INTERNATIONAL ISO
STANDARD 16140

First edition
2003-05-01

Microbiology of food and animal feeding
stuffs — Protocol for the validation of
alternative methods

Microbiologie des aliments —< Protocole pour la validation des
méthodes alternatives

—_— Reference number
=) — ISO 16140:2003(E)

© SO 2003


https://standardsiso.com/api/?name=91b141a7aefe3254707d835b488a6fbb

ISO 16140:2003(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2003

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © IS0 2003 — All rights reserved


https://standardsiso.com/api/?name=91b141a7aefe3254707d835b488a6fbb

ISO 16140:2003(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- in_liai i i ely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopted by the technical committees are circulated to the member bodies for{voting. Publifation as an
Interpational Standard requires approval by at least 75 % of the member bodies.casting a vote.

Attention is drawn to the possibility that some of the elements of this¢International Standard| may be the
subjdct of patent rights. ISO shall not be held responsible for identifying any or all such patent riglts.

ISO 16140 was prepared by the European Committee for Standardization (CEN) in collalporation with
Techhical Committee ISO/TC 34, Food products, Subcommittee SC 9, Microbiology, in accordance with the
Agreg¢ment on technical cooperation between ISO and CEN (Miehna Agreement).

Throlighout the text of this document, read "...this European Standard..." to mean "...this |International
Standlard...".
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Foreword

This document (EN I1SO 16140:2003) has been prepared by Technical Committee CEN/TC 275 "Food analysis -
Horizontal methods", the secretariat of which is held by DIN, in collaboration with Technical Committee ISO/TC 34
"Agricultural food products".

This Euro
by endors
by Novemper 2003.

ication-of an-identical text or
be withdraw at the latest

The annexes A, C to K and M to T are normative. The annexes B, L and U are informative.

This docuiment contains also a Bibliography.

According|to the CEN/CENELEC Internal Regulations, the national standards organizations of the following coun-
tries are pound to implement this European Standard: Austria, Belgium, €zech Republic, Denmirk, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norwpy, Portugal,
Slovakia, $pain, Sweden, Switzerland and the United Kingdom.
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Introduction

The need for the food industry to rapidly assess the microbiological quality of raw materials and finished products
and the microbiological status of manufacturing procedures, has led to the development and refinement of alterna-
tive microbiological methods of analysis that are quicker and/or easier to perform than the corresponding reference
method; some can also be automated.

Among thes¢ alternative methods, some can yield results that are equivalent to those provided by _the reference
method, while others can lead to results that differ appreciably.

The supplierg/producers of the alternative methods, the food and drink industry, the public health sefvices and
other authorities need a reliable common protocol for the validation of such alternative methods. The data gener-
ated can alsg be the basis for the certification of a method by an independent organisation:

Because of the extent of the methods comparative study described in this standardfer'use by the organising labo-
ratory, the prpcedure is sometimes not appropriate for use as an "in house" method*for the validation of an alterna-
tive method Ipy an individual laboratory.

vi © 1SO 2003 - All rights reserved
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1 Scope

This document establishes the general principle and the technical protocol for the validation of alter-
native methods in the field of microbiological analysis of food, animal feeding stuff and environmental
and veterinary samples (see 5.1.1.2.1) for:

O the validation of alternative methods which can be used in particular in the framework of the offi-
cial control;

O the international acceptance of the results obtained by the alternative method.

It alsp establishes the general principles of certification of these alternative methods, baséd on the
validgtion protocol defined in this document (see 4.2).

Whele an alternative method is used on a routine basis for internal laboratory use‘without the re-
quirement to meet (higher) external criteria of quality assurance, a less stringent ‘comparative vplida-
tion gf the alternative method than that set in this standard may be appropriate.

2 INormative references

This [European Standard incorporates by dated or undated refefence, provisions from other puplica-
tions| These normative references are cited at the appropriate;places in the text, and the publications
are listed hereafter. For dated references, subsequent amendments to or revisions of any of fhese
publications apply to this European Standard only when_incorporated in it by amendment or revision.
For yindated references the latest edition of the publication referred to applies (including amend-
mentg).

ISO 3534-1, Statistics — Vocabulary and symbols,— Part 1: Probability and general statistical termp.

ISO %725, Accuracy (trueness and precision) of measurement methods and results.

© ISO 2003 — All rights reserved 1
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3 Terms and definitions

For the purposes of this European Standard, the following terms and definitions apply:

3.1

alternative method
method of analysis that demonstrates or estimates, for a given category of products, the same analyte

(3.4)

as is measured using the corresponding reference method (3.2).

NOTE 1 The method can be proprietary or non commercial, and does not need to cover an entire analysis pro-

cedur

NOTH

I

0 4

O 4

P, that is from the preparation of samples to the test report.

2 The alternative method exhibits attributes appropriate to the users' needs, for example:
peed of analysis and/or response;

ase of execution and/or automation;

inalytical properties (precision, accuracy, limit of detection, etc.);

0  miniaturisation;

0  neduction of cost.

NOTH
includ

3.2
referg
interr

NOTH
certai

3.3

3 The term "alternative" is used to refer to the entire ‘test procedure and reaction system". Thi
es all ingredients whether material or otherwise, required.for implementing the method.

ence method
ationally recognised method and widely aceepted.

For the purpose of this standard,these are International and European Standards and if not ex
N national standards of equivalent standing.

validation of an alternative method
nstration that adequate ‘confidence is provided that the results obtained by the alterpative

demd
meth

NOTH
of me|

3.4
analy
comg

pbd are comparableethose obtained using the reference method
The wordy'egmparable” is defined in this EN ISO 16140 by a technical protocol adapted to eac

thod (see clauses 5 and 6).

te
onent measured by the method of analysis. It may be the microorganism

term

sting,

h type

3.5

qualitative method
method of analysis whose response is either the presence or absence of the analyte (3.4) detected
either directly or indirectly in a certain amount of sample

3.6

quantitative method
method of analysis whose response is the amount of the analyte (3.4) measured either directly (enu-
meration in a mass or a volume), or indirectly (colour absorbance, impedance, etc.) in a certain
amount of sample

© 1SO 2003 - All rights reserved
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3.7
methods comparison study
study, performed by the organising laboratory of the alternative method against the reference method

3.8

inter-laboratory study

study of the method’s performance using common samples in several laboratories and under the con-
trol of the organising laboratory

3.9
organising laboratory

| b + FE SVESWH-W VIR 1 2 craalifiad ot ff oAl ollle +a o pf oy $1 matbad maasiean—atah—arnd—a
a. Or Wy Tiavirty uic yquaiiitcu otall dimfu onimo tU JUtlTUTTIT TS TTITTUTUU LUTTITAlniovult otuuy  arfu-u

the infterlaboratory study.

fganise

NOTE The availability of an experienced statistician is essential for the analysis of the results.

4 General principles for the validation and the certification of alternative
methods

4.1 Validation protocol
The Yalidation protocol comprises two phases:

0 & methods comparison study (3.7) of the alternative méthod (3.1) against the reference mgthod
3.2) carried out in the organizing laboratory;

O aninterlaboratory study (3.8) of each of the twonethods.
If appropriate, the two phases may be undertakén in parallel.

The technical rules for performing the methods comparison study and the interlaboratory study are
giver in clauses 5 and 6, depending upon whether the alternative method is qualitative or quantitative

in nafure.

If the alternative method has already been validated and meets the requirements set by anothgr or-
ganidation, specific rules are~defined in annex A for accepting the results of this prior validation.

4.2 Rrinciples of the.certification

4.2.1] If a subsequent certification of the alternative method is required, the two following principles
shalljalso be applied (in addition to 4.1):

Detalls-on.the organisation of the certification (management of the method comparison study and the
interlabefatory study, all the different bodies involved including the expert laboratory — designaled in
this standard as the "organising laboratory"- the reviewers, the certification body, etc) are provided [8]
by the certification body.

4.2.2 The manufacturer shall apply a quality system covering the production line of the product for
which the certification is sought and based on the appropriate European Standard relative to quality
systems or other equivalent international standard (for example EN ISO 9001).

In granting the certification, the certification organisation shall take into account the existence of any
quality system certificate issued by a certification body accredited for quality systems.

4.2.3 Aregular verification of the quality of the certified method shall be undertaken after the certi-
fication is granted. An audit is to be performed regularly to verify that the following are still met:

© ISO 2003 — All rights reserved 3
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O the quality assurance requirements, (see 4.2.1);

O the product's production control requirements, (see 4.2.1).

In addition to the general requirements of the appropriate European Standard relative to the quality
system, the manufacturer presents regularly to the certification organisation updated documentation
that take into account any modification made to the product or production process which may affect
the instructions for using the method and/or the method’s performance. The certification organisation
then decides whether these modifications affect the certification.

5

5.1 N

5.1.1

511

For tihe purposes of this European Standard, the following terms and definjtions apply.

5.1.1

degre
obtai

NOTH
1ISO §
the a
obtair
the a
implie

511

The
posit

A po
tive.

A po
tive.

ualitative methods - Technical protocol for their validation
ethods comparison study
Relative accuracy, relative specificity and relative sensitivity

1 Terms and definitions

1.1 relative accuracy ( AC)

be of correspondence between the response obtained bythe reference method and the resy
hed by the alternative method on identical samples” (sée 5.1.1.3.1.).

The term "relative accuracy" used here is complementary to the "accuracy" and “trueness” as defi
725-1 and 1SO 3534-1. These state that accuracyis™the closeness of agreement between a test resy
cepted reference value", and that the trueness-is "the closeness of agreement between the average

cepted reference value is chosen as the Value obtained by the reference method. Thus, the term "re
s that the reference method does not automatically provide the accepted reference value.

1.2 positive deviation (PB)

hlternative method becemes a false positive when it presents a positive deviation if it gi
ve result when the referénce method gives a negative result.

bitive deviation becomes a false positive result when the true result can be proven as being

Bitive deviation is considered as a true positive when the true result can be proven as being

onse

hed in
It and
value

ed from a large series of test results and .an accepted reference value". For the purpose of this stapdard,

ative"

es a

hega-

posi-

511

1.3 _negative deviation (ND)

The alternative method presents a negative deviation if it gives a negative result when the reference

meth

od gives a positive result.

A negative deviation becomes a false negative result when the true result can be proved as being

positi

Ve.

1)

Difficult to achieve if the pre-enrichment steps are different.
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5.1.1.1.4  relative sensitivity ( SE)

ability of the alternative method to detect the analyte when it is detected by the reference method
(see 5.1.1.3.1.).

5.1.1.1.5 relative specificity ( SP)

ability of the alternative method to not detect the analyte when it is not detected by the reference
method (see 5.1.1.3.1.).

5.1.1.2 Measurement protocol

5.1.112.1 Food samples

It is qf the highest priority to find food samples naturally contaminated with the analyte'to be detpcted
for thie validation.

If it i3 sought to validate the method for all foods, study five categories of fogdy This number may be
reduged to 1, 2, 3 or 4 categories if the validation of alternative method is-restricted to these gtated
categories, at the producer's request. The recommended categories are listed in annex B.

Apprppriate environmental samples may be included as one category. Veterinary samples may be
treate¢d as another category (see annex B).

It is desirable that food samples come from as wide a distribution as possible in order to reducg any
bias from local food specialities and broaden the range of validation.

When analysing naturally contaminated samples, thesrange and distribution of contamination ¢f the
samples should be representative of the levels usually found in that product but with emphadis on
smaller numbers.

If it i not possible to acquire a sufficient-ntrmber of naturally contaminated foods for each of the|cate-
goriep, artificial contamination of food samples is permissible. The method and levels of contamination
should result in samples behaving similarly to naturally contaminated ones. See methods of inqgcula-
tion gnd restrictions in annex C.

5.1.112.2  Number of samples

The total number of test-portions to be analysed is 60 for each food category chosen from the cgtego-
ries stated in annex B."Within each category, select representative food types and analyse 2P test
portians of each _faod type by the proposed method and the reference method to produce at|least
60 total results-fof each category by each method. For naturally contaminated food types prepaie the
sample as described in annex D. For artificially contaminated food type adjust the inoculation levgls to
achigve fractional positive recovery of the test portions analysed by at least one of the methods. [Frac-
tiona| recovery is achieved when some number, but not all, of the test portions are determined [to be
positi i

It is desirable to produce approximately 50 % of the results that are positive and 50 % that are nega-
tive. This is, however, a recommendation, not an absolute percentage, provided that some number of
the test portions are positive and some number are negative for the same food type.

5.1.1.2.3 Test sample preparation

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

Thus, if the first stage of the two methods is the same (for example the same pre-enrichment broth),
perform the replication at the second step (case 1, annex D).

© ISO 2003 — All rights reserved 5
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If this is not the situation, that is the first culture media, methodology or dilutions are different, prepare
paired test portions for analysis. There are two primary methodologies for such preparations.

In the first instance, mix a double weight of sample with an equal weight/volume of sterile water or
other suitable diluents and homogenize very thoroughly. Then divide into two portions taking particular
care to increase the concentration of the primary enrichment by (approximately 10 %) to compensate
for the dilution effect of the diluted, homogenised sample (case 2, annex D).

In the second instance, directly inoculate the food type with a starting inoculum sufficient to allow a
fractional recovery of the micro-organisms in the test portions analysed by at least one of the methods
after the microorganisms have equilibrated in the food type. Then weigh 25 g test portions and pro-

nnnnnnnnnnnnnnnnnnnnnnn

food

ceed
type

5.1.1
5.1.1

Tabu
lowin

brovided that the food is properly homogenised.

3 Calculation and interpretation
3.1 Treatment of data

ate the data of the paired results of the reference and alternative methods and calculate th
g parameters for each food category (60 samples) according to the Table' 1.

Table 1 - Paired results of the reference and alterpative method

e fol-

Responses Reference method positive (R+) Reference method negative (R-)
Alternative method posi- +/+ positive agreement (PA) -/+ positive deviation (PD) (R-/A+

tive (A+)

Alternative method nega- | +/- negative deviation (ND) (A-/R+) -/- negative agreement (NA)

tive (A4-)

The ¢alculations shall be performed on a number of negative results obtained by the reference mgthod

which for the results in Table 1 cannot exceed twice the number of positive results; the negati

sults
the s

EXxpr¢

o |

o |

being selected if necessary as immediately following a positive result, in the order of analy]
bmples.

pss the three criteria as fallows:

(PA +NA)

Relative accuracy;~AC = x100%:;

Relative specificity: SP = I>IV—A x100%;

DA

e re-
Kis of

O Relative sensitivity: SE =

T 7\

x 100%

+

where

N is the total number of samples (NA + PA + PD +ND);

N.is the total number of negative results with the reference method (NA + PD);

N, is the total number of positive results with the reference method (PA + ND).

© 1SO 2003 - All rights reserved
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5.1.1.3.2 Confidence intervals

The calculation of confidence intervals associated with the number of samples tested is given in an-
nex E.

5.1.1.3.3 Discordant results

Examine the discordant results as described in annex F (The McNemar test), by using the count of PD
and ND (see 5.1.1.3.1).

When the values for PD and ND are high and almost equal, no statistical difference between the
methpds—canbedetected—using-thevtcitemar-test—nthiscasetheorganisingtaboratory—shajl pay
further attention to explain the reasons for the high values of PD and ND. Moreover, it shows.that the
relative accuracy of a method shall never be interpreted by taking into account only the McNemartest.

5.1.1}3.4  Summary of calculation

All the calculations shall be summarised in Table 2:

Tablg 2 - Calculation of the relative accuracy, the relative sensitivity and the\relative specificity

Malrices PA | NA | ND | PD | Sum | Relative Accuracy N+ Relative sensitivity N. Relative
AC (%) SE (%) specificity SP
(%)
N 100x(PA+NA) PA + ND 100x PA NA +PD 100x NA
N N+ N -
Food cpt. 1
Food cpt. 2
Food cpt. 3
Food cpt. 4
Food cpt. 5
TOTAL

5.1.1}3.5 Interpretation
A table giving the raw results'(that is all the positive and negative results, Table 1) shall be provided.

Takirjg into account the"number of positive deviations and the number of negative deviations, the ca-
pability of the alternative method to give more or fewer true positive results than the reference mgthod

is evqluated.

The eport. ofithe study shall distinguish the results obtained with naturally contaminated and artifjcially
contgminated samples.

The procedure for the artificial contamination of test samples shall be described in the report of the
study.

Data published elsewhere and meeting the conditions defined in annex A may be used for evaluating
the relative accuracy.

© ISO 2003 — All rights reserved 7
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5.1.2 Relative detection level

5.1.2.1 Definition

For the purpose of this standard, the relative detection level is the smallest number of culturable mi-
croorganisms (3.4) that can be detected in the sample in 50 % of occasions by the alternative and ref-
erence methods.

5.1.2.2 Measurement protocol

Test

O

If ne

sample or the number of replicate samples. For example, 75 g of food sample contaminated with

cells

The

threshold.

5.1.2|3 Calculation

the following:

se one food product within each food category chosen from 5.1.1.2.1, depending of the.sca
e validation (see annex B);

ne associated with one food category, if possible. (See annex G.1 for the definition of the

ise five different target microorganisms (or less, depending on the scope of the 'validation)
icroorganism);

referably test five levels (but a minimum of three levels) of one tafget microorganism per
including the negative control, etc. The first level shall be the negative control. The second
hall be the theoretical detection level. The third level shall be just above the theoretical detg
reshold and any further levels shall be higher than the pfevious one. A factor of about
etween each concentration in the upper levels could be applied;

pe of

each
arget

food,
level
pction
three

eplicate each combination (food product, level of contamination) six times by both the alterpative

nd reference methods. Perform the division at thé’level where the two methods differ as
ated in annex D. Thus, if the 1% stage of each:fiethod is the same (for example the samg
nrichment broth), perform the division at the 2 step (case 1, annex D). If this is not the cas
e first culture media, methodology or dilutions being different, mix a double weight of sa
vith an equal w/v of sterile water or other suitable diluent and then divide into two portions;

reparation of the sample. Inoculation of each food sample may be prior to its addition to th
re medium or afterwards.

}-‘pply the complete procedure of thejalternative method and the reference method, includin
¢essary, for assuring a-better precision of the lowest inoculum level, increase the amount of
nstead of 25 g contaminated with one cell.

greater the number of inoculum levels used the more precise is the determination of the detq

illus-
pre-
B i.e.
mple

g the
b cul-

food
three

ction

For eachrtevet 1(7="0to 3)and gactT food/straim compination (=1 to 5), compare potiTmetto

stated in Table 3:

Table 3 - Calculation of relative detection level

Results
Negatives (-) Positives (+) Total
Method Reference a n-a n=6
Alternative b n-b n=6
Total atb 2n-(a+ b) 2n=12

ds as
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For small 2 by 2 tables, perform exact Fisher tests [8].

Comparisons

Instead of only comparing both methods at each level and each food/strain, the same test to compare
two food/strains at the same level can be used.

If food/strains seem to be comparable, the same test is available with n > 6 in pooling food/strains for
each level L;.

The levels can also be pooled to do checks, but using the ranking order: Lo+ Ly, Lo+ L1+ Ly, L1+ Ly, Lo
+ Li G o withor-without pootingthe-foodfstrains:

Repdrt all the significant differences between methods, food/strains and/or levels.

5.1.2{4 Interpretation

The |nterpretation shall be done by the organising laboratory in charge of the methods compdrison
studyf.

The felative detection level lies between the two contamination levels~giving respectively les$ and
more|than 50 % detection level. The relative detection level is therefore expressed as a range.

5.1.3] Inclusivity and exclusivity

5.1.3}]1 Definition

Inclugivity is the ability of an alternative method to-detect the target analyte from a wide range of
strains.

Exclysivity is the lack of interference from\a relevant range of non-target strains of the alterfative
methpd.

5.1.3|2 Measurement protocol
5.1.3{2.1  Selection of test strains

5.1.3]2.1.1 General
For nhicroorganisms-a’range of strains is chosen to avoid any local bias.

Criteria for seleeting test strains are given in annex G.

Each
detail s-ide C 3 and should be p 3 3
material from which it was originally isolated shall be known and recorded.

strain shall be characterised biochemically, serologically and if relevant genetically, in suffici

513212 Target microorganisms

Select at least 50 pure cultures of microorganisms relevant to the alternative method and the food
product being used (see G.3), except for Salmonella.

For Salmonella methods, select at least 30 pure cultures of microorganisms.
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5.1.3.2.1.3 Non-target microorganisms

Select at least 30 pure cultures of microorganisms chosen from both the strains known to cause in-
terference with the target microorganism and from strains naturally present in each food test material
included in the validation (see G.4).

5.1.3.2.2 Inoculation

5.1.3.2.2.1 General

Each test is performed once. Inoculation of the growth medium is carried out using a dilution of a pure

cultu

5.1.3

The i

e of each test strain. No food sample is added.

222 Target microorganisms

hoculum level shall be 10 times to 100 times greater than the minimum relative detection lejel of

the glternative method and the complete protocol of the alternative method shall*be used, including

pre-€
teste

5.1.3

The i
in all

The
broth

meth
using

5.1.3

Tabu

nrichment if stipulated. When false negative or doubtful results are obtained, the strain sh
I once more together with the reference method.

223 Non-target microorganisms

hoculum level of a strain shall be similar to the greatest levekof contamination expected to
the food categories being used.

this would be replaced by an appropriate non_selective broth medium. When the alter

the complete protocol. The reference method .shall be performed only once.

3 Expression of the results
ate the results as in Table 4:

Table 4 - Presentation of the results for the selectivity

Al be

pCccur

exclusivity shall be established. If the final nutrientymedium of the culture medium is a selﬁctive

ative

bd gives positive or doubtful results with non-target microorganisms, the test shall be repgated

Microorganisms Results

Reference method Alternative method

Expected result Actual result Expected result Actual resul

Target strains

1

2

etc.

Non target strains

1

2

etc.

5.1.3

.4 Interpretation

The interpretation shall be done by the laboratory in charge of the methods comparison study, as both
quantitative and qualitative aspects (that is pathogenicity, prevalence, cultural aspects of test strains,
for example motility, sensitivity to inimical agents etc.) shall be taken into account.
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Other published data on the alternative method that meets the requirements of this EN ISO 16140,
may also be used by the laboratory in charge of the methods comparison study, to provide further in-
formation on the above criteria. (See annex A that provides criteria for the acceptance of external re-
sults).

5.2 Interlaboratory study

NOTE The aim of the collaborative study is to determine the variability of the results obtained in different
laboratories using identical samples and to compare these results with those obtained in the methods comparison
study.

5.2.1] Measurement protocol

5.2.1}1 The interlaboratory study shall produce at least 10 collaborative laboratories\havirjg re-
sults without outliers.

Guidglines and requirements for the organisation, dispatching and conducting/the interlabofatory
studigs are given in annex H.

It is mecessary for the analyst in each collaborating laboratory to demonstraté his competence in the
use df the alternative method and of the reference method prior to participating in the study propefr.

5.2.1)2 The protocol is the following:

O one relevant food matrix (annex B) is used to prepare the\test samples;

O e protocol for artificial contamination of the food<sample shall be appropriate for the selpcted
od substrate. Each sample shall be individuallysinoculated. Each blind replicate shall bg pre-
ared to ensure homogeneity between samplestby the individual inoculation of each one. An ap-
ropriate number of samples shall be analysed to determine homogeneity (see annex H);

O t least three different levels of contamination shall be used: a negative control (L), one|level
lightly above the detection level ¢f the alternative method (L;), and one about 10 times gleater
an the detection level (L) (for example 0; 3; and 30 cells/259);

O It least 8 blind replicates at'each level of contamination are analysed by both reference and jalter-
ative methods by each_collaborative laboratory;

O & suspension of the whole of each sample is prepared for analysis;

O the analysis of:samples shall be performed in each laboratory at the stipulated date;

O e test.samples are cultured according to annex J. Thus if the 1% culture step is common td both
eferefce and alternative methods use this culture to inoculate each of the next stages (cdse 1,
nnex J). If the primary cultures of each method differ, then replicate by setting up each mgthod

ihdixadualh/(case 2 annex-J)-
1RERAGHaHY “<—aRh +

O in either case, the combination "number of levels of contamination/number of replicates/number of
non-outlier laboratories" shall be selected so that at least 480 results (240 by each method ) are
generated for use in the calculations.

5.2.1.3 The organising laboratory using all recorded data (see H.3) shall determine which results
are suitable and which are outliers for use in calculating the precision data. See annex K, that provides
guidelines defining microbiological conditions for disregarding data.

WARNING Outliers: Do not exclude participating laboratory results if there is no clear expla-
nation or gross error to explain them.
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5.2.2 Calculation

5221 For each level, put the positive results obtained with each method as in Tables 5 and 6:

Table 5 — Positive results by the reference method

Contamination level

Laboratories Lo L1 Lo
Labumltwy l 118 1'8 1'8
Laboratory 2 /8 /8 /8
Laboratory 3 /8 /8 /8
etc. /8 /8 /8
Total FP*® TP, " TP, °
% False positive by the reference method

True positive at level 1 by the reference method
° True positive at level 2 by the reference method

Table 6 — Positive results by the alternative. method

Contamination level
Laboratories Lo Ly L
Laboratory 1 /8 /8 /8
Laboratory 2 /8 /8 /8
Laboratory 3 /8 /8 /8
etc. /8 /8 /8
Total Fp? TP, ° TP, °
 Fdlse positive by the alternative method
True positive at level 1 by the alternative method
STrue positive at level 2 by the alternative method

5.2.2)2 For level L, and for each method, calculate the percentage specificity SP as in eqyation

(D):
SP= El— %% %X 100% 1)

where

N. is the total number of all L, tests;
FP is the number of false positive.

5.2.2.3 For each contamination level and for each method, calculate the percentage of sensitivity
SE as in equation (2):

12 © ISO 2003 — All rights reserved


https://standardsiso.com/api/?name=91b141a7aefe3254707d835b488a6fbb

ISO 16140:2003(E)

SE=1" x100% ©)
N,
where
N, is the total number of all L; or L, tests respectively;
TP is the number of true positive.
5.2.2.4 For each level of contamination and the totality of the results, compare the alternative

metl« dand tha rafaranan pmanthoad s ArAAr +0 anlailata thna valatihn annivany and 0 Avaraian tha dlS'
Pttt T CTC T e e e ot Ottt Canrt ot e Tt ativ CattoaC y ara—to— T T et

cordant results.

Each| pair of results from a sample measured by the alternative and the reference method shall ipe re-
ported as in Table 7:

Table 7 - Paired results of the alternative method and the reference method by the'interlabora-

tory study
Alternative Reference method Total
method
+ -
+ PA PD
- ND NA
Total N+ N N

Calculate the relative accuracy AC expressed in pereentage, as in equation (3):

AC =

w x100 % 3)

wherg
IN is the number of tested samples (for the level L; or all levels);

PA is the number ofpositive agreement;

INA is the number of negative agreement.

5.2.2|5 Calculate the confidence intervals for each proportion (see 5.1.1.3.2).

5.2.2|6 Examine the discordant results as described in annex F, by using the counts of PI) and
ND (s$eeTable 8).

5.2.3 Interpretation

Compare AC (Table 7), SE and SP (Tables 5 and 6) with their relative counterparts obtained within the
comparative study including the naturally contaminated samples and the relative detection level.

These criteria do not really address the variability within a laboratory and between laboratories of the
method (notions of repeatability and reproducibility). Annex L provides further criteria (accordance,
concordance and concordance odds ratio) which may help to address this variability (the criteria of
repeatability and reproducibility have been defined for quantitative methods and cannot be used as
such for qualitative methods).
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6 Quantitative methods - Technical protocol for their validation

6.1 General

Colony counts from a given sample are the most common output from reference quantitative methods
and all information should be recorded — sample weight, dilution series, inoculum volume and colony
counts at each dilution. In microbiology, these discrete data are often truncated, for example by only
counting plates with no more than 300 colonies and then applying an expansion factor inverse to the
dilution factor to obtain the result. For this reason and other factors involving the growing process of
the microorganisms, and also in order to obtain a symmetric distribution or a near normal one, the
counting data are often transformed into their logarithms, or a square-root transformation. This trans-
formation can be checked by using histograms of many data points (30 or more) all gathered_finder
the same conditions.

In 6.2 and 6.3 for the validation of quantitative methods the gathering of continuous data (or ingerval
data)|is mainly described; however remarks about ¢ ounts are included as a particularcategory.

6.2 NMethods comparison study
6.2.1 Linearity and relative accuracy
6.2.1{1  Definitions

6.2.1}]1.1  Linearity

Ability of the method when used with a given matrix to give results that are in proportion to the armpount
of anplyte present in the sample, that is an increase ift“analyte corresponds to a linear or proportional
increpse in results.

NOTH 1 A response curve or a signal function™is obtained when measuring the relationship betwegn the
signa| or the method’s response and the analyte-concentration (doses) in different samples of referencg¢ ma-
terial§ (RM) having known values . In microbiology, where practically no stable reference material is avajlable,
these|"known values” can be obtained after many replicated measurements using the reference method .

After pata fitting, smoothing or another algorithm, the alternative method provider should establish a monpotonic
mode] over the whole application(domain of the method in order to transform the measurements into the nearest
values to the reference ones. The fitted model is a first (or ori ginal) calibration curve and in collecting gll the
calibration factors over thé_eoncentration domain; it is often not linear. But this is not included in the valigation
study

A parf of the validation-is the verification of the calibration , which gives a final calibration curve settifg the
relatignship between“the transformed measurements and the corresponding "reference values" 2 with the|same
unit system. With.the same scales on the axes, this curve should be linear, having a null intercept (same lowest
valueg), and-a’slope of 1 (same axes units) and with well estimated characteristics of spread. Extrapolation pbove
and belowsthe tested concentrations should not be performed, except if it is necessary to examine the behpviour
near fhe’Concentration "zero”.

NOTE 2  Counts by the following regression method the linearity is not correctly obtained for counts with low
levels or with wide ranges. These counts have quasi-poissonian distributions with repeatability standard devia-
tions proportional to the square root of the mean counts. It involves the same kind of estimation difficulty as men-
tioned under note in 6.2.3.1.

2 They are derived from the reference method with naturally contaminated samples, if RM's and «known» val-

ues are not available.
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6.2.1.1.2 Accuracy
closeness of agreement between a test result and the accepted reference value [ISO 3534-1]

NOTE The term accuracy, when applied to a set of test results, involves a combination of random compo-
nents and a common systematic error or bias component.

6.2.1.1.3 Bias
difference between the expectation of the test results and an accepted reference value [ISO 3534-1]

NOTH— Bias 15 he ot SYSIEMAlT error as contrasted 1o random error. There can e One or More sys@matic
error components contributing to the bias. A larger systematic difference from the accepted reference Vglue is
reflecfed by a larger bias value.

6.2.1{1.4 Relative accuracy

See$.1.1.1.1
6.2.12 Measurement protocol

6.2.1{2.1  Design

The yerification of the calibration curve requires many different.samples (if possible reference materi-
als; 4ee annex C); and the number of levels examined (doses’/or concentrations) is a function ¢f the
range of concentrations to be used in practice.

A minimum of five different levels of analyte in eachifood txpe is required to establish a calibfation
curvg. The levels should uniformly cover the whole\range of interest, having a minimum (zgro or
othenwise), a central , a maximum , and two intermediary levels. The choice of the scale has|to be
made before the concentration levels are chosen and taking into account the contamination range and
the expected detection limit (LOD): linear.for small ranges (say < 3 x LOD, or 10 LOD to 100 |[LOD)
inclugling zero, logarithmic for wide ranges (say > 3 x LOD). This can influence the relationship be-
tween the standard deviations and the mean values of the response (see note in 6.2.1.3.1).

Priority is given to naturally centaminated samples . The word "level" is used here as an a priori
guesped analyte concentration=In principle, an optimal design for regression analysis is obtaingd by
chooging an appropriate and/relevant range of analyte concentrations, or by not testing samples with
similar counts or eliminating repetitive data with similar results. For liquids, the range could al$o be
obtaiped by dilutionybut’many precautions concerning the homogeneity of both solid and liquid [sam-
ples shall be takenintd account.

The samples at.one level shall be independently duplicated by preparing sub-samples; and the pame
number oftsub-samples analysed at each level - at least two and ideally 5 to 10. When both the fefer-
ence|méthod and the alternative method use the same decimal dilutions of a sub-sample, duplicate
the test-at the Petri-dish level (annex M, case 1), When only the reference method needs decimal dilu-
tions, perform the duplicate examination of samples (annex M, case 2).

Duplicate Petri-dishes are inoculated with each decimal dilution.

Therefore a minimum of 10 measurements (ideally 25 to 50 using naturally contaminated samples) by
the alternative method shall be done for the verification of a calibration curve.

R Graphical examples of unacceptable and acceptable repartitions of measures are given in annex P.
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If samples of reference materials are not available, it is not possible to estimate correctly the accuracy
of the alternative method, but only a relative accuracy by measuring the same sub-samples with the
reference method.

6.2.1.2.2 Food categories

The number of food categories to be studied is 5. This number may be reduced to 1, 2 or 3 categories
if the alternative method is to be validated only for these stated categories (e.g. dairy products). The
recommended categories are listed in annex B.

The samples shall be naturally contaminated  with the analyte under study.

If appropriate, environmental samples may be used but only considered as one (Ccatggory
(see pnnex B).

It is desirable that food samples come from as wide a distribution as possible in ordep<to reduce bias
from Jocal food specialities and broaden the range of validation.

The fange of contamination shall be well covered across the whole quantitative_range under test.

If it i$ not possible to acquire a sufficient number of naturally contaminated samples at the required
levels, it is permissible to contaminate artificially some samples; the number shall be kept to |a mi-
nority of the total examined. The procedure of artificial contamination/shall result in samples withl ana-
lyte gharacteristics as similar to those in naturally contaminated Samples (see annex C, 2nd and 3rd
optiops).

Thergfore, for each of the five food categories, at least.five levels of target analyte are measurged by
both the reference and alternative methods, each samples being replicated the same number of fimes
(2 t0]10), which represents globally 10 to 50 measurements per method and food category. If the re-
sults|obtained suggest that the matrix is not homogeneous, either in the composition of its cgmpo-
nentg, or because of variations in the concentration of the target analyte throughout the matrix, firther
samples shall be examined.

After|the separate assessment by each food category , the global assessment of the calibfation
curvg across all the categories is a\uséful exercise to identify any discrepancy between the scgpe of
appligation, the accuracy, and the repeatability spread within the whole analyte range.

6.2.1{3 Calculations

6.2.13.1 General

Befolle performing any calculations, plot a graph of the values as bi-dimensional points for the fefer-
ence| and alternative methods for each sample, using the y-axis (vertical) for the alterngtive
methpd and-the x-axis (horizontal) for the reference method . The points at each level should form
a discrete-cluster. In order to detect outliers and a non-linearity, visually check the graph fgr the
presence of any abnormal results _that is those that are ohviously outside each cluster If any are
present, retest the sample if possible and, if no explanation is provided or the result is still outside the
cluster, discard temporarily that result and repeat the calculations below in order to estimate its effect
in contrast to the calculations with all the data. If a dilution effect is involved, examine this point cau-
tiously.

If all appears correct, use a linear regression programme“) which gives the probability of lack-of-fit or
non-linearity , and, possibly also, to weight unequally the regression  (see ISO 11095). If a less de-

Y ora spreadsheet, like Excel.
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veloped calculation program or a smaller computer capacity is available, the calculations required are
givenin 6.2.1.3.2.

WARNING — When a simple linear regression gives a straight line fit (y = a + bx), its correlation
coefficient r is not sufficient to give the required information. The statistical significance of r,
or of the slope b, is not synonymous to the linearity test. Moreover, the two hypotheses ( a=0

and b = 1) shall be checked.

NOTE If the repeatability error on y (or x also) depends on the y value (which, unfortunately, is very fre-

quently the case), e.g. a directly proportional increasing error, it is better to use a smoothed weighting function

(for example weight [y] constant/variance = constant/f) to correctly fit the stralght liney=a + bx by the linear
il WL h

served points which have less spread and more distant where the spread is greater: the estimatesof
b and intercept a are therefore very dependent on this weighting procedure. This is a difficult and technicgl sub-
ject, mainly for the statistician's use, and it is not therefore be developed in this EN ISO 16140. Statistical pooks
descr|bing General Linear Modelling GLIM/GLM, etc. can be referred to (see ISO 11095). Thusdf.after gathering
the data and examination of the regression graphs they give questionable linearity, it is recommended that & stat-
isticiah's expertise is used for this analysis.

6.2.113.2  Estimations using the regression method

6.2.1{3.2.1 Principle of the regression method

In the general case, the vertical y-axis (dependent variable) is used'for the alternative method and
the hprizontal x-axis (independent variable) for the reference;method . This independent varigble x
shall |oe very accurate, precise and having well known values:

If it i$ foreseen that a repeatability error s, (x) can happen on x, that is rather comparablg or

largef than s, (y) on vy, the fitting functions y(x) or x(y)*can lead to quite different straight lines. |n the

case|where the repeatability standard deviations s;4(x) and s, (y) are comparable (respectively| on x

and y), compute other estimates (see annex R.3). If the s, (x)'s are much larger than s; (y)'s, pefmute

the %res Xxto y, and y to x to perform a regression y(x), or to use the regression x(y) without axe$ per-
i

mutation (see annex R.4). For these choices (see annex R.2), use a cutpoint of 2 for the ratio ¢f the
repeatability errors on x and y, or their inverse.

For clculations: see annex R.

6.2.1{3.2.2 Further estimations

If the repeatability errors\~s; or the residual error Sy, depend strongly on  x (or ), that is the re-
sidugdls seems to ineréase or decrease clearly with x (or y; that is s is not constant), the fitted regres-
sion [ine could be‘ineorrect and not pass through the more precise points. Moreover, the relationship
of Cl with x (or~y) could not be reliable in the main part of the measurement range. In this case pse a
weighted regression technique  (WLS, GLIM, etc.).

a_

" can
be used for a good est|mate of m (negat|ve or posmve semi- mteger or otherW|se) the ch0|ce is made
by visual inspection of residuals or of repeatability s, 's for each x; constant errors correspond to the
ideal transformation.

When using such a transformation, the intercept a shall not be very different from zero. Then, when all
estimates are provided , like the estimated <y>'s and CL, their inverse transformations  can finally
be done.

6.2.1.4 Interpretation

6.2.1.4.1  The relative accuracy relationship  between the alternative and reference method is as-
sessed through the linear model: y = a + bx.
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There is no systematic bias (that is ideal accuracy ) between the methods if this equation equals the
theoretical equation y = x, that applies if the two methods behave equivalently. The intercept is theo-
retically null within this ideal model. The estimated intercept a generated by the two methods is
checked by p{a = 0}. If the alternative method has a systematic bias relatively to the reference
method, the probability p{a = 0} is less than a = 0,05 (2-sided).

The theoretical slope of a line through the points giving a totally true equivalence is equal to one. The
estimated slope b, generated by the two methods, shall be checked by p{b = 1}. If the alternative
method does not give significantly the same values than those of the reference method, the probability
p{b =1} is less than a = 0,05 (2-sided). In this case, the alternative method has a bias relatively to the
reference method, depending on the concentration value (x or y) and is maximal at the domain
limits

6.2.1}4.2  The linearity or the lack-of-fit can be visualised by a graphical representation((anng¢x N).
The best one is a residuals plot (see R.1). The {ys} are not plotted versus the {x} values’(k=1|to N,
N=qgr), but the estimated residuals {yx - Y.} versus {xi}. It gives the shape of the nan=linearity |if de-
tecte with p(F) in R.5.

6.2.1{4.3  The estimation of the methods precision by CL(<yy,>) mainly comes from the residual
standard deviation s,. « (see annex R). It gives limits within which the specified accuracy for the result
is found with a probability of 95 %, when tis equal to about 2.

The ¢orresponding CL(<xy.>) (see annex R) is of better use becalse they are included in the fefer-
ence|system.

6.2.2| Detection and quantification limits

6.2.211 General

The following characteristics involve the reliability of the signal (or response) obtained with the [alter-
nativgé method to detect a non-null concentration obtained by the reference method. It gives the preci-
sion [imits, including bias, at the lower end_of;the concentration domain

The background noise or blank (instrumental or otherwise) is generally determined with at leajst six
indegendent blank determinationssltialso corrects the general bias of actual measurements by the use
of a gentral value (average) and'gives an important estimate of spread, Sq-

Ofter), when it is not possible to measure or detect something less than a given low level , samples
are ghosen with an afialyte concentration near to the first estimation x. c taken from the pregvious
straight line for the Verification of the calibration: x.c =1,645 s4 [3], [5], [1], where s is obtained |n an-
nex R. Around this concentration, a standard deviation is estimated which is expected near sy, and
used|insteadsAnother procedure is to take the average and the standard deviation of all the meas-
uremients of.the lowest doses detected after many replications of the same dilution scheme (dijution
factof 1:"2\to < 1: 10).

NOTE The estimation of the standard deviation sp includes many uncertainties, mainly when below the
guantification level. Therefore, an initial s estimate (if possible with the robust method S, given in annex Q) is of-
ten sufficient to provide the further estimates.

6.2.2.2 Definitions

6.2.2.2.1  Critical level ( LC)

Smallest amount which can be detected (not null), but not quantified as an exact value. Below this
value, it cannot be sure that the true value is not null.
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NOTE At this level, the false negatives probability 8 is 50 % (B is the second type of statistical error
(see 6.2.2.4).

6.2.2.2.2  Detection limit ( LOD)

Higher than the critical level (6.2.2.2.1), because it involves a power, the probability 1 - S, which has to
be well over 50 %, for example 95 %.

For instance: LOD = Average(blank) + z so(blank), where z = 2 x 1,645 = 3,3, gaussian critical value
with a = = 0,05 (1-sided, see 6.2.2.4), for a rather high number n of blank samples.

6.2.2[2.3  Quantification limit ( LOQ)

The $mallest amount of analyte, (that is the lowest actual number of organisms), which.can be meas-
ured |and quantified with defined precision and accuracy under the experimental conditions by the
methpd under validation.

NOTH AOAC defines, the quantification limit for quantitative methods as: LOQ & 10 sp; it is equivalent of
saying that a variation coefficient CV, = s,/x is needed to be better than 10 %, that is fower [2].

6.2.2{3  Measurement protocol and samples

Perfgrm at least six (preferably 10) blank sample determinations.(hegative, zero dose or near zefo) to
estimate the baseline or threshold spread sg.

NOTH For counts , more than five samples at a minimum“non-zero level are sufficient to ascertain that the
contamination rate is p < 50 %, when no positi ves are detected (95 % confidence level). If one positive ut of
five i$ detected, it can be assessed that p > 1 %. Therefore, starting from three analyte doses of referenge

materjal chosen among 3, 10, 30, 100, 300 etc. cfu/unit, and replicating each at least six times, the cfitical
level (50 % of detection) can be estimated: for example an ideal case could be: 0/6 at 10, 2/6 at 30, 5/6 gt 100,
giving an estimate around 30 cfu/unit. Although th€ approximate estimate provided by this procedure can bg used
(see annex P for a coherent estimation).

6.2.214 Calculations

In the general case, the criticalevel and the detection limit involve two types of statistical errors:|a (to
detegdt a non-existing difference (false-positive)) and S (to not detect a true difference (false-negative)).
The power 1 - Bis theprobability to detect significantly a value larger than LC.

From the blank sample determinations Xxg;, estimate their standard deviation s, (from Sp, annex R)
and the bias: «&y'= median of the xg;. It corresponds to a general lack of specificity, which is statisti-
cally significant if

t= O M)/sg > tq > 1,645 (see below).

The critical level LC = 1,65 s (+X, for the alternative method), for a =5 % (and 1-8 =50 %)

(More precisely, LC = ty sg, With ty being the Student value for a 1-side level a and n - 1 degrees of
freedom; for a =5 % and n=6, ty = 2,015 and then L 02,0 sg. if n—» o then {5 - 1,645).

The limit of detectionis LOD 03,3 sy (+X, for the alternative method), for a = 5 % and 1- B= 95 %
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(More precisely, LD = (fy + tB) Sg; With i being the Student value for a 1-side level S and n - 1 de-
grees of freedom; e.g. for 1- =90 % and n= 6, tg= 1,476 and then LD = 3,5 s; for 1 - B= 80 %, tg=
0,920).

The |

6.2.3

6.2.3

imit of quantification is LOQ = 10 s,. (+xo for the alternative method).

Relative sensitivity and determination of unknown samples

1 General

An e
alterr

6.2.3

For t
tive 1
given
minin
of the

NOTH
meas

6.2.3

stimate of sensitivity is used in this EN ISO 16140 in order to ascertain that values given,
ative method do not differ markedly from the reference method (less than 30 % in differénce

2 Definition

e purposes of this EN 1ISO 16140, the relative sensitivity is defined as thejability of the al
hethod to detect two different amounts of analyte measured by the reference method wi
matrix, at a specified average value, or over the whole measurement range; that is, it
hal quantity variation (increase of the analyte concentration x) which gives a significant var

measured signal (response ).

The sensitivity differs from the detection limit (6.2.2), becadsenit is calculated for each value
Lirement range. It involves also the 2 types of statistical error a (2 sided) and b.

3 Calculations

The easurement protocol and the samples are deseribed in 6.2.1.2.

Relafive sensitivity: ACg = 5,1 s(<x(y)>), for.2:sided a = 5% and a power 1 - B = 95%

S(<x

(Morg
and

Ident
Then|
6.2.4

6.2.4

y)>) Os(<y>)/b from R.6.2.

e precisely, ACg = (g + tB) V2 s(<x(y)>) For a =5%, a power 1 - =90 % and n=5, ty =
3 = 1,533, then ACgq = 6,1 s(<x(y)>)

fication and determinatign of unknown samples: <x(y)> = <x>* Iy S<x(y)>.
plot the (im-)preeision profile  s(<x(y)>) or CV(<x(y)>) versus x(y).
Specificityyinclusivity and exclusivity

1 Definitions

y the

rna-
hin a
s the
ation

of the

with

P 776

6.2.4

- I—Spetificity

For the purposes of this EN ISO 16140, specificity is defined as the degree to which a method is af-
fected (or not) by the other components present in a multi-component sample. That is the ability of a
method to measure exactly a given analyte, or its amount, within the sample without interference from

non-t

6.2.4

arget components such as a matrix effect, or background noise.

.1.2  Inclusivity and exclusivity

For the purposes of this EN ISO 16140, selectivity is defined as a measure of the degree of non-
interference in the presence of non-target analytes. A method is selective if it can be used to detect

20
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the analyte under examination, and that a guarantee can be provided that the detected signal can only

be a

This

product by that specific analyte.

criterion is not applicable to a total viable count .

Inclusivity is the ability of an alternative method to detect the target analyte from a wide range of
strains.

Exclusivity is the lack of interference from a relevant range of non-target strains of the alternative
method.

6.2.4[2 Measurement protocol

6.2.4{2.1 Samples

Inm

lished by the analysis of:

O

O

Sele

natiop. For strains not belonging to a collection, carry out<@’complete identification of the va
strairjs tested. The real origin of a strain from food (not froni’the collection) shall be known.

Critefia for choosing the strains are given in annex G;

The

micrqorganism is fixed at more than 100 times the limit of detection  of the target species.

Each|sample containing a strain shall be ahalysed twice.

6.2.412.2  Measurement protocol

The

alreafdy known.

6.2.4{3  Expression.of the results

This
dete

exclusivity is a part of the overall lack of specificity (see also the bias in 6.2.1.4).

icrobiology (except in the case of total plate counts), the inclusivity and the exclusivity is g

at least 30 positive pure strains (of the analyte being studied);

at least 20 negative pure strains (analytes other than that being-studied), taken from s
known to commonly and consistently cause interference usually-with the target analyte.

¢t the positive and negative strains which regularly contaminate the food product(s) under e

pure strains from laboratory cultures constitute the test samples. The level of inoculation for

bpecificity, the inclusivity, and the exclusivity of the reference method need not be establis

Charactefistic of selectivity is only given in a descriptive way (see Table 8) relative to the li
gtion of the target analyte; therefore, no calculations are needed. The lack of the inclusivit

stab-

rains

xami-
rious

each

ned if

mit of
and
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Table 8 — Presentation of the results for the inclusivity and the exclusivity

Strain tested Reference method Alternative method
expected or demonstrated result Results (give the detec-
Inoculum level etc. tion limit, etc)
(single test) Duplicate

Target strains

etc.

Data
ising
criter

6.2.4

It sh
spec

6.2.5

Cong

formance: for example stability, reliability, robustness or ruggedness, etc.

6.31

6.3.1

The
curad

For d
the |9

6.3.2

Non-target
strains

etc.

published and meeting the requirements of this EN ISO 16140 may also be used by the 9
laboratory in charge of the methods comparison study, to provide furtherjinformation to the 3
a (see annex A, providing criteria for the acceptance of external results).

4  Interpretation

puld be possible to evaluate whether the alternative method conforms to the manufact
fications and to the specific requirements for its reliable use.

Additional characteristics of the alternative method

erning the alternative method, document all other pertinent characteristics affecting methog

nterlaboratory study

General

ollaborative study is aimed to comparatively determine the performance characteristics
y and precision) of . the alternative method against the reference method.

uidelines to the organising laboratory regarding the collaborative study see annex H. Ses
b0 5725-2.

Terms and definitions

For tihhepurposes of this EN 1ISO 16140, the following terms and definitions apply:

rgan-
|bove

irer’'s

per-

(ac-

also

6.3.2

.1 accuracy

closeness of agreement between a test result and the accepted reference value [ISO 3534-1]
NOTE It is approximately estimated as a bias, the bias being the systematic part of the error.
6.3.2.2  precision

closeness of agreement between independent test results obtained under stipulated conditions of re-
peatability and reproducibility (see 6.3.6 and 6.3.7) [ISO 3534-1].
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6.3.2.3 outlier

extreme value which normally appears randomly in less than 1 % of tests, but more frequently, if ab-
normal situations occur. To quantify this probability, test procedures can be used

NOTE The "robust" approach of this EN ISO 16140 does not exclude an outlier, unless there is a clear indi-
cation of a sound microbiological reason for doing so. This approach can be used either as a test procedure for
the outlier detection or for "robust" statistical estimations.

6.3.3 Measurement protocol and samples

6.3.3rt Fhe—intertaboratory—study—shaltproduce—atteast—eight—cottaborative—taboratories—having
resulfs without outliers.

The accuracy and precision estimates should be calculated from a large number of duplicate test re-
sults] This figure should be a minimum of 96 results for the one food matrix chosen.

Guidglines and requirements for organising, dispatching and conducting the interlaboratory studigs are
giver] in annex H.

The ¢rganising laboratory is also responsible for the preparation of the test protocol and a data gheet
(see pelow) for recording of all experimental data and critical experimental conditions used by|each
laborptory (See H.3)

It is pecessary for the analyst in each collaborating laboratory.to demonstrate his competence in the
use df the alternative method and of the reference method priorto participating in the study proper.

6.3.3|2 The protocol is the following:

O one relevant food matrix is used (see annex B);

O e analyte concentrations should be chosen to cover at least the lower, middle and upper levels
f the entire range of the alternative-method. The samples shall be shown to be homogeneops by
e organising laboratory. A negative’control should also be included;

O rtificial contamination of a food sample with the target analyte may be used;

O compare the alternative’method with the reference method the same samples shall be usé¢d for
ach method. Four-stb-samples from each level (or two aliquots, each measured by both meth-
ds) are prepared-for each laboratory. These are blindly coded but labelled so that two are meas-
red by the reference method and two measured by the alternative method;

O ljquid samples (compared to solid samples) gives greater assurance of homogeneity if prepared
nd dispatched without change in microbiological content and used correctly. In specific cages, it
ould be necessary to subdivide the samples just before measurement with both methods;

O the analysis of samples shall be performed in each collaborative laboratory and the organising
laboratory at a stipulated date using common batches of media and Kits;

0 the rounding of results shall be set by the organising laboratory. After pooling of each laboratory's
results, the final data tabulation for each analyte level j shall be presented as shown in Table 9.
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Table 9 — Presentation of the results of the interlaboratory study per each analyte level (j)

Laboratories (i) Methods (k) and duplicate (r)
Reference method (coded) Alternative method (coded)
Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2
1
2
etc.
W

6.3.4| Calculations

6.3.4{1 In microbiology, the data {)y} do not always show a normal statistical-distribution, f.e. a

Gaugsian distribution. This distribution could be checked if enough values are‘available (many

more

than [30 results) all at the same level. Often, in order to get a more symimetric distribution, sparse

counis are better transformed into logarithms. Other more complicated procedures can also be us

ed.

It is dften difficult to make reliable estimations (average, standard dévijation, etc.) with a small biap and
in presence of outliers . ISO 5725 includes outlier tests (Cochran, Dixon, Grubbs) in order to discard

the bpdly influencing values and to obtain a better estimate; thisthowever reduces the number o
ful vdlues for statistical analysis.

Thergfore, in order to guard against these difficulties, robust estimators are used in

use-

this

EN I$0O 16140 as they are insensitive to any extreme-values, and moreover do not depend too much
on the distribution of the data, also they do not eXelude the laboratories  reporting extreme vilues

unlegs exclusion is based on sound microbiological reasons. Estimate three consensus values
partigipating laboratories:

O stimation of the global centre (for‘bias estimates): the median MED (instead of the mean M);

O stimation of the spread between the duplicate means , including the reproducibility : sp &

or all

ased

n the recursive median Sy, ((6), (see annex Q), instead of a classical standard deviation (s); and

O e¢stimation of typicahwithin spread, the standard deviation of repeatability  derived frofn the

I]edian of the duplicate standard deviations: k, MED{s;j}, instead of a classical pooled sta
eviation, coming from the variances mean.

ndard
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6.3.4.2 For each method k (for example 1: reference, 2: alternative) and level j, compute :
Level j Replicates
Method k
1 2 M Si
Laboratory (i ): 1 Y Y (yil + yi2) |yil - yi2|
2 2
2
N
MEDIAN: MED {M} Sr= kK5MED {s}
Robust sgr = Sp= s {M} = ki x Sp
SZ
So=yS
2
wherg the constants k1:1,1926 and k2: 1,4826; only this last constant is dependent on the faqt that
only duplicates (two laboratory values) are used and not more replicates %,
Sp corresponds to the following procedure which does notise a centre estimate:
Sh =[MED; {MEDJ- |Mi - Mjl}' It consists in 2 phases gfsuccessive medianing:
O om each one of the n values, the median“of its (n-1) absolute differences to the other vallies is
stimated; and
O e spread estimate is the median of the n deviates medians, formerly calculated (for example,
gee annex P).
NOTH Only poor alternatives-exist. The Median Absolute Deviation from the MEDian or MAD (Hgmpel,
1974). MAD = MEDi{|Mi - MEDJ}. This robust spread estimate is symmetrical around a centre estimate (MED).
Gaussian case: o 11,4826.MAD. Another comparable alternative is based on the interquantile range IQR |= Q3-
Q1 =PBrd - 1st quartiles; for the gaussian case o = 1,4826 IQR/2. This last one is easy to get with Excel ®,
6.3.5| Relative accuracy
6.3.5|1 A\ Definition
For the purposes of this EN ISO 16140, the accepted reference values involved within a definition of

trueness, are only given by the responses obtained by the reference method on identical samples.

vV
¥ tis — with )(2 = chi-square for p=0,5 ()(2 = 0,455 here) and V degrees of freedom within the rep-
V X

licates (V = 2-1 here for duplicate).

6)

QUARTILE(range;k) with k =1, 2 or 3 for the 1%, 2" or 3" quartiles.

©180
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Therefore, the deviation of the measurements obtained by the alternative method better corresponds
to a relative accuracy.

6.3.5.2 Calculations

For each analyte level j, compute di =M

i alt” Mi,ref for i =1 to nlaboratories,

where

M.

alt is the duplicate mean of laboratory i obtained by the alternative method;

wi ref is the duplicate mean of laboratory i obtained by the reference method.

Thus| the median MED{di}: bias D and the robust standard deviation SD{di}: klsn provide a(t-like

statistics:

t(d)= MED{di} \/n/s{di} , with n - 1 degrees of freedom (df).

In a Btudent t table is found the probability that D = 0. (For example for n = 12 (11 df), the dritical
valug for 2-sided a = 0,05 is 0.0511° 2,201). If f(d) > tyq the biaS D between the two compared

methpds is significant, that is the alternative method lacks accuracy, relative to the reference
methpd, for the level .

The felationship between the relative accuracy and levels:can be modelled (constant or proportional
bias, |etc), in connection with the linearity of the calibratiorn curve.

6.3.5{3 Interpretation

A null bias (D = 0) for each analyte level isc€xpected. However, if either the estimated D magnityde is
too bjg for the methods purpose, or statistical significance is reached, the alternative method is gliffer-
ent fiom the reference one.

6.3.6] Repeatability

6.3.6{1 Terms and definitions

For tihe purposes of this EN 1SO 16140, the following terms and definitions apply:

6.3.6/1.1 repeatability

closgness of agreement between successive and independent results obtained by the same mgthod
on idehtical test material, under the same conditions (apparatus, operator, laboratory and short finter-
vals of time; that IS repeatability conditions)

6.3.6.1.2 repeatability limit ( r)

value less than or equal to which the absolute difference between two test results obtained under
repeatability conditions is expected to be with a probability of 95 %

Use: if the difference between two results exceeds r, the results should be considered as suspect.

6.3.6.2 Calculations

For each method k and analyte level j, compute:
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O repeatability limit r=2,8 S with 7 the repeatability standard deviation S
O relative standard deviation of repeatability RSD = 100 % sr/M ED{Mi}.

The repeatability of the alternative and reference methods are compared  with a F-distribution:

F=(s /Sr'ref)z with n and n degrees of freedom. A F-table gives the probability p(F) that s

r;alt ralt =
sr;ref ; for example for n = 12, the critical value for 2-sided a = 0,05 is FO,05;12;12= 2,69.

If F (r 1/F) > Fq. ., then the compared methods have different repeatability, for the level .

Thegelationship between repeatability and levels can be modelled, as well as for the relative standard
devigtion of repeatability. For this purpose, see ISO 5725.

6.3.6{3 Interpretation

A comparable repeatability for each analyte level is expected. However, if‘the statistical signifi¢ation
p(F) £ a (2-sided) is reached, the alternative method is different from the feference one.

At présent no criteria are available for the rejection of an alternative{method.
6.3.7 Reproducibility

6.3.7{1 Terms and definitions

For tihe purposes of this EN ISO 16140, the following-terms and definitions apply:

6.3.7[{1.1  reproducibility
closgness of agreement between single.test results on identical test material using the same mgthod

and pbtained by operators in different laboratories using different equipment (that is reprodugibility
conditions)

6.3.7[1.2  reproducibility limit( R)

valuqg less than or eguabto which the absolute difference between two test results obtained tinder
reprdducibility conditions is expected to be with a probability of 95 %

Use: |if the difference between two results from different laboratories exceeds R, the results shall be
consjdered. Suspect.

6.3.7{2 Calculations

The value of R is calculated from the repeatability standard deviation S and the between laboratories
standard deviation Spy: for each method k and each analyte level .

0 Reproducibility limit R=2,8 SR

" The constant 2,8 Oz, \/E with z, = 1,960 and 2-sided a = 0,05 or 95 % confidence level.
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2 2
with the reproducibility standard deviation s, = Sts - SO2 +3

2
R

2

2 S

and 51_2 =3 -? = laboratories variance, with s, = klsn

relative standard deviation of reproducibility RSD R™ 100 % sR/M ED{Mi}

The reproducibilities of the alternative and reference methods are compared

with a F-distribution:

F=(
that

Fo,04
bility,

The
ducih

At th
spreg
F=2

ability

6.3.7

SR'aIt/SR'ref)z with (n - 1) and (n - 1) degrees of freedom. A F-table gives the probability
SR;aIt = SR;ref; for example for n = 12 (11 df), the critical value for 2-sided\ a = 0,
11117 2,82. If F (or 1/F) > Fan-1:n-1 then the compared methods have different reprodu

for the level j.

elationship between reproducibility and levels can be modelled, as well-as for the relative o
ility RSDg. For this purpose, see ISO 5725.

S point, estimate the probability p(F) of having homogeneity. for the “between labora
d that is the laboratory differences are less than their<own typical determination sp

(sb/sr)2 with df(NUM)= n - 1 and df(DENOM)= n degrees of freedom. A F-table gives the

p(F) indicating the importance of the between labs,yatiation s .

3  Interpretation

A commparable reproducibility for each analyte Tevel is expected. However, if the statistical signifig

p(F)
bette

At pr

R< 2
conte
gene
for th

< a (2-sided) is reached, the alternative method is different from the reference one (wor
r, along R).

psent no criteria are available<for the rejection of an alternative method.
ris generally correct (see’Horwitz criterion). However it depends on method responses ar

rally indicates that.the’standardisation of the method has to be improved, that is the instru
eir operation are, not well understood (wording, explanations, etc.), analyses are not well

(skilfiiness), or thete are abnormal time changes for reactions, cultures, etc. as well as for all ex

cond

tions in the (aboratory.

p(F)
05 is

Ci-

epro-

ory
read:

prob-

ance
Se or

d the

xt of use. The probahility to have non-homogeneity with a large spread between laborafories

tions
done
ernal
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Annex A
(normative)

Specific rules for the acceptance of external results already ob-
tained in a prior validation scheme

(see references: 4.1; 5.1.1.3.5; 5.1.3.4; 6.2.4.3)

A.1 [General

This fonsiders data generated by International or European Standards and other reference methgds.

A.2 |Alternative methods which have changed or were previously-validated to
an International or European Standard

When assessing whether existing external data can be accepted in conformance with this
EN 180 16140, establish if the alternative method has been chahged in any manner after the| data
were|produced.

If thig is the case, and the changes are considered to be major, the results cannot be accepted.

If thefe are no changes or if the changes are minor,then the quality system of the laboratory cafrying
out the validation shall be addressed.

If the] organising laboratory was not accredited according to EN ISO/IEC 17025, an audit shall bg per-
formed to check calibration, media, tempefature, equipment and training records from the time when
the vplidation was carried out. If the results of the audit are unsatisfactory, the results cannot be ac-
ceptgd. The audit shall be documented.in writing.

If, however, the organising laboratory is accepted on the basis of the audit, or the laboratory had an
EN I1$O/IEC 17025 accreditatior, the validation criteria are judged to be of satisfactory reliability.

Also |information on the\collaborative laboratories (their capability and QA practises) shall b
sessed.

D

as-

A.3 [Alternative methods which have not been validated against a reference
methodiin an International or European Standard

Prior studies are be acceptable under this standard provided:

O that they have been conducted according to validation protocols approved by a recognised panel
of technical reviewers and the results of such studies had been fully accepted by them;

0 that the technical reviewers were operating under the sponsorship of internationally recognised
organisations performing method validations (for example AFNOR, NORVAL, AOAC International,
AOAC Research Institute);

O that the validations include studies that conform to at least the total sample number and food ma-
trix requirements of this standard.
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When the alternative method has been compared with an internationally recognised reference method
(such as AOAC International) that differs in minor aspects from the reference method in the
International or European Standard and if the protocol is similar to this standard, then the results can
be accepted.

If the method is substantially different from the reference method in the International or European
Standard, an assessment is made to determine if these differences would have a minor or major im-
pact on method performance. An assessment is made regarding supplementary data, if any, required
to resolve procedural and/or reference method differences (for example different primary enrichment
broth). Decisions that reference methods contain major difference shall be substantiated by the or-
ganising laboratory, with documented data. The data required to resolve the perceived differences

shall pe-stiputated-
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Annex B
(informative)

Classification of sample types for validation studies

(see references: 5.1.1.2.1; 5.1.2.2; 5.2.1.2; 6.2.1.2.2 and annex H)

B.1 |Food and animal feeding stuffs samples

Table B.1 — Food categories relevant to major foodborne pathogen

-

Type of produf Yersinia | Clostridium Listeria E. coli | Staphylococcus S.aureus Campy- Salmonella Bacillus
spp. perfringens monocy- 0157 & | aureus enterotoxins | lobacter spp. ereus

togenes VTEC spp.

Meat products

Raw X X X X X

Heat processgd

Frozen

Fermented

XXX [X]|X
x

Cured X

>

=
@

Other Dishes/ gravy P

Poultry

Raw X X X

Heat Process¢d

Frozen

Others Dishes/ gravy

Fish and Seafeod’products

Raw X X X X

Heat processgd

Frozen

Smoked X X

Others

Fruits/and vegetable based products

Raw X X X X X

Heat processgd

Frozen

Dry X

Fermented

Cured/Salted

Juices/Concelptrates X X

Low moisturefMF

Others Processed
Mushrooms

Dairy products

Raw X X X X X X X X

Q.
x

Heat processq

Frozen X X X X X X

Fermented X X

x
x
x

Dry X X X X

Other

Chocolate/Bakery products

Low moisture/IMF X

Dry X

Others Pastry Custards

Other products

Beer

Dressings

Spices X X X

Mayonnaise X X

Pasta X

Egg and derivatives X

Cereals/ rice X

Animal feeds

Miscellaneous | | X
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Table B.2 - Food Categories relevant to major non-pathogenic microorganisms

Type of product | Yeasts & Moulds Lactic acid bacteria Total viable Coliforms Escheri chia coli
counts
Meat Products
Raw X X X X
Heat processed X X X
Frozen X X
Fermented X X
Cured X
Others X X
Poultry products
Raw X X X X
Heat|processed X X X
Froz¢n X X
Othefs
Fish and seafood products
Raw X X X X
Heat|processed X X X
Froz¢n X X
Smoked X X X
Othefs
Fruit and vegetable based products
Raw X X X X
Heat|processed X X
Froz¢n X X
Dry X X X
Fermented X
Curep/Salted X
Juicgs/Concentr X X
ates
Low mois- X
ture/IMF
Othefs
Dairy-products
Raw X X X
Heat|processed X X
Froz¢n X X X
Fermented X X
Dry X X
Othefs
Chocolate and Bakery products
Low mois- X X X
ture/IMF
Dry X X
Othefs
Other products
Beer X
Drespings X X
Spicgs
May@nnaise X X
Pasta
Egg derivatives
Cereals/rice
Animal feed
Miscellaneous | X [ X
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B.2 Veterinary samples

For the screening of the following farmed animals the cited samples are examined for Salmonella:

Table B.3 — Veterinary samples for  Salmonell a

Animal, product or its environment Sample for analysis
Degenerated eggs Composite faecal samples
Laying hens Composite faecal samples
One day-old chicks Bedding straw from boxes
Pullets of breeding stock Pooled faecal samples
Carcasses of breeding stocks Pooled samples of meconium
Fresh poultry meat Pieces of neck skin or pieces of tissue
Poultry Pooled samples of faeces
Fresh beef, veal and pork Surface swabs from carcasses and_pieces of tissue and
drip water.

© 1SO 2003 — All rights reserved 33


https://standardsiso.com/api/?name=91b141a7aefe3254707d835b488a6fbb

ISO 16140:2003(E)

34

Annex C
(normative)

Use of naturally contaminated samples and preparation of artifi-

cially contaminated samples in validation studies

(see references: 5.1.1.2.1; 5.1.1.2.3; 6.2.1.2.1; 6.2.1.2.2; 6.3.3.2; annex H)

Seleq
samy
able
only
bly w
wher

18t or

2" o

3rd of

b stated.

tion:

ption:

tion:

tion of a food type within a category in order to increase the proportion of naturally contami
les should be considered. If only a limited number of naturally contaminated samples-are
then the second option below can be taken to increase sample numbers. The third option
pe used in well justified cases. Reference materials containing stressed microorganisms, pré
ith well defined levels of target analyte (microorganisms) and quantified shelflife may be

Naturally contaminated samples

Use samples collected from products analysed on a routine basis by
the organising laboratory or other laboratories.

Storage should minimise both microkiological change and minimise 1
bial stress. Contamination (qualitative or quantitative as the case ma3
should be confirmed immediately’prior to the validation study.

Contamination by mixture

Inoculate liquid and.semi-solid products to be tested by dilution with a
rally contaminated.sample of similar type.

The background microflora in the "diluted product” shall be of a simila
and in assimilar state of stress to those occurring in naturally contami
produets;

Spiked samples
If available, reference material® should be used for performing the sp
If not available, the strains used should have been isolated from the

type of product.

A protocol for stressing the target microorganism is to be defined an
stress demonstrated at the time of inoculation.

hated
avail-
shall
pfera-
used

pither

hicro-

y be)

natu-

type
hated

iking.
same

d the

Tl ] ] £ H £1 [ PN fok: £ 4l + H 41
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occurs in that product naturally.

8)

10 replicates at each of 3 or 4 levels of contamination are examined.

vhich
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4™ option Reference materials

Reference materials, such as certified reference material, containing ap-
propriate but well defined levels of target analyte (microorganisms) in a
stable but stressed state, may be used to spike samples for analysis by
both qualitative and quantitative methods. For qualitative studies their use
should be limited when only a few strains or serotypes of food origin of the
target analyte are available as reference materials.
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Annex D

(normative)

Duplication of samples for the determination of relative accuracy
and of relative detection level for qualitative methods

(see references: 5.1.1.2.3; 5.1.2.2; annex H)

D.1

36

Case 1 - Where all the conditions of the first stage of culture of both methods are identjcal:

25 g of food sample

v

Homogenisation

!

First stage culture (for example

preenrichment)

v

Incubation

v
Division

!

Reference-method
2"%stage etc.

'

!

Alternative method
2" stage etc.

v

Continue each analysis according to its protocol
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D.2 Case 2 - Where the first stage of culture of both methods differ.

For non-liquid products

For liquid
50 ml of food sample

products

50 g of food sample + 50 ml of
water or other suitable diluent

I

Thoroughly homogenise the

mixture

!

Division

v

Reference method

v

50 g of homogenate (or
25 g for liquid products)
+ culture medium to
give the correct wiv

v

Alternative method

v

50 g of homogenate (or
25 g for liquid products)
+ culture medium to
give the correct wiv

ratio ratio

Continue each analysis
according to its protocol

4—.

NOTH It should-be.noted that in case 2, due to the dilution of the media by the sample + diluent, ready-to
use nedia cannotpe used and the concentration of ingredients in laboratory prepared broth should be incrpased
by abput 10 %,
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Calculation of the confidence intervals associated with the number

(see reference: 5.1.1.3.2)

Annex E
(normative)

of samples tested

For gach AC?, SE, and SP percentage (p) (see 5.1.1.3.1) calculate the confidence intervals (€l):

O if10 % < p <90 %, calculate the approximate two sides confidence intervals at 95 %

For this case, it is preferable to use the binomial table for n= 10, 20,30, 40, 50, 60. See Table E.

EXANM

or p (in %) = AC, SE, SP.

Table E.1 - Lower confidence limit at 95 % for

p =90 % and greater

Cl (at 95 %) = pi21{M with n= N, N., N. respectively for p (in %) =AC, SE, SP,
n

or p = 90 %, calculate the lower confidence limit at 95 % (1-sided), with'n= N, N., N. resped

n= 10 20 30\ 40 50 60

p= 09 [075 |0,83 _|6:82 |0,84 |083 |0,84
092 |085 |083 [0,85 |086 |087 |0,88

094 |085.:}088 [0,88 |089 [089 |0,89

096 |085 |093 [092 |091 [093 |0,93

0,98/~40,95 |093 [0,95 |096 [095 |0,96

0,99 |095 |098 [0,98 |096 [097 |0,98

PLE n =20, p='94 % then LCL (p; at 95 %) = 88 %.

tively

9 See annex W for the explanations of these abbreviations.
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Annex F
(normative)

Test applied to the examination of discordant results

(see references: 5.1.1.3.3; 5.2.2.6)

Count the total number of discordant results Y as follow:

Y = BD + ND (for example PD =2, ND =10, then Y= 12)

Chedk if the two methods could be different for the balance of sensitivity versus specificity:
O for Y<6, (less than six disagreements): no test is available;

O for6< Y=< 22, (i.e. between 6 and 22 disagreements), determine m_as)the smallest of thg two
alues of PD and ND (for example m = PD = 2, because PD < ND) and use the binomial lajv ac-

ording to the following Table F.1:

if m < Mfor a given Y, the two methods are different at a <0,05¢2-Sided).

Table F.1 - M values for Y disagreements (6 < Y <22)

Dysagreements Y= PD + ND 6t08 9to 11 12to 14 15to0 16 171019 20 to 27

<

= Max(m) for a < 0,05 0 1 2 3 4 5

For example, for Y =12 disagreements andm =2, M =2 and m < M: thus, the two methods are differ-
ent with p < 0,05.

O for Y> 22, (more than 22 disagreements), use the McNemar test with the chi-square distrijution
for 1 degree of freedom:

= /Y, with d = OPD)- NDOand Y = PD + ND
The two methods-are different at a < 0,05 (2-sided) if x2 > 3,841.

This chi-square test corresponds to the minimal d for each Y of the following Table FJ2 for
¢ < 0,05

[That is for a given Y, d shall be equal or superior to the value given in Table F.2 for concluding
that the two methods are different.)

Table F.2 - d values for Y disagreements ( Y > 22)

Disagreements Y =PD + ND 221026 | 27t031 | 32t037 | 38to44 | 45t0 51 | 52to 58

d=0PD -NDO2 10 11 12 13 14 15
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40

(see

G.1

This

Annex G
(normative)

Points to be considered when selecting strains for testing
selectivity

references: 5.1.2.2; 5.1.3.2.1; 5.1.3.2.1.2; 6.2.4.2.1; annex H)

General

hnnex outlines the minimum test requirements for general use. In the selection, oftést strairjs the

majofity should originate from the range of food materials used in the study and cover the recoghised
rangg of the target analyte with respect of the following — geographical distributiony incidence, diversity
in identification characteristics e.g. biochemical, serotype, phage type, etc,.and any claims mafle by

the producers of the alternative method.

G.2

a)

b) family for example Enterobacteriaceae;

<)
d)

e)

G.3|According to the target-group specified in G.1 a range of positive
micrporganisms can be chosen

f)

a)

h)

i)

Undefined group for example total count, coliform, yeast 4actic acid bacteria;

Target group categories

enus for example Salmonella, Pseudomonas; Listeria;
ecies for example Listeria monocytogenes, Staphylococcus aureus, Escherichia colr,

rain for example Salmonella entefitidis phage type 4.

or undefined groups for which the target group is defined by the reference method, the sfrains
sed shall be selected from those capable of typical growth in the reference method;

or famili€s) use strains from a range of genera in that family and if possible include a reprgsen-
tive member of all genera in the family;

orgenera: use a range of species from that genus and if possible test all species in the genps;

For species: a range of strains from that species. The definition of strain should be taken into ac-
count when making this judgement. At present pathogens such as Salmonella and Listeria are se-
rotyped, however Listeria spp are also phage typed, in the future other genetic typing methods
such as RAPD typing, PFGE typing and ribotyping will be used. In defining the positive strains to
use in tests, organising laboratories should use available up to date information to ensure that
strains are relevant at that time to the target food categories;

for strain: a range of sources of that strain.
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G.4 Non target groups used in selectivity 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 families;

¢) When the target group is a genus: non-target strains shall include other genera considered to be
similar 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 a strain: non-target strains shall include other strains within_the pame
gpecies.
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Annex H
(normative)

Guidelines for the organisation and conducting collaborative
studies

(see references: 5.2.1.1; 5.2.1.3; 6.3.1; 6.3.3.1; annex J)

H.1
Nega

In th
demd

and analyse them to confirm this. Negative controls shall also be used where stipulated durin

trial.

Posit]

For s
conts
for ¢
wher
be u
Whe
send

ratory.

In thq
shall
the a
rial fr

As 0
terfe

An al
ries
the s

Base]

Preparation of food samples
tive (control) samples.

b general case only artificially contamination is to be used and the target analyte shall n
nstrated in uninoculated food. Take a suitable numbers of samples in-accordance with an

ve samples containing the target analyte.

ot be
hex J
g the

ome quantitatives studies, e.g. total bacteria counts, yeasts and moulds, coliforms, etc, na

e reference materials (annex C) are used it-is the responsibility of the organising laborat
both the reference materials and details>of-the inoculation procedure to each collaborating

be capable of being homogenised and should remain stable both in transit and for the durat
bm the organising laboratory.

tlined in annex C, the)food sample should contain a representative background microflora
ing components_that'shall also remain stable in transit and for the duration of the analyses.

ternative method shall be tested using a minimum of one food type, chosen from the food c3

udy.

rally

minated samples, containing the target analyte and/or representative microflora should be|used
bllaborative studies. In the absence of suitable numbers of naturally contaminated samplégs, or
b the level of contamination is too narrow or inappropriate, artificially contaminated sampleg may
bed. Samples shall be contaminated by eithefZthe second or third option outlined in annex C.

ry to
labo-

e case of both qualitative and quantitative methods, the food and target analyte/microorgafisms

on of

halyses. Homogeneity and Stability studies shall be conducted prior to despatching the test mate-

or in-

tego-

reviously. defined in annex B. The quality and suitability of the food shall be determined ptfior to

don the comparative studies, the characteristics of the chosen microbial strain (see ann

ex G)

beingused 1o valildaie a method shall be representative of the genus/Species being sought for exam-
ple growth rate, antigenic characters and sensitivity to inimical agents etc.

H.2

Transport of the samples

The organising laboratory shall define the food type to be used and check that transit packaging is
suitable for the intended journey.

The individual samples shall be double sealed to ensure that leakage from any one sample does not
affect the integrity of all other samples.

42
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Each collaborating laboratory is responsible for supplying the organising laboratory with relevant de-
tails that ensure that the distribution of samples for the study meet international and national postal
regulations.

The organising laboratory shall test posting and distribution methods by sending a set of samples to a
collaborating laboratory requesting their immediate return, in order to ascertain the effects of transit
conditions (safety and microbiological stability) prior to the study. Any detrimental effects shall be as-
sessed and measures taken to minimise/prevent their further occurrence.

In order to maintain the target analyte or naturally occurring microflora unchanged during distribution it
may be necessary to use refrigerated or frozen conditions during transport to the collaborating labo-
ratories—Fhe-packaging-eonditionsand-bestmethod-oftranspertshait-be-determinred-by-the-o isi
laborptory. Ideally a suitable means of monitoring the temperature of the samples during transit)|s de-
sirable.

For gach laboratory, one additional pack, identical to the test samples, for measuring their tempefature
upon|receipt, shall be provided.

H.3 |Organisation of the collaborative study  (see ENV ISO/TR'{1133-1)
O Operating protocols

$tandard operating procedures shall be distributed to the collaborators for comment and fanpiliari-
gation prior to commencement of the trial. A final pratocol shall be issued in advance ¢f the
evaluation.

O Confirmation of sample quality
lEach collaborating laboratory should be instructed to undertake enumeration of the total bagterial
¢ount of a designated sample. A standard”method for enumeration shall be submitted to|each

¢ollaborator by the organising laboratory:

O Alternative method and reference- method

Dperatives conducting the.analysis in each collaborative laboratory shall be skilled to an appro-
riate standard (and trained’if necessary) and fully conversant with the alternative method and the
eference method priorto the commencement of the trial.

O eagents and gperating conditions

dditional factors, for example quality and composition of culture media and reagents, confrol of
incubationstemperatures etc. can have a profound effect on the outcome of the test. For thi$ rea-
on, such variability shall be minimised (for example by dispatching media/reagents to all coflabo-
ators) 'or be taken into consideration in the interpretation of data.

The degree of tolerance permitted, in all aspects of the analysis, e.g. times, temperatures,
masses, total plate count and day of analysis, shall be stated in the protocol. A clear warning shall
be issued if no tolerances are permitted.

0 Guidance

The organising laboratory shall be available to provide advice or guidance to the collaborators
during the entire period of the validation.

O Data collection
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The organising laboratory shall develop a questionnaire that generates information regarding the
critical points of the procedure. All collaborators should be asked to record details such as media
pH, times of incubation, incubator start and finish temperatures, quality control data, state of
samples on arrival, time of arrival, temperature on arrival, storage condition/times, etc. The con-
tent of the questionnaire shall be agreed, by both the organising laboratory and the alternative
method manufacturer, in order to comply with the critical steps of the assay or test procedure of
the alternative method.

0 Confirmation of quality of test samples

Representatwe allquots of the samples shouId be analysed by the organlsmg Iaboratory on the

naIyte Samples previously held under |deal conditions, should also be analysed by the drgan-
ising laboratory on the day of commencement of analysis by the collaborating laboratories. These
Tnalyses shall be used only to confirm the inoculation procedure and stability of the analyte. The
esults should not be used in the statistical evaluation of the method under test.
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Annex |
(normative)

Determination that negative controls are free of target analyte

(see reference: 5.1.2.2.)

In order to check the absence of the target microorganism in the product for use as either negative
contrpls or before artificial inoculation, analysis of the test materials is essential. The larger themuymber
of sub-samples examined the greater is the security for a reliable determination. Negative) tpntrol
samples are also confirmed during the study.

Therg is a probability that very low levels of analyte (numbers of microorganisms) are'not detected by
the amount of sample tested, or if present may not be homogeneously distributed.thifrough the sample.

On statistical grounds, if eight samples are tested, the probability of detecting the presence of 1} 2, 3,
4 or % cells per 600 g of product are 0,33; 0,57; 0,72; 0,83 and 0,90 respectively.

Divide the number of samples analysed into two categories:

O t least six samples are analysed before launching the experiment, in order to check the abgence
f the microorganisms, the number being determined by‘thé test protocol;

O :Erther negative samples are examined during the 'experiment, the number being determined by
e test protocol.

© ISO 2003 — All rights reserved 45


https://standardsiso.com/api/?name=91b141a7aefe3254707d835b488a6fbb

ISO 16140:2003(E)

46

Annex J
(normative)

Replication of samples for interlaboratory studies of qualitative

(see reference: 5.2.1.2)

methods

J.1l
metl

Eight

Sample 1 of 8 replicates
at level 1

I

1 part sample + "y" parts of
medium
(for example 1: 9 m/v)

'

Homogenisation

!

1* stage culture (for exam-
ple pre-enrichment)

¢

Case 1 - Where the first culture step of both reference and alternative
nods are identical.

replicate samples at each of three or four levels of contamination are tested hyyeach methodl.

Samples 2 to 8, at level
1, each tested individually
as for sample 1

v

1 part sample + "y" parts
medium
(for example 1: 9 m/v)

'

Homogenisation

!

1* stage culture (for exam-
ple pre-enrichment)

!

Incubation Incubation
DIVISION DIVISION
Reference Alternative Reference Alternative
method method method method
2" stage 2" stage 2" stage 2" stage

Fd

L

Continue each analysis according to its protocol

© 1SO 2003 - All rights reserved



https://standardsiso.com/api/?name=91b141a7aefe3254707d835b488a6fbb

ISO 16140:2003(E)

J.2 Case. 2 - Replication is by duplication when the first culture step of each
method differs.

Eight replicate samples at each of three or four levels of contamination are tested in each method.

DUPLICATION

v

Reference method

'

v

Alternative methog

y

sample 1 sample 1
+1% reference culture + 1% alternative cul-
medium ture medium
A 4 A 4
sample 2 sample 2
+1% reference culture + 1% alternative cul-
medium ture medium
A 4 A 4
sample 8 sample 8
+ 1% reference culture + 1% alternative cul-
medium ture medium
A 4 A 4

Continue each analysis according to its protocol
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Annex K
(normative)

Consideration of data

(see reference: 5.2.1.3)

When_the interlaboratory study is completed. all the information on data sheets and the results shall
be sybmitted to the organising laboratory and examined as follows:

O

O

¢heck that samples/test kits, etc. were not damaged during transit;

ive the trademark and batch number of the media used. The expert laboratory“should ch
e formula is in accordance with the reference method,;

vhere sample damage occurs the data shall be disregarded. Cross cantamination of other
ples in the same packaging should also be considered;

disregard data if transit conditions and times fall outside the specified acceptable tolerances;
disregard data if enumeration values fall outside the specified acceptable tolerances;

iisregard data if the questionnaire suggests that thedaboratory has deviated from either the
ard protocol or the critical operating conditions.

bck if

sam-

stan-
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Annex L
(informative)

Interlaboratory study of qualitative methods: criteria of accordance,
concordance and concordance odds ratio

(see reference: 5.2.3)

L.1 (General

The ¢riteria of accuracy, sensitivity and specificity (see 5.2.2) do not really address the\variability pf the
methpd for within and between laboratories (precision of the method).

This Bnnex provides further criteria (accordance, concordance and concordance’ odds ratio) which can
help fo approach this variability.

Repdatability and reproducibility criteria measure the likely difference between two samples sg¢nt to
eithef the same or different laboratories. Since the difference for data’that is not quantitative canrjot be
used| statistics for qualitative methods are instead based on the ‘probability (expressed as a pefcent-
age) that two samples both produce the same result.

Thesg criteria have been developed by the European project SMT CT 96 2098 funded by Eurgpean
Commission/ DG XII to validate the six main standardised methods used in food microbiology (co-
ordinptor: Dr C. Lahellec, AFSSA, France) [9].

The ¢alculations are illustrated by means of the following data (see Table L.1).

Table L.1 ~——)Example of numerical values

Replicate number
Lab 1 2 3 4 5 Number of positives (out of 5)
1 + + + + + 5
2 + + + + + 5
3 + + + + + 5
4 % + + + + 5
5 - - + + + 3
6 + + + + + 5
% - - + + + 3
8 + + + + + 5
9 + + + + + 5

The data shown in this table are just for one level of one food type. In practice a collaborative trial
would be larger, but a smaller dataset makes it easier to explain the calculations.
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L.2 Accordance

L.2.1 Definition

The accordance is the percentage chance of finding the same result (i.e. both negative or both positive)
from two identical test portions analysed in the same laboratory, under repeatability conditions (i.e. one
operator using the same apparatus and same reagents within the shortest feasible time interval).

The accordance is therefore the equivalent of repeatability for quantitative methods.

L.2.2 Calculation

To derive the accordance from the results of an interlaboratory study, the probability that two samples
give the same result is calculated for each participating laboratory in turn, and this probability is.then
averaged over all laboratories.

For examplgs, see Tables L.1 and L.2.

For those laporatories (such as laboratory 1) where all samples were found positive,(the best estimate
of the probapility of getting the same result is clearly 1,00 or 100 %.

For the others (in the example, laboratories 5 and 7) the probability that onedeplicate will be positive is
3/5=0,60 and square this probability to obtain the probability of a pair of réplicates being positive (0,62
= 0,36). Do the same for the probability of a pair of replicates both beingnegatives (0,4° = 0,16). Then
add these two figures together to get the overall probability that two,replicates will give the same result
(0,36 + 0,16 = 0,52).

Do this for gll laboratories (see Table L.2).

Table L.2 — Calculation-of accordance

Lab | Number of Proba of Proba of pair:of Proba of Proba of pair of | Proba of gair
positives positive positives negative negatives of same¢
results
1 5 1,00 1,00 0,00 0,00 1,00
2 5 1,00 1,00 0,00 0,00 1,00
3 5 1,00 1,00 0,00 0,00 1,00
4 5 1,00 1,00 0,00 0,00 1,00
5 3 0,60 0,36 0,40 0,16 0,52
6 5 1,00 1,00 0,00 0,00 1,00
7 3 0,60 0,36 0,40 0,16 0,52
8 5 1,00 1,00 0,00 0,00 1,00
9 5 1,00 1,00 0,00 0,00 1,00
10 5 1,00 1,00 0,00 0,00 1,00
AVerage:. 0,904 =90,4 %

The accordance is the average (mean) of the probabilities that two replicates give the same result for
each laboratory: 90,4 % in this case.

NOTE Since repeatability measures difference whereas accordance measures similarity, high values of ac-
cordance indicate a reliable method, in contrast to quantitative methods where low values of repeatability are de-
sirable.
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Concordance

L.3.1 Definition

The concordance is the percentage chance of finding the same result for two identical samples ana-

lysed

in two different laboratories.

The concordance is therefore the equivalent of reproducibility for quantitative methods.

L.3.2 Calculation

To cd
each

The
data.

For e

Takin
posit
pairir]
41 p4

The
betwd

resulf.

The 3

lculate the concordance from the results of an interlaboratory study, take in turn each replic
participating laboratory, pair it with identical results of all the other laboratories.

oncordance is the percentage of all pairings giving the same results on all the pessible pai

xample, see Tables L.1 and L.3.

g each replicate in each laboratory in turn, start with the first replicate of laboratory 1 wh
ve. This can be paired with any of the 45 replicates from other laboratories, and all but 4 of
gs (those with two replicates of laboratories 5 and 7) match {i’e: give a pair with both pos
irs thus give the same result.

Eame applies to the other four replicates from laboratory-1, so there are a total of 225 (5
ben-laboratory pairings of replicates involving laboratory 1, of which 205 (5 x 41) give the

ame applies to all other laboratories with all replicates found positive.

For laboratory 5, with 3 replicates out of 5 positives, the 2 negative replicates each match with

other
replid

negative replicates of laboratory 7;.whilst the 3 positive replicates each match with 43 pg
ates. Thus the total number of pairs.with the same result is 133 (2x2 + 3x43).

Table L.3 — Calculation of concordance

Ate in

ings of

chis

hese
tive),

X 45)

same

ust 2
sitive

Lab Number of Between-lab pairings with Total between-lab pairings
positives the same results

1 5 205 225
2 5 205 225
3 5 205 225
4 5 205 225
5 3 133 225
6 5 205 225
7 3 133 225
8 5 205 225
9 5 205 225
10 5 205 225

Total 1906 2250

The concordance is the percentage of all pairings of duplicates giving the same result; in this example
this is 84,7 % (1 906/2 250 x 100).
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NOTE

Since reproducibility measures difference whereas concordance measures similarity, high values of

concordance indicate a reliable method, in contrast to quantitative methods where low values of reproducibility
are desirable.

L.4

L.4.

Concordance odds ratio

1 General and definition

If the concordance is smaller than the accordance, it indicates that two identical samples are more
likely to give the same result if they are analysed by the same laboratory than if they are analysed by
differpnt ones, suggesting that there can be variability in performance between laboratories. This
samg situation as when reproducibility is greater than repeatability for a quantitative method.

Unfoftunately, the magnitude of the concordance and accordance is strongly dependenten’the le
accufacy, making it difficult to assess easily the degree of between-laboratory variation:

Itis

(60)

L.4.

therefore helpful to calculate the concordance odds ratio (COR) defined as follows:

R - accordance x (100— concordance)
concordance x(L00-accordance)

4 Significance tests

A valpe for the odds ratio of 1,00 would be expected if accordance and concordance were equa

the

Igrger the odds ratio is, the more inter-laboratory varjation is predominant.

Nevelrtheless, values above 1,00 can occur by chapce variation, and so a statistical significanc

shou

The ‘lexact test” is the best recommended test<for this10). The philosophy behind such tests is th

probabilities of occurrence are calculated farkall sets of replicate results that could have producse

overall numbers of positives and negatiyes:

For

gxample, see Table L.1.

With [in total 46 positives and 4y hegatives, the possible arrangements are given as columns i
ble L|4.

Table L.4 — Pgssible arrangements of positive replicates (columns) to give a total of
46 positives

w

s the

vel of

, and

P test

d be used to confirm whether the evidence fer ‘extra variation between laboratories is convifcing.

ht the
d the

N Ta-

agjajajaja|albh|h|d|DS
glojoafojafojo|bh|h~iw
glojofojofojofor|w

glojoafojafojofo |~ IN
glojoafojofojofo ol

10)

This test can be performed using statistical packages such as SAS".
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The actual arrangement is shown in bold (third column) in Table L.4. The test adds up the probabilities
P of all those possible arrangements that show at least as much evidence for between-laboratory
variation as the real arrangement - here that means all permutations of the three columns on the right.
If this probability is less than the conventional value of 0,05 or 5 %, it is unlikely that this degree of
between-laboratory variation could have occurred by chance and hence, and it is concluded that there
is significant variation in performance between laboratories.

In the example of Table L.4, P = 0,039 indicates that variation between laboratories is significant at the
5 % level.

Where software for the is not available, an ordinary chi-squared analysis for contingency
tables—ecarbe-tsed-asan—s ve—Fhe+est his-testis—e ehabte-than-the ae I with
the number of replicates usually used in collaborative studies, but simulations suggest that thé’rg
provifle a reasonable guide to the significance of between-laboratory differences.

“exact test”

sults

With [either test, it shall be remembered that the ability to detect between-laboratory differences |s de-
pendent on the number of laboratories and the number of replicate samples analysed at each lapora-
tory. A non-significant test result should not be taken to mean that performance does not vary between
laborptories, but rather that such differences have not been proved,; this is particularly true where the
P-value is only just above 0,05. The ideal solution would be to quote the edds ratio with a stapdard
error|or confidence limits, but the distribution of the odds ratio is highly skewed making it very difficult
to prgduce reliable limits.
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Annex M
(normative)

Replication of samples for the determination of relative accuracy of

guantitative methods

(see reference: 6.2.1.2.1)

M.1 Case 1} Where both the reference and alternative methods use the same

decimal dilutions of each sub-sample

The same numlber of sub-samples (at least 2 and preferably 5 to 10) are cultured by both methods.

10 g of sample + 90 ml First  decimal 1+9ml ,
of diluent ahd homog- ——— dilution of sub- S_ecc_Jnd decimal
enisation to give sample dilution
Division Division
Reference Alternative Reference Alterpative
method method method method
Dish 1 Dish 1 Dish 1 Dish 1
Duplicatipn
step O O O
Dish 2 Dish 2 Dish 2 Digh 2
54 © 1SO 2003 - All rights reserved
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M.2 Case 2 - Where only the reference method requires decimal dilutions

The same number of sub-samples (at least 2 and preferably 5 to 10) are cultured by both methods.

+

» First sub sam- Second decimal
ple 10" S dilution 107
Dish 1 Dish 2 Dish 1 Dish 2
Q
o
10 g of sample %
90 ml of diluent S
[0}
Q Y
S > Second supl- Sec.onfj demTaI
3 sample 107 ——p dilution 10
¢
Dish 1 Dish 2 Dish 1 Dish
L » etc.

NJ
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Annex N
(normative)

Examples of acceptable and unacceptable situations and range
of measurements for the estimation of the regression line for quan-
titative methods

(see

N.1

56

1,2
1,0
08
06
0,4
0,2
0,0

-0,2

fetference: 6.2.1.1.1)

Unacceptable situations

1,0 ‘
S
0,8
0,6
0,4
L]
0,2 b
.
0,0 b
0,2
02 0 02 04 06 08 1 12
Figure N.1 — Lack of centre points

02 0 02 04 06 08 1 1.2

0,81

064

(S

0,21

0,01

0,2

02 0

02 04 06 08 1 12

Figure N.2 — Bad repartition

1.2

1.0

08

061

0,41

02

0,01

0,2

02 0 02 04 06 08 1 1.2

Figure N.3 — Range too narrow to cover

Otol

Figure N.4 — For use on a long-scale, only if

SD increases with y
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N.2 Acceptable situation

08 [ J
06 -
04 -
02

0,0 -

ISO 16140:2003(E)

T, T ; T T ;
02 0 02 04 06 08 1 1.2

Figure N.5 — Acceptable situation
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(normative)

Annex O

Assessment of the linearity of quantitative methods by graphical

0.1

0.2

representation
(See reference: 6.2.1.4.2)
Cases of non-linearity
'Y 12 1,2
hd 1,0 . 150 :
® 08 ° 0,8 :
0,6 ° ° 0,6 b
° ® d
04 04
’ 02 0,2
‘ 00 ° 0,0 : '
02 0,2
42 0 02 04 06 08 1 12 -0,2 0 0,2 0,4 0,6 08 1 12 072 0 02 0,4 06 08 1 12
Figure O.1 Figure O.2 Figure 0.3
Cases of linearity
1,2 ° 1,2
1,0 ° ¢ 1,0 .
08 [ 0,8 °
0,6 . 0,6 o
04 ° 0,4
L
0:0 0,0
0,2
'0'2_02 0'2 0'4 06 ola 1 1‘2 02 02 04 06 08 1 12
Figure 0.4 Figure O.5
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Annex P
(normative)

Detection and quantification limits for counts

(see reference 6.2.2.3)

P.1 |Detection limit

Normally, in the presence of method uncertainty, related for example to the sample used,/the gbser-
vation of only one colony forming unit (cfu)  on the medium is not sufficient to presume-the presence
of anglyte. At this low level, a dichotomisation of the phenomenon into presence (1 “or more cfu) and
absephce (no cfu) is necessary, as for qualitative methods. Therefore, the process follows either a
poisgonian law (low or high rates) or a binomial one (intermediate rates) alongthe presence frequency

np.

Congidering that a theoretical negative control gives no result of presence of analyte, a detection limit
for aflow contamination (poissonian) is reached by at least np presences corresponding to the [deci-
sion levels LC=3 (atl- a=95%) or5 (at 99 %). Detection limits are also obtained including altype-
2 statistical error (3 for instance LOD = 7 at 1-sided a =5 % and:>l - 3> 90 %.

The poissonian law gives the minimum number np of posit ive results among n (proportion p) fo ob-
tain, |n order to reach a significantly positive statement at'the 1 - a confidence level (see Table P.1):

Table P.1 — Minimum number, np of posit ive results among n

n np ford - a =0,95/np for 1 - a=0,99
1 1 1
2 2 2
3 2 3
4 3 3
5to 15 3 4
16 and over 3 5

However, the othertype of error is not avoided: the lack of power if the sampling size nis too $mall.
For ipstance, hawing no positive with n = 2 samples only implies that the probability of contaminatjon is
less than 78 %(with 95 % of confidence). 1 positive over 2 implies that the probability of contamina-
tion is 2,5:% or more, with the same confidence! It can be seen that, to reach a significantly |pos -
tive gtatement at the 95 % or 99 % confidence levels , the minimal probability p of contamination
decreases when n increases' p > 3/n and respectively 5/n (mare precisely 2 996/n and 4 605fn). It
implies mainly that, if it is aimed to detect a probability of contamination

p =10 % (at 95 %), more than 30 samples (n = 3/p) have be to taken. The minimum level p is there-
fore indicative.

P.2 Determination limit
The application of the AOAC's rule to counts could give LOQ = 100... An a priori poissonian distribu-

tion is used in this EN ISO 16140 with s(n) = vn, and CV(n) = s(n)/n = 1/¥/n < 10 %, which gives
n=100.
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