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ELISA controls and interpretation of results
(Prepared by Géraldine ANTHOINE, ANSES, France and Robert TAYLOR, New Zealand)
Adapted from EPPO PM7/101 and PM7/125
Positive and negative controls for ELISA test

[1] When using a commercial ELISA kit, the following controls should be added in addition to the positive and negative controls provided in the kit:

· a positive control of the same matrix, inoculated or spiked with the target bacterium/virus for tests used for detection in plant material. For identification of bacterial cultures positive controls can consist of a suspension of the target bacterium. 
· a negative control from a healthy host plant for tests used for detection in plant material. For testing bacterial cultures negative controls can consist of suspension buffer only or a suspension of a non-target bacterial species..

[2] These positive and negative controls should be checked (preferably in advance) with the same antibodies following the appropriate ELISA procedure. 
In house controls

Positive controls

[3] For bacteria, positive controls of the reference strain of the target organism should be suspended in healthy host plant extract or in an appropriate buffer. It is recommended that reference strains are used as positive controls to avoid misinterpretations due to cross-reactions. Reference strains are available from a number of international culture collections for example, National Collection of Plant Pathogenic Bacteria (NCPPB), FERA, York, UK; Culture Collection of the Plant Protection Service (PD), Wageningen, the Netherlands; or Collection Francaise de Bacteries Phytopathogenes (CFBP), INRA Station Phytobacteriologie, Angers, France.
[4] Naturally infected tissue (maintained by lyophilization or freezing at below -16°C) should be used whenever possible.
[5] For viruses, naturally infected tissue or extracts (maintained by lyophilization or freezing at below 
-20°C) should be used whenever possible. Aliquots of positive controls should be prepared to prevent repeated freezing and thawing.

[6] Two wells or tissue prints should be prepared per positive controls.
Negative controls

[7] Healthy plant extract (for detection in plant material) or a suspension of a non-target bacterial species (for identification of bacteria) should be used as negative controls. The healthy plant should whenever possible be the same species/variety and the same plant part at the same growth stage to allow for comparison with tested samples. Aliquots ⁄ extracts of the same host plant which previously tested negative for the target bacterium/virus can also be used as negative controls. For Tissue print-ELISA, healthy controls previously immobilized on membranes can be used.

[8] At least two wells or tissue prints should be prepared per negative control.
Blank or buffer controls

[9] A further negative control consisting of extraction or suspension buffer only in place of sample extract can be included. These wells do not receive any sample and these blank wells control for any variation (or contamination) due to the plate and test reagents to the measured OD. Reference:

Sutula C.L., Gillett J.M., Morrissey S.M. & Ramsdell D.C. (1986). Interpreting ELISA data and establishing the positive–negative threshold. Plant Disease, 70: 722–726.
Interpretation of ELISA tests results
[10] Verification of the controls: 
[11] Negative ELISA readings in positive control wells ⁄ print or dot indicate that the test has not been performed correctly or that it has been inhibited. Positive ELISA readings in negative control wells ⁄ print or dot indicate that cross-contamination or non-specific antibody binding has occurred. In such cases, the test should be performed again with the appropriate modifications.
Interpretation of ELISA tests results for detection (plant material)

[12] For detection in plant material the interpretation the optical density (OD) value of the negative sample extract well should be the basis for determining the thresholds of detection (background) minus the OD of the substrate well. The positive result is determined on a case-by-case basis depending on the pest and the matrix. It is recommended that the test is repeated for samples just below the limit of the threshold.
Interpretation of ELISA tests results for identification (pure cultures of bacteria)
[13] The ELISA test is considered negative if:

· the average absorbance or OD reading from duplicate sample wells is <2 × OD of that in the negative sample control well, 
· and the OD for the positive controls are all above 1.0 (after 120 min incubation with the substrate) and are greater than twice the OD obtained for negative sample extracts. 
[14] The ELISA test is considered positive if:

·  the average OD reading from each of the duplicate sample wells is ≥2·OD in the negative sample extract well,
· and the OD readings in all negative control wells are <2 × those in the positive control wells.
[15] It is recommended that the test is repeated for samples that give a reaction just below the limit of the threshold.
Interpretation of ELISA tests results for detection / identification of viruses 

[16] There are different options for interpreting ELISA test results and in particular to establish a threshold. Further information is provided in Sutula et al. (1986). The following procedure is recommended, however, it is recognized that in particular when the negative control of healthy plant is not the same as the plant to be tested, the laboratory should adjust and validate the calculation of the threshold, or confirm positive results by another method.

[17] The ELISA test is considered negative if:

- the average OD value from duplicate sample is less than 0.1 or is < 2× OD of that in the negative control of healthy plant extracts.
[18] Usually the ELISA test is considered positive if the average OD value from each of the duplicate sample wells is ≥ 2× OD of that in the negative control of healthy plant extracts.

[19] Note that when using polyclonal antibodies, it is essential that the negative controls are as similar as possible to the matrix tested in the same plate.

[20] The test should be repeated when duplicate wells differ by more than 50% OD value. In critical cases, for samples that give a reaction close to the threshold of e.g. 2× OD of that in the negative control of healthy plant extracts or when matrix effects cannot be excluded, it is recommended that another test (different source of antibody or another method) is used.

[21] Other procedures for interpretation are in use involving consideration of standard deviations (average of healthy controls + 3× standard deviation). 

Interpretation for tissue print, squash or dot ELISA tests results
[22] The ELISA test is negative if there is no coloured precipitate in the sample print or dot, provided that the positive control is positive and the negative control is negative. The ELISA test is positive, if there is purple–violet-coloured precipitate in the sample print or dot, provided that the positive control is positive and the negative control is negative.
[23] For some viruses restricted to the phloem tissues, the observation of precipitates should occur in the vascular area only.
[24] The TPDP is invited to:

(1) review the ELISA controls and interpretation of results proposed in this document and revise it if appropriate.
(2) decide whether to include this proposal in the Instruction for Authors.
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