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Abstract       Fleck (GFkV) is an ubiquitous virus that causes grapevine fleck 
disease reported from all viticultural countries in the world. The most common 
serological technique for routine diagnosis of grapevine viruses is double 
antibody sandwich - enzyme-linked immunosorbent assay (DAS-ELISA). The 
reliably of the analysis was verified by intra-laboratory validation of the results, 
by checking the suitability for the circumstances of use of the reagent kit for 
the detection of GFkV in the grapevine tissue (leaf, petiole, cane). The 
performance criteria as: precision (repeatability, reproducibility, accuracy) and 
robustness (variation of grinding time, influence of the type of plant tissue, 
influence of the filter of the spectrophotometer) were explored. For this 
purposes, two types of positive and negative controls (reference material of 
the kit and virus-infected/virus-free grapevine tissue) have been performed. 
The data of laboratory-performed validation and the results of proficiency 
tests (inter-laboratory comparisons), provided together the information of the 
robustness of the test.   
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Grapevine fleck complex involves several 

diseases (grapevine fleck, grapevine asteroid mosaic, 

grapevine rupestris necrosis, and grapevine rupestris 

vein feathering) and viruses (grapevine redglobe virus) 

that cause latent or semi-latent infections in Vitis 

vinifera and most American Vitis species and rootstock 

hybrids. Although the elusive nature of the complex 

hinders the assesment of its economic impact, adverse 

influence on vigour, rooting ability of rootstocks and 

on graft take has been reported [8].   

Grapevine fleck is worldwide in distribution, 

asteroid mosaic occurs in California, rupestris necrosis 

in Japan and rupestris vein feathering in Greece and 

Italy. Grapevine redglobe virus is  reported in 

California and Italy. Symptoms of grapevine fleck, 

produced on the third and fourth order veins consisting 

of vein clearing, are induced by Grapevine fleck virus 

(GFkV; genus Maculavirus). GFkV is a phloem-

limited virus with spherical particles about 30 nm in 

diameter that is sensitive to heat therapy. In addition, 

severe isolates induce plant stunting, poor rooting and 

low graft take [1, 11]. 

For long time after discovery, diagnostis and 

detection of plant viruses was mainly based on their 

biological properties (host range, typical symptoms). 

Detection and diagnosis of plant viruses has included 

serological laboratory tests since the 1960s. The most 

common serological technique for routine diagnosis is 

double antibody sandwich-enzyme-linked 

immunosorbent assay (DAS-ELISA). ELISA is one of 

the most widely used tests for plant viruses. A rapid, 

sensitive and reliable serological laboratory test that 

requires only 2 days to complete. Since reliable ELISA 

protocols for diagnostic purposes were described [5], 

grapevine has been one of the first species to take 

benefits from this technique The presence of the 

antigen in infected sap is indirectly detected through a 

colorimetric reaction that develop because of the 

reaction of an enzyme (e.g., alkaline phosphatase, 

horseradish peroxidase) conjugated to antibodies in the 

presence of an appropriate substrate (p-

nitrophenylphosphate, tetrametylbenzidine) [2]. ELISA 

is currently employed for routine detection of GFkV 

but cannot be used for any of the other members of the 

complex due the unavailability of antisera [8].  

This study deals with the intra-laboratory 

validation of DAS-ELISA results for GFkV detection.  

Validation is considered a review of quality 

assurance, usually done by an independent part in order 

to achieve a high level of confidence for the 

management and staff of the regulatory sphere. 

Validation is the process of assessment of the products 

and analytical methods to ensure the compliance with 

the requirements of product or method.  

 

Material and Methods  

 
ELISA is performed in the grapevine virology 

laboratory with the aim to detect the most damaging 

and widespread grapevine viruses: arabis mosaic 

virus+ fanleaf virus – (ArMV+GFLV), leafroll 

associated virus serotypes 1+3 (GLRaV-1+3), fleck 

virus (GFkV) and virus A (GVA), both for routine 

diagnosis and research purposes [3, 4].  
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The accuracy of ELISA results for the 

detection of GFkV – infected grapevines is proved by 

intra-laboratory validation of the method, by checking  

the suitability for the circumstances of use of each new 

reagent kit. The performance criteria as: precision 

(repeatability, reproducibility, accuracy) and  

robustness (variation of grinding time, influence of the 

type of plant  tissue, influence of the  filter of the 

spectrophotometer ) were explored.  

Validation was performed using reference 

material (positive - PC and negative controls - NC of 

the  kit and samples taken from GFkV-infected 

grapevine (Vitis vinifera L., cv. Pinot Noir),  belonging 

to the collection of the laboratory.  Virus-infected 

plants from the collection of  grapevine viruses are 

used as PC in ELISA test, their  sanitary status being 

periodically verified and  well known.  

Also, healthy grapevine (GFkV-free) as 

negative control was used. Commercial ELISA 

reagents  for the detection of GFkV are purchased from 

BIOREBA, Switzerland. Certified NUNC F-96 

maxisorp microtiter plates were used.  

Two types of PC and NC (reference material 

and infected/non-infected  samples) and,  also, three 

kind  of plant tissue (leaf, petiole, cane) have been 

used. Eight repetitions of each extract have been 

performed. The reproducibility was assessed on 

samples from a grapevine infected plant; aliquots of the 

extract were stored at -20ºC and tested again after two 

weeks. The accuracy was estimated taking into 

consideration several values of PC. The robustness was 

investigated by: variation of grinding time (20; 30; 40 

sec.); using different source of virus (leaf, petiole and 

phloem); reading  with single and dual filter (at 405 nm 

and 405/492 nm, respectively);  blanking against air 

and without empty well.  

The minimum limit of detection is the cut-off 

value. The cut-off value was calculated  for each plate 

individually,  being as  three times  the mean value of  

NC (all values above this cut-off  were regarded as 

positive). 

 

Results obtained 

 
Validation involves all processes that 

determine the performance of an assay to achieve a 

defined set of objectives. Only when actual data have 

been obtained can test parameters be assessed and 

confidence in results be assigned in a statistical sense. 

Validation is a continuous process, in which increasing 

knowledge about an assay is gained each time it is run. 

The continuous process also involves data obtained 

when the test is performed in hitherto untried 

scenarios. Since most assays begin in the research 

arena, the use of validated assays in the form of kits by 

a wider range of scientists in laboratories varying 

widely in expertise, equipment, and climatic conditions 

can cause problems. The objective in validation is to be 

able to define an assay in terms of statistically 

quantifiable parameters with measured confidence. The 

designation of ''validated assay" is only merited when it 

has been defined in terms of its capacity to classify 

samples with regard to the presence or absence of a 

particular analyte. Validation relies on examination of 

as many factors as possible [6]. 

Precision (repeatability, reproducibility, 

accuracy). The validation must be an ongoing process 

consistent with the principles of internal quality 

control. Continuous evaluation of repeatability and 

reproducibility are thus essential for helping to ensure 

that the assay is generating valid test results. 

Evidence that an assay is repeatable is 

necessary for further development. This is  

accomplished by calculating the intra-and inter-plate 

variation using the same samples run in different plates 

and on different days. 

Repeatability (precision  intra-determination). 

In order to verify the repeatability of ELISA test have 

been used two types of controls: positive and negative 

control of Bioreba kit and positive and  positive and 

negative control of biological material collected from  

GFkV-infected grapevine and virus-free plant, 

respectively. Thus, three types of biological material 

(leaf, petiole, cane) have been used (Table1).  

 

Table 1 

Repeatability of ELISA results when eight repetitions  have been analyzed  from one extract 

Sample Bioreba Leaf Petiole Cane 

 

 
OD405 nm 

values 

PC NC PC NC PC NC PC NC 

1.426 0.112 0.265 0.113 0.457 0.109 1.214 0.106 

1.351 0.115 0.285 0.112 0.418 0.109 1.271 0.106 

1.415 0.113 0.274 0.116 0.448 0.110 1.237 0.110 

1.452 0.117 0.281 0.114 0.409 0.109 1.245 0.109 

1.428 0.114 0.289 0.115 0.430 0.110 1.200 0.130 

1.424 0.113 0.278 0.114 0.441 0.110 1.219 0.109 

1.433 0.113 0.263 0.116 0.439 0.115 1.236 0.107 

1.435 0.114 0.266 0.112 0.445 0.110 1.000 0.106 

Mean 1.4205 0.113875 0.275125 0.114 0.435875 0.11025 1.20275 0.110375 

s 0.028102 0.001452 0.00913 0.0015 0.014954 0.001854 0.079237 0.007565 
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In this case cut-off value was 0.339 (3x0.113), 

standard deviations (s) of the average readings are 

lower than the cut-off, which demonstrates the 

repeatability of results. 

Repeatability  of measurements when  two 

extractions  of a sample have been analyzed  in two 

repetitions  (the sample consisted of pieces of GFkV- 

infected cane from which  two phloem tissue extracts 

have been analyzed) is presented in Table 2. The 

results were positive, GFkV was detected every time.

 

Table 2  

Repeatability  of ELISA measurements (two extractions 

 of a sample have been analyzed   in two repetitions) 

Extraction OD405nm 

(cane) 

Mean s Rezultat test 

Cut-off = 0.309) 

1 0.799 0.884 

 

0.085 

 

+ 

0.969 

2 0.886 0.8725 

 

0.0135 

 

+ 

0.859 

 

Reproducibility (precision inter-

determinations). Reproducibility was verified on 

samples  (leaf, petiole, cane), collected from a GFkV 

infected plant (PC) and from a virus-free plant (NC). 

Aliquots of extracts used in the first test were frozen at 

-20ºC and used for the second test, after two weeks 

(Table 3). 

  

 Table 3  

Reproducibility  of ELISA measurements  on GFkV infected   and healthy  grapevine samples  

Sample 

 

Test 1 

(Cut-off = 0.339) 

Test 2 

(Cut-off = 0.309) 

 

Result 

OD mean s OD mean s 

Leaf PC 0.275125 0.00913 0.161 0.01 + 

NC 0.114 0.0015 0.1005 0.0005 - 

Petiole PC 0.435875 0.014954 0.2555 0.0035 + 

NC 0.11025 0.001854 0.1035 0.0005 - 

Cane PC 1.20275 0.079237 0.5095 0.0125 + 

NC 0.110375 0.007565 0.103 0 - 

 

In the second test was recorded the decreasing 

of PC readings  but ELISA results  were identical in 

the both tests.  

Low virus concentrations in host tissues do 

not always permit satisfactory and reproducible 

detection by ELISA [7, 9].  

Accuracy. Accuracy is the ability of a test to 

give correct results (diagnostic sensitivity); it  was 

estimated taking into consideration several values of 

PC,  as follows.:   

PC 1 = control 1(first reading was registered 

immediately after control rehydration, the next reading 

was obtained after two weeks of storage of the frozen 

aliquot at  -20
º
C): DO405 nm = 1.4205 ± 0.0281; DO405 nm  

= 1.1675 ± 0.0005. 

Repeated freezing/thawing of aliquots must be 

avoided. Aliquots needed to use for the actual tests 

must be brought at room temperature before use.  

PC 2 =  control  2 (reading after rehydration): 

OD405 nm =  1.3045 ± 0.0315 

While  the target OD value of PC mentioned 

in the insert kit is  3.0, its repeatable readings with 

values between 1.3045 and 1.4205 determined  the 

laboratory validation and thus, the acceptance of PC 

included in the kit.  

Robustness (variation of grinding time, 

influence of the type of plant  tissue, influence of the  

filter of the spectrophotometer) 

The entire process of developing assays and 

their validation involves determining the effect of all 

operational parameters and the tolerances for their 

control. This includes all the systematic factors, assay 

temperatures, times for incubation, volumes, separation 

procedures for samples, order of addition of reagent, 

and signal detection. In short, all the factors that can be 

examined and the effect of changes in conditions 

should be understood [6].  

Variation of grinding time. The sample  was  

constituted of petiole fragments collected from GFkV-

infected grapevine,  grinded with extraction buffer for 

different times: 20; 30 and 40 sec (Table 4).  

In all cases the test result was positive which 

shows that  grinding  time does not influence 

significantly the result. 

Influence of the type of plant  tissue. The 

samples were represented by different types of plant 

material (leaf, petiole, phloem tissue) collected from  
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GFkV-infected plant. In all cases the test result was 

positive, which demonstrates the robustness of the 

detection method (Table 5). 

 

Table 4 

The verification of the robustness of ELISA test   

by variation of grinding time 

Grinding time 

(sec) 

OD405 nm ± s Result 

(cut-off = 0.354) 

20 0.2555 ± 0.0035 + 

30 0.2435 ± 0.0035 + 

40 0.268 ± 0.017 + 

 

 

Table 5  

The checking  of the robustness of ELISA test  

under the influence of the type of plant  tissue 

Tissue OD405nm, ± s Result 

(cut-off = 0.339) 

Leaf 0.275125 ± 0.00913 + 

Petiole 0.435875 ± 0.014954 + 

Cane  1.20275 ± 0.079237 + 

 

ELISA results can be affected by the type of 

tissue being tested (leaf, petiole, root, etc.) and by the 

time of year when samples are collected [10, 12].  

Influence of the  filter of the 

spectrophotometer. The influence of the filter of the 

plate reader on the ELISA results was assessed by 

comparing the readings of two  known samples at 

OD405/492nm and  OD405nm. Test results were 

identical (Table 6). 

 

 Table 6  

The checking  of the robustness of ELISA test   under the influence 

 of the  filter spectrophotometer 

Sample OD405nm Result 

(Cut-off =0.309) 

OD405/492nm Result 

(Cut-off =0.183) 

PC (Kit) 1.336 + 1.181 + 

1.273 + 1.095 + 

NC (kit) 0.101 - 0.060 - 

0.105 - 0.062 - 

Sample 1 0.522 + 0.407 + 

0.497 + 0.411 + 

Sample2  0.103 - 0.064 - 

0.103 - 0.065 - 

 

Readings against blank (empty well). OD 

readings  of  known samples, against air  (empty well) 

and  without blank were compared and the results were 

identical (positive or negative) (Table 7). 

  

Table 7 

The influence of reading against air and without blank on ELISA results 

Sample OD405/492nm Result 

Cut-off =0.183 

OD405/492nm 

against  blank (0.006) 

Result 

(Cut-off =0.183) 

PC (kit) 1.336 + 1.330 + 

1.273 + 1.267 + 

NC (kit) 0.101 - 0.095 - 

0.105 - 0.099 - 

Sample 1 0.522 + 0.516 + 

0.497 + 0.491 + 

Sample 2 0.103 - 0.097 - 

0.103 - 0.097 - 
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The data of laboratory-performed validation 

and the results of proficiency tests (inter-laboratory 

comparisons), performed  yearly, with similar 

laboratories in the world provided together the 

indications of the robustness of the test. Also, the 

proficiency tests increase confidence in the capabilities 

of the laboratory. The laboratory ensures the  

traceability of  results in virological diagnosis in 

grapevine.   

Properly used, ELISA is a sensitive, accurate 

and rapid detection method. It is especially effective 

when large numbers of samples must be assayed and 

when results are needed rapidly.   

 

Conclusions 

 
Fleck virus-infected plants from the collection 

of  grapevine viruses (samples collected from these 

grapevine plants) can be used as positive controls in 

ELISA tests, their  sanitary status being periodically 

verified and  well known.  

The use of appropriate negative and positive 

controls is essential for ELISA results evaluation.  

Aliquots of  frozen extracts of infected  

material  stoked at -20
°
C can be later used successfully  

as positive control in ELISA test. 

The results of the ELISA tests are not 

influenced by the  reading of the extinction  (OD) with 

single filter (405 nm) or dual filter (405/492 nm).   

The data of laboratory-performed validation 

for GFkV detection provided  the indication that the 

reagents are valid and can be used with confidence for 

the GFkV diagnostic; the method corresponds for the 

purpose for which it was proposed.  
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