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Abstract

Background:

The ImmunoCAP© ISAC allows the determination of specific IgE against 103 recombinant or purified allergen components in a single analytical step. The aim of our study was to perform a comparison of the specific IgE results measured with the microarray method with the traditional method of ImmunoCAP©.
Methods:

We selected 86 clinically relevant patients on the basis of their specific IgE for recombinant allergens (ImmunoCAP©250, Phadia). We selected also 2 patients with a high TotalIgE rate to evaluate the unspecific binding of IgE. All the samples were screened with the ImmunoCAP©ISAC. Then, we compared the 555 sIgE results provided by ImmunoCAP© ISAC with the specific IgE levels obtained with ImmunoCAP©250.
Results:

We observed that 82 of the 384 results found to be positive with ImmunoCAP© were found negative with ISAC© (concordance 78,65 %). Eleven results on 171 negative with ImmunoCAP© were positive with ISAC© (concordance 93,57 %). No unspecific binding was observed. 
Conclusion:

Our results show that the ImmunoCAP© ISAC performs analytically well when we compare it to the ImmunoCAP© 250 method. We did not observe any unspecific binding. Nevertheless, we need a better sensitivity for some clinically relevant allergen components like rPru p 3.
Key words:
Allergy, Component-resolved-diagnosis, ImmunoCAP© ISAC, Microarray, Recombinant allergen.
List of abbreviations:
sIgE = specific IgE antibodies 

CRD = Component-Resolved-Diagnosis 
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1. Introduction.
IgE-mediated allergies affect more than 25% of the world’s population (1) and the prevalence of allergic diseases has doubled in the last two decades. Currently, the diagnosis of Type-I allergy is based on the measurement of allergen-specific IgE antibodies (sIgE) and on the in-vivo provocation tests (Skin Prick Tests, Oral Provocation Tests, etc). Both methods are usually performed with natural allergen extracts or with a mix of natural allergen extracts. Allergen extracts contain the allergens of interest as well as some additional undefined non-allergenic components. Whatever the chosen method of diagnosis (in-vitro or in-vivo tests), the use of natural extracts can not specify to which allergen the patient is sensitized (“major” or “minor” allergens). Moreover, all these tests are unable to provide any answers regarding the severity of the allergic symptoms caused by these allergenic sources. The applications of genetic engineering (molecular techniques and recombinant DNA technology) allowed sequencing, synthesizing and cloning different allergenic proteins, leading to the production of recombinant allergens. The validation of recombinant allergens implies that their immunological activity with the natural allergen has to be confirmed by in-vitro and in-vivo tests on a large number of allergic patients. The recombinant allergens have to be comparable with their natural templates in structural features and immunobiological properties. Advances in allergen characterization have identified what are the potential allergenic proteins among the whole proteins in allergenic sources. A large number of allergens from various sources have been characterized in detail. The major allergen of house dust mites (Der p 1) was cloned in 1988 (2) and is the first allergen of a long list. In 2010, more than 1700 allergens have been described and more than 900 molecules have been produced as recombinant (3). Recombinant allergens have provided us new tools that can improve the diagnosis of allergy (4). Recombinant allergens can be used for Component-Resolved-Diagnosis (CRD) (5) of the patients’allergen sensitization profile, whereas allergen extracts allow only to identify the allergen-containing sources. CRD permits to diagnose the genuine sensitization of patients towards a given allergenic source or cross-reactive molecules that point to cross-sensitization to several allergen sources (6) (7). The new analytical method, the ImmunoCAP© ISAC microarray (VBC Genomics, Vienna, Austria / Phadia, Uppsala, Sweden) appeared recently on the market to run CRD assays. This microarray technique allows the determination of sIgE against more than 100 recombinant or purified allergen components from many different allergen sources in a single analytical step. Like any new method to be used routinely in a clinical laboratory, it is necessary to evaluate the technique. The aim of our study was to establish a comparison of the sIgE results for recombinant allergens provided by the microarray method with the traditional sIgE measurements (ImmunoCAP© 250, Phadia, Uppsala, Sweden). Finally, we evaluated the effects of some patients with a high total IgE rate (TotIgE) on the ImmunoCAP© ISAC results.
2. Material and methods.
2.1. Patients.
First, we selected 86 patients (26 males, 60 females; 30.68±37.15 y.o.) with an anamnesis and a clinical diagnosis of Type 1 allergy. These patients were selected on the basis of their sIgE tests for recombinant allergens performed with the Phadia ImmunoCAP© 250. The sIgE were directed against 55 recombinant or natural purified proteins (Table 1). Secondly, we selected two patients with a high TotIgE rate (above 10.000 kU/L) to evaluate the potential unspecific binding of IgE.
2.2. ImmunoCAP© ISAC determination.

All the samples were screened for an allergen-specific IgE determination applying the allergen microarray ImmunoCAP© ISAC according to the manufacturer’s recommendations. We used the reagents of the “Assay Kit IgE” using a fluorescence-conjugated anti-human IgE (mouse monoclonal antibody). Briefly, we washed the microarray chips to remove noncovalently bound allergens from the microarray surface. Then, we applied 20 μL of each patient sample or control directly onto one individual reaction site and incubated the slides for 120 minutes at room temperature in a humid chamber. Then, we washed the excess sample and afterwards we dispensed 20 μL of fluorescence-labelled anti-human IgE detection antibody. After 60 minutes-incubation, we washed the unbound detection antibody. We used a microarray scanner (CapitalBio© LuxScanTM 10K-A) for data acquisition. The images of each spot of the scanned chips were analysed using the MIA software (Microarray Image Analyzer). The MIA software performed the calculation of the semi-quantitative results as the ImmunoCAP© ISAC is a semi-quantitative method where allergen component sIgE antibodies are measured in ISU/L (ISAC© Standardized Units/liter) and the results are presented semi-quantitatively in 4 classes (0 = undetectable, 1 = low, 2 = moderate, 3 = very high).
3. Results
In all, 555 sIgE for recombinant allergens have been performed with ImmunoCAP© 250. Three hundred eighty four results out of the 555 were positive (>0,10 kUA/L) with the CAP method and 171 were found negative (<0,10 kUA/L). With ImmunoCAP© ISAC, 302 out of the 384 positive results with ImmunoCAP© were also found positive (concordance 78,65 %). The mean of the 82 discrepant results measured with the ImmunoCAP© was 0.67±2.06 kUA/L. We observed that 52 out of the 82 discrepant results were below 0,35 kUA/L, the former cut-off level of ImmunoCAP© 250.  With this cut-off, the concordance of the positive results was 92,19 % (Table 2). Amongst the 171 results found negative with ImmunoCAP© 250, we observed that 160 of them were also found negative with ISAC© (concordance 93,57 %). The mean of those 11 sIgE measured with the ISAC© technique was 1.57±3.56 ISU. No unspecific binding was observed up to 150 000 kU/L.  The discrepancies were more frequently observed with some specific allergens (Table 1). Among those allergens for which we often observed negative results with the ImmunoCAP© ISAC method but positive results with ImmunoCAP© 250, we found notably of rAsp f 1 (9 discrepant results out of 14 measurements), rPru p 3 (5 discrepant results out of 13 measurements), nAna c 2 (4 discrepant results out of 11 measurements), rApi g 1 (4 discrepant results out of 10 measurements).
4. Discussion

In this study, we aimed to compare in 86 patients the results of sIgE against 555 recombinant or natural purified allergens observed with the ImmunoCAP© 250 and a new microarray technique ImmunoCAP© ISAC. The concordance of the positive results was 78,65 % and the mean of the 82 discrepant results measured with the ImmunoCAP© technique was 0.67±2.06 kUA/L. However, 52 discrepant results were below 0,35 kUA/L, the former cut-off level of the ImmunoCAP© 250.  With this cut-off, the concordance of the positive results would have been of 92,19 %. In their recent study, Ebo et al used the cut-off of 0,35 kUA/L (8).
However, concerning the discrepancies, we found that they are more frequently observed with some specific allergens. For instance, the recombinant rPru p 3 gave a discordant result 5 times on 13 (with a mean of the sIgE measured on ImmunoCAP© 250 of 2,14 kUA/L, a quite high level). This is an interesting point because rPru p 3 is part of the lipid-transfer-protein, a major allergen family (9). Indeed, the sensitization to rPru p 3 is often associated with systemic reactions in addition to oral allergy syndrome, mainly in southern Europe. This protein is stable to heat and digestion causing reactions also to cooked foods. The concordance of the negative results was 93,57 %. All these discrepancies, both negative and positive values, could perhaps be explained by the difference in the presentation of the allergens. Indeed, allergens, fixed to the matrix of the CAP© or coated to the teflon of the glass slide, perhaps do not always show the epitope in the same manner. It is possible that some immobilized proteins do not allow a good recognition by the IgE antibodies. 
From a specificity point of view, we found an excellent specificity towards TotIgE as no unspecific binding was observed with the microarray technique on two sera presenting TotIgE above 10.000kU/L. 
Regarding the quality controls, the management of microarray techniques is quite challenging. Indeed, it is not obvious to use a quality control that would be positive for all the protein tested. In our opinion, the most important is the lot-to-lot variation. In this study, we thus use the serum of a patient presenting a sensitization to a large amount of recombinant protein as lot control. Kricka et al (10) recently published that microarray techniques needed standardized protocol and particularly focused the attention on the preanalytical phase. Indeed, a single error of dilution can induce massive erroneous results. Another significant future challenge will be devising rules for interpreting multiplex QC data and determining the acceptability of the analytical results from an array-based assay. Analysis of susceptibility to pre-analytical variation will become more important as multiplexing becomes common (11).
5. Conclusions
Recently, the ImmunoCAP© ISAC allergen-microarray appeared on the market to run Component-resolved-Diagnostics. Our results show that the ImmunoCAP© ISAC performs analytically well when we compare the 555 sIgE results with the results provided by the ImmunoCAP© 250 method. Nevertheless, it is necessary to have a better sensitivity for some allergens, notably clinically relevant allergen components like rPru p 3.
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Table 1: Classification of the 555 sIgE measured with ImmunoCAP©250 (CAP) and ImmunoCAP© ISAC (ISAC) including their protein family, their occurrence in the study and the concordance between the CAP and the ISAC techniques (%).
	Allergen source
	Component
	Occurrence in the study
	Concordance between CAP and ISAC (%)
	Protein Family or function

	Foods
	 
	 
	 
	 

	Peach (Prunus persica)
	rPru p 1
	26
	92,3
	PR-10 

	 
	rPru p 3
	13
	61,5
	nsLTP

	Kiwi fruit (Actinidia deliciosa)
	rAct d 8
	5
	80
	PR-10 

	Peanut (Arachis hypogea)
	rAra h 1
	16
	81,3
	Storage protein, 7S globulin

	 
	rAra h 2
	9
	77,8
	Storage protein, Conglutin

	 
	rAra h 3
	10
	70
	Storage protein, Glycinin

	 
	rAra h 8
	15
	86,7
	PR-10 

	Brazil nut (Bertholletia excelsa)
	rBer e 1
	10
	90
	Storage protein, 2S albumin

	Hazelnut (Corylus avelana)
	rCor a 1
	10
	100
	PR-10 

	 
	rCor a 8
	14
	85,7
	nsLTP

	Celery (Apium graveolens)
	rApi g 1
	10
	60
	PR-10 

	Soybean (Glycine max)
	rGly m 4
	11
	100
	PR-10 

	Wheat (Triticum aestivum)
	rTri a 19 Gliadin
	8
	75
	Gliadin

	Egg white (Galus domesticus)
	 
	 
	 
	 

	Ovomucoid
	nGal d 1
	1
	100
	Ovomucoid

	Carp (Cyprinus carpio)
	rCyp c 1
	12
	91,7
	Parvalbumin

	Cod (Gadus callarias)
	rGad c 1
	9
	88,9
	Parvalbumin

	Cow (Bos domesticus)
	 
	 
	 
	 

	Alpha-lactalbumin
	nBos d 4
	2
	50
	Alpha-lactalbumin

	BSA
	nBos d 6
	1
	100
	Serum albumin

	Casein
	nBos d 8
	3
	66,7
	Casein

	Lactoferrin
	nBos d lactoferrin
	1
	0
	Transferrin

	Shrimp (Penaeus aztecus)
	rPen a 1
	11
	90,9
	Tropomyosin

	Grass pollen
	 
	 
	 
	 

	Timothy grass (Phleum pratense)
	rPhl p 1
	18
	88,9
	Grass group 1

	 
	rPhl p 11
	11
	81,8
	Ole e 1-related protein

	 
	rPhl p 12
	8
	62,5
	Profilin

	 
	rPhl p 2
	13
	92,3
	Grass group 2

	 
	nPhl p 4
	12
	83,3
	Berberine bridge enzyme

	 
	rPhl p 5
	9
	88,9
	Grass group 5

	 
	rPhl p 6
	12
	75
	Grass group 6

	 
	rPhl p 7
	5
	40
	Ca Binding protein

	Occupationnal allergens 
	 
	 
	 
	 

	Latex (Hevea brasiliensis)
	rHev b 1
	5
	80
	Rubber elongation factor

	 
	rHev b 3
	2
	50
	Small rubber particle protein

	 
	rHev b 6
	9
	88,9
	Hevein precursor

	 
	rHev b 8
	6
	83,3
	Profilin

	 
	rHev b 11
	1
	100
	Chitinase 

	Tree pollen
	 
	 
	 
	 

	Birch (Betula verrucosa)
	rBet v 1
	29
	100
	PR-10 

	 
	rBet v 2
	14
	78,6
	Profilin

	 
	rBet v 4
	11
	72,7
	Ca Binding protein

	Cypress (Cupressus arizonica)
	nCup a 1
	5
	100
	Pectase lyase

	Olive (Olea europaea)
	nOle e 1
	19
	84,2
	Common olive group 5

	Weed pollen
	 
	 
	 
	 

	Mugwort (Artemisia vulgaris)
	nArt v 1
	7
	71,4
	Defensin

	 
	nArt v 3
	9
	66,7
	nsLTP

	Saltwort (Salsola kali)
	nSal k 1
	3
	66,7
	Pectin methylesterase

	 
	 
	 
	 
	 

	Venoms
	 
	 
	 
	 

	Honey bee (Apis mellifera)
	rApi m 1
	2
	100
	Phospholipase A2

	Epidermals and other poteins
	 
	 
	 
	 

	Cat (Felis domesticus)
	rFel d 1
	18
	100
	Uteroglobin

	 
	nFel d 2
	7
	71,4
	Serum albumin

	Dog (Canis familiaris)
	rCan f 1
	15
	100
	Lipocalin

	 
	rCan f 2
	6
	83,3
	Lipocalin

	 
	nCan f 3
	10
	70
	Serum albumin

	Mites
	 
	 
	 
	 

	House dust mite
	nDer p 1
	13
	92,3
	Cysteine protease

	(Dermatophagoides pteronyssinus)
	rDer p 10
	5
	100
	Tropomyosin

	 
	rDer p 2
	12
	100
	NCP2 family

	Microorganism
	 
	 
	 
	 

	Aspergillus fumigatus
	rAsp f 1
	14
	35,7
	Mitogillin family

	 
	rAsp f 6
	16
	81,3
	MnSOD

	Alternaria alternata
	rAlt a 1
	21
	95,2
	 

	Carbohydrate Determinants
	 
	 
	 
	 

	Bromelin (Ananas comosus)
	nAna c 2
	11
	63,6
	Cross-Reactive Carbohydrate determinants


Table 2: Comparison of the 555 sIgE results measured with ImmunoCAP©250 (CAP) and ImmunoCAP© ISAC (ISAC) following 2 different cut-off (0,10 and 0,35 kUA/L) for the ImmunoCAP©
	 
	ISAC < 0,30 ISU
	ISAC ≥ 0,30 ISU

	CAP < 0,1 kUA/L
	160
	11

	CAP ≥ 0,1 kUA/L
	82
	302

	CAP < 0,35 kUA/L
	212
	27

	CAP ≥ 0,35 kUA/L
	30
	286
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