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E P P O  S T A N D A R D  O N  D I A G N O S T I C S

PM 7/122 (2) Guidelines for the organization of interlaboratory 
comparisons by plant pest diagnostic laboratories

Specific scope: This EPPO Standard specifies:
•	 The requirements for a plant pest diagnostic laboratory 

to be able to organize interlaboratory comparisons.
•	 The requirements for the development and opera-

tion of interlaboratory comparisons for plant pest 
diagnostics.

This EPPO Standard was developed taking into account 
elements included in ISO 17043 Conformity assessment 
– General requirements for proficiency testing (ISO, 2010) 
and generally follows the structure of this Standard, 
however, accreditation for the organization of interlabo-
ratory comparison activities is not covered.
This Standard should be used in conjunction with 
PM 7/147 Guidelines for the production of biological 
reference material and PM 7/76 Use of EPPO diagnostic 
protocols.
Specific approval: First approved in 2014–09. Revised 
version approved in 2022–09. The revision was based on 
the outcome of the EU funded H2020 project VALITEST.1

Authors and contributors are given in the 
Acknowledgements section.

1  |   INTRODUCTION

Interlaboratory comparisons (ILC), i.e. proficiency 
testing (PT) and test performance studies (TPS), the lat-
ter being also referred to as ring tests or collaborative 
trials, have become an essential aspect of laboratory 
practice in all areas of testing and their use is increas-
ing internationally. Proficiency tests may be organized 
at the request of different stakeholders such as NPPOs, 
National Reference Laboratories, Regional reference 
laboratories (such as the European Union Reference 
Laboratories for EU countries), research institutes, pri-
vate companies for their laboratories, producers associ-
ations. Participation in PT is often a requirement in the 
accreditation process according to the ISO 17025 (ISO/
IEC, 2017). TPS provide added value to the validation 
process.

Typical objectives for interlaboratory comparisons 
are presented in Table 1 with a distinction made between 
those relevant for PT and TPS.

Characteristics of interlaboratory comparison in 
diagnostics for quarantine pests

The number of laboratories performing diagnostics 
for quarantine pests is relatively low in EPPO member 
countries compared to other areas of testing (e.g. chemi-
cal analysis). In addition, the number of combinations 
(target/matrix) is huge (quarantine pests may have many 
hosts and be present in different parts of a plant or in 
other material) and in many cases, several tests (e.g. mor-
phological, molecular) are used for a reliable diagnosis. 
The regional capacity to organize interlaboratory com-
parison for a specific target/matrix/test combination is 
consequently limited.

In most ILC the samples are simultaneously dis-
tributed to participants for concurrent testing. After 
completion of the testing, the results are returned to 
the organizer of the interlaboratory comparison to be 
evaluated.

Some ILC are sequential and involve the sample (e.g. 
a mounted slide for an insect) being circulated succes-
sively from one participant to the next (i.e. sequential 
participation), and occasionally circulated back to the 
organizer for rechecking. This takes place when it is not 
possible to prepare enough homogenous samples (e.g. 
limited number of specimens).

All test results in laboratories performing tests for 
quarantine pests are given in qualitative terms (test pos-
itive or negative or inconclusive). It is recognized that 
some tests will generate quantitative data (e.g. optical 
density for ELISA, number of cells for IF, Ct values for 
real-time PCR,2 measurements for morphological fea-
tures, etc.). However, such quantitative data is used to 
assign a qualitative value to the test result (positive/neg-
ative/inconclusive) (see section 3.3.4.).

The statistical procedures which may be applied 
to qualitative data are somewhat limited but recent 
advances have been made and are presented in this 
Standard (see section 3.6). The choice of statistical anal-
ysis will in part be determined by the type of data gener-
ated by the test in question.

Unlike, ISO 17043 Conformity assessment – General 
requirements for proficiency testing (ISO,  2010), 

 1Validation of diagnostic tests to support plant health (Grant Agreement 
number 773139).  2It should be noted that Ct, Cq or Cp, are equivalent.
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confidentiality requirements are not included in a 
separate paragraph but underlined in ‘Personnel’ 
(Section 3.1.2.), ‘Elements to be included in a plan for 
an interlaboratory comparison’ (Section  3.2.1.) and 
‘Reports’ (Section 3.7.).

The flow diagram presented in Figure 1 summarizes 
the different steps to be followed when organizing an in-
terlaboratory comparison.

2  |   DEFIN ITIONS

Only definitions specifically relevant to this Standard are 
included. Other definitions are included in PM 7/76.

Participant: laboratory, organization or individual 
that receives samples for interlaboratory comparison 
and submits results for review by the organizer of the in-
terlaboratory comparison.

3  |   TECH N ICA L REQU IREM ENTS

3.1  |  Capability of the organizer

3.1.1  |  General

The feasibility (e.g. technical and logistical) of the ILC 
should be evaluated by the organizer.

Appropriate technical competence is required for or-
ganizers of an interlaboratory comparison as described 
below:

•	 Organizers of PT should have appropriate technical 
competence on the organism and the test(s) performed 
or access to such competence. Outsourcing of such 
competence should be documented;

•	 These requirements are also valid for organizers of 
TPS, with the exception that the organizer should not 
outsource technical competence on the organism and 
the test(s) performed;

•	 In both cases (PT and TPS) complementary compe-
tence may be required for statistical analysis; in such 

TA B L E  1   Objectives for interlaboratory comparisons.

PT TPS

(a) Evaluation of the accuracy of the results produced by laboratories for specific tests and monitoring 
laboratories' continuing performance

X (X)a

(b) Identification of problems in laboratories which should lead to the initiation of actions for 
improvement. For example, these may be related to inadequate test procedures, effectiveness of staff 
training and supervision, or verification of equipment

X

(c) Establishment of the comparability of tests (X) Xb

(d) Provision of additional confidence to laboratory customers X (X)

(e) Identification of interlaboratory differences X (X)

(f) Education of participating laboratories based on the outcomes of such comparisons X

(g) Establishment of uncertainty levels X

(h) Evaluation of the performance characteristics of a testc (X)d X

Note: X, main objective; (X), possible objective.
aIt should be noted that in a TPS, participant laboratories are assumed to be competent to undertake the test in question. However, participation in a TPS may 
provide independent demonstration of laboratory competence, provided that the results obtained by the laboratory are accurate.
bWhen several tests are included in the TPS.
cIt should be noted that the performance characteristics obtained for a test are influenced by the composition of the panel of samples. In addition, in 
interlaboratory comparisons, the number of samples is usually limited, and it is not always possible to evaluate all performance characteristics. Some performance 
characteristics can be obtained during preliminary studies performed by the TPS organizer.
dWhen several laboratories use the same test in a PT and have been shown to be proficient.

F I G U R E  1   Different steps to be followed when organizing an 
interlaboratory comparison. *Generally for TPS only.
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situations the organizer should have documented ac-
cess to such competence;

•	 In both cases, organizers should have a quality assur-
ance system established according to PM 7/84.

3.1.2  |  Personnel

Members of the organizer's staff and, when relevant, 
sub-contractors, should be designated as responsible for 
specific tasks on the basis of their competence. A list of 
the main tasks for the organization of an interlaboratory 
comparison is given below (more details on these tasks 
are provided in subsequent sections of this Standard):

Coordination of the interlaboratory comparison:

•	 Plan the testing schemes (including the distribution of 
information);

•	 Supervise the technical operations and the statistical 
analysis;

•	 Analyse the results of the interlaboratory comparison 
and prepare a report;

•	 Assure confidentiality to the participants;
•	 Ensure communication with the participants;
•	 Authorize the issuance of the report.

Technical operations:

•	 Select appropriate samples and when relevant equip-
ment and reagents;

•	 Prepare, handle and distribute samples and when rele-
vant equipment and reagents;

•	 Operate specific equipment (e.g. lyophilizer);
•	 Conduct measurements to determine stability and ho-

mogeneity, as well as assigned values and estimate the 
measurement uncertainty.

Statistical analysis:

•	 Select the appropriate statistical approach;
•	 Operate the data processing system;
•	 Conduct statistical analysis;
•	 Evaluate the performance of participants (PT), or of 

the test(s) (TPS).

Whenever possible tasks should be assigned to more 
than one person. If the organizer (and when relevant a 
sub-contractor) of the interlaboratory comparison is also 
a participating laboratory, the staff involved in the test 
preparation should not participate in the interlaboratory 
comparison unless appropriate precaution is taken (e.g. 
randomization and labeling of the samples are done by 
another person in the laboratory).

Requirements for competence and training of staff 
are included in PM 7/84 Basic requirements for qual-
ity management in plant pest diagnostic laboratories 
(EPPO, 2021a).

3.1.3  |  Equipment and facilities

The organizer should ensure that conditions are ap-
propriate for the preparation and operation of the in-
terlaboratory comparison. This includes facilities and 
equipment:

•	 To prepare, test (homogeneity, stability see 
Section  3.3.3. ‘Homogeneity and stability’), handle, 
store and dispatch samples and when relevant reagents;

•	 To process data, communicate, and retrieve materials 
(e.g. stability samples, slides) and records.

The organizer should ensure that cross-contamination 
between test samples is avoided:

•	 Environmental conditions in the laboratory and re-
lated to equipment that may compromise the oper-
ation of the interlaboratory comparison should be 
monitored (e.g. monitoring insects, spores);

•	 The work area should be appropriately decontami-
nated as required;

•	 Areas where incompatible activities take place are 
clearly separated, see PM 7/84 Basic requirements for 
quality management in plant pest diagnostic laboratories 
(EPPO,  2021a) section accommodation of environ-
mental conditions.

The organizer should ensure that the equipment re-
quired for the operation of the interlaboratory com-
parison is appropriately maintained, controlled (e.g. 
temperature) and calibrated (see PM 7/84). Particular 
care should be taken for equipment that is used to con-
firm homogeneity and stability, to define assigned values 
and to store samples/materials.

Where potentially hazardous samples, chemicals 
and materials are used, facilities should be adequate 
to ensure their safe handling, decontamination and 
disposal.

3.1.4  |  Handling of quarantine pests

Acquisition, preparation, handling, distribution (see 
also ‘Data analysis and evaluation of the results of the 
interlaboratory comparison’) and disposal of quarantine 
organisms should be carried out in accordance with the 
relevant regulatory requirements (e.g. specific authoriza-
tion to move regulated material). Specific guidance on 
handling quarantine organisms has been developed (see 
Table 1 in EPPO Standard PM 3/64 Intentional import of 
organisms that are plant pests or potential plant pests 
(EPPO,  2006)) and specific regulations may apply in 
countries, e.g., Regulation (EU) 2016/2031 (EU,  2016).3 
These conditions also apply to samples that are pro-
duced/collected at sites away from the organizer's 

 3The relevant articles in this Regulation are 60 to 64.
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      |  607EPPO STANDARD ON DIAGNOSTICS

permanent facility (e.g. test fields for producing inocu-
lated samples, soil).

3.2  |  Planning an interlaboratory comparison

The plan should describe the objectives and provide a 
detailed description of the interlaboratory comparison 
including the timing and foreseen duration of the ILC.

When developing such a plan the organizer should 
identify the critical processes which directly affect the 
quality of the interlaboratory comparison, and docu-
ment them in the plan.

If necessary, specific requests from clients of the di-
agnostic laboratories can be considered when develop-
ing a plan (e.g. period or frequency of organization of 
PT, inclusion of samples at specific level of infestation, 
etc.).

When developing a plan the organizer can also take 
into account recommendations or requirements ex-
pressed by laboratories involved in plant pest diagnostics 
(e.g. minimum/maximum number of samples that the 
laboratory can accept; the period of the year the test(s) 
should be performed taking into account the seasonal 
activity of the laboratories, etc.). National regulations 
may also need to be taken into account.

3.2.1  |  Elements to be included in a plan for 
an interlaboratory comparison

a.	Scope of the interlaboratory comparison
•	 A description of the objective of the interlaboratory 

comparison in particular to clearly identify if the 
interlaboratory comparison is a PT or a TPS and to 
provide relevant details (pest, matrix, test(s), etc.); 
The scope should include whether the evaluation 
covers the whole or part of a test (e.g. when nucleic 
acid is provided, nucleic acid extraction is not part 
of the evaluation).

b.	Elements concerning the organizer
•	 The name and address of the organizer;
•	 When relevant, the name, address and affiliation 

of the coordinator and other personnel involved 
in the design (e.g. those in charge of delivery of 
reference material, of not yet published primer 
sets);

•	 When relevant, the activities to be subcontracted 
and the names and addresses of subcontractors 
involved, if needed. Requirements for proof of 
competency from the subcontractors should be 
defined and evidence of competency should be 
recorded;

c.	Elements concerning the participants
•	 A description of the acceptance criteria to be met 

for participation (see section 3.4 for more details). 
For a TPS, it is critical that participants can provide 

evidence that they are competent to undertake the 
test in question;

•	 For PTs information as to whether participation is 
mandatory or voluntary.

•	 The number and type of expected participants in 
the interlaboratory comparison. The number of 
participants will depend on e.g. the number of lab-
oratories currently performing the test proposed 
in the interlaboratory comparison, the availabil-
ity of the matrix/pest to be tested. TPS require a 
minimum number of participating laboratories (see 
section 3.6.4);

•	 The name and address of the participants where the 
samples should be sent (e.g. the direct address of the 
laboratory that will perform the tests);

•	 A description of the procedure for coding the par-
ticipants in order to keep their identity confidential 
and known only to persons involved in the opera-
tion of the interlaboratory comparison, unless the 
participant waives confidentiality;

•	 For continuous proficiency testing schemes,4 a de-
scription of the frequency or dates upon which test 
samples are to be distributed to participants, the 
deadlines for the return of results by participants 
and, where appropriate, the dates on which testing 
or measurement is to be carried out by participants;

•	 Information on methods or procedures which par-
ticipants need to use to prepare the test material 
and perform the tests or measurements; e.g. which 
methods have to be used, which materials have to 
be provided by the participants themselves (sera, 
media, plants for bioassay, primer sets etc.);

•	 A description of the information which is to be 
supplied to participants and the time schedule for 
the various phases of the interlaboratory compar-
ison; e.g. what will be supplied, when the samples 
will be sent, how the samples should be handled 
during the testing, measures that participants 
need to undertake after finishing the interlabo-
ratory comparison (e.g. destruction of samples, 
sending the set of samples back to the organizer), 
etc.;

d.	Preparation of samples
•	 A description of the target(s) or characteristic(s) of 

interest, including information on what the par-
ticipants are to identify, measure, or test for in the 
interlaboratory comparison (e.g. specific morpho-
logical features of the pest, counting of bacteria 
cells, assessment of severity of signs or symptoms 
caused by the pest, measurement of DNA, pres-
ence/absence of PCR products);

•	 A description of the range of values or characteris-
tics, or both, to be expected from participants for 

 4ISO 17043 has defined a proficiency testing scheme as proficiency testing 
designed and operated in one or more rounds for a specified area of testing, 
measurement, calibration or inspection.
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the test samples, e.g. 100% correctness expected 
above the limit of detection or a defined level of 
detection;

•	 A list of potential major sources of errors involved 
in the preparation of interlaboratory comparison, 
if relevant (e.g. natural infested material with un-
known level of infestation, incorrect storage of the 
sample, time delay in testing procedure, source of 
ingredients for agar media);

•	 A description of the requirements for the produc-
tion, quality control, storage and distribution of 
samples, e.g. special attention is necessary if the 
tests are based on isolation of living organisms;

•	 A description of the procedure to be used for cod-
ing and labelling the samples and randomly assign-
ing the numbered samples to the laboratories;

•	 Description of the test or measurement methods to 
be used for the homogeneity and stability testing 
and, where applicable, to determine their biological 
viability; e.g. time scale for different tests, storage 
conditions for the materials during the tests, in-
structions for counting, measuring, isolation of the 
organisms and confirmation;

	 Guidelines for most of these descriptors can be found 
in PM 7/147 on Guidelines for the production of biologi-
cal reference material.

e.	Dispatch of samples
•	 An identification of requirements related to the 

packaging and delivery of samples to participants 
that may affect the interlaboratory comparison (e.g. 
stability, biosafety, specific regulations)

•	 A description of the actions to be taken in the case 
of losing or damaging samples;

f.	Analysis of ILC results
•	 Preparation of any standardized results forms to be 

used by participants, e.g. tables with the dates of 
arrival of the samples, conditions of the samples at 
arrival, conditions of storing the samples until test-
ing, dates of starting the tests, dates of finishing the 
test (e.g. bioassays); sources of consumables (if rele-
vant for the results), results of the tests. Example of 
a standardized results form for TPS organization is 
available in Vučurovič et al., (2022).

•	 A description of information to be reported by the 
participants about how they performed the test 
(ease of use, equipment, deviations to the test under 
evaluation);

•	 A description of the statistical analysis to be used;
•	 A description of the procedure to be followed if the 

same sample is consistently not giving the expected 
result during the interlaboratory comparison (e.g. 
investigations to be initiated and actions to be 
taken, number of participants failing).

g.	Reporting
•	 A description of the extent to which participant re-

sults, and the conclusions that will be based on the 
outcome of the interlaboratory comparison, are to 
be made public.

3.2.2  |  Elements only applicable for PT

When organizing a PT, where different tests can be used, 
it is strongly recommended that the organizer ensures 
that:

a.	 The organizer has a procedure regarding comparison 
of results obtained by different tests;

b.	 The organizer is aware of which different tests are 
technically equivalent, and

c.	 The organizer will assess participants' results using 
these tests accordingly.

3.2.3  |  Elements only applicable for TPS

When organizing a TPS, the selection of the test(s) to in-
clude in the TPS should be based on a list of criteria to be 
fulfilled by a test based on the scope of the TPS. Example 
of a list of criteria is available in Vučurovič et al., (2022). It 
may also include the analysis of available validation data 
and if needed the generation of new validation data in 
preliminary studies (see Vučurovič et al., 2022 for an ex-
ample). The test selection process should be documented.

3.3  |  Preparation of samples and when 
relevant equipment and reagents

3.3.1  |  General considerations for the 
preparation of the samples

Guidelines for the production of reference material can 
be found in PM 7/147 (EPPO, 2021b).

Sufficient material needs to be prepared in order to 
allow for:

•	 The number of participants (as established at the plan-
ning phase see Section 3.2. ‘Planning an interlabora-
tory comparison’);

•	 Performance of homogeneity and stability testing 
(as established at the planning phase see section 3.2. 
‘Planning an interlaboratory comparison’);

•	 Replacement of materials that are lost or damaged 
during distribution/handling (preparation of a num-
ber of extra sample set(s)).

It may also be useful to prepare material to be used 
after the interlaboratory comparison e.g. as training 
aids, reference material or controls.

3.3.2  |  Composition of the panel of samples

The composition of the panel of samples (e.g. the type 
of samples, the number and diversity of target and non-
target samples, the concentrations and the number of 
replicates) depends on many constraints/conditions:
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•	 Type of material to be used: an important aspect of ILC 
is that the sample matches (as closely as possible) the 
materials encountered in routine testing. This includes 
the matrix (e.g. host), target (e.g. pest) and concentration 
(e.g. infection level). For some pest/host combinations 
this may be a challenge (e.g. phytoplasmas). Examples 
of types of samples are provided in Table 2.

•	 The selection of samples is also linked to the scope 
of the interlaboratory comparison and to the sta-
tistical requirements needed to evaluate the perfor-
mance criteria of interest. The panel of samples may 
include:
○	 Target samples to evaluate the ability of the test(s)/

laboratories to detect different specimens/strains/
isolates/populations of the target pest, if relevant in 
a specific or different matrices and low level of in-
festation: these may cover the diversity of the target 
and different concentrations.

○	 Non-target samples to evaluate the ability of the 
test(s)/laboratories not to detect the pest in samples 
which are free of the target pest: these may include 
different matrices or non-target organisms (known 
to cross react with the target pest).

○	 If relevant, replicates to evaluate the ability of the 
test(s)/laboratories to deliver repeatable results.

Note that a sample can be used to assess several per-
formance criteria. For TPS, for a meaningful statistical 

analysis the panel of samples should ideally include at 
least 2 replicates per sample for the evaluation of ana-
lytical sensitivity and, if relevant, five dilution points in 
triplicate. Examples of a panel of samples for a PT and a 
TPS are provided in Tables 3 and 4.

•	 Finally, the selection of the samples may also be 
influenced by knowledge on the pest (survival, de-
tectability), resources (financial or personnel) and 
technical limitations (e.g. availability of reference 
material).

3.3.3  |  Homogeneity and stability

The organizer should take care that the samples pre-
pared and used for the interlaboratory comparison are 
as homogenous and as stable as possible, because this 
can affect the evaluation of the participants or the test 
performance.

The assessment of homogeneity and stability should 
be performed by the same laboratory (generally the or-
ganizer) using the same analytical method and measur-
ing the same characteristic of the samples. The test used 
for homogeneity and stability testing should be a stan-
dardized (or validated) test that can be implemented in 
the laboratory.

The procedures for the assessment of homogeneity 
and stability should be documented.

TA B L E  2   Example of types of samples.

Virology Bacteriology Mycology Nematology Entomology Botany Phytoplasmology

Matrix A A A A A A A

Substrate (e.g. soil and water) A A A A A A NA

Cultures NA A A NA NA NA NA

Specimens NA NA NA A A NA NA

Vectors A A A A NA NA A

Slides NA A A A A A NA

DNA/RNA A A A A A A A

Note: A, applicable; NA, not applicable.

TA B L E  3   Example of a panel of 10 samples for the evaluation of accuracy, rate of true positives and rate of true negatives in a PT. (adapted 
from ANSES, FR).

Type of samples

Number of 
biological 
samples

Number of 
replicates Dilution Note

Performance criteria 
evaluated

Non-target sample 5 1 Not applicable Different matrices and/or non-target 
organisms. For a meaningful statistical 
analysis, negative samples should be 
independent from each other (i.e. not an 
aliquot of the same sample)

Accuracy, rate of 
true negatives

Target sample 5 1 Different 
concentrations 
above LOD

For a meaningful statistical analysis, 
positive samples should be independent 
from each other (i.e. not an aliquot of the 
same sample)

Accuracy, rate of 
true positives
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In some cases, it is not feasible for samples to be sub-
jected to homogeneity and stability testing. Such cases 
would include, for example, when limited material is 
available to prepare samples.

Samples which are demonstrated to be not sufficiently 
homogeneous or stable during the homogeneity and the 
stability testing respectively, should not be used to eval-
uate the performance of the laboratory (for a PT) or the 
performance of the test (for a TPS).

3.3.3.1  |  Homogeneity testing
The assessment of homogeneity should generally be 
performed after the samples have been packaged in 
the final form and before distribution to participants. 
Homogeneity can be demonstrated prior to packag-
ing where no influence of packaging is reasonably ex-
pected. On some occasions, homogeneity testing cannot 
be carried out prior to dispatch for practical, technical 
or logistical reasons (e.g. tests that require isolation of 
viable organisms by incubation, when documented evi-
dence is available from previous homogeneity testing on 
similar samples prepared by the same procedure). On 
such occasions parallel testing of extra samples should 
be conducted and participants should be informed when 
invited to participate in the interlaboratory comparison 
(section 3.4).

3.3.3.1.1  |  Types of samples.  In plant pest diagnostics 
the evaluation of homogeneity depends on the type of pest/
matrix to be tested. Examples are described in Table 5 
(for numbers of samples see Section 3.3.3.1.2 ‘Number of 
samples to be included in homogeneity testing’).

3.3.3.1.2  |  Number of samples to be included in 
homogeneity testing.  Current available guidelines (e.g. 
ISO 13528, ISO, 2015) recommend to test a minimum 

of 10 randomly chosen samples for each independent 
sample provided within the panel (i.e. for each pest/
matrix/infestation level, including negative samples). 
Some laboratories use the square root (rounded up) of 
the total number of samples. Based on current experience 
and depending on the method used it is recognized 
that this is not always feasible because of the multiple 
pest/matrix/infestation level combinations. Therefore, 
the number of samples included in the homogeneity 
testing may be reduced if suitable data are available 
from previous homogeneity testing on similar samples 
prepared by the same procedures or according to the 
expertise of the organizer.

The choice (including the rationale) of the number of 
samples should be documented.

3.3.3.1.3  |  Statistical analysis of homogeneity 
testing.  When quantitative data is generated (e.g. 
optical density for ELISA, number of cells for IF, 
Ct values for real-time PCR, measurements for 
morphological features), statistical analysis of 
homogeneity testing is commonly performed by 
comparing the sample mean and the coefficient of 
variation obtained during the homogeneity testing to 
expected levels. Other statistical approaches, such as 
comparison of the standard deviation of the samples 
(potentially expanded with F test) to the proficiency 
testing standard deviation (ISO 13528, ISO, 2015), or 
F test if sufficient data is available (Guide ISO 35, ISO, 
2017), may be used depending on the data available and 
the experience of the laboratory.

When quantitative data is unavailable, the statistical 
analysis is limited to the qualitative results. In any case 
(with or without quantitative data), all qualitative results 
obtained during the homogeneity testing should corre-
spond to the assigned value.

TA B L E  4   Example of a panel of 25 samples for the evaluation of analytical sensitivity, diagnostic sensitivity, diagnostic specificity, 
repeatability and reproducibility in a TPS. This panel of samples, proposed in the framework of the VALITEST project, was considered as a 
good balance between statistical power and practicality for TPS organizers (see Brotaux et al., 2021; Massart et al., 2022; Vučurovič et al., 2022).

Type of 
samples

Number of 
biological 
samples

Number of 
replicates Dilution Note

Performance criteria 
evaluated

Non-target 
sample

3 2 Not applicable For a meaningful statistical 
analysis, negative samples 
should be independent from 
each other (i.e. not an aliquot 
of the same sample)

Diagnostic specificity, 
repeatability, 
reproducibility

Target sample 2 2 One positive sample has a medium 
concentration and the other one 
has a low concentration of the 
target pest (i.e. close to the limit 
of detection)

For a meaningful statistical 
analysis, positive samples 
should be independent from 
each other (i.e. not an aliquot 
of the same sample)

Diagnostic sensitivity, 
repeatability, 
reproducibility

Target sample 1 3 Five dilution points (the range 
of the dilution points should 
include dilutions above and 
below the limit of detection)

For a meaningful statistical 
analysis, positive sample used 
for the dilution series should 
be independent to the other 
positive samples.

Analytical sensitivity, 
repeatability, 
reproducibility
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3.3.3.2  |  Stability testing
Samples should be demonstrated to be sufficiently sta-
ble to ensure that they will not undergo any significant 
change throughout the conduct of the interlaboratory 
comparison, including storage and transport condi-
tions. When required, stability testing should be con-
ducted in conditions that mimic transport and storage 
conditions. As an alternative, samples can be sent to 
the participant with the most challenging environmen-
tal or transport conditions and returned unopened for 
testing. For TPS critical reagents are usually also pro-
vided to participants in addition to samples. Stability 
of those reagents which have an influence on the out-
come of the test should be verified following the same 
procedures.

A stability check may be performed on samples held 
by the organizer. This should be done after the dead-
line for performing analyses by the participants, in 
order to verify that the stability of samples has been 
maintained throughout the interlaboratory compari-
son. Depending on the type of sample, additional sta-
bility testing may also be needed between the dispatch 
of samples and the deadline for performing the analy-
sis by the participants.

Some pest stages are known to be stable over long pe-
riods (e.g. Globodera spp. cysts, or fungal spores) in such 
case stability testing is not needed.

3.3.3.2.1  |  Types of samples.  In plant pest diagnos
tics the evaluation of stability depends on the type of 
pest/matrix to be tested. Examples are described  in 
Table 6.

3.3.3.2.2  |  Number of samples to be included in 
stability testing.  Current available guidelines (e.g. 
ISO 13528, ISO, 2015) recommend testing a minimum 
of 2 randomly chosen samples for each independent 
sample provided within the panel (i.e. for each pest/
matrix/infestation level including negative samples). 
Based on current experience and depending on the 
method used, it is recognized that it is not always 
feasible because of the multiple pest/matrix/infestation 
level combinations.

Therefore, the number of samples included in the sta-
bility testing may be reduced if suitable data are avail-
able from previous stability testing on similar samples 
prepared by the same procedures or according to the ex-
pertise of the organizer.

TA B L E  5   Evaluation of homogeneity depending on the type of pest/matrix to be tested.

Type of pest/matrix to be tested Examples and exceptions of how homogeneity should be tested

Slides and mounted specimens of 
e.g. fungal structures

Homogeneity can be ensured by documented verification that each diagnostic feature of the pest is 
present on each slide before dispatch.

DNA/RNA The process for the preparation of RNA/DNA solutions and aliquots thereof ensures homogeneity; a 
number of samples should be tested before dispatch.

Spiked matrix (e.g. potato extract 
spiked with known dilutions 
of bacteria, soil spiked with 
nematodes, wheat grain 
spiked with one bunted kernel 
for Tilletia indica)

The process of preparation of samples generally ensures homogeneity; a number of samples should be 
tested before dispatch whenever technically possible.

Artificially inoculated matrix 
(e.g. Phytophthora ramorum on 
leaves, mechanical inoculation 
of test plants)

A number of samples should be tested before dispatch whenever technically possible.

Ground or mixed freeze dried 
material (e.g. plant material 
infested with viruses/viroids/
phytoplasmas)

The process of sample preparation aims to ensure homogeneity; a number of samples should be tested 
before dispatch whenever technically possible.

Naturally infested material Samples should be taken from a known infested source and randomized. A number of samples should 
be tested before dispatch whenever technically possible.

Samples that mimic infested 
material

In cases where naturally infested material is difficult to obtain or homogeneity difficult to ensure (e.g. 
Chalara fraxinea and ash twigs), laboratories can combine in one sample the matrix and the pest 
(e.g. a plug of a pure culture associated with the matrix in a tube). A number of samples should be 
tested before dispatch whenever technically possible.

Cultures (e.g. on growing media, 
extracts, suspensions)

A number of samples should be tested before dispatch whenever technically possible.

Traps (pheromone traps for 
insects)

Homogeneity is less of an issue for these types of samples because the objective is to determine if the 
target is present or not. Consequently the only requirement is that the location of the target on 
each trap should be documented before dispatch.
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The choice (including the rationale) of the number of 
samples should be documented.

3.3.3.2.3  |  Statistical analysis of stability 
testing.  When quantitative data is generated (e.g. 
optical density for ELISA, number of cells for IF, 
Ct values for real-time PCR, measurements for 
morphological features), statistical analysis of stability 
testing is commonly performed by comparing the sample 
mean and the coefficient of variation obtained during 
the stability testing to expected levels. Other statistical 
approaches may also be used depending on the data 
and the experience of the laboratory, such as difference 
between stability and homogeneity means based on size 
relative to proficiency testing standard deviation (ISO 
13528, ISO, 2015), or t test of stability vs. homogeneity 
means if sufficient data is available.

When quantitative data is unavailable, the statistical 
analysis is limited to the qualitative results. In any case 
(with or without quantitative data), all the qualitative re-
sults obtained during the stability testing should corre-
spond to the assigned value.

3.3.4  |  Assigned values for samples

The organizer has to define/establish assigned values for 
samples, i.e. value attributed to a particular property of 
an interlaboratory test sample.

In the plant health field, assigned values correspond to 
the expected result of the test (pest present or absent, con-
centration of the pest, morphological characteristics of 
the specimen, etc.). In some cases the assigned value may 
be declared as inconclusive (e.g. samples yielding an OD 
between positive and negative threshold in ELISA, spec-
imens presenting overlapping morphological characters).

The organizer should have previously described in a 
procedure how this value would be assigned e. g.:

•	 Known values (spiked sample) this is the most com-
mon situation, usually qualified as low/medium/high 
or present/absent;

•	 Known values (naturally infested plants, samples) in 
cases where the infestation status of a plant (e. g. nurs-
ery tree) is known and the target pest was previously 
confirmed by an expert, using a validated test consid-
ered to be highly accurate and comparable to tests in 
use, usually qualified as low/medium/high or present/
absent;

•	 Reference values obtained from comparison with ref-
erence material

•	 Consensus values from expert participants/reference 
laboratories, provided they demonstrated their exper-
tise in diagnosis of the target pest, using a validated 
test considered to be highly accurate and comparable 
to tests in use (for a TPS, this approach may be used);

•	 Consensus values from participants in the PT. Rules 
for definition of these values from the participants 
results should be defined: statistical methods, outli-
ers effect (e.g. in virology interlaboratory comparison 
may assign the values this way).

Uncertainty of assigned values should be defined. 
For known values uncertainty is low or almost 0 (de-
pending on homogeneity and stability), but for consen-
sus values from participants, the uncertainty might be 
high depending of the competence of the participating 
laboratories.

The organizer should have a policy regarding the dis-
closure of assigned values. The policy should ensure that 
participants cannot gain advantage from early disclo-
sure. Disclosure should happen as late as possible.

3.4  |  Instructions for participants

Announcement
To announce an invitation for participation in an in-

terlaboratory comparison test, the organizer may:

-	 Consult relevant professional network(s),
-	 Consult the EPPO Database on diagnostic expertise in 

order to target relevant laboratories,
-	 Use social media.

TA B L E  6   Evaluation of stability depending on the type of pest/matrix to be tested.

Type of pest/matrix to be tested Examples and exceptions of how stability should be tested

Slides and mounted specimens of e.g. fungal 
structures

Testing for stability is usually not needed for correctly mounted slides except if 
some staining procedures are used (e.g. immunofluorescence) and a number of 
slides should then be examined during or after the interlaboratory comparison. 
Integrity has to be ensured by appropriate packaging.

DNA/RNA, spiked matrix, artificially inoculated 
matrix, freeze-dried infested material ground/
mixed with naturally infested material, samples 
that mimic infested material, and cultures

A number of samples should be tested at least after the interlaboratory comparison.

Traps (pheromone traps for insects) Stability should be ensured by appropriate packaging to avoid damage to the 
specimens, and minimizing transport time. A number of traps should be 
examined during or after the interlaboratory comparison.
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Information required in the invitation.
The organizer should make possible applicants fully 

aware of all conditions and demands for participation in 
the interlaboratory comparison test offered. This includes:
•	 General information:

○	 Whether the interlaboratory comparison is orga-
nized for PT or TPS,

○	 The test organism(s) with a description of the scope 
(sample type, matrix),

○	 If relevant, the method(s) and/or test(s) to be 
evaluated,

○	 The timeline.
•	 The acceptance criteria to be met for participation:

○	 Possible phytosanitary requirements such as offi-
cial documents required (e.g. import permit, letter 
of authority) and facilities required to avoid unin-
tended spread of the test organism.

○	 Possible selection criteria between applicants (see 
Vučurovič et al., 2022 for an example of a list of 
criteria for selection of TPS participants), and 
any geographic limitation for participation or 
any pre-qualification requirements involved (see 
Section 3.2.1. ‘Elements to be included in a plan for 
an interlaboratory comparison’).

○	 Equipment and other facilities required.
○	 Chemicals involved (for evaluation of national/

local safety and transport regulations). It should 
be possible to judge whether the samples may be 
legally sent to participants and are not listed in the 
export control list.

•	 Information related to the contract and technical 
information:
○	 Description of the test(s) to be used; in the case of 

a TPS including the full protocol (or link to the 
reference) with contact details for clarification if 
needed and the policy on possible changes to any 
part of the protocol during the test period (see 
Vučurovič et al., 2022 for an example of TPS techni-
cal sheet).

○	 Definition of the rights and obligations of the par-
ties involved, and detailed description of the time-
lines and the conditions of participation for the 
interested laboratories (see Vučurovič et al., 2022 
for an example of TPS participants' contract).

○	 Any item (e.g. portable thermocycler) which may be 
sent with the samples with essential details.

○	 Any fees and other expenses involved as well as 
costly chemicals to be purchased by the partic-
ipants and any excessive delay to be expected for 
the receipt of specialized equipment or chemicals 
required for the study.

○	 It should also be mentioned if the remainder of the 
sample can be kept and use by the participants and 
to what end (in relation with property rights and/or 
Nagoya Protocol restrictions) or if any of the items/
samples need to be returned to the organizer and 
who will pay for this.

○	 Information about whether the report/results will 
be made public and to which extent.

○	 The consent to the participation in the interlabora-
tory comparison (including the requirement to pro-
vide the direct address of the laboratory that will 
perform the tests).

○	 Confidentiality agreement, if necessary.

3.5  |  Packaging, labelling and distribution of 
interlaboratory comparison test samples

When distributing the samples for the interlaboratory 
comparison precautions should be taken to maintain the 
quality and integrity of the material.

For example:
•	 Care should be taken that there is no contamination or 

mixing of samples.
•	 When distributing biological material such as cysts 

or bacteria or infested material (naturally or artifi-
cially), extremes of hot and cold temperatures should 
be avoided if these were shown to be detrimental to 
the sample. In such situations appropriate distribution 
means should be selected.

•	 The time of the year should be taken into account e.g. 
summer or winter, public holidays, in order to make 
allowances for extremes of temperature and packages 
waiting for long periods before being unpacked.

There is specific packaging material for sending out 
quarantine material (bio hazard – symbol) or DNA/
RNA solutions.

A reliable parcel service that guarantees the delivery 
of the samples to the participants in a similar timeframe 
should be used.

In addition the organizer should ensure that:
•	 The interlaboratory comparison samples are clearly 

labelled in such a way that the label will remain legible 
throughout the interlaboratory comparison;

•	 The package contains all the relevant paperwork e.g. 
instructions, plant health licence, unique laboratory 
identifier and samples identifiers;

•	 The package and its content conform to international 
safety and transport requirements.

A procedure should be followed to enable confirma-
tion of delivery of interlaboratory comparison samples.

3.6  |  Data analysis and evaluation of the 
results of the interlaboratory comparison

Data analysis methods should be appropriate to the na-
ture of data (see section 1).
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3.6.1  |  Exclusion of data (for TPS)

Some results may introduce bias and affect the outcome 
of the interlaboratory comparison. Such results should 
be identified and documented. Consideration should be 
given to exclude them from the analysis of the interlabo-
ratory comparison depending on the reasons for such 
results and the objective of the TPS. Exclusion may con-
cern single data points or the whole data set obtained 
from a laboratory or for a given sample.

Examples of TPS data that may need to be excluded 
are given below:

-	 Datasets for which the results of the controls were 
not as expected;

-	 Missing or inconclusive results;
-	 Results obtained by laboratories that have deviated 

from the original protocol if the deviation invalidates 
the results.

Outlier results may also be excluded, i.e. results that 
fall outside of the expected ranges or that appear to be 
inconsistent with the other results observed in a specific 
dataset. However, it may be difficult to identify the cause 
of outliers (problem with a laboratory or with the test 
not performing well) and care should be taken when ex-
cluding them.

3.6.2  |  Comparison of participants' results 
with assigned values

The standard way of analysing qualitative results for 
each participant is based on the numbers of true positives 
(TP), true negatives (TN), false positives (FP) and false 
negatives (FN), as presented in Table 7. The rules for the 

interpretation of inconclusive results may vary depending 
on the interlaboratory comparison and should be clearly 
described (e.g. whether they are excluded from the analy-
sis or interpreted as false positives or false negatives).

The values from Table 7 may be used to calculate dif-
ferent performance criteria in order to evaluate the per-
formance of the laboratory (for PT) or the performance 
of the test (for TPS) (Table 8). Appendix 1 describes how 
to calculate the different performance criteria and the 
associated confidence intervals which are used to assess 
the quality of the estimation of each parameter.

3.6.3  |  Evaluation of the performance of 
laboratories (PT)

In PT, the performance of the laboratory is evaluated in 
terms of the levels required for the performance criteria 
(e.g.: 100% for accuracy). These levels are defined inde-
pendently of the PT results.

3.6.4  |  Evaluation of the performance of (a) 
test(s) (TPS)

In TPS, the performance of the test(s) is evaluated either 
by the simple characterization of the performance cri-
teria of the test, or by comparison to other tests, or by 
comparison to the performance characteristics obtained 
for the test during a single laboratory validation.

Note that the number of laboratories participating 
in a TPS affects the estimation of the reproducibility of 
the test(s) and the robustness of the calculation of other 
performance criteria and of their confidence intervals. 
Therefore, TPS require a minimum number of participat-
ing laboratories (ideally a minimum of 10 valid laboratory 

TA B L E  7   Definition of true positive (TP), true negative (TN), false positive (FP) and false negative (FN). True or false (positive/negative) 
may also be described as (positive/negative) agreement or deviation with assigned values, particularly in validation studies see PM 7/98 
(appendix 6 table A9) (EPPO, 2021b).

Participant result Assigned value = Positive Assigned value = Negative

Result obtained is positive TP = True positive FP = False positive

Result obtained is negative FN = False negative TN = True negative

TA B L E  8   Performance criteria commonly used to analyse the results of ILC.

PT TPS

Accuracy / % of conforming results X X

Rate of true positives (X) X – also called diagnostic sensitivity

Rate of true negatives (X) X – also called diagnostic specificity

Repeatability (X) X

Reproducibility NA X

Analytical sensitivity NA X

Note: X: commonly used performance criteria; (X): performance criteria not commonly used; NA., not applicable.
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data sets). The inclusion of more laboratories will increase 
the reliability of the estimations of the performance char-
acteristics. However, it is recognized that this may be a 
constraint in plant pest diagnostics (in particular because 
of limited available resources). If conclusions are based on 
the results of <10 laboratories, they should be presented 
with caution and appropriate warnings. This is because 
the resulting performance characteristics will be subject to 
an increased uncertainty with possible incorrect estima-
tions of the confidence intervals due to the limited number 
of laboratories (Brotaux et al., 2021; Massart et al., 2022).

3.7  |  Reports

The reports should be clear and comprehensive and in-
clude data covering the aggregated results of all partici-
pants as well as individual results for PT. The data are 
anonymized but each laboratory should receive informa-
tion allowing identification of its results.

Reports should include the following:
•	 The name and contact details of the organizer
•	 The name of staff involved and respective responsibility
•	 Identification of person(s) authorizing the report
•	 The date of issue and status (e.g. preliminary, interim, 

or final) of the report
•	 Page numbers and total number of pages of the report
•	 A statement of the extent to which results are 

confidential
•	 Unique identification of the report and the interlabo-

ratory comparison
•	 A clear description of the test samples used, including 

necessary details of the sample preparation and homo-
geneity and stability assessment

•	 The participants' results (when possible, otherwise a 
summary of the results, e.g. in tabulated or graphical 
form, can be supplied). This is required for PT.

•	 When relevant statistical data and summaries, includ-
ing assigned values and range of acceptable results and 
graphical displays

•	 Procedures used to establish any assigned value
•	 When relevant details of the metrological traceability 

and measurement uncertainty of any assigned value, 
e.g. for quantitative analysis or qualitative analysis in-
cluding measurements

•	 Procedures used to establish the standard deviation for 
proficiency assessment, or other criteria for evaluation

•	 Assigned values and summary statistics for the test(s) 
evaluated (TPS) or for the tests used by each group 
of participants (if different tests are used by different 
groups of participants) (PT), when relevant

•	 Comments on participants' performance by the orga-
nizer and technical advisers

•	 Information about the design and implementation of 
the interlaboratory comparison

•	 Procedures used to statistically analyse the data

•	 Advice on the interpretation of the statistical analysis 
and

•	 Comments or recommendations, based on the out-
comes of the interlaboratory comparison.

Reports should be made available to participants 
within planned within the planned timescales. The or-
ganizer should have a policy for the use of reports by in-
dividuals and organizations (for TPS especially, results 
might be for example the property of a research project).

4  |   FEEDBACK ON TH IS 
DI AGNOSTIC STA N DARD

If you have any feedback concerning this Diagnostic 
Standard, or any of the tests included, or if you can pro-
vide additional validation data for tests included in this 
protocol that you wish to share please contact diagnos-
tics@eppo.int

5  |   PROTOCOL REVISION

An annual review process is in place to identify the need 
for revision of diagnostic protocols. Protocols identified 
as needing revision are marked as such on the EPPO 
website. When errata and corrigenda are in press, this 
will also be marked on the website.
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APPENDIX 1 - PERFORMANCE CRITERIA USED 
TO EVALUATE TESTS AND/OR LABORATORIES

Table A1 lists the performance criteria that were recom-
mended for TPS in the framework of the VALITEST pro-
ject (Brotaux et al., 2021) and that are commonly used 
by diagnostic laboratories. Accuracy, rate of true posi-
tives and rate of true negatives are also relevant for the 
analysis of PT results (see Table 8). Other performance 
criteria may be used depending on the needs of the inter-
laboratory comparison organizer (Brotaux et al., 2021). 
Methods of calculation, proposed in the framework of 
VALITEST for each performance criterion, are reported 
in Table A1 and in sections 1 to 3 below but other meth-
ods may be used to evaluate those criteria (e.g. see PM 
7/98).

For TPS results of controls should not be used for the 
calculation of values for performance criteria.

To assess the quality of the estimation of performance 
characteristics, confidence intervals can be calculated. 
Confidence intervals are particularly useful to compare 
the performance of different tests, in particular when the 
estimations of the performance characteristics are based 
on a different number of datasets. Methods of calcula-
tion, proposed in the framework of VALITEST for each 
performance criterion (Brotaux et al., 2021), are reported 
in Figure A1 and in sections 1 to 3 below but other meth-
ods may be used.

1.	 Accuracy, rate of true positive (diagnostic sensitivity) 
and rate of true negative (diagnostic specificity)

The values from Table 7 may be used to evaluate accu-
racy, rate of true positive (diagnostic specificity) and rate 
of true negative (diagnostic sensitivity) using the formu-
las described in Table A1.

A test with a high diagnostic sensitivity strongly in-
dicates a high probability of detecting a pest when it is 
present in a sample while a test with a high diagnostic 
specificity has a high probability of correctly giving a 

TA B L E  A 1   Performance criteria used to evaluate the results of ILC.

Performance criteria 
(EPPO Standard PM 7/98 
(EPPO, 2021b)

Method of calculation of the 
parameter Notes Confidence interval's method

Accuracy (%) (TP+TN)

N
× 100 see section 1 Agresti-Coull method (Agresti 

& Coull, 1998)

Rate of true positives 
(%) (Diagnostic 
sensitivitya)

TP

(TP+FN)
× 100 see section 1 Defined in EPPO Standard PM 7/76 

(EPPO, 2018)
Note: the rate of false negative results 

obtained by the laboratory can be 
calculated as follows: 
(

1 −
TP

(TP+FN)

)

× 100

Agresti-Coull method (Agresti 
& Coull, 1998)

Rate of true negatives 
(%) (Diagnostic 
specificitya)

TN

(TN+FP)
× 100 see section 1 Defined in EPPO Standard PM 7/76 

(EPPO, 2018)
Note: the rate of false positive results 

obtained by the laboratory can be 
calculated as follows: 
(

1 −
TN

(TN+FP)

)

× 100

Agresti-Coull method (Agresti 
& Coull, 1998)

Repeatability e.g. using accordance see 
section 2

Defined in EPPO Standard PM 7/76 
(EPPO, 2018)

Derived from bootstrap 
standard errors (Langton 
et al., 2002)

Reproducibility e.g. using concordance see 
section 2

Defined in EPPO Standard PM 7/76 
(EPPO, 2018)

Derived from bootstrap 
standard errors (Langton 
et al., 2002)

Analytical sensitivity e.g. using probability of 
detection see section 3

Defined in EPPO Standard PM 7/76 
(EPPO, 2018)

Generalized linear models

Note: Total number of samples (N), true positives (TP), true negatives (TN), false positives (FP) and false negatives (FN).
aDiagnostic sensitivity and diagnostic specificity are often used to report the performance of tests.

F I G U R E  A 1   Estimation of the analytical sensitivity using 
probability of detection (y axis). The dotted lines indicate 50% 
and 95% probability of detection. A limit of detection of 10−3.6 is 
observed for a probability of detection of 95%.
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negative result for a pest when it is truly absent. In ad-
dition, the calculation of diagnostic sensitivity and di-
agnostic specificity for each laboratory can be useful to 
spot laboratories with discordant results compared to the 
other participating laboratories, i.e. to identify outliers.

For the calculation of diagnostic sensitivity and di-
agnostic specificity, results obtained from independent 
samples should be used. Samples used for serial dilution 
which are not independent should not be used.

It should be noted that accuracy, diagnostic sensitiv-
ity and diagnostic specificity are strongly dependent on 
the choice of the target and non-target samples. In addi-
tion, accuracy estimation can yield misleading results if 
the data set is unbalanced between target and non-target 
samples. For example, if the sample panel contains only a 
small proportion of target samples, a very high accuracy 
can be obtained despite a very low diagnostic specificity. 
If the number of samples vary between laboratories and 
tests, it is particularly important to include confidence 
intervals in the analysis. Confidence intervals for accu-
racy, diagnostic sensitivity and diagnostic specificity can 
be calculated using the Agresti-Coull method (Agresti & 
Coull, 1998; Brotaux et al., 2021; Massart et al., 2009a, b 
Massart et al., 2022).

2.	 Intra- and interlaboratory variations

The organizer can calculate accordance, i.e. the prob-
ability of obtaining the same result (positive, negative 
or inconclusive) from replicate samples analysed in the 
same laboratory (Langton et al., 2002). For TPS, the ac-
cordance calculated for each test will provide informa-
tion on repeatability. Accordance can be calculated per 
sample or per laboratory to identify the ones that give 
discordant results.

The organizer can also calculate concordance, i.e. the 
probability of obtaining the same result (positive, nega-
tive or inconclusive) from replicate samples analysed in 

different laboratories (Langton et al.,  2002). For TPS, 
the concordance calculated for each test will provide 
information on reproducibility. Concordance can be 
calculated per sample to identify the samples leading to 
high discrepancies between laboratories.

Details on how to calculate accordance and concord-
ance can be found in Langton et al.  (2002), Brotaux 
et al., 2021, Massart et al. (2022).

Confidence intervals for accordance and concordance 
can be derived from bootstrap standard errors according 
to Langton et al. (2002).

3.	 Analytical sensitivity

Methods based on calculations of probability of detec-
tion (POD) can be used to compare the analytical sensi-
tivity of different tests, in particular for TPS (Wehling 
et al., 2011). A binomial generalized linear model (bGLM) 
with a logit link function (log[p/(1-p] where p is the prob-
ability of detection) was recommended as POD model 
in the framework of VALITEST (Brotaux et al.,  2021; 
Massart et al.,  2022). This statistical method does not 
require any assumption on the number of technical and/
or biological replicates so that those numbers can vary 
between samples and/or laboratories. The model pro-
posed here requires a minimum of five dilution points to 
perform correctly.

The analytical sensitivity of different tests can be com-
pared by looking at the dilutions corresponding to a spe-
cific probability of detection level (e.g. 95%, Figure A1). 
It should be noted that bGLMs assume that the prob-
ability of detection is decreasing when the dilution level 
increases. This hypothesis can be shown to be wrong in 
some cases, e.g. when all the samples show the same sta-
tus whatever the dilution level or when the observed de-
tection rate shows contradictory behaviour (e.g. decrease 
then increase again). When this happens, the model is 
not suitable.
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