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Abstract

Performance of methods should be evaluated in carefully planned comparative
tests. However, in practice many methods in plant pathology have not or only very
little been standardized, validated or harmonized. Exceptions are methods devel-
oped under EU Standard Measurements and Testing (SMT) projects for the quar-
antine bacteria Ralstonia solanacearum, Clavibacter michiganensis subsp. sepedonicus,
Erwinia amylovora and Xanthomonas fragariae. Activities and results of the EU-SMT
projects, as well as activities of the European Plant Protection Organization
(EPPO) and the International Seed Testing Association (ISTA) are discussed. Vali-
dation of methods, including ring testing and formalisation of test protocols (e.g.
in EU control directives or ISTA protocols) has the following benefits: a) interna-
tional consensus about validity of a test method stimulates (inter)national trade,
b) the end user knows that the method has the proven property to detect the
pathogen, c) it enhances acceptance of new methods in official and user laborato-
ries, d) standardisation of test methods and procedures in divers laboratories facil-
itates trade flows and solving of diagnostic conflicts.
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tions, EU projects

Introduction

Recently standardisation and validation receive much attention in plant health
and plant pathology research laboratories, also in the framework of the development
of laboratory quality systems (Janse 1995). In the scientific literature, however, de-
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pending on the discipline in plant pathology very little to nothing is published yet.
Furthermore, in practice many methods in use have not or very little been standard-
ised, validated or harmonised. Therefore, in some cases, claims that a method is spe-
cific, sensitive and robust, could not be substantiated, and indeed proved to be false.
In the field of phytobacteriology a number of efforts in the framework of European
Union projects and harmonisation by the European Plant Protection Organisation
(EPPO) has been undertaken. Given these facts my contribution will be conceptual
and also will give a short overview of what has been done till so far.

The difference between diagnostic knowledge
(necessary to evaluate, implement and apply test methods)

and knowledge on maintenance of methods
(as part of laboratory quality systems)

Before methods can be standardised, harmonised and quality guaranteed, peo-
ple applying these methods should have a thorough diagnostic knowledge of the
disease and the pathogen where the method is used for. This knowledge is essen-
tial for interpretation of results obtained with different methods, both classical and
molecular. Diagnostic knowledge can only be acquired, developed and maintained
by intensive training and (long) experience. In the past 10-15 years there is a very
frequent and almost irreparable loss of this diagnostic knowledge (through fre-
quent job change, short term contracts and retirement of experts that are not re-
placed in time or not at all). Furthermore reference collections of pathogenic
microorganisms and pests, that are indispensable when we want to develop and
validate methods, suffer from neglection, lack of funds and in many places disap-
peared or are ready to disappear. The following theses could contribute to a discus-
sion on how to save the diagnostic expertise and reference collections (also see for
a useful discussion on these matters the document “An evaluation of the disease
diagnostic capabilities of the Australian plant industries”: http://www.rirdc.gov.au/
reports/NPP/DAV-107A.DOC).
Thesis 1 The ultimate diagnostic method does not exist (i.e. a method that

is able to detect or identify all pathogens and pests at a time in all
substrates and plant parts and still being sensitive and specific for all
those organisms, robust, cheap). This is notwithstanding the develop-
ments in multiplex detection of DNA or RNA and other markers in
microarrays (see e.g. the contribution of Bonants et al. 2005). Most of
the pathogen-disease combinations ask for their own solution and
present us with specific problems.

Thesis 2 Good diagnostic knowledge and practice (GDKP) come before
quality systems.

Thesis 3 Quality systems are valid support systems of GDKP (GDKP =
scientific and technical activity, quality systems = technical and
administrative activity).
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Thesis 4 Diagnostic expertise and reference collections are not saved by
communication networks and more computers.

Why standardisation, validation and harmonisation
are necessary

Many methods (classic and modern) especially in the disciplines of bacteriology,
mycology and entomology (where a majority of unknowns occur in and on plants
and in different habitats such as soil and water) show a number of problems that
makes their introduction to robust routine testing difficult. These problems are:
• Too many false positives (this is an important and annoying problem and it

causes unjustified destruction of material, unnecessary control measures and
blocking of places of production and trade).

• Too many false negatives (this is a main problem, since the pathogen and dis-
ease can still spread unnoticed).

• The method is not yet fully developed, needs further improvement and is
not robust.

• Supposed reliability of existing (classical) methods. Also for classical
methods evidence should be present that they can detect or identify the patho-
gen in a reliable way.

• Reductionistic and (too) optimistic view on molecular methods and tech-
niques. A strong belief that molecular methods are of a higher order than oth-
ers and they can give final answers, hampers their correct application and
interpretation of the results obtained.
For development and evaluation/validation of many methods only very few iso-

lates of the target pathogen, very few isolates of other (harmless) bacteria have
been used, let it be naturally infected material and routine samples. Furthermore
internal controls in PCR-based methods are still scarcely used. In commercial kits
test parameters (such as antiserum titres) are often not well defined or unknown.
In the original scientific publications on new methods validation is not or hardly
present. Still it is often presumed that these methods are specific, sensitive and ro-
bust. See for a further discussion of these problems the contribution of Candresse
(2004), López et al. (2005), Malinowski (2005) and Janse (1995).

The ISO definition (internet site) of validation is: “Confirmation by exami-
nation and provision of objective evidence that the particular requirements for a
specific intended use are fulfilled”. It means in our case that a test method should
meet the criteria of sensitivity, specificity and robustness (as well as costs). Advan-
tages of validation are the following:

when there is consensus about the validity of a test method, (inter)national is
stimulated,

the end user knows that the method has the proven properties to detect the
pathogen,

acceptance of new methods in official and user laboratories is facilitated,
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standardisation and harmonisation of test methods and techniques in diverse
laboratories stimulates trade and helps to solve diagnostic conflicts.

In a full validation the application characteristics, methodological characteris-
tics and performance characteristics are determined. Application characteristics
are important for implementation of a method and they may be the pathogen to be
detected or identified, sample size, analysis and total work time, equipment, space
and personnel needed, safety and user friendliness aspects and costs per sample.
Methodological characteristics have to be determined to obtain the best perfor-
mance of the method in question and they may be analytical specificity and sensi-
tivity, media and reference cultures to be used, optimization and standardisation
conditions, robustness. Performance characteristics are necessary to show how
good the method really is and they may be precision and recovery, interference, ac-
curacy and the detection limit.

In validation usually a comparative test is used to evaluate a method against
an existing (standard) method. The comparative test should define a quality re-
quirement for the test in the form of the amount of error that is allowable, if possi-
ble the allowable total error. In this test appropriate experiments should be
carefully selected and planned and their results (statistically) analysed and docu-
mented as to reveal the expected type of analytical errors (e.g. false positives and
false negatives). Finally errors observed should be compared with the defined al-
lowable error and the performance of method judged for its acceptability. Once a
method is accepted for routine testing it should also be maintained and its quality
checked regularly and where necessary adjusted or improved (Fig. 1). Extensive in-
formation on validation as performed for veterinary laboratories can be found on
http://www.oie.int/eng/publicat/ouvrages/A_112.htm.

Standardisation and validation of test methods for quarantine
bacteria in the European Union (EU)

Between 1985 and 2000 a Working Group on Bacterial Diseases under the
Standing Committee on Plant Health of the European Commission has developed,
standardised and validated standard schemes and methods for the quarantine bac-
teria Clavibacter michiganensis subsp. sepedonicus (Spieckermann & Kotthoff) Davies
et al. (ring rot of potato) and Ralstonia solanacearum (Smith) Yabuuchi et al. (brown
rot of potato). The method for bacterial ring rot has been published as an official
document of the European Commission (Scheme... 1987) and the method for bac-
terial brown rot was annexed to the Council Directive 98/57/EC (Interim... 1998).
Both methods have also been published as recommended standard method by the
European Plant Protection Organisation (Quarantine… 1990 a, b). Standardisa-
tion and validation of these methods were based on:

1) developmental data obtained from several expert EU plant health labo-
ratories through (EU-funded) projects,
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2) adequate performance in ring tests on blind samples in multiple offi-
cial testing laboratories,

3) publication after evaluation in the “EPPO Bulletin”.
In recent EU-funded projects the above-mentioned methods were recently

further updated, validated and harmonised. The method for potato brown rot
was improved in a project in the framework of the Standard Measurements and
Testing (SMT) programme of the EU (no. CT97-2197, 1997-2000), named
“Community method for the detection and diagnosis of potato brown rot (Pseudo-
monas solanacearum)”. In this project methods for detection of the brown rot bac-
terium in different substrates were developed and tested (plants, tubers, soil,
sewage and waste). Furthermore techniques such as PCR, immunofluorescence
(IF), fatty acid analysis, biochemical tests, rapid screening tests, fluorescent in
situ hybridisation (FISH), ELISA, antisera and primers were developed and im-
proved and ring tested. Some lyophilised cultures and artificially contaminated
plant extract for reference purposes were produced. Results of the standardisa-
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tion, including those of a ring test where 19 EU laboratories co-operated were
published (Elphinstone et al. 2000).

The method for potato ring rot was subject of another SMT project
(4-CT98-2252), named “Development of diagnostic protocols for organisms
harmful to plants” (DIAGPRO). In this project the diagnostic protocol for ring rot
was substantially updated and also ring tested (see Table 1). Some lyophilised cul-
tures and artificial contaminated plant extract for reference purposes were pro-
duced. Furthermore two more diagnostic protocols for the quarantine bacteria
Erwinia amylovora (Burrill) Winslow et al. (fireblight) and Xanthomonas
fragariae Kennedy & King (bacterial blight of strawberry) were developed,
standardised and validated, also through ring testing. Comparative assays of meth-
ods selected (isolation, IF, PCR, fatty acid analysis, real time PCR, pathogenicity
test) using different sets of samples were performed. In these cases 10–20 EU ex-
pert laboratories participated in the evaluations. The protocols can be found on
http://www.csl.gov.uk/science/organ/ph/diagpro and a summary of the research
was published by Harju et al. (2000).

In all these cases it was determined that due to intrinsic shortcomings of indi-
vidual methods as mentioned before, forced testing schemes for quarantine bacte-
ria that are based for detection and identification on more than one method or
technique. For the ring rot and brown rot bacterium, for example it will be en-
forced in EU legislation that in initial screening at least two screening techniques,
based on different biological principles (e.g. IF and PCR or plating and FISH) are
performed (to avoid false positives and trade objections). Furthermore, a pathoge-
nicity for definitive confirmation in critical cases is compulsory as well as the inclu-
sion of necessary (internal) controls (to avoid false negatives), also see the
contribution of López (2005).
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Table 1
Results of a ring test by 19 laboratories in the framework of an EU project
for the development, standardisation and validation of diagnostic protocols

for harmful organisms, in this case for the bacterium causing ring rot of potato,
Clavibacter michiganensis subsp. sepedonicus

Test Sensitivity Specificity
Plating on selective NCP-88 medium 0.84 1
Plating on selective MTNA medium 0.89 1
Immunofluorescence test, serum A 0.84 0.78
Immunofluorescence test, serum B 0.56 1
Boiling lysis PCR, primer set A 0.67 0.89
Boiling lysis PCR, primer set B 0.69 1
Extraction kit PCR, primer set A 0.66 0.90
Extraction kit PCR, primer set B 0.93 1
Boiling lysis, Taqman PCR 0.92 0.67
Extraction kit, Taqman PCR 0.81 0.67



A validation procedure for testing methods for statutory organisms is now un-
der discussion in the EU and could involve in principal the following steps:

1) initial validation in the laboratory that is developing the method,
2) further validation by an official testing laboratory using a minimum of

500 routine samples, including positive samples, preferably naturally infected,
3) a ring test by a number of official EU plant health diagnostic labs,
4) approval and publication by the Standing Committee on Plant Health.

Standardisation of tests for quarantine bacteria
via the diagnostic protocols of the EPPO

For quarantine bacteria other than those for which standardised and validated
protocols were developed in the EU, the EPPO started a new program in 1998 to
develop diagnostic protocols to be used as EPPO standards. The EPPO Panel on di-
agnostics and other (discipline orientated) specialist panels of the EPPO do this
work. An assigned expert author prepares a first draft for a protocol in a common
format. The protocol recommends particular methods and techniques of detection
and identification that are considered to have advantages (reliability, ease of use,
etc.) over others. Alternative methods are also mentioned with their advan-
tages/disadvantages. If a method or technique is used that is not mentioned in the
protocol, it should be justified by the organisation using it. The draft is commented
and judged by the expert panel, agreed by the Panel on Diagnostics, EPPO
Working Party and published in the “EPPO Bulletin” and as electronic version as
well (see: http://www.eppo.org/). EPPO diagnostic protocols are not (yet) vali-
dated in the way as was described for protocols developed for quarantine bacteria
in the EU.

Worldwide validation of seed health tests
by the International Seed Testing Association (ISTA)

In order to harmonise testing of (true) seeds for plant pathogens worldwide the
International Seed Testing Association has developed a well-planned validation
system (van den Bulk et al. 1999). For each testing method so-called performance
validation, peer validation and collaborative validation should take place. Experts
nominated by ISTA review results of the validation. Performance validation takes
place in at least one laboratory. In house data are generated and the work could in-
clude verification of performance claims for certain kits developed by commercial
companies. Thereafter the validation is reported, reviewed and the method eventu-
ally adopted and published. In peer validation verification of a method developed
under performance validation takes place by at least one other laboratory. Further
data are generated, the test protocol eventually updated and verified by the second
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laboratory, where after again the validation is reported, reviewed and the method
eventually adopted and published. Collaborative validation comprises a
multilaboratory characterisation of the performance of a method by six–eight
other laboratories, using a minimum of six samples (that include samples with
low, moderate and high levels of contamination). A test plan and multilaboratory
study design is developed, data are generated, again the validation is reported, re-
viewed and the method eventually adopted and published as final, validated
method. ISTA has not yet formalised protocols for plant pathogenic bacteria (see:
http://www.seedtest.org/en/home.html).

Production of certified microbial reference material
for standardisation of seed health tests

Apart from some lyophilised reference cultures and artificial contaminated
plant extract mentioned in the EU standard protocols for R. solanacearum and C.
michiganensis subsp. sepedonicus, very little work has been done to standardise use of
reference material to be used in validation and standardisation. The exception is a
EU project under the FAIR programme (950517 CSC) has been executed
(1996-1999) for the production of freeze dried cultures and infected seeds to be
used in standardisation and validation of seed health tests. Reference materials
were developed and extensively ring tested for four seed borne (statutory) bacte-
ria, i.e. Clavibacter michiganensis subsp. michiganensis (Smith) Davies et al., Erwinia
stewartii (Smith) Dye, Pseudomonas savastonoi pv. phaseolicola (Burkholder) Gardan,
Bollet, Abu Ghorrah, Grimont & Grimont and Xanthomonas campestris pv. campestris
(Pammel) Dowson. Results were published (van den Bulk et al. 1999) and material
can be produced by Plant Research International, Wageningen, The Netherlands.

Conclusions

It has been shown that for a few quarantine bacteria (Clavibacter michiganensis
subsp. sepedonicus, Erwinia amylovora, Ralstonia solanacearum and Xanthomonas
fragariae) standardised and validated testing schemes and methods have been de-
veloped in the EU. For some others standardised diagnostic protocols are available
or are being developed. These methods, however, are not (yet) validated. ISTA has
developed a good validation system, but validated methods for testing bacteria in
seed are not (yet) published. The production of standardised reference material,
indispensable in standardisation and validation is only weakly developed. This
means that still a lot of work has to be done.

From the standardisation and validation work it became clear that reliable de-
tection and identification of bacterial diseases and pathogens can only be based on
more than one method or technique (classical and molecular). Furthermore it was
found that a pathogenicity test for final diagnosis in critical cases is still vital.
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These principles have therefore been included in EU standard testing protocols for
quarantine bacteria.
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