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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

elect

The

desc
diffe
editd

rotechnical standardization.

Fent types of ISO documents should be noted. This document was drafted in acéorda
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ibed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria ‘neg

Htenance are

ded for the
ce with the

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

patel

any |
on th

Any
cons

For

expr
Worl
.0rg,

it rights. ISO shall not be held responsible for identifying any or all such“patent right
atent rights identified during the development of the document willbe in the Introdu
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

in explanation of the voluntary nature of standards;, the meaning of ISO specifig
pssions related to conformity assessment, as well ‘as’information about ISO's adhel
d Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT) s
iso/foreword.html.

This
Micr

This
folloy

— pdates have been made to align the document with ISO 13528:2015.

Any

complete listing of these bodies can be found at www.iso.org/members.html.

document was prepared by Technical Com#dittee ISO/TC 34, Food products, Subcom
pbiology.

first edition cancels and replaces dSO/TS 22117:2010, which has been technically 1
ving changes have been made:

feedback or questions ofi this document should be directed to the user’s national stand

s. Details of
ction and/or

nd does not

terms and
ence to the
ee www.iso

mittee SC 9,

evised. The

ards body. A

© ISO

2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=9f5489238f62fc949e20963acefc1e92

ISO 22117

Introdu

:2019(E)

ction

General requirements for organization of proficiency testing (PT) schemes of all types are given
through ISO/CASCO (Committee on Conformity Assessment) in ISO/IEC 17043. Additionally, general
guidance is available from the International Union of Pure and Applied Chemistry (IUPAC), see
Reference [12]. However, these recommendations may not be directly applicable to all cases and should
be interpreted specifically for different laboratory sectors where PT schemes are organized. For this
reason, a document is needed to establish the criteria for a provider (and associated collaborators) of
PT schemes for microbiological examinations to meet and be recognized as competent. This applies
particularly to the specific technical requirements necessary to deal with microorganisms, such as

sample ho
covered by §

PT schemeg
trueness (h

laboratories.

Additionally

a) to provide information to the organizations responsible for laboratory aéceptance within an of]

control

b) to aid lgboratory accreditation in a general framework of quality management;

c) to inforj
element

Information|

— identifi
improvg

— estimat
(enume
method

— demons
— evaluat
— identifi

— assignn

material (see ISO.17034).

However, th

Ogeneity and stability, as well as with the Interpretation of detection tests WhiCh 1
In existing document.

for microbiology laboratories are mainly used to evaluate performance, -particy
ias) and in some cases precision, of food microbiological examinations in sp

' data from such PT schemes can be used:

framework and to allow continuous monitoring;

m those responsible for quality in the participating\laboratories as part of the educ
s of external quality assessment of trueness (bias)

from PT schemes may also be used for:

fation of the possible sources of errors, particularly the bias component of uncertain
e performance;

jon of uncertainty of test results;iin conjunction with routine results, for quantit]
Fation) methods (see ISO/TS 19036) and levels of detection for qualitative (deted
S)

tration of staff competernice’to perform a specific microbiological examination;
on or validation of@-given method by the study of trueness, precision and robustness;
Fation of variability in test results between individual laboratories;

lent of a “target” value for a microorganism in a material in order to establish a refej

pse‘aspects are not specifically covered in this document.

not

larly
beific

ficial

ative

Ly, to
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tion)

ence

PT schemes are therefore designed to Meet certain criteria and the testing programie (frequency,
number of samples, number of repeats, etc.) to meet the requirements of the type of method used and
commodity tested, to achieve the level of control required by all parties.

Vi

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=9f5489238f62fc949e20963acefc1e92

INTERNATIONAL STANDARD IS0 22117:2019(E)

Microbiology of the food chain — Specific requirements
and guidance for proficiency testing by interlaboratory
comparison

1 Scope

This|document specifies requirements and gives guidelines for the organization of profigiency testing
(PT)[schemes for microbiological examinations of

a) floods and beverages,

b) feeding animals,

c) ¢nvironmental samples from food and feed production and handlingjand
d) jprimary production stages.

Thisdocument is also applicable to the microbiological examination of water where water i§ either used
in fopd production or is regarded as a food in national legislation.

This|document relates to the technical organization and*implementation of PT schemes, a$ well as the
statigtical treatment of results of microbiological examinations.

This|{document is designed for use with ISO/IEC 17043 and ISO 13528, and deals only with areas where
specific or additional details are necessary for PF schemes dealing with microbiological examinations
for the areas specified in the first paragraphs

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest-edition of the referenced document (including any amendmepts) applies.

ISO 3534-1, Statistics <~ Vocabulary and symbols — Part 1: General statistical terms and t¢rms used in
probability

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics

ISO $725-1xAccuracy (trueness and precision) of measurement methods and results — Pait 1: General
prindiples and definitions

ISO QDO IONAC  Corosriosy 1 thaoda £ < Loz £ y N ot | ) £ H
JIZU. ZU T, SOtUlISTICUrtimetrious Jjor - ust it pruUJICICTIC ytCS LIy Uy TIILCT TUUUT UTUT Y CUTITUT 15 on

ISO/IEC 17043:2010, Conformity assessment — General requirements for proficiency testing

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2,1S0 5725-1,
[SO 13528, ISO/IEC 17043 and the following apply.

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

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

— IEC Electropedia: available at http://www.electropedia.org/

© IS0 2019 - All rights reserved 1


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=9f5489238f62fc949e20963acefc1e92

ISO 22117

NOTE 1

:2019(E)

Some terms used in the text have different meanings in microbiology and statistics, e.g. homogeneity,

heterogeneity, test, sample, distribution. The context clarifies whether the terms refer to microbiological test
samples or data sets used for statistical analysis.

NOTE 2

Some providers of proficiency testing use the term “external quality assessment” (EQA) to indicate

schemes with broader application to all areas of operation of a laboratory and a particular educational remit. The
requirements of this document cover those EQA activities that meet the definition of proficiency testing.

3.1
target orga

nism

microorganism that is the designated analyte for a proficiency testing sample

3.2
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microorgan
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all the comp

[SOURCE: IS
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[SOURCE: I§
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(ECCO)”, an

l flora
sms included in a proficiency testing sample that are naturally present or can be-introd
vith or mimic the target microorganism

onents of the sample

0 16140-1:2016, 2.38, modified — In the term, “(product)” has been removed.]

train

sm obtained directly from an official culture collectionor reference laboratory and de
he genus and species level, catalogued and described according to its characteristic
riginating from food, food production areas, primary production stages, animals or W

h

0 11133:2014, 3.4.2, modified — In the term, “an official culture collection or refer
has replaced “a reference culture colle¢tion, i.e. a culture collection, which is a memH
bderation of Culture Collections (WEGC) or the European Culture Collections’ Organis
1 “food production areas, primary production stages, animals" has replaced “animal

the food or feed production environment”.]

3.5
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Note 1 to ent
forming unit

Note 2 to en
matrix effect

Prcentage
f the assigned valueof the target organism (3.1) recovered by the participant

ry: The recovery qercentage is calculated by multiplying by 100 the number of recovered cd
(cfu) per volumie)ot per mass and dividing by the assigned value.

ry: The receVery percentage can be significantly below 100 % when competitive microflor
5 are present in a proficiency testing sample.
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ence
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4 Scheni

edesign and purpose

4.1 General

General requirements for designing PT schemes are given in ISO/IEC 17043. This clause discusses
areas requiring special consideration for microbiological PT schemes in the context of these general

principles.

4.2 Scheme objectives

The primary objective of any PT scheme is to provide information to enable laboratories to have

confidence i

n the reliability of their results.

© ISO 2019 - All rights reserved
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The detailed requirements for a documented plan of a PT scheme are covered in ISO/IEC 17043:2010,
4.4.1.3, and the plan should also include reference to any relevant legislation. An example of a plan for a
typical microbiology food examination scheme is given in Annex A.

The studies required to establish a new PT scheme are extensive and shall be clearly defined in
the scheme objectives. These should include, as a minimum, the requirements listed in Clause 5.
Requirements for checking individual rounds of testing, including homogeneity and stability testing,

should also be established in the scheme design and be appropriate for the scheme objectives.

4.3

Laboratory requirements for schemes
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conti
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ral requirements for appropriate laboratory facilities to handle all aspects of PT scheni
D/IEC 17043:2010, 4.3.1, and safety requirements are covered in ISO/IEC 17043:2010;4

hicrobiology schemes, providers shall have a documented policy to bring hazards to t
irticipants and ensure that relevant safety advice is given (see Clause A). For ex]
pbbiology laboratories shall have facilities for dealing with microorganisms of biosa
P, as appropriate (see [SO 7218).

Choice of test matrices

ral requirements to document test matrices in the scheme-plan are given in ISO/IEC
3, and choice of the matrices to reflect routine sample types'in ISO/IEC 17043:2010, 4

easons for the choice of matrix type should be stated\(e.g. to provide levels of sample §
pgeneity that are fit for the intended purpose of the’scheme).

description of the test items shall specify the sample matrix (natural or simulate
cially or naturally contaminated; the souré¢e and country of origin to comply with i
port regulations; and any method of preservation used (e.g. freeze-dried, air-dried).

Information on test methods-used by the PT provider

reneral requirements for methods to be used by the PT provider are given in ISO/IEC
3.

scheme is targeted at one or more tests specified in or required by legislation, the roy
‘ol tests on the scheme’samples (e.g. homogeneity and stability) shall be undertaken in
the methods stipulated in that legislation and this shall be stated (ISO/IEC 17043:201

cipants shall’be’encouraged to use their routine methods but, where they are under
cordance-with legislation, some degree of guidance shall be given, e.g. reference to I§
ative texts, or peer-reviewed publications (ISO/IEC 17043:2010, 4.5.1).

4.6

es are given
1.6.2.4.

he attention
ample, food
ety levels 1

17043:2010,
4.2.3.

tability and

d); whether
hternational

17043:2010,

itine quality
accordance
,4.5.1).

taking tests
b0 methods,

Statistical design

General requirements for statistical design are given in ISO/IEC 17043:2010, 4.4.4.

An outline of the statistical design for PT schemes for microbiology shall indicate that the statistical
tests to be used are influenced by the level of homogeneity of the test material which, in turn, is
influenced by the random variation in distribution of the microorganisms.

Except for low numbers, a log-normal distribution is usually expected in quantitative testing data and
suitable statistical analysis methods shall be used for such data [ISO/IEC 17043:2010, B.3.1.4 d)]. Where
low numbers are required in quantitative test items (e.g. water or beverage examination), a Poisson
distribution is more applicable, as the variation in numbers of organisms between different units of
material becomes relatively large and can mask variations in performance.

Sample homogeneity shall normally be sufficient, such that it does not significantly influence the
observed variation between laboratories.

© IS0 2019 - All rights reserved
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Semi-quantitative enumeration tests and qualitative detection tests require different statistical
methods to analyse data and these are discussed further in 8.3 and 8.4.

The scheme plan shall clarify distinctions between performance testing for methods for detection and
those for enumeration (or quantification for viruses) of target microorganisms.

5 Technical requirements and guidance for sample design and content

5.1 Sources, characterization and traceability of organisms

The charac
reliably, esp

Target virus
identified by

Both typica
programme

Recognized
where they
strains isold
closely. Whg
Internationd
organizers |

NOTE St
passages is k

Spore suspe
improve sta

In all cases,
source or to

Under cert
internations
cultivable o

ETISTICS Of the target organisms snall be establisned Defore USe to asSSess perior
ecially in schemes where participants may use different methodologies.

es shall give expected results when tested by reference methods. Target parasites c3
' microscopy or molecular methods depending on their size and/or other characteristi

and atypical strains of target bacteria should be considered and includéd in the scl
to challenge laboratory performance.

reference strains from international collections or reference laboratories should be
are most suitable for the scheme purpose; however, laboratery-isolates or so-called “
ted from the matrices used by PT schemes are useful te reflect routine situations
re these are used, they should be sufficiently charactefizéd according to the approp
1] Standard reference methods, to ensure that any atypical reactions are apparent t
efore use.

rains, particularly wild isolates, can adapt to culturesmedia and environment unless the numl
bpt to a minimum.

nsions can be used to inoculate samples intended to enumerate moulds as these he
bility and homogeneity. A method to_prepare these is given in Annex B.

the organisms used in PT schemg'samples should be traceable to the relevant refei
valid characterization data held by the organizers.

hin circumstances, it is’ not possible to use reference cultures or materials
lly recognized collections or cultured laboratory strains, for example, PT schemes for
Fganisms such as human noroviruses or parasites. Naturally contaminated samples

be used, if a

either throggh immersion;Spraying or, in the case of bivalve shellfish, through bioaccumulg
The method of artificiakeontamination should be as close to the “natural” route of contaminati
possible. Extreme care\should be used when manipulating human clinical material, faecal or vor
samples and these sheuld be screened for additional pathogens before use.

For distribytiohs'to be used with serological or molecular methods, it may not be necessa
distribute live, or even whole, microorganisms. Use of inactivated microorganisms, target antige

ailable, or clinical material can be used to contaminate (“spike”) a test matrix artific

ance

in be
CS.

neme

used
ild”
more
riate
b the

ber of

Ip to

ence

from
non-
may
ially,
tion.
bn as
nitus

'y to
ns or

nucleic acid sequences will often be safer and these may be more stable. Stability of such materials
should be determined by the scheme provider and, in all cases, the targets should give expected results
in reference methods.

5.2 Target organisms level

The target organisms shall be provided at levels suitable to show that examination methods are fit-for-
purpose and to reflect levels likely to be found in the sample matrices being tested (ISO/IEC 17043:2010,
4.4.2.3). Where pathogenic microorganisms are the target, the levels should also take account of and
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reflect the levels likely to cause hazard to human health and, if appropriate, any limits specified in
microbiological criteria.

NOTE The level causing hazard to human health is not always known with accuracy and depends on the
susceptibility of individuals. The main aim of examination for all pathogenic organisms (bacteria, viruses,
parasites) is to prevent illness, but also to detect pathogenic bacteria at a very low level, before they can grow to
a higher level.

For quantitative (enumeration) methods, the target level shall be appropriate for the levels routinely
found in, and any specifications applicable to, the sample matrices used. The target level should also
sometimes be near to the limit of quantification of routine methods to challenge the performance of the

parti

cipants acrassthe applicable range of the method. However, samples should not he disy

atched with

orga
orga
molly

For t
prov
verif]

5.3

The
to as
back
pres
resu
the t

Any
char

Dete
targd

5.4

hism levels so low that, when using routine methods and dilutions, the expected mea
hisms in a sample is fewer than 10 colonies per plate or less than 1 MPN/g (< 100 MPN
15Cs).

raditional qualitative (detection) methods, target bacteria shall be at a sufficiently
fde a valid challenge to the methods and contribute validation data fer|performanc
y levels of detection for individual participant laboratories.

Non-target organisms and interferences

total microflora of PT samples, either naturally or artificially contaminated, is usy
sess the ability of participants to detect and/or enumerate target bacteria in the
pround flora. This background flora can include non-tatget strains typical of the sampl
mptive target organisms which, without appropriate confirmation tests, can lead to f3
ts. However, basic schemes intended for specific’purposes may provide samples con
hrget bacteria.

strains added to matrices to simulate background flora shall meet the requiremen
hcterization and traceability.

Fmine any adverse effects of the.background flora of artificially contaminated san
t bacteria (e.g. inhibition or otherjinterference) before such samples are used.

Matrix selection and effects

All npatrices shall be evaluated before use to check for any effects on spiked target and

flora
may

micr
bacts

for example, whether a matrix reduces the recovery percentage of the spiked o
be useful to include information for participants on food matrices known to affect
borganisms adversely (e.g. those which bind and retain cells, such as fatty materi
bricidal or bacteriostatic properties.

Include suitable and validated (or verified) preparation procedures for the proficiency sa

infon

mation for participants.

h number of
o for bivalve

low level to
b criteria or

lally chosen
presence of
b matrix and
\lse-positive
taining only

ts of 5.1 for

iples on the

background
rganisms. It
recovery of
hls) or have

nples in the

Sam

teTmatrices used for microbiotogy P T schemes are often, but ot Tiecessarily, Stert

ized before

use. Alternatively, the absence of the target is checked by other means (e.g. use of special sources of
matrices).

Where natural, unsterilized sample matrices are distributed, the organizers shall determine the effect
of any background microflora on the target organisms before use. Also, absence of target organisms in
natural samples is usually required if these are to be artificially spiked. For example, in a PT scheme to
detect parasitic Anisakidae larvae in fish fillets, use only freshwater fish fillets as the larvae are found
only in sea fish.
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e verification by the provider

6.1 General

General requirements for sample verification are given in ISO/IEC 17043 and ISO 13528. This clause
expands the specific requirements and any particular issues for homogeneity and stability testing in
materials containing living microorganisms.

6.2 Sample homogeneity testing — General considerations

442 and DD
“TTTToarttr oY

(See also IS@AHEET#043:2636

Proficiency
individual p
test portion

Whatever p
at the time (

Perform a h|

B.5), on each batch of samples. Such tests are given in [SO 13528 or, as an alternative, Annex C.

The numbe
information|
suggested.

A test mate
(ISO/IEC 17
the greater
replicate an
homogeneit

For parasits
and homogjg

homogeneots distribution of target parasites in bulk material is difficult to achieve.

For virus nf
similar prin

6.3 Homg

General req
materials aj
may sometil

Al
*J

)

tests may involve the preparation of a bulk test material, which is then subdivided
ortions, as similar as possible to each other, for distribution to participants. Alternat
5 may be individually inoculated for distribution.

‘eparation method is used, assess the test material for homogeneity, usually before but
f testing for less stable fresh materials.

omogeneity test, based on relevant statistical principles (ISO/IEC.17043:2010, 4.4.3.7

- of samples to be tested from each batch should alseybe sufficient to obtain ong
on the homogeneity of the batch; 10 samples (tested in duplicate if appropriat

[ial that is less than sufficiently homogenous may~still be used in a proficiency test r
D43:2010, 4.4.3.1, Note 3) provided suitable statistical principles are used to take accou
variance between samples (see ISO 13528).A statistical plan for such materials, incly
hlysis of several samples (see ISO 5725-5),should be used to minimize the effects of 19
y on the evaluation of participant performance.

e detection, each test material js\generally spiked with a known number of orgarn
eneity checked by microscopy counts of each sample, by at least two operators,

ethods, the bacteriological terminology used in 6.3 and 6.4 may not be applicablg
ciples apply to ensuré€ sufficient homogeneity in distributed PT samples.

bgeneity testing for quantitative (enumeration) samples

juirements\’and procedures for testing homogeneity of quantitative proficiency
e givemin/ISO/IEC 17043:2010, 4.4.3 and B.5, and ISO 13528, but alternative proced
mes be-required for microbiological materials.

Materials that’show between-unit variation large enough to affect the assessment of labor

into
ively,

also

and

poing
e) is

pund
nt of
1ding
ck of

isms
since

, but

test
lures

ptory

performance significantly should not be used in interlaboratory studies, unless special requirements
and methods of data analysis apply (e.g. low numbers of microorganisms in drinking water and other
samples).

The criterion for “sufficiently homogenous” is defined by the requirements of the interlaboratory
comparison. However, in general, a material is considered sufficiently homogenous if the between-unit
standard deviation (on the appropriately transformed scale) is < 0,30pt, where opt is the target standard
deviation used to assess the performance of laboratories (see ISO 13528).

Any alternative homogeneity test should meet the following criteria:

a)

the probability of rejecting a sufficiently homogenous test material should be < 5 %;
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b) the probability of rejecting a test material where between-unit variation is 1,50p¢, in which opt is
the acceptable between-laboratory variation (expressed as a target standard deviation), is = 80 %.

An 80 % probability of rejecting a material where between-unit variation is 1,50yt is based on simulation
studies of the duplicate analysis of 10 test units using a method with an analytical standard deviation
of 0,50p¢ (i.e. 0,125 log units) and a critical value for T2 (see Annex C) that meets criterion a) in the
previous paragraph. It represents what is achievable with a reasonable amount of analytical effort.

Homogeneity tests are based upon estimations of between-unit and analytical (repeatability) variance
obtained under repeatability conditions. Suitable methods of testing for such variation are given in

Annex C.
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Wheh the number of counted colonies is sufficiently high (more than 35 to 40 colonies pdr plate), the
analytical standard deviation, oay, generally satisfies Formula (1);
g
Fan ~ o5 (1)
whete op is the target standard deviation.
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6.4

Simi

ch cases, the test for sufficient homogeneity* proposed in Reference [14] should b
% C). If the number of counted colonies is low (fewer than 35 to 40 colonies per plate)
s recommended (see Annex C).

h replicated test units are provided to participating laboratories, the between-uni
ned by participants should be examined by the provider to assess the homogeneity of t
ugh this variability includes within-laboratory reproducibility, the higher number

ases the statistical power of-the analysis and can be a good indicator for successive ro

e the PT material contains low numbers of cfu (e.g. fewer than 20), the between unit
rate samples) variation'shall be measured to demonstrate that it does not exceed randg

e used (see
the T1 - T

t variability
he material.
bf replicates
unds.

i.e. between
m (Poisson)

tion in order to previde a meaningful assessment. The index of dispersion test on n sanjples (where

minimum of 10) should not exceed the ;(,f_l value at 0,95 probability.

Homageneity testing for qualitative methods

ar principles apply to homogeneity testing for qualitative (detection) bacterial nj

spec

alconsideration is required where the level of target organisms is low (see 8.4).

ethods, but

The homogeneity of qualitative samples for bacteriological methods may be tested by enumerating the
spike. For levels of < 100 cfu/g use a most probable number (MPN) technique and for levels of 100 cfu/g
and above use the appropriate plate count enumeration.

If enumeration is possible, the homogeneity tests detailed in 6.3 may be used, depending on how the
samples are artificially contaminated and on how the spike is enumerated. The number of samples
tested should be proportional to the number of test materials produced.

These approaches may also be used with molecular methods (e.g. detection of viruses in foods). However,
because there may be differences between performance characteristics of quantitative and qualitative
methods for the same target, homogeneity should also be checked with a reference qualitative method.
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6.5 Stability testing by the provider

6.5.1 General

Samples to be used for PT shall be stable enough to complete the study before the end of the time period
allowed (see ISO/IEC 17043:2010, 4.4.3).

If the same type of sample with the same test strain(s) is always used, it is sufficient only to perform
a verification (e.g. by checking after preparation and on the testing date) on subsequent samples. The
provider should also examine results obtained by the participating laboratories to check the stability of
the material during the period allowed for testing.

For stabilityf checks on qualitative samples containing low levels, a number of samples (e.g. 10)-c4n be
tested at different time intervals (and at different storage temperatures when needed) thboughout
the time pefiod of the study. The number of positive samples after different storage times will| give
information|on stability throughout the study.

Fresh naturfl samples spiked with target organisms are often not stable and need special considerption
as discussed in 6.5.3.

6.5.2 Stability during storage conditions

For stable sgmples which are always stored atlow temperatures (e.g. 70,°C, —20 °C, +5 °C), determine the
stability by checking the level of the organisms and the homogeneityof each batch at regular intefvals
during stordge. The minimum period for stability testing should be)the time between preparation ¢f the
materials and the specified date or time period for testing by participants.

Frequency ¢f stability testing depends on the information already available for the batch of samples
and the totdl period of time over which stability inforfuation is required. If the total storage time is,
for instance] only two weeks, it may be necessary to test every two days but, if storage is requirgd for
one year, it ;ay be sufficient to test monthly. For la¥ge batches of samples, a minimum of three samples
should be tgsted on each occasion to show ongoing stability across the whole batch (ISO 13528:2015,
Annex B). Whatever frequency of testing is@sed, this shall be justified and validated as acceptablle by
the scheme prganizers.

6.5.3 Stability during transport.conditions

In addition fto information on stability during storage conditions gathered during validation sthdies
for a new sdheme, it is also important to test the effect of “abuse conditions” on the samples, e.g]long
transport times at elevated témperatures (see ISO/IEC 17043:2010, 4.6.3.2).

Perform a ptability 4test initially, using different temperatures to reflect “worst case” trangport
conditions gnd maximmum expected delays, to test the effect of such abuse on test samples. For example,
samples of pne batech are stored at the specified storage temperature (e.g. —20 °C), but also at 45 °C,
+15 °C and 25, °C. Every day, five samples held at each storage temperature are analysed for a|total
period of one-eftwe-weeks-

For samples prepared using natural matrices, stability studies should be carried out for each matrix
and target microorganism combination because even minor changes in either the matrix or the target
can affect sample stability during distribution (e.g. different species of bivalve molluscs).

The design of such stability experiments is variable but should be appropriate to obtain information on
the effect of different storage temperatures on the samples and to establish any upper temperature limit
for receipt by the laboratory. The information obtained can be used to choose the optimal distribution
conditions for the scheme samples, for example, whether it is necessary to cool the samples during
transport using dry ice or ice packs, or whether ambient distribution is acceptable.

For temperature-critical distributions requiring controlled refrigeration with strict sample acceptance
criteria, such as schemes in support of legislative testing for E.coli in bivalve shellfish, inclusion of
individual temperature loggers in each sample box to record the sample temperature in transit is
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recommended. Checking the temperature data may enable the scheme provider to explain anomalous
results returned by participants.

7 Sample handling

7.1 General

Requirements for general sample handling are detailed in ISO/IEC 17043:2010, 4.6.1 and 4.6.2, and only
additional information relevant to microbiological samples is given in this clause.

7.2 | Instructions to participants
For gach study, each participating laboratory shall receive a clear set of instructions'¢overing:

a) gtorage conditions for samples of all types, particularly information on the ‘storage temperature,
yhich should also appear on the outside of the transport packaging;

b) Iaximum temperature of the samples on receipt at the participantlahoratory, if appropriate;

c)

instructions on how to handle the samples; if reconstitution, dilution or other procgssing of the
gamples is required, this should be described clearly for each{set'and type of samples;

d) appropriate safety data sheets (see national, regional ofdnternational regulations), which should
Ie included with each distribution (an example of the detail required is given in Annex|D);

ther supplementary instructions, such as:
1) the latest dates for performing the examinations and sending results to the organifers,
2) the method(s) of examination (prescribed or participant choice, as required),
3) how to report the results to the erganizers, particularly the units of measurement,)and

4) if the organizers request detdils of materials, methods, incubation conditions, the date and
time of testing, etc., in report proformas, they should provide instructions for completing such
proformas.

Instrjuctions may be despatched in hard copy with samples or accessible electronically, for|example, on
the scheme website.

8 Performance evaluations

8.1 | General

Whetever possible, the statistical principles used to evaluate performance in PT schgmes should
be based on those given in standards, such as ISO/IEC 17043:2010, 4.7, and ISO 13528. However,
microbiology PT schemes may adopt procedures which differ from those commonly used in other
sectors if they are appropriate to their particular schemes and the robustness of such procedures
with respect to outliers is specified (see, for example, Reference [21] on evaluation of PT schemes for
parasites).

8.2 Preliminary considerations

PT involves the regular distribution of test materials to participating laboratories for examination for
specific targets (in most cases microorganisms). The results of examination are then compared against
those of other participants. Proficiency testing therefore provides an independent means of testing and
comparing individual performance (see ISO/IEC 17043).
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Ongoing satisfactory performance in proficiency test rounds can provide reassurance to participants
on their laboratory processes, including methods of examination, analyst training, equipment, reagents,
quality control procedures, interpretation of results, and reporting techniques.

However, unsatisfactory results imply that the performance of the individual participant was weak
compared with the consensus value and this can raise a number of questions. These include: were the
test samples all the same, how did other participants perform, could the methodology have biased
results and have the results been interpreted correctly? The scheme organizers should therefore use
suitable systems of performance evaluation to aid participants in answering such questions.

There are many different ways to interpret data from PT but objective interpretation methods are
required.

The majority
so scheme o

The followi
a)
b)
c)
d)

validity]

reasong

consistd

Clear and unbiased information shall be provided to participants to allow self-assessment

interpretati

8.3 Asses

8.3.1 General

The statistid
of homogen
of organism|
precision re|

The choice
with other (
contribute t
example, sp
be analysed

The chosen
undertaking

explandtory information for participants;

r of participants taking partin microbiological PT schemes may not be familiar withrstati
Fganizers have a responsibility to demonstrate that the procedures used are sound.

1g considerations about the statistical principles involved shall be addressed:

for selection;

ncy of interpretation of the data.

bn of results and to maximize the benefit from participation.

sment of quantitative methods

al design for PT schemes for micfopiological enumeration methods is influenced by the
ity of the test material, which in turn is influenced by the random variation in distrib
s. In addition, there are likely.to be substantial differences between the participants i
quired or expected of a test

bf statistical method.shall take into account the factors outlined in 8.1 and 8.2, tog
onsiderations such-as the number of participants in a particular scheme. Parameters
p deciding which-statistical tests are to be used for analysing results should be state(
pcialized scliemies may have fewer than 30 participants; results from 30 participants
in a differerit way from larger schemes with, for example, more than 100 participants,

stics,

and

level
ition
n the

bther
that
. For
may

methed of statistical analysis shall be appropriate for not only the number of participants
I an‘examination but also the method used. For example, results for an examination yising
colony count methods are analysed in a different way to those where determination of the MPN is

required. This is because the inherent variation in the MPN method tends to be greater than that for
colony count methods.

Where participants are permitted to use a method of their choice, the PT provider shall choose a method
of statistical analysis that is appropriate for the scheme (see ISO/IEC 17043:2010, 4.5.2) although this
can be problematic if the methods used by all the participants are not known. A preferred method of
analysis, for example, plate count enumeration rather than MPN may be given in the scheme plan.

Where methods used are requested from the participants, results from each method can be separated
and statistically analysed so any method effects can be determined and included in the report.

Different statistical parameters may be needed to assess participants’ performance for different tests
within a single scheme. This shall be stated in the scheme design documents and generally accepted
microbiological criteria shall be referenced in the scheme plan.
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Suitable statistical analyses and allocation of scores to participants are covered in ISO/IEC 17043:2010,
Annex B. Handling of censored values, such as results of < 10 or < 100 cfu, is discussed at E.2 and in
ISO 13528:2015, Annex E.

8.3.2 Distribution of data

Repeated microbiological counts usually follow a log-normal distribution so the data are transformed
to logarithm to the base 10 values to produce a bell-shaped normal distribution curve as shown
in Figure 1. However, for low target organism levels, actual counts may be used, or a square-root
transformation may be applied.

(€ g
o

30 20 o U o 20 30
68 %
95 %
Key
f :Eequency
u ean

o dqtandard deviation

Figure 1 — Diagram of a normal distribution

Although it i§ the same material under test, the results are not all identical, as numg¢rous small,
independeritvariations are expected to occur during the different manipulations involved iff performing
the tests.

In PFthe tests—are ot usuatly performred under Tepeatabitity, orevermr reproducibitity conditions.

Tests are performed by different personnel, at different test locations and at different times, using a
variety of equipment, media, reagents and test methods and this results in further variability which
could be described as “super-reproducibility” or “over-reproducibility” conditions because the term
reproducibility is usually used in the context of a single method only.

Despite such variations in test conditions, a (log-)normal distribution of the results is usually observed
and the principles of statistics appropriate to (log-)normal distributions should be used to interpret the
data, provided the distribution is roughly symmetrical and unimodal.

If the distribution of data does not appear (log-) normal, the possible reasons should be assessed and
the data interpreted accordingly using other suitable tests.
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8.3.3 Determining the assigned value

The purpose of PT is to assess how proficient participants are in achieving the “correct” result.
However, in many PT schemes, it is not possible to know the “correct” result, as numerous analysts may

all examine

the same test material and all return a slightly different result.

Instead, an estimate of the “correct” or “true” result should be made and this is referred to as the
“assigned value”. The assigned value may be determined in a number of ways, as described in 1SO/

[EC 17043:2

010, B.2, and ISO 13528.

The most usual method for microbiological PT schemes is consensus values from participant

laboratorie

sults
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The :\ccignnﬂ value is determined from the robhust mean, median or maode of the re
pants. The use of robust methods is intended to minimize the influence of outliers(sg

need not be excluded from the data because “true” outliers may be difficult to,ide
e of consensus (robust mean, median or mode) has an associated uncertainty.

d value has a higher uncertainty than with other methods, but this is taken into acg
ing performance. The assigned value is deemed to be fair because all participants’ re
p the calculation.

rall median is produced where assigned values are set from participant consensus

organizers should comment accordingly, so that the perfermance of participants w
not affected is correctly judged.

int distributions can result if different methods are used by participants. In such case
nizer shall acknowledge any effects of the methodsused.

ertainty of the assigned value

d value represents the best estimate(of the true value. It has a standard uncert
e level of confidence in this estimate. If the standard uncertainty of the assigned va
comparison to the standard deviation of the test round, then some participants are §
varning evaluations (see 8.3.6.1),hot because of their performance but instead due t
ainty in the assigned value.

the acceptability of an~assigned value in terms of its uncertainty should therefoj
A number of methods for estimating this uncertainty and determining acceptabilit
d are described in [SO-13528.

8.3.5 Methods of assessing performance

The organiz
from each irj
other partic

er of the PT'scheme shall determine the assigned value and assess by how much the res

ipanits. Thus, participant performance is judged not against the “correct” result, but ag

that
ntify.

ount
sults

(e.g.

rge number of participants had difficulty isolating or identifying a particular organlism),

hose

5, the

hinty
ue is
riven
b the

e be
y are

11t(s)

dividualparticipant deviate(s) from that assigned value compared with the results from all

ainst

statistical e

stimates of the “correct” result derived from all of the submitted data. The larger the

data

set, the more accurate such statistical estimates are [ikely to be but the distribution should remain
homogeneous with no multi-modality, for example, from use of different methods by participants.

Common methods of assessing performance and allocating scores are detailed in ISO/IEC 17043:2010,

B.3, and ISO

13528.

8.3.6 Using z-scores

8.3.6.1 General

A common and widely accepted method used in PT is the z-score system, as this is relatively easy to
calculate and interpret (see ISO/IEC 17043:2010, B.3). The z-score indicates how many standard

12
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deviations away from the mean a given value lies, e.g. a z-score of 2 represents a value which is 2g,
where o is standard deviation, from the mean.

As depicted in Figure 1, data with a standardized normal distribution have 95 % of values within 2o of
the mean and 99,7 % of values within 3¢. Results with a z-score greater than 2 are therefore considered
questionable and should be used as “warnings” because only 5 % of correct measurements are expected
to be that different from the assigned value. Results with a z-score over 3 are considered unsatisfactory
and require “action” because only 0,3 % of correct measurements are expected to be that different from

the a

ssigned value (see ISO/IEC 17043:2010, B.4).

8.3.6.2 The target standard deviation for z-score calculations
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r-score calculation uses a target value for standard deviation (opt). This target standa

are commonly used in microbiological PT schemes. The same target standard devi
bed over successive rounds of the proficiency test so that scores may be _coempared
und. There are a number of methods for establishing the target standard deviation,
rence [12], ISO/IEC 17043:2010, B.3, and ISO 13528:2015, Clause 8.

.3 Multiple results in z-score systems

within-laboratory variation. Within-laboratory variation’ or intra-laboratory var
tion between results from the same laboratory on the:same sample and is an inhere
bbiological examinations. Within-laboratory variation-is measured by the repeatabilit

h a participant laboratory reports multiple restilts for a single test material, this may
the remaining data from other participants, For example, if 10 analysts from the sam
psted the same sample, which had beentincorrectly diluted initially, all 10 resulf
rect. This number of incorrect results becomes a subset within the bulk data, and maj
" results. To avoid such bias, only one réported result per sample and/or laboratory i
verall analysis of data for a distribution.

h a participant laboratory has obtained multiple results from a single PT sample, t

mitted by the scheme prganizers, the individual result to be reported shall be chose
lination is undertaken.and results are known to avoid bias.

4 Using scaléd)median absolute deviation (MADe) from the median values

bcaled MADenethod is an alternative to the classical standard deviation in the calcu
re; itis used to identify outlying counts when fewer than 50 participants undertake an ¢
SO 13528).

pvalues provide a robust method for calculating the acceptable range when assessing |

es the scale of acceptable variation among laboratories for each particular testjand g

rd deviation
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rences between participants’ results arise from between-laboratory variatiop and also
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be reported separately andinot as a mean value. Where only one result per participant laboratory
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e from the

median for every result which is then multiplied by the constant 1,482 6 to get a robust estimate of the
standard deviation (MADe value), cMADe.

An example of how scores might be allocated using MADe values is outlined below:

— results within participants’ median +26MADe: Score = 2

results between +20MADe and +30MADe: Score = 1

results outside +3ocMADe: Score = 0

The lower limits should be rounded down to the nearest 0,05 logig value and the upper limits up to the
nearest 0,05 logio value.
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Note that, unless the 0,5 logig rule is applied, approximately 5 % of laboratories should be outside
the +20MADe range and 1 % outside the +30MADe range (assuming normality of the decimal logarithm

counts with

out extreme outliers).

The MADe method should be used for PT schemes where there are fewer than 50 participants.

8.3.7 Oth

er methods of performance evaluation

8.3.7.1 General
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scores are very commonly used for evaluation of PT scheme results from enumeration

her methods of scoring may be appropriate for particular bacteriological schemes.

, with samples where low bacterial counts are sought (such as drinking water) the'statis
can be based on a model which predicts random variation. Thus “low” or “high” tai
efined using the Poisson distribution. Low or high results can occur occasionally by cH
dtory, but an accumulation of tail-end results indicates poor performance, The advan
ntages of a model versus a percentile approach to statistical assessment are discuss
0].

s where high bacterial counts are expected, the 0,5 logio ruleor the percentile appr
These are briefly outlined in 8.3.7.2 and 8.3.7.3.

ing the 0,5 log1g rule

stem based on the 0,5 1log1g rule can be used for colony counts (adapted from Reference
i, the 95 % confidence intervals around a mean colony count are generally not
b10 cfu. Internal quality control procedures forimicrobiology laboratories commonly re
Ints to show agreement to not more than.(0;5log1g units to demonstrate good control.
participants’ results such that all resultswithin £0,5 log1o units of the participants’ mg
ed as acceptable and are allocated the maximum score. This rule allows participants’ s

to improve ¢ver time if the overall quality of participants’ enumerations also improves.
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unt on a plate is 10 coloniesi:and organisms are randomly distributed, then 95 % of re
 between 3 and 17 colenies. On a decimal logarithm scale, the expected median coy
limit is 0,47 and the upper limit is 1,23, i.e. the lower and upper limits are within 0,5
fore, a result of within’+0,5 log1o units of the expected value should be deemed accept

ing percentiles

can be used'to identify outlying counts for enumerations when 2 50 participants unde}
[ion using a colony count procedure. This entails calculation of the 5th, 10th, 90th, and
bf thedistribution of participants’ results (C5, C10, C90, and C95 respectively). C5 ang
uwirded down to the nearest 0,05 logo unit (e.g. 2,23 rounds to 2,20), whereas C90 and

tical
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1o rule is based on microbiglogical criteria but is also statistically valid because if the
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should be rounded up (e.g. 3,36 rounds to 3,40). An example of how scores might be allocated (e.g. for

aerobic colo

ny counts) is outlined below:

— results between C10 and C90 (acceptable range): Score = 2

results between C5 and C10 or C90 and C95: Score =1

results below C5 or above C95: Score =0

Application of the 0,5 logig rule may extend the acceptable range and therefore upgrade the scores
allocated for some results in C5, C10, C90 and C95.

The percentile method is robust and does not depend on the actual distribution of decimal logarithm
counts being normal. It enables a clear interpretation of the performance assessment.
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If the number of participants in an established PT scheme falls to fewer than 50 laboratories or the
number of participants reporting enumeration results for a particular parameter falls to less than 50,
percentiles should not be used because fewer than 50 results provide insufficient data to calculate valid
values for C5, C10, C90 and C95. In such cases, use scaled median absolute deviation (MADe) values (see
8.3.6.4) instead.

8.3.7.4 Poisson 95 % confidence interval (CI)

Poisson 95 % CI may be used when a sample contains low levels (< 20) of organisms for a specific
parameter, for example, if the participants’ median or the organizer’s median is 1 cfu/ml in schemes for
water samples.
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forrect 95 % CI for Poisson data with a mean (median) of 1 is 0 to 3 so the‘95 % confidg
hd the participants’ or organizer’s median may still be applied even atvery low levels.

.5 Special considerations for most probable number methods

fest method used to determine an MPN value has greaterninherent variability than
e detection and estimation of levels when low levels.of microorganisms are expecte

ods are stipulated in regional legislation or critéria for the microbiological examinati
ucts, such as dairy products and live bivalve miolluscs and other shellfish.

method for assessing participants’ results derived using the MPN technique should 4
‘ent variability of the MPN, and assume‘that the sample is well mixed prior to testing.

he three-by-five tube method, the standard deviation of a logig MPN result is approxi
ded results do not show “extreme” tube combinations, e.g. tube combinations of 3; 0; 0
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Id be within #2¢’and more than 99 % within +30, where o is standard deviation.
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to 2,680 and *+40 (see Table 1).

Table 1 — Limits of acceptability

Limit of acceptability | Three-by-three method | Three-by-five method
+2,680 +0,86 log1o +0,64 log1o
t40 +1,28 log1o +0,96 log1p

Id be raised

These limits may be changed based on inflation factors determined from further assessment of
between-laboratory variability.

The 0,5 log1g rule should never be applied to MPN results due to the inherent method variability.

© ISO

2019 - All rights reserved
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It is also possible, for the MPN method, to check that the tube combinations and dilutions reported are
consistent with the MPN reported using tables.

Ifthe PT scheme or the legislation on which itis based requires MPN values to be determined in duplicate,
the results can be compared and if the tube combinations are credible, then the difference between the
two results should not differ, in terms of decimal logarithm units, by more than 2,58 x V2 x 0,24 = 0,88
for the three-by-five tube method and 2,58 x V2 x 0,32 = 1,17 for the three-by-three tube method.

If two distributions with two replicates per distribution are compared, then the mean of the two should
not differ, in terms of decimal logarithm units, by more than 2,58 x 0,24 = 0,62 for the three-by-five

tube method and 2,58 x 0,32 = 0,83 for the three-by-three tube method.

8.3.8 L0n|g-term performance assessment

8.3.8.1 Gg

Performanc
rounds, but
generally aj
completene;

Any metho
laboratoried
in the numb

“Low” and
definition fq
laboratoried

Scheme orgj
assess infor
suggest to t
not dictate

individual p
context of it

8.3.8.2 Lg

If chance is
may be scry

samples (e.g.

If they are
expected dij
due to natur

tneral

b assessment in PT schemes is generally confined to assessment of tesults from s
there are instances where assessment in the longer term may be-beneficial. While
pplies to external quality assessment schemes, some guidance is-given for the sa
S.

1l of assessing long-term performance shall ensure thatithe likelihood of identi
undertaking enumeration examinations as “poor performers” by chance due to varia
er of organisms in samples they receive is as low as possible.

‘high” counts should be defined according to objective rules (e.g. Poisson model-h
r low counts, percentiles or other methods for high counts), then used to determine t
reporting such results more frequently over time than could be expected by chance.

anizers should encourage participants to‘exercise their own professional judgeme
mation supplied in reports, thereby*self-assessing their performance. Organizers
heir participants various ways of undertaking laboratory self-assessment but they s}
‘riteria for self-assessment by anrindividual laboratory; rather these should be set by
articipating laboratory, based onwhat it believes to be microbiologically significant i
5 own routine work and client'requirements.

w count assessments

Lhe only factor invelved, the “tail-end” counts should be distributed at random. The r¢
tinized to detérmine the scatter of tail-end results, between laboratories over a ser
using Cochtan’s Q-test).

hot distributed at random, a second stage analysis may be performed to determin
tribution of tail-end counts, amongst those laboratories reporting them, if they were si

expected nu

ingle
this
ke of

fying
kions

ased
hose

nt to
may
jould
each
h the

sults
es of

b the
mply

may have experlenced problems An example of performance assessment for samples contammg low
numbers is given in Table 2.

16
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Table 2 — Observed and expected numbers of sets of results assuming random distribution
of low results (from a distribution of low levels of Clostridium perfringens in drinking water
samples, where variation in numbers between test items may necessarily exceed laboratory

performance variation)

One
morg

8.3.9

Asse

to variation in sample content is expected.

Long
12 s3
70 %
deliv]
of a |
529
incoj
expe
perfy
0,51

A pre
8.4

8.4.1

Fori
arei

No. of “lows” Observed Expected
0 58 58
1 32 48,56
2 1o 16,94
3 14 3,15
4 3 0,33
5 2 0,02
Total 127 127

br two low results could have been due to chance; three were possibly not due to chg
were unlikely to be due to chance and procedures should be checked.

.3 High count assessments

ssment of higher counts relies on similar principles, but less variation in participants

-term performance with, for example, the percentile method of evaluation, can be ag
mples, allowing a maximum score of 24 points:\Participants are set a performance targ
. If the 0,5 log1p rule is discounted and anassumption is made that all participants ay
ering equivalent performance, then using multinomial theory, it can be shown that thg
participant obtaining a cumulative score that is less than 70 % of the maximum posg
h. This means that under these circuinstances, approximately 1 in 20 participants may |
rectly as “poor performers”. In(reality, performance is not equivalent and some lab
rience difficulties with the examinations that they undertake, so the probability of a
rmance being incorrectly.identified as “poor” is much lower than this. Furthermore, t
g10 rule reduces this probability to less than 0,1 %.

Ictical example of lonig-term performance assessment using spreadsheets is shown in 4
Assessment of qualitative methods

General

hterlaboratory comparison studies in which one or more qualitative methods are used
h fact black or white, yes or no, detected or not detected.

nce; four or

results due

sessed over
et of atleast
e capable of
probability
ible score is
be identified
bratories do
satisfactory
he use of the

Annex E.

, the results

Methods of statistical analysis for this type of result are limited, but various options have been

prop

osed, such as LODs5p and percentage accuracy.

8.4.2 Performance of individual laboratories

A simple method for self-assessment by participant laboratories is to record the number of positive and
negative results they have found, together with the number of positive and negative results which were
expected. This information is linked with records of the levels of target organisms in the samples to
assess performance and also provide ongoing data on the level of detection of the method in individual
laboratories.

For example, in a PT scheme where participants receive two samples of which one, both or neither
contains the target organism, the assessment is based on detected/not detected in both samples. An
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overall percentage satisfactory assessment can therefore be provided for all participants and linked to
the level of target organisms in the test materials provided in the report (see 6.4).

In certain cases more samples may be tested to verify laboratory performance at low level, in particular
around the LODs( for a qualitative method. An example based on 18 samples is given below, but other
combinations of numbers of samples at each level can be used and justified.

Each participant should test at least 18 samples in total. These 18 samples consist of 6 replicates
of 3 different levels of contamination of the samples. The three levels are: negative (check on the
occurrence of false-positive results due, for example, to cross contamination); low level (samples
contaminated at or slightly above the detection level for the method used, ideally at the level where

500/ fth ] £ A e ar-nos s (ran. J ol 1 1010 53 Lol h
0 O t e ClllllJlCD dl T ITIUUIIYu lJUDlLlVC dllu Ju /0 lleClLlVC l_l.JUlJbU), allJu lllsll ICTVTI \.LU CIITICTOS lllsllcl t an

the low leve], representing the level at which all samples tested should be found positive).

Interpretatipn of the data is simple:
a) forthe :[egatives: all samples should be found negative;
b) for the high level: all samples should be found positive;

c) forthelpwlevel:itcanbe calculated (see Table 3) using the binomial distribution and the percentage
of samplles found positive (obtained from a reference value from the organizer or as a best estimate
from the results of all participants) at a 95 % confidence level.

Table 3 — Chance of finding a certain number of positives outof six samples tested as a fun¢tion
of the average percentage of positive samples (binomial distribution)

Number Average percentage of positives
of positives

out of six 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90|%

samples
0 531% | 26,2% | 11,8% 4,7 % 1,6 % 0,4 % 0,1% 0,0 % 0,0 %
1 354% | 393% | 30,3% |87 % 9,4 % 3,7% 1,0 % 0,2 % 0,0 %
2 9,8 % 246% | 324%.("311% | 234% | 13,8% 6,0 % 1,5% 0,4%
3 1,5% 8,2 % 18,5% | 276% | 31,3% | 27.6% | 18,5% 8,2% 1,9 %
4 0,1% 1,5% 6,0'% 13,8% | 234% | 31,1% | 324% | 24,6% 9,84 %
5 0,0 % 0,2 % 1,0 % 3.7% 9,4 % 187% | 30,3% | 393% | 354 %
6 0,0 % 0,0% 0,1% 0,4 % 1,6 % 4,7 % 11,8% | 262% | 531 %

EXAMPLE To use Table3)first determine the average percentage of positives. Here, it is assumed to be B0 %,
meaning thafaround oneout of three samples contains the target organism. As only 30 % of the samples contain
the target orjganism,.it is'likely that some of the samples might not contain the target when, for example, six
samples are fested.

Table 3 showfs¢that the chance of obtaining a set of six samples consisting of four positives and two neggtives
is 6 %. Thisbs—rettikelytohappens—butis—stil-aceeptable—whenalevel-ofconfidence—of95%—is—asstmed.
This can be calculated as follows: the sum of the chances of finding 0, 1, 2, 3 or 4 positives is 99,0 %
(11,8 + 30,3 + 32,4 + 18,5 + 6,0). In this case, 99 % is the smallest value, which is above 95 % (the confidence
limit). Omitting four positives from this sum gives 93 %, which is below the 95 % confidence level.

Looking at the data the other way around, the chance of finding six out of six positives is only 0,1 %, which is very
unlikely to occur purely by chance. With the uncertainty set at a maximum of 5 % (100 % to 95 % confidence
level) this falls within the limit. The same occurs for the situation when five or six samples out of a total of six
are found positive; the sum of these chances is 1,1 %, which is still below the 5 % limit. Only when the situation
where four out of six are positives (6 %) is added does the uncertainty exceed the 5 % limit. As the maximum is
set at 5 %, the situation of five or six positives out of a total of six tested is regarded as an unexpected result.
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NOTE At LODsg, 50 % of the samples are found positive. In theory [taking into account that the method used
is capable of detecting a single microorganism in a sample and assuming a homogeneous (Poisson) distribution
between the samples] the average contamination level of the samples is expected to be 0,7 microorganisms
per sample in order to reach the LODsq. In practice, the ideal homogeneous distribution is often not reached
and relatively more of the samples do not contain any (viable) microorganism than could be expected for a
true homogeneous distribution. In order to obtain 50 % of positive samples, an increase in the average level of
contamination is required, based on experience with the material used in the study.

8.4.3 Scheme comparisons of laboratory performance

To compare the performance of one laboratory against other participating laboratories, the scheme

Orgaﬂ.ﬂl\v oz calenlatn tha b nee (A v cnntagnc) of noacitivune for +ha Tavale o
e+ T

{ZeFs HEa taminated with
Hizers—ay-catentate-the-numbers{or-percentagesi-of positivesfor-thelevels—econtan

the target organism found per test sample by each laboratory (reported by laborateyny code). An
exanpple of such data is given in Figure 2. In this study, 35 laboratories participated (indicated as lab
codep on the N -axis of Figure 2). Each laboratory analysed 18 minced chicken meat samples, artificially
contaminated with a Salmonella serovar at 3 different contamination levels (0 cfu,'5 cfu atnlLd 55 cfu per
sample). In Figure 2, the results are summarized for the sample with the low level of contamyination (n =
6). The number of positives found in the participating laboratories varied from 0 to 6 samples (n+-axis
in Figure 2).

12 3456 7 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 3B 34 35

N

L

Key
Ni, lpb codes
n, 1o. of positives

Figure 2 — Number of positive isolations per laboratory code for all tested loW-level
materials (n = 6)

In addition to this more descriptive way of presenting the results, it is possible to calculate specificity
and sensitivity rates per level of contamination of the samples (see ISO 16140-2). These rates may be
calculated for each laboratory and for the results from all laboratories.

The specificity rate, rsp, is given by Formula (2):

= x100% )

I =
5 E(n_o )

where

© IS0 2019 - All rights reserved 19


https://standardsiso.com/api/?name=9f5489238f62fc949e20963acefc1e92

IS0 22117:2019(E)

n-

E(n-+tot)

is the number of negative results found;

is the total number of expected negative samples.

The sensitivity rate, rsg, is given by Formula (3):

n,
rsg =———x100 % (3)
E(ny o)
where
ns is the number of positive results found;
E(n4tot)) 1is the total number of expected positive samples.

This assessment is only meaningful if linked with the number of target organisms present.

20
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Annex A
(informative)

Example of details to be included in a PT scheme plan

Table A.1 — PT scheme plan — Summary of scheme

Sche

Me name:

Food examinations scheme

Sche

Ime provider:

Name of organization

Scheme type: Food microbiology

Aimg: To provide external quality assessment samples'for general routine
examinations undertaken by food microbjidlogy laboratories

Critqgria for selection of participants: |Food microbiology laboratories with laberatory facilities §dequate for

dealing with pathogenic microorganisnis of biosafety leve

s1land?2

Targ

Pt participants:

Food microbiology laboratories inithe private and public s

pctors

Legi

Elation:

EU Regulation 882/2004 conéerning the official control off

foodstuffs

Sam

ble type:

Freeze-dried microorganiSms in evacuated glass vials

Exan

hinations:

Qualitative (detection):
— Campylobacter;spp.

— Escherichia coli 0157

—  Salmonella spp.
Quantitative (enumeration):

— Aerobic colony count
=~ Bacillus cereus

— Clostridium perfringens
— Coliforms

— Enterobacteriaceae

— Escherichia coli

— Listeria monocytogenes

— Coagulase positive staphylococci

Critd

riafor sample content:

Realistic microflora simulating that of real foods and provj

iding

arealistic f‘hq"pngp toroutine food mi{‘rnhin]ngy fncfing

Target number of participants: More than 200
Number of distributions per year: Six

Number of samples per distribution: Two

External subcontractors: None

Tech

nical experts:

Named individuals

Quality control testing of sample batch:

Name of provider laboratory and standard methods used

25 samples from every batch examined for all tests specifi

ed

Stati

stical methods:

Consensus median (enumeration tests)

Percentiles to identify outliers

Allocation of scores:

Yes

© ISO
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Table A.1 (continued)

Criteria for scores: Three scores allocated per sample for: a) pathogen examinations;
b) aerobic colony counts; c) indicator organisms

Continuous performance assessment: |Yes

Criteria for identifying “poor Less than 70 % maximum possible score over six distributions
performers”:
Proactive approach by organizers Yes

to “poor performance”:

Method assessment: Yes — for indicators only

Scheme co-¢prdinator or deputy to sign/date:

Approved by steering group: Date

Promotionalliterature authorized: Date

Costing apprjoved: Date

Accreditatiop dated: Date

Other commgnts: Review at steering group meeting
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Annex B
(informative)

Preparation of fungal spore suspensions

General

Culty
impr
ame

B.2

B.2.

Mani
cabiy

Use
obvi

B.2.]

Use
susp
steri

Carr
appr
If thd
PT s3

B.2.]

Prep
by ad
the s

ires of filamentous fungi used in PT schemes are preferably distributed as spore\suj
ove homogeneity and stability of samples during distribution and testing. This.anng
thod of preparing such spore suspensions for guidance. It is recognized that ether met]

Procedure

Il General

pulate all fungal cultures with suitable containment to avoid spread, for example
let, and only prepare one culture at a time to minimize cr@ss-contamination.

bnly well-characterized strains (see 5.2) and ensure“cultures on plates or slopes aj
us contamination before preparing spore suspensions.

2 Preparing spore suspensions from agar plates

h swab moistened with sterile distilled water to rub growth from the surface of th
end in 1,5 ml of sterile distilled water.Transfer the harvest to a larger volume (e.g
e distilled water and mix the bulk suspension well to improve homogeneity.

y out a purity check on the suspension by surface inoculation of a suitable agar and ing

bulk suspension is purg, carry out a spore count by microscopy to estimate spore nu
imples can be inoculated with the desired number of spores.

8 Preparing spore suspensions from agar slopes

pration from‘agar slopes is similar to that from agar plates, except that spores are be
ding 1 ml sterile distilled water to the slope and rubbing the growth with a sterile swj
pores.

ppriate temperature (e.g. Sabouraud Dextrose Agar incubated at 25 °C for 48 h to 72 h].

pensions to
bx describes
hods exist.

in a safety

e free from

e plates and
500 ml) of

ubate at the

nbers so the

bt harvested
Wb to release

B.2.1

L _Storage

Store all fungal spore suspensions at ambient temperature (18 °C to 27 °C) in the dark in a designated

and 1

abelled laboratory cupboard.

B.2.5 Quality control checks

Perform quality control checks on each spore suspension to ensure homogeneity and stability are
maintained during storage. This is carried out regularly (e.g. weekly) by inoculating the water
suspensions onto selective media to check viability. The growth is then examined macroscopically and
microscopically to check stability of the suspensions.
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Annex C
(informative)

Methods of testing for variation between portions of test materials

Cl T1-

This test is

materials (]
assigned for

The variatid
analytical p|
ways. Detail

For the detg
(replicate te

T =)

i

where
Zjj is
Zi+ is
)
J

is

For the dete|
of one batch

T,=Y

il

where

Zi+

T, test

recommended for cases where low numbers of organisms are present in portions e
Ms) at levels up to 35 cfu to 40 cfu per plate or where no “target standard deviatien” ¢
assessing sufficient homogeneity.

n between analytical portions from one (reconstituted) unit of TM, Ty and that bet)
ortions from different (reconstituted) units of one batch of TM, T, is|tested in diff
s can be found in Reference [15], but a summary is given here.

rmination of the variation between analytical portions of one (feconstituted) unit of
sting), the T test statistic is applied, as shown by Formula (€.1):

(Zij —Zjy /])2
(Zi+ /])

>,

J

the number of cfu in one analytical portionj of unit i;
the sum of numbers of cfu in all analytical portions of unit i, as shown by Formula (C.2

Zij
the number of analytical portions per unit.

rmination of the variation between analytical portions from different (reconstituted)
of TM, the T test’statistic is applied, as shown by Formula (C.3):

_(Zi+_ e /1)2

(z5c71)

F test
in be

veen
brent

n TM

()

(C.2)

lnits

(C.3)

TMs, as shown by Formula (C.4):

i

c=3 T
J

1 is

the number of units tested.

is the sum of the numbers of cfu in all analytical portions of the tested units of one batch of

(C.4)

If the Poisson distribution applies, T1 and T3 follow a y 2-distribution with I(J — 1) and I - 1 degrees
of freedom, respectively. In this case, the expected values of T1 and T are the same as the number of
degrees of freedom. Hence, T1/I(J - 1) and T2/(I - 1) are expected to be equal to one.

24
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For the variation between units of one batch of TM, the Poisson distribution is the theoretical smallest
possible variation that could be achieved. However, over-dispersion is expected and T2/(I - 1) is mostly

large

r than 1[15]. An acceptable variation between units of a batch of TM is Tp/(I - 1) < 2.

EXAMPLE

Given the following data:

unit: (duplicate) counts:

1 z11 =45 Z12 =49

2 z21=33 722 =42

3 z31 =40 z32 =42

1=3 (three units)

J=2 (two replicates)
z1j/] = (45 +49)/2=94/2 =47
z2j/] = (33 +42)/2=75/2=37,5
z3j/] = (40 + 42)/2=82/2 =41

T1 sh

Testel
of fre

Acceppted variation for the batch is: Tz/(1 -1) < 2.

2 2 2 2 2
45—-47 49 —-47 -37 42-37 40< 41 42-41
L_as-4n® @9-4n’ (33-375° (42-37.5° (40<H)P | (42-41)

Yzj=45+49+33 +42+40+42=251

Yz;/I = 251/3 = 83,7

]
T

2

1 47 47 375 375 41 41

=0,085+0,085+0,54 + 0,54+ 0,024 + 0,024
=1,298

buld follow a y2-distribution with I(J - 1) = 3.x(2 - 1) = 3 degrees of freedom.

d two-sided at the 95 % confidence leveljithe lower and upper limits for this distribution are, W
edom, 0,22 and 9,3, respectively. The\¢alculated T1 value (1,298) follows these criteria.

_ (94-83,7)* N (75-83,7)° N (82-83,7)°
83,7 83,7 83,7
=1,268 + 0,904+ 0,034

2

=2,206

Here,

T2/(I-1)=2,206/(3 - 1) = 1,103 and thus follows the criteria for acceptability of the batch.

C.2

Test for sufficient homogeneity

ith 3 degrees

This test is recommended for cases where larger numbers of organisms (more than 35 cfu to 40 cfu
per plate) are present in portions of the test material and a target standard deviation, opt, which
describes the performance expected of PT scheme participants, is available. It is based on the “sufficient
homogeneity” test of Reference [14].
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Given a set of test material portions analysed in duplicate with results expressed in log units, the test is
passed if the between-portion variance, sszam, satisfies Formula (C.5):

2 2 2
Seam <F1 (0,30, )+ Fps5, (C.5)
where sgn is the analytical variance and values for F1 and F; depend on the number of portions

examined in the test (see below). This test is less likely than that of T1 — T3 to lead to the rejection of a
test material that is not perfectly homogenous (test results follow the Poisson distribution), but is
sufficiently homogenous to be used in a proficiency test round with a target standard deviation of opt.
This is beca i o i i i i
for purpose criterion of 0sam > 0,3 opt, where osam is the standard deviation of which ssam is an esti

EXAMPLE

Given quantifative results from the duplicate (¢t = 2 analysis of g = 10 test material portions, calculatle the
difference and sum (S) and the square of the difference of the decimal logarithm of each set of results (Talple 1).
Note that the|square of the difference is twice the between portion variance, that is 2w;2.

Item Count 1 Count 2 Log Count 1 Log Count 2 | Difference " Sum = Z | Difference
(g (Test (Test (LogC1= | (LogC1+ squargd
samples) ||portion 1) | portion 2) Log) €2 Log C2) [2wd]
1 35 51 1,544 1 1,707 6 0,163 5 3,251 6 0,026 133
2 52 46 1,716 0 1,662 8 0,053 2 3,378 8 0,002 835
3 35 33 1,544 1 1,5185 0,025 6 3,062 6 0,000 653
4 53 38 1,724 3 1,579 8 0,144 5 3,304 1 0,020 478
5 30 40 1,477 1 1,602 1 -0,1249 3,079 2 0,015 10
6 33 30 1,518 5 1,477 1 0,041 4 2,995 6 0,001 713
7 41 60 1,612 8 1,778 2 -0,165 4 3,3909 0,027 346
8 35 55 1,5441 1,740 4 -0,196 3 3,284 4 0,038 3§32
9 68 67 1,8325 1,826 1 0,006 4 3,658 6 0,000 041
10 52 60 1,716 0 1,778 2 -0,062 1 3,494 2 0,003 862
» 32,900 0,138 203
Mean 3,2900 0,013 §20
Variance 0,042 24

Calculate the|“within samplé*Variance San2 = Y, (2w¢2)/2g where g is the number of samples.
In this case, an2 = 0,138,2/20 = 0,006 91.

Determine the varidnce of the summed counts (Z;)

¢ Z,-7
-5

I

Var(Z)=

where

Z; is the summed value for sample ¢;

Z isthe mean value (>Zt/g9) (which is twice the overall average x);
g isthe number of samples.

Next, determine the variance of the sample averages (Sx2) by dividing the calculated variance by two, i.e.
Sx2 =Var(Z)/2.
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