
to the Poigson distributed number of<CEU in the test portions by application of a Generalized Lirear
Model (GMLL). For general information on GLMs, see Reference [11]. More specifically, the model usdd is
a complempntary log-log model (CLL).

d is the levgl of contaminationdn CFU per unit of weight or volume (e.g. CFU/g) and p is the probabllity

Mot
By application of following nonlinear link function, p is transformed into a parameter n that canp be
linearly predictedifrom Ind (logarithm of the contamination): n =In(—In(1-p)).

.. s Npos
of obtaininjg a positive result: p=E| ——

In addition| te'the link function, a linear predictor function is used modelling 1 as a function of Ind .|For

the calculation of LOD and RLOD, different models are used. These models can be fitted in the statistical
software packages. For the purpose of this part of ISO 16140, specific Excel®-based programs are made
available to calculate LOD and RLOD.

D.2 Contamination levels not known

When the contamination levels are not known, only a direct estimation of RLOD is possible. This option
is prescribed in 5.1.4.2. No information about LOD can be obtained. In this case, the flowing predictor
functionisused: n=agy; +L; +D.

Parameters L; are fitted estimates of the contamination level of the samples. RLOD is calculated in the
same way: RLOD=exp(-D).
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The details of the model are worked out in Reference [15] and Reference [16]. In this part of [SO 16140,
a very limited test setup is used for the estimation of RLOD. The additional fitting of parameters in this
approach goes at the expense of the reliability of the estimate of RLOD.

D.3 Contamination levels known, estimation of RLOD through LOD

When the contamination levels are (approximately) known, RLOD can be estimated either directly or
through the LODs of the alternative method and the reference method. In the latter case, for each
LOD

LQOD
Tet

category the LODs are estimated followed by the calculation of RLOD: RLOD=

Thg model or predictor function used for the estimation of LOD is: n=a, + f; +Ind

whegre

ag=InAg (Ao being the sample size in g or ml);

fi =InF; (F;designating the category effect of
category i);

d =level of contamination (cfu/g or cfu/ml).

The details of the model are worked out in Reference [15]:and Reference [16].

In(1-p)

o
with p = 0,5 (because LODsg is determined). FiS'obtained from solving the following formuja:

Thgq LOD is estimated as: LOD =

q y.d.
] ]
E —_— 2 —(n.—-y.)d-|&0 D.1

The approach of calculation,_ RLOD through LODs allows the assessment of the p¢rformance
chafacteristic LOD of the alternative method.
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E.1 Genleral

This anney outlines the minimum test requirements for general use. In the selection of test strains,
majority shall originate from the categories tested in the study and cover the recognized range of
target analyte with respect of the following: diversity in identification characteristics, €:g. biochem
serotype, ghage type, geographical distribution, incidence, and any other claims made by the produg
of the alternative method.

E.2 Target group categories

a) UndefI\ed group, for example, total count, coliform, yeast, and lactic-acid bacteria.

b) Family, for example, Enterobacteriaceae.

c) Genus/for example, Salmonella, Pseudomonas, and Listeria.

d) Speciep, for example, Listeria monocytogenes, Staphylococcus aureus, and Escherichia coli.
e) Sero or phage type, for example, Salmonella enterica serovar Enteritidis.

E.3 Target group selection in an inclusivity study

a)

b)

<)

d)

e)

Annex E
(normative)

Points to be considered when selecting strains for testing

For undefined groups for which the.target group is defined by the reference method, the str
used shall be selected from those ¢apable of typical growth in the reference method.

For fan

For genera: Use a range of species from that genus and if possible, test as many species as poss

in the

For spgcies: A-range of strains from that species. For the selection of strains, other more detalfi

ways

appro

For se

inclusivity and exclusivity

benus.

the
the
cal,
ers

hins

hilies: Use strains fromarange of genera in that family and if possible, include a representagive
member of all genera in thefamily.

ible

0, d(C
up to date 1nformat10n to ensure that stralns are relevant to the target categorles at the tlme of
testing.

ro or phage specific strains: A range of sources of that sero or phage type.

E.4 Non-target groups selection in an exclusivity study

a) The non-target groups (that is those expected to be negative and being used for cross reactivity

tests)

should be specified according to the target group.

b) When the target group is a family: Non-target strains shall include other closely associated families.

52

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=fe31cf14ebc1db8414b6d16a62b7f671

ISO 16140-2:2016(E)

c) When the target group is a genus: Non-target strains shall include other genera considered to be
similar biochemically or genetically to the target genus.

d) When the target group is a species: Non-target strains shall include other species within the
target genus.

e) When the target group is sero or phage specific: Non-target strains shall include other sero or
phage type strains within the same species.
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