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IA: idiopathic anaphylaxis  

IgE: Immunoglobulin E 

ISAC :  ImmunoCAP ISAC® 112 or  earlier versions of this microarray 

LTP: Lipid transfer protein 

OAS: oral allergy syndrome  

SPT: skin prick testing  

sIgE: specific IgE 

SIT: specific immunotherapy  

tIgE:total IgE   
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Background 

 

Due to the high prevalence of allergic diseases globally [1] there are increasing demands in 

clinical practice for managing these IgE-mediated conditions [2, 3]. Traditionally, diagnosis 

relied on clinical history and sensitization that was demonstrated through an allergy test 

based on allergen extracts [4]. During the last decade component-resolved diagnostics has 

been introduced into the field of clinical allergology,  providing information that cannot be 

obtained from extract-based tests. Component-resolved data facilitate more precise 

diagnosis of allergic diseases and identify sensitizations attributable to cross-reactivity [5-8] . 

Furthermore it assists risk assessment in clinical practice as sensitization to some allergenic 

molecules is related to persistence of clinical symptoms and systemic rather than local 

reactions [9]. The information may also aid the clinician in prescription of specific 

immunotherapy (SIT) in patients with complex symptoms and sensitization patterns, [5, 9] 

and in giving advice on targeted exposure reduction or on the need to perform food 

challenges [10]. 

 

The detection of IgE antibodies against allergenic molecules is feasible either using 

singleplex (one assay per sample) or multiplex (multiple assays per sample) measurement 

platforms [9]. The most commonly used and documented microarray for IgE antibody 

measurement is the ImmunoCAP® ISAC.  Another  microarray platform (Microtest®) recently 

became available and shows comparable results to ISAC according to the manufacters, a 

finding that needs to be further evaluated [11]. 

  

The ISAC platform combines biochip technology and purified natural and recombinant 

allergen components in a miniaturized assay [12-14] and gives semiquantitative results 

(ISAC standardized units/ISU). An earlier version of the microarray could simultaneously 

analyse sensitization to 103 allergen components [15, 16]; the latest generation ISAC 

microarray contains 112 specific and cross-reactive allergen components including risk 

markers for food allergy, specific markers of pollen, mite, animal, mould, crustacean, and 

insect venoms, as well as markers of sensitization to cross-reactive carbohydrate 

determinants (CCDs). In addition to the CE-marked ISAC microarray, customized biochips 

with additional components have been produced for special purposes, for example the 

MeDALL biochip [17-19].  
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One disadvantage with the commercially available multiplexed immunoassay is the pre-

defined set of allergen components. Some test results might therefore be irrelevant for  the 

actual needs of their patients, and in addition, this rigidity does not allow testing for the most 

novel allergen components. A new and more ‘flexible’ multiplex system based on naked 

fluorescent micro-beads that is customized to test for specific IgE to allergen components 

has been shown to give comparable results to ISAC [20]. These arrays could represent 

alternatives in allergy diagnosis in the future, but todate there is very little data on their 

performance. 

 

Peptide microarrays used for IgE epitope mapping are  additional tools in diagnosing and 

predicting allergies. Although this method is still under development and evaluation [21] 

epitope mapping has the potential to reveal important information on antigen structure and  

the unique response of individual patients and could be applied for manufacturing safer 

immunotherapeutic agents [22-24]. 

 

The performance, both technical and clinical, of ISAC has been validated in several studies 

[9, 15-17, 25-29].  This microarray offers several potential advantages over singleplex 

component tests by visualizing the patient’s sensitization profile against a broad panel of 

allergen components. The assay requires only 30 microliters of serum or plasma favouring 

its use in pediatric patients, because such a minute volume of serum can be obtained from a 

capillary blood sample. Furthermore, the microarray enables investigation of allergic patients 

with a complex symptomatology, such as severe eczema, unstable asthma, and chronic 

urticaria in a more cost-efficient manner than singleplex tests [4, 9].   

 

This review gives an overview of recent studies outlining the clinical applications of 

multiplexing in aiding the diagnosis and risk assessment of allergic patients, as well as its 

usefulness in studies of allergic diseases (Table 1). 

 

Microarray for broad sensitization profiling  

The detailed IgE antibody profile generated with a component based microarray makes 

ImmunoCAP ISAC well suited for use in multi-sensitized patients. Applied on patients with 

inhalation allergies it has helped in pinpointing geographical heterogeneity in specific 

sensitizations and elucidating cross-reactive sensitizations [30-33].  This is of  importance in 

the clinical practice for risk assessment and further treatment of these patients. For example, 
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effective immunotherapy treatment targeting Bet v 1 will not benefit birch sensitized 

individuals without sensitization to the major pollen allergen Bet v 1 [34], which can be a 

considerable group in some regions [35]. Similarly, in southern Spain, sensitization to minor 

allergens from olive tree (Ole e 7 and Ole e 9) [36] is more common than sensitization to the 

major allergen Ole e 1 leading to unsatisfactory results when using therapy targeting Ole e 1. 

Immunotherapy with single recombinant molecules is still under development, but CRD 

improves also extract based immunotherapy through improved identification of the primary 

sensitizing source which supports correct selection of extract to use in allergen 

immunotherapy. 

 

The microarray technique can contribute to a better characterization of pollen sensitized 

patients as the majority of these are not monosensitized [37]. In regions with overlapping 

pollen seasons, sensitizations due to cross reactivity can be revealed allowing polysensitized 

patients to get clinically relevant treatment. Besides its use in pollen allergic patients,  the 

microarray technique elucidates the sensitization profile against food allergen components, 

which enables  making a risk prognosis of future reactions [38, 39]. Geographical and age-

related differences in sensitization patterns against food allergens that are revealed can also 

be of  clinical importance.  

 

Additionaly, food sensitizations are common in patients with respiratory allergies and vice 

versa. In poly-sensitized Italian patients with respiratory symptoms, the majority (58%) had 

sIgE to food allergens, and more than half were sensitized to lipid transfer proteins (LTPs), 

while 8% were sensitized to seed storage proteins [29]. In another study,  the microarray 

provided additional relevant information on IgE cross-reactions in around 70% of poly-

sensitized patients with respiratory symptoms, enabling a more confident diagnosis and 

therapeutic approach [40]. In over 90% of these cases, information such as sIgE to 

components possibly associated with food allergy, unexpected sensitization to profilins, 

LTPs, and potential triggers of oral allergy syndrome (OAS) were judged to be of special 

clinical relevance and to improve disease management [40].  

 

Other studies have identified profilin as a severe food allergen in allergic patients 

overexposed to grass pollen [41], and showed that lupine sensitization in bakers asthma 

may be caused by cross-reactivity with LTP, profilin and CCDs in wheat flour [42]. A Belgian 

study showed no significant differences in PR-10 sensitization profiles between birch pollen-

allergic patients with and without OAS symptoms. Interestingly, however, the IgE profile from 
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ISAC testing indicated that the patients who did not experience OAS were the ones with 

broader sensitization to several allergen components, including perennial allergens such as 

mite, cat, dog and molds and these patients were also more frequently sensitized to profilins 

[43].  After examining children with seasonal allergic rhinitis and oral allergy syndrome 

Ludman et al [44] suggested that the pattern of pan-allergen sensitization changes from 

PR10 to nsLTP with increasing age. 

 

Poly-sensitization to components is associated with prevalence of asthma 

The relationship between multiple IgE sensitizations and asthma has been amply 

demonstrated and lately this has also been studied using microarray technique [45, 46]. In a 

Swedish study within the ECHRS program, the prevalence of asthma, FENO levels, and 

bronchial responsiveness were shown to increase with the number of sensitizations to 

perennial, pollen, and food allergens (Figure 1)  [47].  In the same study asthma sensitization 

against perennial allergens  had the strongest association with asthma, FeNO levels and 

bronchial responsiveness, while sensitization against food allergens was independently 

related to FeNO. Among perennial allergens sensitization to cat or/and dog components was 

more related to systemic and local eosinophilic inflammation, bronchial responsiveness and 

asthma needing to be treated [48]. Furthermore, co-sensitization to food allergens 

strengthened the association to  asthma prevalence and airway inflammation in pollen-

sensitized individuals. 

 

Microarray data helped to refine the severity assessment in Swedish children allergic to furry 

animals [49, 50]. In severely asthmatic schoolchildren, multi-sensitization to lipocalins (Mus 

m 1, Equ c 1, Fel d 4, Can f 1 and 2), kallikrein (Can f 5) and secretoglobin (Fel d 1) from 

furry animals was shown to be more prevalent than among controlled mild-to-moderate 

asthmatics. Furthermore, children with problematic severe asthma were more likely to be 

multi-sensitized to three or more lipocalin components, and to have higher sIgE levels to cat, 

dog and horse. A more evolved IgE antibody profile  including multisensitization against 

lipocalin and sensitization against Equ c 1, a major horse allergen component, was 

associated with more severe disease indicating molecular spreading of sensitization to 

allergen components. In American children asthma was shown to be associated with 

sensitization to  lipocalins and nsLTP while  rhinitis was associated with specific IgE 

antibodies to PR-10 proteins and specific grass components  [51] . 
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The levels of specific IgE against animal components are related to disease manifestations.  

In a population-based study, asthma and rhinitis in schoolchildren was shown to be  

associated with higher levels of sensitization to animal components  [52]. Sensitization to 

several components from the same allergen source in cat- and dog-sensitized children 

associated strongly with asthma pinpointing the relation of a more complex sensitization 

profile with the likelihood of asthma [52]. In that study the majority of cat- and dog-sensitized 

children were sensitized to more than one cat or dog components respectively (Figure 2). 

Sensitization to both cat extract and any cat component but not sensitization to only extract 

was independently associated with more bronchial responsiveness and higher FeNO [53]. 

Results from studies on the BAMSE cohort where the MEDALL customized version of the 

ISAC chip was used, show that sensitization to Fel d 1 and Can f 1 in childhood and 

polysensitization to either cat or dog allergen molecules predict cat and dog allergy cross-

sectionally and longitudinally better than IgE to cat or dog extract [54].  

           

Atopic dermatitis 

Patients with atopic dermatitis (AD) have a particularly high risk of food allergy [55] and often 

have high total IgE (tIgE) levels. High tIgE levels do not seem to affect measurements using 

ISAC [56] and  the absence of non-specific binding leads to  a very good specificity. 

Microarray technique has been validated for use in patients with AD [26] where it can 

improve the detection of sIgE antibodies. Testing with only a standard panel of allergens can 

result in that some allergen-specific sensitizations remain undetected in individuals with high 

tIgE levels, patients in which the applicability of wide range microarray based testing has 

been shown. [57]. The usefulness of broad testing was underlined by microarray data 

showing that patients with AD were frequently sensitized to allergens not routinely included 

in currently established sIgE screening panels, such as S. aureus exotoxins, A. alternata, 

and hazelnut allergens [57]. Sensitization to profilins, tropomyosins, and PR-10 proteins 

were possibly indicative of more severe disease in children [57], whereas in adults, sIgE to 

cow’s milk allergen components (but not to PR-10 components) was predictive of severe AD 

[58]. Given the large number of potential triggers or worsening factors in AD, negative results 

for the whole array of allergens on the ISAC microarray give strong indications to exclude 

atopic involvement in the disease examining both primary and secondary allergic response 

with just a single test. Microarray testing can be much more  comprehensive than  skin prick 

testing (SPT) or singleplex sIgE tests and can follow up the evolution of IgE sensitization in 

AD during atopic march but its results have to be interpreted by allergists with experience in 

the field of molecular allergology [59].  
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Eosinophilic esophagitis 

Children with eosinophilic esophagitis (EoE) are very often poly-sensitized to both 

aeroallergens and foods [60, 61]; however, the relationship between symptoms and 

sensitization is not straightforward. The role of pollen-food allergy syndrome in EoE has 

been investigated using microarray testing [62]. Whereas children were more frequently 

sensitized to food allergens [63], the majority of adults were  sensitized to aeroallergens like 

grass and tree pollen, house dust mite and furry animal [64]. In adults, food sensitizations 

were often caused by PR-10 [63] or profilin [64]  cross-reactivity following primary 

sensitization to  pollen [65]. Elimination diets guided by the results of ISAC and pollen-

specific immunotherapy in cases where high levels of IgE responses were detected,  led to 

significant improvement of EoE symptoms  after 1 year of therapy [62]. 

 

Investigating clinical allergy phenotypes  

The  detailed sIgE profile relvealed by component resolved diagnosis(CRD) can differ 

between individuals displaying the same  sensitization to allergen extract, and CRD may 

therefore  be helpful in differentiating phenotypes of clinical allergies [66]. Using 

ImmunoCAP ISAC,  individual risk assessments in for example food and latex allergies 

becomes feasible using only a very limited amount of serum, and several studies have 

shown that results from microarray testing are comparable to those of single analyte assay 

[9].   Despite the good correlation between these two techniques, the measurements of 

microarray technique have to be confirmed with singleplex technique before provocation in 

the case of risk assessement as they present only a semiquantitative estimation of IgE levels 

[9].  

 

For instance, in patients suspected of peanut allergy, the six peanut components present on 

the ISAC microarray (Ara h 1–3, Ara h 6, Ara h 8, and Ara h 9) could distinguish the majority 

of peanut-allergic patients from non-atopic controls. Most patients with clinical reactions are 

sensitized to Ara h 2 and Ara h 6 [38, 39, 67, 68]. The sensitization profiles indicated the 

probability of a severe allergic reaction, with sIgE to Ara h 1, Ara h 2, Ara h 3 and Ara h 6, in 

particular Ara h 2 [38, 68] and Ara h 3 [38], more prevalent among patients with a history of 

anaphylaxis [39]. The component based test results reveal that some  patients sensitized to 

complete peanut extract solely show IgE reactivity to cross reactive molecules such as Ara h 

8, profilin or CCDs [39]. 
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Testing patients against a combination of  latex components Hev b 1, Hev b 3, Hev b 5 and 

Hev b 6.02 on the microarray can give a better predictive value than latex extract for 

symptomatic latex allergy. Sensitization to any one of these components indicated latex 

allergy with virtually no false-positive results; sensitization to latex profilin (Hev b 8) and/or 

CCDs only, enabled discrimination between mere sensitization and genuine allergy [69, 70]. 

Most patients mono-sensitized to Hev b 8 did not suffer any clinical symptoms to latex [70]. 

However microarray technique can  be slightly less sensitive in picking up sensitization to 

CCD as compared to singleplex measurement to these carbohydrate [69]. 

 

Discovering unexpected sensitizations  

Microarray testing is a useful tool to identify unexpected causes of allergic symptoms. An 

interesting example of this is the use of retrospective microarray testing to reveal the cause 

of winter rhinoconjunctivitis in a group of Swiss children. In 1986, the children had tested 

negative for perennial allergens and were also asymptomatic; analysis of sera taken at this 

early timepoint showed that none of the children were sensitized to the main alder tree 

allergen Aln g 1. However, by 2006, all those who developed winter rhinoconjunctivitis were 

sensitized to Aln g 1, but not to other tree pollens. This coincided with the planting of a 

Japanese variant of alder trees in the local area where the children passed on their way to 

school. These trees had a winter pollination season, which explained the unusual seasonal 

symptoms; this exposure/symptom connection would have been difficult to reveal without 

microarray technique [71]. 

 

Although the broad panel of allergen components on the ISAC chip has the potential to 

reveal unanticipated sensitizations it has to be acknowledged that this technique is less 

sensitive than ImmunoCAP method [9]. However this is not necessary disadvantageous for 

the clinical practice as the high sensitivity of singleplex testing enables detection of  low-

affinity antibodies that may have little to no clinical relevance [9]. 

Furthermore, the revealing of unforeseen sensitizations to potentially dangerous molecules 

can be a disadvantage as the interpretation of such asymptomatic sensitizations is 

problematic or sometimes impossible [9, 72]. The difficulties in understanding these results 

are more evident in sensitization to food allergens and Hymenoptera venoms rather than 

respiratory allergens as they can cause severe allergic reactions on reexposure presenting 

the clinician with the dilemma how to manage this unanticipated information. 
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Causes of co-factor-dependent food allergy 

Clinical history, which is the cornerstone in allergy diagnostics, sometimes fails to identify the 

culprit trigger in cases of co-factor-dependent food allergy. Using IgE tesing with microarray 

in a retrospectively study of 74 patient cases, Cardona and colleagues observed that 

underlying sensitizations to plant-derived foods, mainly vegetables and cereals, accounted 

for the reactions with 92% of patients sensitized to LTPs (Pru p 3) [73]. In a further study on 

Spanish patients with a complex clinical history and multiple sensitizations to plant-foods and 

pollens it was  demonstrated that a broad spectrum of clinical reactions can be explained by 

LTP sensitizations [74]. Similarly, in an Italian cohort having suffered from food-dependent, 

exercise-induced anaphylaxis, microarray data showed that almost 80% were sensitized to 

Pru p 3 while the prevalence of sIgE to profilin, PR-10, tropomyosin and gliadin were lower 

[75]. However, components other than LTP can be responsible for symptoms in co-factor-

dependent food allergy, highlighting the importance of complete screening to thoroughly 

evaluate different sensitizations and help avoid episodes of anaphylaxis.  

 

Idiopathic anaphylaxis 

Allergen avoidance is not an option in idiopathic anaphylaxis (IA), since the triggering 

allergen(s) is unknown. However, the broad analysis offered by microarray testing can 

identify unforeseen sensitizations that present a risk of severe reactions, providing 

additional, clinically important information that is not generated from routine allergen extract 

or singleplex IgE testing. In a British study, ISAC testing identified hitherto unknown 

sensitizations in up to 20% of patients with IA, that were highly likely to cause anaphylaxis 

(Figure 3). In the majority of cases,   sensitizations to wheat omega-5-gliadin and shrimp 

components, were demonstrated [76].  

 

Work-up of specific immunotherapy patients 

Immunotherapy based on recombinant allergens is effective but not superior to traditional 

extract based vaccines [66]. In addition to  a series of technical and financial factors, this 

make it difficult to achieve patient-tailored immunotherapy in daily clinical practice [77, 78]. 

However, specific and cross-reactive components present on  the ISAC microarray can 

identify true co- or multi-sensitization. By this, it would be easier to select the patient-

appropriate allergen source(s) to use leading to improved specificity of the SIT prescription 

[9]. In an area of Spain with overlapping pollen seasons, microarray data used in a study 

demonstrated that sensitization to cross-reactive components of timothy grass and olive tree 
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were causing clinically irrelevant, positive SPT results. Component level data modified the 

physicians’ SPT-based SIT prescription in more than half of the study population [79]. In 

another area of Spain with similarly complex pollen exposure, ISAC testing changed the SIT 

prescription in 54% of the study population by revealing false negative extract test results, 

most commonly to plane (40%) and grass extract (16%) [80].   These studies stress the 

importance of CRD in chosing appropriate immunotherapy to each patient and broad range 

testing through microarray technique can become in the future  a requirement before 

immunotherapy due to the high diversity of geographically-related IgE profiles.  

  

Specific pollen components present on the ISAC microarray, e.g. Art v 1, Amb a 1, Par j 2, 

Bet v 1, Ole e 1, Cry j1, Cup a 1, Phl p 1 and Phl p 5, allow for detection of genuine 

sensitization in most patients suffering from pollen allergies. Together with clinical history, 

which is still the most important milestone in the diagnostic algorithm, microarray technique 

enables the clinician to improve selection of patients for SIT prescriptions even in the most 

complex cases of multi-sensitization [81]. 

 

Changes in sIgE levels to specific allergen components can potentially be used as a 

surrogate markers for the clinical effectiveness of SIT despite the fact that ISAC as a semi-

quantitative method may not be the best alternative to follow levels of IgE [9]. Singleplex and 

multiplex technique present discordance in their measurements of allergen component–

specific IgE levels during updosing of SIT as they increase according the first method and 

seem to decrease according the latter [82]. This perceived decrease in allergen component–

specific IgE levels as measured by microarray methods can however be used to monitor the 

blocking effect of induced IgG4 antibodies as it seems that increasing levels of  IgG4 

supress the apparent IgE levels on ISAC during immunotherapy. However according to 

many previous studies [83] the rise of levels of IgG4 and the decrease of specific IgE do not 

always correlate with clinical efficacy.  A decrease in ISAC-measured sIgE to Bet v 1 in 

patients receiving birch pollen SIT was associated with a strong increase in Bet v 1-specific 

IgG using ISAC. This apparent decrease in sIgE to Bet v 1 could be explained by the 

blocking of IgE binding by therapy-induced Bet v 1 sIgG antibodies. Decrease of ISAC sIgE 

binding was a predictor of clinical improvement and was useful to monitor the development 

of allergen-specific IgG responses to specific and cross-reactive allergens during SIT [84]. 
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Investigating the allergic march and assessing the risk for symptomatic allergy  

The broad range of allergen components on the ISAC microarray and the minimally invasive 

blood sampling required makes this microarray  highly suitable for investigating the evolution 

of allergic sensitizations from infancy to adulthood as performing a large number of SPT or 

sIgE assays is not always possible.  

 

Testing for sIgE sensitization with microarray technique at the preclinical stage may predict 

the onset of seasonal allergic rhinitis (AR). Data obtained from the Swedish BAMSE cohort 

showed that IgE reactivity to PR-10 allergen components at 8 and 16 years of age were 

predictive of the presence and severity of birch pollen AR and reported OAS at age 16. A 

high level of sIgE to Bet v 1 or sensitization to many PR-10 proteins at 4 years of age was 

associated with increased incidence and persistence of AR up to age 16 [18]. IgE 

sensitization to cat and timothy components had higher clinical value as they associated 

independently with new-onset of rhinitis and asthma, compared with traditional extract-based 

methods  [53].  

Similarly,  in a longitudinal study on the German MAS-90 birth cohort, preclinical 

sensitization to grass components at 3 years of age predicted the onset of seasonal AR at 

age 12 [85]. 

 

Prospective studies using microarray IgE testing (both standard ISAC chip and the MEDALL 

version) have shown spreading of IgE sensitization to other components of the same 

allergen source during childhood [17, 86]. The IgE response to grass pollen components 

preceded allergic symptoms by several years, starting as a asymptomatic  mono- or oligo-

sensitization, continued with increasing number of sensitizations to allergen components 

during the preclinical and early stages of AR.  This development of different IgE reactivities 

is known as molecular spreading [85] (Figure 4). Microarray data showed that the order of 

sensitization to grass pollen components in children typically started with mono-sensitization 

to Phl p 1, spreading to Phl p 4 and Phl p 5; followed by Phl p 2, Phl p 6, and Phl p 11; and 

finally to the highly cross-reactive  Phl p 12 and Phl p 7 [85].  

 

Analysis of microarray data from the Manchester Asthma and Allergy Study identified sIgE 

patterns that could predict different allergic diseases [87]. Sensitizations to dust mite, pollen 

and furry animal allergen components were associated with asthma, sIgE to pollen and dust 

mite with rhino-conjuctivitis and to egg/milk allergens with eczema. In  the same cohort [88] 
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allergen components to which patients showed an IgE response fell into three major groups. 

Children sensitized to components from plant allergens were more than 12 times more likely 

to have pollen allergy, but not asthma or wheeze; those positive to components of 

predominantly dust mite allergens were 3 times more likely to have asthma and twice as 

likely to have pollen allergy; and positivity to a broad but specific range of protein families, 

was most strongly associated with asthma. Thus, different patterns of IgE reactivities to 

various proteins families were associated with different clinical symptoms.  

 

A retrospective comparison of sIgE profiles with clinical history, SPT results, and diagnosed 

conditions from infancy through to adulthood showed that sIgE to peanut, soy, fish, nuts, 

wheat, and mite components could be detected well before clinical reactions were reported, 

and an increase in tIgE was associated with molecular spreading in nearly all children 

evaluated [86]. This highlights the usefulness of early broad sIgE profile testing. Melioli 

reported that the sum of sIgE to components on the microarray closely paralleled the levels 

of sIgE to the corresponding allergen extracts and tIgE, with the evolution of sensitizations 

closely reflecting the clinical characteristics of the allergic march. The clinical evolution of 

allergic diseases related to the evolution of IgE sensitization beginning with IgE reactivity to 

milk and egg components  in early childhood,  sensitizations to plant allergens occurring at a 

somewhat later age, and sIgE to cross-reacting allergens appearing after 6 years of age 

[89]. 

 

Limitations of microarrays 

Despite all its advantages, molecular allergology remains a third-line (or second-line for 

experienced users) testing according to current clinical practice [90]. Thorough clinical 

history followed by allergen extract-based testing is still the cornerstone of diagnosing the 

majority of allergic patients [90]. Extract-based tests are still used as first line tests as not all 

allergens of  the extract sources are represented on the microarray. Not all allergenic 

sources are equally represented by allergen components on the chip e.g. some specific 

components from hazelnut and mites are missing [91] so the addition of certain proteins, e.g. 

2S albumins  from more nuts, seeds and legumes would be desireable. However in most 

cases  the existing components allow an accurate risk assessment and disease 

management [92]. IgE-reactivities to cross-reactive allergens of the same protein family but 

from different sources may be used and extrapolated to indicate sensitization also to those 

missing on the chip.  
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Other limitations of the microarrays are that multiplexed component testing today is semi-

quantitative, has greater coefficient of variation and is less sensitive than quantitative 

methods,  and consequently is less appropriate for monitoring changes in sensitization. 

However the lower sensitivity is not always disadvantageous as it probably detects 

sensitization levels of higher clinical significance [53].  

 

Multiplexed component testing is more expensive than SPT [11] and should be used for the 

appropriate indications. The added clinical value is limited in cases of recent convincing 

clinical reactions, in younger children or in monosensitized subjects where traditional extract-

based tests can give sufficient information [93]. Further, the amount of additional information 

generated by multiplexed component testing requires a certain experience for interpretation 

of results. By revealing sensitizations to allergens that are not routinely tested for, reactions 

previously categorized as idiopathic can be explained, but the microarray testing can also 

identify clinically non-relevant sensitizations. 

 

Conclusions 

 

The usefulness of ISAC has been validated in a wide spectrum of allergic diseases like 

asthma, allergic rhinoconjuctivitis, atopic dermatitis, eosinophilic esophagitis, food allergy 

and anaphylaxis.  Although more and larger studies are needed,  the existing evidence 

supports the use of this technique which gives allergists a broad picture of a patient’s 

sensitization profile from a single test, and provides information on specific and cross-

reactive sensitizations that facilitate diagnosis, risk assessment, and disease management. 

Component resolved data can better help to select  relevant allergens for SIT compared with 

extract testing and may help to follow the response to immunotherapy treatment. In 

investigational studies, microarray technique has provided valuable insight into the allergic 

march and molecular spreading in the preclinical stages of allergic diseases, indicating that 

the likelihood of developing symptomatic allergy is associated with specific profiles of 

sensitization to allergen components.  

In summary, multiplex assays have found their way into routine allergy diagnostics due to 

their ability to aid in improved risk assessment, selection of appropriate allergensfor 

immunotherapy and detection of unknown sensitizations. Multiplex component testing is 

especially suitable for patients with complex symptomatology.  
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Table 1.  List of selected epidemiological and clinical publications using ImmunoCAP 

ISAC/microarray platform.  

 

Broad sensitization profiling   

 AD Fung Ann All Imm 2013 [94], 

Ott JEADV 2014[57], Gray 

PAI 2014[55], Rockman CTA 

2014 [58], Mari Cur Op All 

Imm 2011 [59], Choi Ann 

Derm 2014 [26], Gray PAI 

2014 [55] 

  Asthma or rhinitis  Patelis JACI 2012 [47], 

Nordlund Allergy 2012 [49], 

Konradsen PAI 2014 [50], 

Bjerg PAI 2015 [52], Patelis 

CEA 2015 [53], Simpson 

JACI 2015 [46], Custovic 

JACI 2015 [45] 

 EOE van Rhijn Allergy 2013 [65], 

Erwin Ann Allergy Asthma 

Immunol 2010 [63], Simon 

Allergy 2010 [64], Armentia 

Allerg Immun 2015 [62] 

Investigating clinical allergy 

phenotypes  

Peanut allergy 

 

Ackerbauer Int Arch All Imm 

2015 [39], Ciprandi Allergy 

2015 [38], Klemans CEA 

2013 [67], Hong Allergy 2012 
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[68] 

 Latex allergy  Ebo CEA 2010 [43], Schuler 

CTA 2013 [70]  

Discovering unexpected 

sensitizations  

  

 Explanation in difficult cases Gassner  N Enj J Med 2013 

[95] 

 Causes of co-factor-

dependent food allergy 

Cardona Allergy 2012 [73], 

Pascal CEA 2012 [74], 

Romano CEA 2012 [75] 

 Idiopathic anaphylaxis Heaps CEI 2014 [76] 

Work-up of specific 

immunotherapy patients 

 Letran Ann All Asth Imm 2013 

[79], Sastre Allergy 2012 [80], 

Schmid JACI 2015 [96], Van 

gasse Clin chim Acta 2015 

[97], Asero Eur ann all cli imm 

2012 [81], Wollmann JACI 

2015 [98] 

Allergic march and risk for 

symptomatic allergy  

 Asarnoj JACI 2015 [54], 

Westman JACI 2015 [99], 

Hatzler JACI 2012 [85], Onell, 

Hjalle, Borres 2012 [86] 
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Figure legends 

 

Figure 1.  Increasing prevalence of asthma  with increasing number of sensitizations to 

perennial, pollen, and food allergens as measured with ImmunoCAP ISAC (Figure re-drawn 

from ref 41, Patelis et al) (asterisk indicates p<0.05 when compared with the group without 

any allergic sensitization, no adjustments of p values for multiple comparisons were made) 

Figure 2:  Venn diagrams of children sensitized (≥ 0.3 ISU) to the main allergen components 

from cat (A) and dog (B). (Figure re-drawn from ref 46, Bjerg et al) 

Figure 3: The ISAC array   contributes to improving the diagnosis in 20% of patients with 

idiopathic anaphylaxis according Heaps et al. (Figure re-drawn from ref 70, Heaps et al). 

Figure 4.   A simplified figure of molecular spreading showing the increasing number and 

complexity of sensitization against timothy components over time in children from the MAS-

90 cohort with allergic rhinitis. IgE antibodies can be detected several years before disease 

on-set. 

 

References 

1. Nicolaou N, Siddique N, Custovic A, Allergic disease in urban and rural populations: 
increasing prevalence with increasing urbanization. Allergy 2005;60: 1357-60. 

2. Cox L, Williams B, Sicherer S, Oppenheimer J, Sher L, Hamilton R, Golden D, 
American College of Allergy A, Immunology Test Task F, American Academy of 
Allergy A, Immunology Specific Ig ETTF, Pearls and pitfalls of allergy diagnostic 
testing: report from the American College of Allergy, Asthma and 
Immunology/American Academy of Allergy, Asthma and Immunology Specific IgE 
Test Task Force. Ann Allergy Asthma Immunol 2008;101: 580-92. 

3. Pawankar R, Allergic diseases and asthma: a global public health concern and a call 
to action. World Allergy Organ J 2014;7: 12. 

4. Borres MP, Ebisawa M, Eigenmann PA, Use of allergen components begins a new 
era in pediatric allergology. Pediatr Allergy Immunol 2011;22: 454-61. 

5. Valenta R, Lidholm J, Niederberger V, Hayek B, Kraft D, Gronlund H, The 
recombinant allergen-based concept of component-resolved diagnostics and 
immunotherapy (CRD and CRIT). Clinical and experimental allergy : journal of the 
British Society for Allergy and Clinical Immunology 1999;29: 896-904. 

6. Kazemi-Shirazi L, Niederberger V, Linhart B, Lidholm J, Kraft D, Valenta R, 
Recombinant marker allergens: diagnostic gatekeepers for the treatment of allergy. 
International archives of allergy and immunology 2002;127: 259-68. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

7. Harwanegg C, Laffer S, Hiller R, Mueller MW, Kraft D, Spitzauer S, Valenta R, 
Microarrayed recombinant allergens for diagnosis of allergy. Clinical and 
experimental allergy : journal of the British Society for Allergy and Clinical 
Immunology 2003;33: 7-13. 

8. Hamilton RG, Kleine-Tebbe J, Molecular Allergy Diagnostics: Analytical Features 
That Support Clinical Decisions. Current allergy and asthma reports 2015;15: 57. 

9. Canonica GW, Ansotegui IJ, Pawankar R, Schmid-Grendelmeier P, van Hage M, 
Baena-Cagnani CE, Melioli G, Nunes C, Passalacqua G, Rosenwasser L, Sampson 
H, Sastre J, Bousquet J, Zuberbier T, Wao-Aria-Ga2Len Task Force: Katrina Allen 
RABBLCFdBMERM-GSG-DTHSHTJ, A WAO - ARIA - GA(2)LEN consensus 
document on molecular-based allergy diagnostics. World Allergy Organ J 2013;6: 17. 

10. Sastre J, Molecular diagnosis in allergy. Clinical and experimental allergy : journal of 
the British Society for Allergy and Clinical Immunology 2010;40: 1442-60. 

11. Williams P, Onell A, Baldracchini F, Hui V, Jolles S, El-Shanawany T, Evaluation of a 
novel automated allergy microarray platform compared with three other allergy test 
methods. Clin Exp Immunol 2016;184: 1-10. 

12. Hiller R, Laffer S, Harwanegg C, Huber M, Schmidt WM, Twardosz A, Barletta B, 
Becker WM, Blaser K, Breiteneder H, Chapman M, Crameri R, Duchene M, Ferreira 
F, Fiebig H, Hoffmann-Sommergruber K, King TP, Kleber-Janke T, Kurup VP, Lehrer 
SB, Lidholm J, Muller U, Pini C, Reese G, Scheiner O, Scheynius A, Shen HD, 
Spitzauer S, Suck R, Swoboda I, Thomas W, Tinghino R, Van Hage-Hamsten M, 
Virtanen T, Kraft D, Muller MW, Valenta R, Microarrayed allergen molecules: 
diagnostic gatekeepers for allergy treatment. FASEB journal : official publication of 
the Federation of American Societies for Experimental Biology 2002;16: 414-6. 

13. Harwanegg C, Hiller R, Protein microarrays for the diagnosis of allergic diseases: 
state-of-the-art and future development. Clinical chemistry and laboratory medicine : 
CCLM / FESCC 2005;43: 1321-6. 

14. Ferrer M, Sanz ML, Sastre J, Bartra J, del Cuvillo A, Montoro J, Jauregui I, Davila I, 
Mullol J, Valero A, Molecular diagnosis in allergology: application of the microarray 
technique. Journal of investigational allergology & clinical immunology 2009;19 Suppl 
1: 19-24. 

15. Cabrera-Freitag P, Goikoetxea MJ, Gamboa PM, Martinez-Aranguren R, Beorlegui 
C, Fernandez J, Sanz ML, A study of the variability of the in vitro component-based 
microarray ISAC CDR 103 technique. Journal of investigational allergology & clinical 
immunology 2011;21: 414-5. 

16. Gadisseur R, Chapelle JP, Cavalier E, A new tool in the field of in-vitro diagnosis of 
allergy: preliminary results in the comparison of ImmunoCAP® 250 with the 
ImmunoCAP® ISAC. Clinical chemistry and laboratory medicine : CCLM / FESCC 
2011;49: 277-80. 

17. Lupinek C, Wollmann E, Baar A, Banerjee S, Breiteneder H, Broecker BM, Bublin M, 
Curin M, Flicker S, Garmatiuk T, Hochwallner H, Mittermann I, Pahr S, Resch Y, 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Roux KH, Srinivasan B, Stentzel S, Vrtala S, Willison LN, Wickman M, Lodrup-
Carlsen KC, Anto JM, Bousquet J, Bachert C, Ebner D, Schlederer T, Harwanegg C, 
Valenta R, Advances in allergen-microarray technology for diagnosis and monitoring 
of allergy: the MeDALL allergen-chip. Methods 2014;66: 106-19. 

18. Westman M, Lupinek C, Bousquet J, Andersson N, Pahr S, Baar A, Bergstrom A, 
Holmstrom M, Stjarne P, Lodrup Carlsen KC, Carlsen KH, Anto JM, Valenta R, van 
Hage M, Wickman M, Mechanisms for the Development of Allergies C, Early 
childhood IgE reactivity to pathogenesis-related class 10 proteins predicts allergic 
rhinitis in adolescence. The Journal of allergy and clinical immunology 2015;135: 
1199-206 e1-11. 

19. Skrindo I, Lupinek C, Valenta R, Hovland V, Pahr S, Baar A, Carlsen KH, Mowinckel 
P, Wickman M, Melen E, Bousquet J, Anto JM, Lodrup Carlsen KC, The use of the 
MeDALL-chip to assess IgE sensitization: a new diagnostic tool for allergic disease? 
Pediatric allergy and immunology : official publication of the European Society of 
Pediatric Allergy and Immunology 2015;26: 239-46. 

20. Pomponi D, Bernardi ML, Liso M, Palazzo P, Tuppo L, Rafaiani C, Santoro M, 
Labrada A, Ciardiello MA, Mari A, Scala E, Allergen micro-bead array for IgE 
detection: a feasibility study using allergenic molecules tested on a flexible multiplex 
flow cytometric immunoassay. PloS one 2012;7: e35697. 

21. Lin J, Bardina L, Shreffler WG, Andreae DA, Ge Y, Wang J, Bruni FM, Fu Z, Han Y, 
Sampson HA, Development of a novel peptide microarray for large-scale epitope 
mapping of food allergens. The Journal of allergy and clinical immunology 2009;124: 
315-22, 22 e1-3. 

22. Perez-Gordo M, Lin J, Bardina L, Pastor-Vargas C, Cases B, Vivanco F, Cuesta-
Herranz J, Sampson HA, Epitope mapping of Atlantic salmon major allergen by 
peptide microarray immunoassay. Int Arch Allergy Immunol 2012;157: 31-40. 

23. Flinterman AE, Knol EF, Lencer DA, Bardina L, den Hartog Jager CF, Lin J, 
Pasmans SG, Bruijnzeel-Koomen CA, Sampson HA, van Hoffen E, Shreffler WG, 
Peanut epitopes for IgE and IgG4 in peanut-sensitized children in relation to severity 
of peanut allergy. The Journal of allergy and clinical immunology 2008;121: 737-43 
e10. 

24. Shreffler WG, Beyer K, Chu TH, Burks AW, Sampson HA, Microarray immunoassay: 
association of clinical history, in vitro IgE function, and heterogeneity of allergenic 
peanut epitopes. The Journal of allergy and clinical immunology 2004;113: 776-82. 

25. Martinez-Aranguren R, Lizaso MT, Goikoetxea MJ, Garcia BE, Cabrera-Freitag P, 
Trellez O, Sanz ML, Is the determination of specific IgE against components using 
ISAC 112 a reproducible technique? PloS one 2014;9: e88394. 

26. Choi JS, Roh JY, Lee JR, Clinical availability of component-resolved diagnosis using 
microarray technology in atopic dermatitis. Ann Dermatol 2014;26: 437-46. 

27. Lizaso MT, Garcia BE, Tabar AI, Lasa E, Echechipia S, Alvarez MJ, Anda M, Gomez 
B, Comparison of conventional and component-resolved diagnostics by two different 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

methods (Advia-Centaur/Microarray-ISAC) in pollen allergy. Annals of allergy, 
asthma & immunology : official publication of the American College of Allergy, 
Asthma, & Immunology 2011;107: 35-41. 

28. Huss-Marp PDJ, Gutermuth J, Schäffner I, Darsow U, Pfab F, Brockow K, Ring J, 
Behrendt H, Jakob T, Ahlgrim C, Comparison of molecular and extract-based allergy 
diagnostics with multiplex and singleplex analysis. Allergo Journal International 
2015;24: 46-53. 

29. Melioli G, Bonifazi F, Bonini S, Maggi E, Mussap M, Passalacqua G, Rossi ER, 
Vacca A, Canonica GW, The ImmunoCAP ISAC molecular allergology approach in 
adult multi-sensitized Italian patients with respiratory symptoms. Clinical biochemistry 
2011;44: 1005-11. 

30. Scala E, Alessandri C, Bernardi ML, Ferrara R, Palazzo P, Pomponi D, Quaratino D, 
Rasi C, Zaffiro A, Zennaro D, Mari A, Cross-sectional survey on immunoglobulin E 
reactivity in 23,077 subjects using an allergenic molecule-based microarray detection 
system. Clinical and experimental allergy : journal of the British Society for Allergy 
and Clinical Immunology 2010;40: 911-21. 

31. Rossi RE, Melioli G, Monasterolo G, Harwanegg C, Rossi L, Canonica GW, 
Passalacqua G, Sensitization profiles in polysensitized patients from a restricted 
geographical area: further lessons from multiplexed component resolved diagnosis. 
European annals of allergy and clinical immunology 2011;43: 171-5. 

32. Burney PG, Potts J, Kummeling I, Mills EN, Clausen M, Dubakiene R, Barreales L, 
Fernandez-Perez C, Fernandez-Rivas M, Le TM, Knulst AC, Kowalski ML, Lidholm J, 
Ballmer-Weber BK, Braun-Fahlander C, Mustakov T, Kralimarkova T, Popov T, 
Sakellariou A, Papadopoulos NG, Versteeg SA, Zuidmeer L, Akkerdaas JH, 
Hoffmann-Sommergruber K, van Ree R, The prevalence and distribution of food 
sensitization in European adults. Allergy 2014;69: 365-71. 

33. Panzner P, Vachova M, Vitovcova P, Brodska P, Vlas T, A comprehensive analysis 
of middle-European molecular sensitization profiles to pollen allergens. International 
archives of allergy and immunology 2014;164: 74-82. 

34. Schmid-Grendelmeier P, [Recombinant allergens. For routine use or still only 
science?]. Hautarzt 2010;61: 946-53. 

35. Ebo DG, Hagendorens MM, Bridts CH, De Clerck LS, Stevens WJ, Sensitization to 
cross-reactive carbohydrate determinants and the ubiquitous protein profilin: 
mimickers of allergy. Clinical and experimental allergy : journal of the British Society 
for Allergy and Clinical Immunology 2004;34: 137-44. 

36. Barber D, de la Torre F, Feo F, Florido F, Guardia P, Moreno C, Quiralte J, 
Lombardero M, Villalba M, Salcedo G, Rodriguez R, Understanding patient 
sensitization profiles in complex pollen areas: a molecular epidemiological study. 
Allergy 2008;63: 1550-8. 

37. Stevens WJ, Ebo DG, Hagendorens MM, Bridts CH, De Clerck LS, Is the prevalence 
of specific IgE to classical inhalant aeroallergens among patients with respiratory 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

allergy changing? Evidence from two surveys 15 years apart. Acta Clin Belg 2003;58: 
178-82. 

38. Ciprandi G, Pistorio A, Silvestri M, Rossi GA, Tosca MA, Peanut anaphylaxis: the 
usefulness of molecular-based allergy diagnostics. Allergy 2015;70: 129-30. 

39. Ackerbauer D, Bublin M, Radauer C, Varga EM, Hafner C, Ebner C, Szepfalusi Z, 
Froschl R, Hoffmann-Sommergruber K, Eiwegger T, Breiteneder H, Component-
resolved IgE profiles in Austrian patients with a convincing history of peanut allergy. 
Int Arch Allergy Immunol 2015;166: 13-24. 

40. Passalacqua G, Melioli G, Bonifazi F, Bonini S, Maggi E, Senna G, Triggiani M, 
Nettis E, Rossi RE, Vacca A, Canonica GW, The additional values of microarray 
allergen assay in the management of polysensitized patients with respiratory allergy. 
Allergy 2013;68: 1029-33. 

41. Alvarado MI, Jimeno L, De La Torre F, Boissy P, Rivas B, Lazaro MJ, Barber D, 
Profilin as a severe food allergen in allergic patients overexposed to grass pollen. 
Allergy 2014;69: 1610-6. 

42. van Kampen V, Sander I, Quirce S, Bruning T, Merget R, Raulf M, IgE Sensitization 
to Lupine in Bakers - Cross-Reactivity or Co-Sensitization to Wheat Flour? 
International archives of allergy and immunology 2015;166: 63-70. 

43. Ebo DG, Bridts CH, Verweij MM, De Knop KJ, Hagendorens MM, De Clerck LS, 
Stevens WJ, Sensitization profiles in birch pollen-allergic patients with and without 
oral allergy syndrome to apple: lessons from multiplexed component-resolved allergy 
diagnosis. Clinical and experimental allergy : journal of the British Society for Allergy 
and Clinical Immunology 2010;40: 339-47. 

44. Ludman S, Jafari-Mamaghani M, Ebling R, Fox AT, Lack G, du Toit G, Pollen food 
syndrome amongst children with seasonal allergic rhinitis attending allergy clinic. 
Pediatr Allergy Immunol 2015. 

45. Custovic A, Sonntag HJ, Buchan IE, Belgrave D, Simpson A, Prosperi MC, Evolution 
pathways of IgE responses to grass and mite allergens throughout childhood. The 
Journal of allergy and clinical immunology 2015;136: 1645-52 e8. 

46. Simpson A, Lazic N, Belgrave DC, Johnson P, Bishop C, Mills C, Custovic A, 
Patterns of IgE responses to multiple allergen components and clinical symptoms at 
age 11 years. The Journal of allergy and clinical immunology 2015;136: 1224-31. 

47. Patelis A, Gunnbjornsdottir M, Malinovschi A, Matsson P, Onell A, Hogman M, Alving 
K, Janson C, Population-based study of multiplexed IgE sensitization in relation to 
asthma, exhaled nitric oxide, and bronchial responsiveness. The Journal of allergy 
and clinical immunology 2012;130: 397-402 e2. 

48. Patelis A, Dosanjh A, Gunnbjornsdottir M, Borres MP, Hogman M, Alving K, Janson 
C, Malinovschi A, New data analysis in a population study raises the hypothesis that 
particle size contributes to the pro-asthmatic potential of small pet animal allergens. 
Ups J Med Sci 2015: 1-8. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

49. Nordlund B, Konradsen JR, Kull I, Borres MP, Onell A, Hedlin G, Gronlund H, IgE 
antibodies to animal-derived lipocalin, kallikrein and secretoglobin are markers of 
bronchial inflammation in severe childhood asthma. Allergy 2012;67: 661-9. 

50. Konradsen JR, Nordlund B, Onell A, Borres MP, Gronlund H, Hedlin G, Severe 
childhood asthma and allergy to furry animals: refined assessment using molecular-
based allergy diagnostics. Pediatric allergy and immunology : official publication of 
the European Society of Pediatric Allergy and Immunology 2014;25: 187-92. 

51. Schoos AM, Kattan JD, Gimenez G, Sampson HA, Sensitization phenotypes based 
on protein groups and associations to allergic diseases in children. J Allergy Clin 
Immunol 2015. 

52. Bjerg A, Winberg A, Berthold M, Mattsson L, Borres MP, Ronmark E, A population-
based study of animal component sensitization, asthma, and rhinitis in 
schoolchildren. Pediatric allergy and immunology : official publication of the 
European Society of Pediatric Allergy and Immunology 2015;26: 557-63. 

53. Patelis A, Gunnbjornsdottir M, Alving K, Borres MP, Hogman M, Janson C, 
Malinovschi A, Allergen extract vs component sensitisation and airway inflammation, 
responsiveness and new-onset respiratory disease. Clinical and experimental allergy 
: journal of the British Society for Allergy and Clinical Immunology 2015. 

54. Asarnoj A, Hamsten C, Waden K, Lupinek C, Andersson N, Kull I, Curin M, Anto J, 
Bousquet J, Valenta R, Wickman M, van Hage M, Sensitization to cat and dog 
allergen molecules in childhood and prediction of symptoms of cat and dog allergy in 
adolescence: A BAMSE/MeDALL study. The Journal of allergy and clinical 
immunology 2015. 

55. Gray CL, Levin ME, Zar HJ, Potter PC, Khumalo NP, Volkwyn L, Fenemore B, du 
Toit G, Food allergy in South African children with atopic dermatitis. Pediatric allergy 
and immunology : official publication of the European Society of Pediatric Allergy and 
Immunology 2014;25: 572-9. 

56. Gadisseur R, Chapelle JP, Cavalier E, A new tool in the field of in-vitro diagnosis of 
allergy: preliminary results in the comparison of ImmunoCAP(c) 250 with the 
ImmunoCAP(c) ISAC. Clin Chem Lab Med 2011;49: 277-80. 

57. Ott H, Weissmantel S, Kennes LN, Merk HF, Baron JM, Folster-Holst R, Molecular 
microarray analysis reveals allergen- and exotoxin-specific IgE repertoires in children 
with atopic dermatitis. J Eur Acad Dermatol Venereol 2014;28: 100-7. 

58. Rockmann H, van Geel MJ, Knulst AC, Huiskes J, Bruijnzeel-Koomen CA, de Bruin-
Weller MS, Food allergen sensitization pattern in adults in relation to severity of 
atopic dermatitis. Clin Transl Allergy 2014;4: 9. 

59. Mari A, Scala E, Alessandri C, The IgE-microarray testing in atopic dermatitis: a 
suitable modern tool for the immunological and clinical phenotyping of the disease. 
Curr Opin Allergy Clin Immunol 2011;11: 438-44. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

60. Assa'ad AH, Putnam PE, Collins MH, Akers RM, Jameson SC, Kirby CL, Buckmeier 
BK, Bullock JZ, Collier AR, Konikoff MR, Noel RJ, Guajardo JR, Rothenberg ME, 
Pediatric patients with eosinophilic esophagitis: an 8-year follow-up. The Journal of 
allergy and clinical immunology 2007;119: 731-8. 

61. Plaza-Martin AM, Jimenez-Feijoo R, Andaluz C, Giner-Munoz MT, Martin-Mateos 
MA, Piquer-Gibert M, Sierra-Martinez JI, Polysensitization to aeroallergens and food 
in eosinophilic esophagitis in a pediatric population. Allergologia et 
immunopathologia 2007;35: 35-7. 

62. Armentia A, Martin S, Barrio J, Martin B, Garcia JC, Vega JM, Sanchez A, Fernandez 
P, Corell A, Value of microarray allergen assay in the management of eosinophilic 
oesophagitis. Allergol Immunopathol (Madr) 2015;43: 73-80. 

63. Erwin EA, James HR, Gutekunst HM, Russo JM, Kelleher KJ, Platts-Mills TA, Serum 
IgE measurement and detection of food allergy in pediatric patients with eosinophilic 
esophagitis. Annals of allergy, asthma & immunology : official publication of the 
American College of Allergy, Asthma, & Immunology 2010;104: 496-502. 

64. Simon D, Straumann A, Dahinden C, Simon HU, Frequent sensitization to Candida 
albicans and profilins in adult eosinophilic esophagitis. Allergy 2013;68: 945-8. 

65. van Rhijn BD, van Ree R, Versteeg SA, Vlieg-Boerstra BJ, Sprikkelman AB, 
Terreehorst I, Smout AJ, Bredenoord AJ, Birch pollen sensitization with cross-
reactivity to food allergens predominates in adults with eosinophilic esophagitis. 
Allergy 2013;68: 1475-81. 

66. Bonini M, Marcomini L, Gramiccioni C, Tranquilli C, Melioli G, Canonica GW, Bonini 
S, Microarray evaluation of specific IgE to allergen components in elite athletes. 
Allergy 2012;67: 1557-64. 

67. Klemans RJ, Liu X, Knulst AC, Knol MJ, Gmelig-Meyling F, Borst E, Pasmans SG, 
Knol EF, IgE binding to peanut components by four different techniques: Ara h 2 is 
the most relevant in peanut allergic children and adults. Clinical and experimental 
allergy : journal of the British Society for Allergy and Clinical Immunology 2013;43: 
967-74. 

68. Hong X, Caruso D, Kumar R, Liu R, Liu X, Wang G, Pongracic JA, Wang X, IgE, but 
not IgG4, antibodies to Ara h 2 distinguish peanut allergy from asymptomatic peanut 
sensitization. Allergy 2012;67: 1538-46. 

69. Ebo DG, Hagendorens MM, De Knop KJ, Verweij MM, Bridts CH, De Clerck LS, 
Stevens WJ, Component-resolved diagnosis from latex allergy by microarray. Clinical 
and experimental allergy : journal of the British Society for Allergy and Clinical 
Immunology 2010;40: 348-58. 

70. Schuler S, Ferrari G, Schmid-Grendelmeier P, Harr T, Microarray-based component-
resolved diagnosis of latex allergy: isolated IgE-mediated sensitization to latexprofilin 
Hev b8 may act as confounder. Clin Transl Allergy 2013;3: 11. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

71. Gassner M, Gehrig R, Schmid-Grendelmeier P, Hay Fever as a Christmas Gift. N 
Engl J Med 2013;368: 393-94. 

72. Incorvaia C, Mauro M, Ridolo E, Makri E, Montagni M, Ciprandi G, A Pitfall to Avoid 
When Using an Allergen Microarray: The Incidental Detection of IgE to Unexpected 
Allergens. J Allergy Clin Immunol Pract 2015;3: 879-82. 

73. Cardona V, Luengo O, Garriga T, Labrador-Horrillo M, Sala-Cunill A, Izquierdo A, 
Soto L, Guilarte M, Co-factor-enhanced food allergy. Allergy 2012;67: 1316-8. 

74. Pascal M, Munoz-Cano R, Reina Z, Palacin A, Vilella R, Picado C, Juan M, Sanchez-
Lopez J, Rueda M, Salcedo G, Valero A, Yague J, Bartra J, Lipid transfer protein 
syndrome: clinical pattern, cofactor effect and profile of molecular sensitization to 
plant-foods and pollens. Clinical and experimental allergy : journal of the British 
Society for Allergy and Clinical Immunology 2012;42: 1529-39. 

75. Romano A, Scala E, Rumi G, Gaeta F, Caruso C, Alonzi C, Maggioletti M, Ferrara R, 
Palazzo P, Palmieri V, Zeppilli P, Mari A, Lipid transfer proteins: the most frequent 
sensitizer in Italian subjects with food-dependent exercise-induced anaphylaxis. 
Clinical and experimental allergy : journal of the British Society for Allergy and 
Clinical Immunology 2012;42: 1643-53. 

76. Heaps A, Carter S, Selwood C, Moody M, Unsworth J, Deacock S, Sumar N, Bansal 
A, Hayman G, El-Shanawany T, Williams P, Kaminski E, Jolles S, The utility of the 
ISAC allergen array in the investigation of idiopathic anaphylaxis. Clin Exp Immunol 
2014;177: 483-90. 

77. Pauli G, Larsen TH, Rak S, Horak F, Pastorello E, Valenta R, Purohit A, Arvidsson 
M, Kavina A, Schroeder JW, Mothes N, Spitzauer S, Montagut A, Galvain S, Melac 
M, Andre C, Poulsen LK, Malling HJ, Efficacy of recombinant birch pollen vaccine for 
the treatment of birch-allergic rhinoconjunctivitis. J Allergy Clin Immunol 2008;122: 
951-60. 

78. Makatsori M, Pfaar O, Lleonart R, Calderon MA, Recombinant allergen 
immunotherapy: clinical evidence of efficacy--a review. Curr Allergy Asthma Rep 
2013;13: 371-80. 

79. Letran A, Espinazo M, Moreno F, Measurement of IgE to pollen allergen components 
is helpful in selecting patients for immunotherapy. Annals of allergy, asthma & 
immunology : official publication of the American College of Allergy, Asthma, & 
Immunology 2013;111: 295-7. 

80. Sastre J, Landivar ME, Ruiz-Garcia M, Andregnette-Rosigno MV, Mahillo I, How 
molecular diagnosis can change allergen-specific immunotherapy prescription in a 
complex pollen area. Allergy 2012;67: 709-11. 

81. Asero R, Component-resolved diagnosis-assisted prescription of allergen-specific 
immunotherapy: a practical guide. Eur Ann Allergy Clin Immunol 2012;44: 183-7. 

82. Schmid JM, Wurtzen PA, Dahl R, Hoffmann HJ, Pretreatment IgE sensitization 
patterns determine the molecular profile of the IgG response during updosing of 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

subcutaneous immunotherapy with timothy grass pollen extract. J Allergy Clin 
Immunol 2015. 

83. Wachholz PA, Durham SR, Mechanisms of immunotherapy: IgG revisited. Curr Opin 
Allergy Clin Immunol 2004;4: 313-8. 

84. Wollmann E, Lupinek C, Kundi M, Selb R, Niederberger V, Valenta R, Reduction in 
allergen-specific IgE binding as measured by microarray: A possible surrogate 
marker for effects of specific immunotherapy. The Journal of allergy and clinical 
immunology 2015. 

85. Hatzler L, Panetta V, Lau S, Wagner P, Bergmann RL, Illi S, Bergmann KE, Keil T, 
Hofmaier S, Rohrbach A, Bauer CP, Hoffman U, Forster J, Zepp F, Schuster A, 
Wahn U, Matricardi PM, Molecular spreading and predictive value of preclinical IgE 
response to Phleum pratense in children with hay fever. The Journal of allergy and 
clinical immunology 2012;130: 894-901 e5. 

86. Onell A, Hjalle L, Borres MP, Exploring the temporal development of childhood IgE 
profiles to allergen components. Clin Transl Allergy 2012;2: 24. 

87. Prosperi MC, Belgrave D, Buchan I, Simpson A, Custovic A, Challenges in 
interpreting allergen microarrays in relation to clinical symptoms: a machine learning 
approach. Pediatric allergy and immunology : official publication of the European 
Society of Pediatric Allergy and Immunology 2014;25: 71-9. 

88. Simpson A, Lazic N, Belgrave DC, Johnson P, Bishop C, Mills C, Custovic A, 
Patterns of IgE responses to multiple allergen components and clinical symptoms at 
age 11 years. The Journal of allergy and clinical immunology 2015. 

89. Melioli G, Marcomini L, Agazzi A, Bazurro G, Tosca M, Rossi GA, Minale P, Rossi R, 
Reggiardo G, Canonica GW, Passalacqua G, The IgE repertoire in children and 
adolescents resolved at component level: a cross-sectional study. Pediatric allergy 
and immunology : official publication of the European Society of Pediatric Allergy and 
Immunology 2012;23: 433-40. 

90. Canonica GW, Ansotegui IJ, Pawankar R, Schmid-Grendelmeier P, van Hage M, 
Baena-Cagnani CE, Melioli G, Nunes C, Passalacqua G, Rosenwasser L, Sampson 
H, Sastre J, Bousquet J, Zuberbier T, A WAO - ARIA - GA(2)LEN consensus 
document on molecular-based allergy diagnostics. World Allergy Organ J 2013;6: 17. 

91. Huss-Marp J, Gutermuth J, Schaffner I, Darsow U, Pfab F, Brockow K, Ring J, 
Behrendt H, Jakob T, Ahlgrim C, Comparison of molecular and extract-based allergy 
diagnostics with multiplex and singleplex analysis. Allergo J Int 2015;24: 46-53. 

92. Tuano KS, Davis CM, Utility of Component-Resolved Diagnostics in Food Allergy. 
Current allergy and asthma reports 2015;15: 32. 

93. Sicherer SH, Wood RA, Advances in diagnosing peanut allergy. J Allergy Clin 
Immunol Pract 2013;1: 1-13; quiz 14. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

94. Fung I, Kim JS, Spergel JM, Relating microarray component testing and reported 
food allergy and food-triggered atopic dermatitis: a real-world analysis. Annals of 
allergy, asthma & immunology : official publication of the American College of 
Allergy, Asthma, & Immunology 2013;110: 173-77 e1. 

95. Gassner M, Gehrig R, Schmid-Grendelmeier P, Hay fever as a Christmas gift. The 
New England journal of medicine 2013;368: 393-4. 

96. Schmid JM, Wurtzen PA, Dahl R, Hoffmann HJ, Pretreatment IgE sensitization 
patterns determine the molecular profile of the IgG4 response during updosing of 
subcutaneous immunotherapy with timothy grass pollen extract. The Journal of 
allergy and clinical immunology 2016;137: 562-70. 

97. Van Gasse AL, Mangodt EA, Faber M, Sabato V, Bridts CH, Ebo DG, Molecular 
allergy diagnosis: status anno 2015. Clin Chim Acta 2015;444: 54-61. 

98. Wollmann E, Lupinek C, Kundi M, Selb R, Niederberger V, Valenta R, Reduction in 
allergen-specific IgE binding as measured by microarray: A possible surrogate 
marker for effects of specific immunotherapy. The Journal of allergy and clinical 
immunology 2015;136: 806-09 e7. 

99. Westman M, Lupinek C, Bousquet J, Andersson N, Pahr S, Baar A, Bergstrom A, 
Holmstrom M, Stjarne P, Lodrup Carlsen KC, Carlsen KH, Anto JM, Valenta R, van 
Hage M, Wickman M, Early childhood IgE reactivity to pathogenesis-related class 10 
proteins predicts allergic rhinitis in adolescence. The Journal of allergy and clinical 
immunology 2015;135: 1199-206 e1-11. 

 

 

  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyrig

 

 

  

ght. All rights reserved. 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyrig

 

 

 

  

ght. All rights reserved. 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyrig

 

 

 

ght. All rights reserved. 

 


