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Foreword

18:2011(E)

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-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft Internation

adop
Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO ?

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies for lvoting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.

2118 was prepared by the European Committee for Standardization (CEN) Technica

Part 2.
al Standards
cation as an

ect of patent

| Committee

CENITC 275, Food analysis — Horizontal methods, in collaboration with Technical Committe¢ 1SO/TC 34,

Food

cooperation between ISO and CEN (Vienna Agreement),

products, Subcommittee SC 9, Microbiology, in accordance with the Agreement

bn technical
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Introduction

Molecular detection methods have been developed during the last few decades, and are now available for the

majority of food-borne pathogens. Some of these methods have the potential for quantitative analysis.

Although until now most methods have been based on the polymerase chain reactlon (PCR) and real-time

PCR, other male

To compare molecular methods with conventional methods or with other principles, it is necessary to gen
minimum redquirements for performance characteristics of the methods to be developed.

erate

This Internatjonal Standard is part of a series of documents under the general title Microbielogy of foodl and

animal feeding stuffs — Polymerase chain reaction (PCR) for the detection of food-borne pathogens:

ISO/TS 20836, Microbiology of food and animal feeding stuffs — Polymerase chain Teaction (PCR)
detection of food-borne pathogens — Performance testing for thermal cyclers

ISO 20837, Microbiology of food and animal feeding stuffs — Polymerasé. chain reaction (PCR)
detection of food-borne pathogens — Requirements for sample preparation for qualitative detection

ISO 20838, Microbiology of food and animal feeding stuffs — Polymerase chain reaction (PCR) fd
detection of food-borne pathogens — Requirements for amplificationn and detection for qualitative method

ISO 22118, Microbiology of food and animal feeding stuffs=— Polymerase chain reaction (PCR) fd
detection ang quantification of food-borne pathogens — Performance characteristics

ISO 22119, Microbiology of food and animal feeding stuffs — Real-time polymerase chain reaction (PC
the detection| of food-borne pathogens — General.fequirements and definitions

ISO 22174, Microbiology of food and animal feeding stuffs — Polymerase chain reaction (PCR) fd
detection of food-borne pathogens — General requirements and definitions

The following Technical Specification, is-in preparation:
ISO/TS 13136, Microbiology of food and animal feeding stuffs — Horizontal method for the detection of

toxin-producing Escherichia_coli (STEC) belonging to 0157, O111, 026, O103 and 0145 serogroy
Qualitative rgal-time polymerase chain reaction (PCR)-based method
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Microbiology of food and animal feeding stuffs — Polymerase
chain reaction (PCR) for the detection and quantification of
food-borne pathogens — Performance characteristics

1 3

This
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Scope

nternational Standard specifies minimum requirements of performance characteristics for
cleic acid sequences (DNA or RNA) by molecular methods. This International“Standard g
tion of food-borne pathogens in foodstuffs and isolates obtained from them using molecy
bds based on the polymerase chain reaction (PCR).

bnmental samples and in animal feeding stuffs.

Because of the rapid progress in this field, the examples given are those most frequently in usq
bpment of this International Standard.

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ISO
meth

ISO 4
deted

3

Terms and{definitions

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

6140:2003, Microbiology of food and animal feeding stuffs — Protocol for the validation
DdS

tion of food-borne pathogens — General requirements and definitions

Fort

31

analyte

e purposes of this document, the following terms and definitions apply.

the detection
pplies to the
lar detection

International Standard is also applicable, for example, to the detection of food-borne pathogens in

at the time of

t. For dated
b referenced

bf alternative

2174:2005, Microbiology.of food and animal feeding stuffs — Polymerase chain reaction (PCR) for the

component detected or measured by the method of analysis

NOTE 1 The analyte can be a microorganism or virus, its components or products.

NOTE 2 Adapted from ISO 16140:2003, 3.4.

3.2
quali

tative method

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

[ISO

©I1SO

16140:20083, 3.5.]
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3.3

quantitative method

method of analysis whose response is the amount of the analyte measured either directly or indirectly in a
certain amount of sample

NOTE Adapted from ISO 16140:20083, 3.6.

3.4

robustness testing

(food microbiology) subjecting the proposed method to small procedural changes or environmental factors to
determine what influence, if any, they have on method performance

3.5

selectivity
(food microb|ology) measure of the inclusivity (detection of the target microorganism or virus) and-exclysivity
(non-detectign of non-target microorganisms or viruses)

3.6

sensitivity
(food microtiology) measure of the lowest number of analyte cells, particles or-molecules which cgn be
detected in & single reaction

3.7

specificity
capacity to exclusively recognize the target to be detected, distinguishing it from similar substanceg and
impurities

[ISO 22174:2005, 3.6.4]
3.8

trueness
closeness of|agreement between the expectation of\a.test result or a measurement result and a true valu

W

[1ISO 3534-2:006 ], 3.3.3]

3.9
detection linit

limit of deteftion
LOD
lowest concegntration or content,of the target organism relative to the defined amount of matrix that can be
consistently fletected underthe experimental conditions specified in the method

NOTE Adapted from 1SO 22174:2005, 3.1.8.

3.10
quantificatign’limit
limit of quantification
LOQ

(food microbiology) smallest amount of analyte (that is the lowest actual number of organisms), which can be
measured and quantified with defined trueness and precision under the experimental conditions by the
method under validation

NOTE Adapted from ISO 16140:20083, 6.2.2.2.3.
3.1

precision
closeness of agreement between independent test/measurement results obtained under stipulated conditions

2 © 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=ee2c733443afe20031f5eddea4a11572

ISO 22118:2011(E)

NOTE 1 Precision depends only on the distribution of random errors and does not relate to the true value or the
specified value.

NOTE 2 The measure of precision is usually expressed in terms of imprecision and computed as a standard deviation
of the test results or measurement results. Less precision is reflected by a larger standard deviation.

NOTE 3  Quantitative measures of precision depend critically on the stipulated conditions. Repeatability conditions and
reproducibility conditions are particular sets of extreme stipulated conditions.

[1ISO 3534-2:2006 [, 3.3.4]

4 Performance characteristics of qualitative and quantitative detection mgthods

4.1 | General
A mdlecular detection method shall meet performance characteristics according to'this Internatiopal Standard.
Information about the performance characteristics of the molecular detection methed shall be mgde available.

This |includes specific information on the multi- or single-laboratory trial,\.including relevant information
obtaihed during pre-validation of the method (e.g. variation of parameters, reagents).

4.2 | Scope of the method

The purpose of the method should be indicated. Information regarding the intended use and thellimitations of
the nmpethods shall be provided. In particular, the method provider shall indicate that the criteria get out in this
Interpational Standard are fulfilled.

4.3 | Scientific basis
An oyerview of the principles and references to télevant scientific publications should be provided.
4.4 | Selectivity

4.4.1| Inclusivity test

44111 General

Empirical results fromcesting the method with the target microorganism or viruses should be provided. This
testing should include all relevant variants or types of the microorganism or viruses according to|the scope of
the method (4.2).

4412 Minimum requirements for specificity

Sequehce variants of the target microorganism or viruses should be detected with comparable [amplification
efficiency, even It sequence differences In the primer and/or probe binding sites are present as indicated by
the scope of the method (4.2).

If available, 50 strains of the specific target microorganism or virus should be tested.
4.4.2 Exclusivity test

4421 General

Empirical results from testing the method with non-target microorganisms or viruses should be provided. This
testing should include both taxonomically closely related and not closely related microorganisms or viruses.

The method should clearly distinguish between target and non-target microorganisms or viruses.

© 1S0O 2011 — All rights reserved 3
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4422 Test systems for detecting bacteria

Select a minimum of 30 strains that may cause interference with the target microorganism and food strains
naturally present in each food test material. Examples of suitable organisms are listed in Annex A.

Viruses should be included if relevant, e.g. if there are sequence homologies of oligonucleotides to viral
nucleic acid sequences.

At least 90 % of the strains should be bacteria. The remainder of the strains should belong to yeasts, moulds
or viruses.

4423 Tgst systems for detecting fungi

Select at leagt 30 strains of non-target microorganisms or viruses.

In the validajion of a fungal test system, at least 90 % of the strains should be, fungi. The remainder ¢f the
strains shoulfl belong to bacteria or viruses.

Viruses sholld be included if relevant. This could be the case if there are sequence homologigs of
oligonucleotifles to viral nucleic acid sequences.

A clearly defectable amount of DNA, e.g. representing DNA of 10% cells, should be used for the selegtivity

testing. The uitability of the DNA used for amplification shouldbe*confirmed, e.g. by a ribosomal DNA-Qased
consensus PCR system.

4424 Tgst systems for detecting viruses
In the validatjon of a test system for virus detectioni.at least three non-target virus strains should be testefl.

A clearly detpctable amount of DNA or RNA, e.g. representing DNA or RNA of 108 viral particles or gehome
equivalents, should be used for the selegctivity testing. The suitability of the nucleic acid used for amplifigation
should be copfirmed, e.g. by another test-system.
4.5 Sensitivity

4.5.1 Gengdral

Empirical regults from\testing the method at different concentrations in order to test the range of use ¢f the
method shalllbe available and shall be described in the validation report.

4.5.2 Minithum requirements for sensitivity for qualitative tests

Food-borne pathogens that require qualitative testing should be detected at levels of 1 cell to 10 cells per
assay for bacteria or parasites, and 10 particles to 100 particles or genome equivalents for viruses, in a
defined amount of the food matrix under investigation. The concentrations relate to the amount applied before
the start of the detection procedure (including enrichment).

NOTE The reaction sensitivity is different from the method sensitivity. The reaction sensitivity can be precisely
defined by the amount of the nucleic acid used as template. The method sensitivity is, among other things, dependent on
the efficiency of recovery of the extraction per concentration.

The tests shall be carried out on samples containing a microbiological background flora relevant to the food
item.

The evaluation of sensitivity should include five different food categories.

4 © 1S0O 2011 — All rights reserved
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Minimum requirements for sensitivity for quantitative tests

The upper and lower limit of the linear range of the method shall be given.

The assessment of these limits and the linear range shall be carried out on samples containing a
microbiological background flora relevant to the food item.

The evaluation of sensitivity should include five different food categories.

The user shall ensure that the chosen method covers the given detection range of the target parameter.

4.6

4.6.1

Resu
(e.q.

4.6.2
Roby

The
appli

4.7
Analy

interg
contr

4.8

Infort

4.9

The 5
the a
analy

The 1

Labo

Robustness

General

ts from the empirical testing of the method against small but deliberate variations'in metho
variation in concentration of kit components, variation in apparatus, etc.) should-be provided

Robustness determination
stness can be determined by performing an interlaboratory study:

results of the interlaboratory study shall be interpreted astinterlaboratory ruggedness. Tt
Cable if the results from different laboratories do not vary significantly.

Analytical controls
tical controls in accordance with the requirements of ISO 22174 shall be clearly specif

retation recorded. These shall include positive and negative and internal or external
bls, their detailed contents, their usage and-the interpretation of the obtained results.

Trueness and precision

hation on the trueness and precision of the method should be supplied.

Instruments

pecifications of an-instrument can influence the performance of the method. The required g
pplication of the. method should be clearly described with regard to sample preparation and
Sis.

hethodsprovider shall indicate the instrument(s) on which the method was validated.

i parameters
if available.

e method is

ed and their

amplification

quipment for
to molecular

rdtories can use instrumentation other than that stated by the method provider if proof

is given by

expe

mentat-verification that comparable Tesultsare obtained:

5 Performance characteristics for validation

5.1

General

A method should be validated using the conditions under which it is performed.

The performance characteristics of molecular methods shall be established according to the procedures of
ISO 16140, if applicable.

©I1SO
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If this is not applicable, the method performance characteristics shall be determined for a specific method
application, i.e. a specific analytical procedure for a well-defined scope of the method (4.2).

As a minimum requirement for in-house validation, the test shall be carried out by at least two different
persons. The tests shall be carried out on samples with a contamination level at the minimum requirements for
the sensitivity tests.

Laboratory tests in the validation studies, starting from nucleic acid extraction, should be run at least in
duplicate per sample.

5.2 Determination of the limit of detection, limit of quantification, and range of use for
molecular fetection methods

5.2.1 Qualitative methods

5.21.1 General

A qualitative method shall be validated in the same way as it is intended to be used.
The method] including any prior enrichments or concentration steps, should have a sensitivity of 1 ¢fu to
10 cfu or virgl genome equivalents in a defined amount of the food matrix under investigation. It should not

give rise to a|significant number of false-positives.

A concept qf using false-positive and false-negative rates to describe the trueness and precision|of a
qualitative agsay has been developed for microbiological assays (Reference [5]).

A critical issye in the validation of this type of method is the use of naturally contaminated test materials. |If not
available, artfficially contaminated samples can be used , e.g:with the inoculation levels:

0 cfu (blank);

1 cfu to 10 cfu;

10 cfu to 100 cfu;
in a defined amount of the food matrix(under investigation.
Usually, two ptrains relevant for the,matrix are selected.
Qualitative tgsts result in yes.or no answers.
False-negatiye results indicate the absence of a given analyte when in fact the analyte is present in the

sample; falsg-positive»results indicate the presence of an analyte that is not present in the samplg¢. An
increase in ta\e number of false-negative results is observed when the amount of analyte approaches thg limit

of detection (LOD) of the method.

The LOD for a qualitative method can be expressed as the concentration of an analyte that gives a positive
result with a probability of 0,95.

This implies a rate of false-negative results of 0,05 or less. During validation of a qualitative molecular assay,
it is also important to determine the number of false-positive results.

Both false-positive and false-negative results can be expressed as rates.
5.2.1.2 False-positive rate

This is the probability that a known negative sample has been classified as positive by the method. The
false-positive rate is the number of misclassified known negatives divided by the total number of negative

6 © 1SO 2011 — All rights reserved
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samples (misclassified negative plus the number of correctly classified known negatives) obtained with the
method.

For convenience, the false-positive rate, ps,, can be expressed as a percentage:

Pre = —F %100 %

ne_+ ng

where

5.21

This

false

R is the number of misclassified known nogafi\/n Qnmplnc;

is the number of real negative test results.

3 False-negative rate

is the probability that a known positive sample has been classified as-negative by the

samples (misclassified positives plus the number of correctly classified. Known positives) obta
methpd.

For convenience, the false-negative rate, p;_, can be expressed as-apercentage:

wher

b = —1= %100 %

Ny +ng_

Y%

i is the number of misclassified known‘pesitive samples;

#.+ is the number of real positive testresults.

5.2.2| Quantitative methods

The
of a

appli

alidation of methods is'described in 1ISO 5725-1 [2] SO 5725-2 3], and Reference [4]. The g
L OD or a limit of quantification (LOQ) is not necessary to establish the validity of a metho
cation. For example, if the method is to be used for determinations ranging from 1

100 Q00 cfu/g, it is Aot necessary to determine the LOD to be 1 cfu/g. It is necessary to determing
use df the method in the validation study. The method should be used only in that range.

The

LOD forcarquantitative method can be expressed as the concentration of an analyte that giv

resulf with & probability of 0,95.

This

The

method. The

negative rate is the number of misclassified known positives divided by the total number of positive

ned with the

etermination
i for a given
000 cfu/g to
the range of

es a positive

mplies d rate ol ralse-negalive reSults or U,Uo0 Or 1ess.

LOQ corresponds to the lowest concentration of the range of use.

6 Validation report

6.1

General

The validation report shall contain at least the following information:

a)

name of the laboratory;

© 1S0O 2011 — All rights reserved
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b) dates of validation;

c) number of samples used;

d) number and types of matrices used;
e) results of the selectivity tests:

1) number and names of target strains used, including the amount of DNA or RNA used in the reaction
for specificity tests;

2) numperandmames-of non=targetmicroorganisms-or-viruses;inctuding-the—amount-of BNA—or] RNA

usefl in the reaction for specificity tests;
3) restlts of the tests of the ability to amplify the DNA or RNA used for the selectivity test;
f)  results df the sensitivity tests;
g) informatjon about the robustness of the method;
h) informatjon about the analytical controls used;
i) informatjon about the instruments used,;
j) informatjon about precision and trueness;

k) any othgr relevant observations made during the validation study.

6.2 Qualitative methods

The validatign report for qualitative methods should censider information about LOD (or the sensitivity) and
the selectivity. The false-positive rate, pr,, can bg Used to calculate a value for selectivity, expressed|as a
percentage, pf 100 — pg,, and the false-negative rate, p;_, can be used to calculate a value for sensitivity,
expressed ag a percentage, of 100 — py_.

6.3 Quantitative methods

The validatign report of quantitative methods should consider information about accuracy (truenes§ and
precision), rgnge of use and if neeessary the LOD and/or LOQ.

8 © 1SO 2011 — All rights reserved
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