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Abstract
Background
Precision medicine (PM) is changing the scope of allergy diagnosis and
treatment. An in vitro IgE assay, a prototype PM method, was developed in the
sixties and has garnered increasing interest because of the introduction of
recombinant components in the test. More recently, microarrays of allergen
components have significantly improved the ability to describe the IgE profile.
Aim of this study was to evaluate the characteristics of the newly developed
Allergy Explorer (ALEX), a macroarray containing both extracted “whole”
allergens and molecular components. This method allows the acquisition of an
IgE profile comprising 282 reagents (157 allergen extracts and 125 components),
resulting in the widest screening of potential allergens available.

Methods
Sera from 43 patients with allergies were assayed with ALEX and then with
ImmunoCAP ISAC. The results of the two tests were compared, and the
consistency of the molecular results with the presence of IgE in the relevant
extract was also evaluated.

Results

A good correlation between ISAC and ALEX was observed. The ALEX results for
second-level tests (i.e., specific IgE to complete extracted allergens) were
consistent with the results obtained for the relevant components.

Discussion
Despite differences in the methodology, the IgE profiles detected for molecular
allergens by ALEX and ISAC were very similar. The differences were mainly
related to the lower dynamic range of ALEX and to the use of a CCD inhibitor in
the first incubation phase, which reduced the binding of IgE to CCD, as
represented in the extracted allergens and components.

Conclusion
Based on our findings, ALEX is a novel tool for describing the IgE profile in a PM
setting, where the IgE assay must be performed on many allergens and
components. In particular, polysensitized patients and patients with pollen-food
syndrome will have a real advantage due the combination of the second and third
levels of allergy diagnostics in the same chip.
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Background
Precision medicine (PM) has a relevant impact on many human sciences and a
special impact on the diagnosis and treatment of allergic diseases [1]. Indeed,
since its origin, in vivo and in vitro diagnostics have facilitated the accurate and
personal treatment of the patient, resulting in a sort of progenitor of PM [2, 3].
Specific IgE analysis was developed in the sixties [4], but in the early nineties, a
number of molecular allergens, cloned or obtained by biochemical purification
[5], have significantly improved the quality of allergy diagnostics. Indeed,
genuine sensitization is identified by the detection of IgE specific for components
restricted to a given allergen. A cross-reaction is detected by the presence of an
immune response to cross-reacting components, such as profilins and PR-10 [6].
In addition, molecular allergy diagnosis (MAD) allows the detection of IgE
specific for “potentially dangerous” components (such as lipid transfer proteins)
or apparently safe (or minimally dangerous) components, such as profilins and
polcalcins [7]. International guidelines [8] still indicate that clinical history,
physical examination and the Skin Prick Test (SPT) are the starting procedures
(first level) of every allergy diagnosis (a top-down approach). Specific IgE assay
performed on extracted (whole) allergens is considered a second-level diagnostic
measure, and MAD is considered a third-level diagnostic [7, 9]. However, other
authors suggested that a bottom-up diagnostic approach may also have
advantages [10]. In this context, wide IgE profiling based on an allergen

microarray (AMA) could be extremely useful. AMA was developed in early 2000
[11], and currently, ImmunoCAP ISAC (Thermo Fisher), based on 112 different
molecular components (both extracted and recombinant), is the most studied
and most frequently used molecular diagnostic tool based on a microarray [12].
A chip combining second- and third-level diagnostics has recently been
developed by MacroArrayDX (Wien, Austria). This chip contains 157 allergen
extracts and 125 molecular components and seems to be the widest allergen
array currently available. In addition, basic IgE analysis on the allergen extracts
is combined in the same test with the evaluation of IgE directed to relevant
specific and cross-reactive components. Finally, the inhibition of CCD reactivity
further improves the specificity of the IgE assay [13]. In the present study, we
describe how this extended IgE profile can be considered a promising tool to
support strategies of diagnosis and the treatment of modern PM in in allergic
patients.

Methods
ALEX was developed by MacroArrayDX (Wien, Austria). This array contains 282
reagents (157 extractive allergens and 125 molecular components). The large
majority of inhalant, food, latex and Hymenoptera allergen families are
represented (Table 1). The test is commercially available, having attained CE
certification, which, based on the Council Directive 93/42/EEC concerning
medical devices [14], assures that the quality of the assay (i.e., limit of detection,
precision and repeatability, absence of possible interferences caused by
hemolysis and high levels of triglycerides, absence of an effect of high levels of
total IgE, specificity and linearity) is in line with in vitro diagnostic (IVD)
features. The different allergens and components are spotted onto a
nitrocellulose membrane in a cartridge chip, which is then incubated with 0.5 mL
of a 1:5 dilution of serum under agitation. Notably, the serum diluent contains a
CCD inhibitor. After incubation for two hours, the chips are extensively washed,
and a pretitered dilution of anti-human IgE labeled with alkaline phosphatase is
added and incubated for 30 min. Following another cycle of extensive washing,
the enzyme substrate is added, and after a few minutes, the reaction is complete.
The membranes are dried, and the intensity of the color reaction for each
allergen spot is measured by a CCD camera. The dedicated software digitalizes
the images and prepares a report that lists the allergens and components and
their score in kUA/mL. Total IgE is also measured. Finally, an arbitrary calibration
curve is obtained by reacting four spots with decreasing concentrations of
specific IgE corresponding to < 0.3 kUA/L, 0.3 - 1 kUA/L, 1 - 5 kUA/L, 5 - 15 kUA/L
and > 15 kUA/mL.
Table 1
Composition of the allergens available on ALEX

Total
number

Number
of
extracts

Number of
molecular
components

Total
number

Number
of
extracts

Number of
molecular
components

Animals

6

5

2

Fishes

5

3

2

CCD

1

1

2

Foods

23

17

6

Grasses

26

13

13

Fruits

28

21

7

Mites

24

9

15

Legumes

4

4

0

Molds

11

6

10

Meats

0

0

0

Pets

10

3

6

Milks

11

6

5

Trees

25

14

10

Seeds

27

10

17

Weeds

22

15

7

Shellfishes

10

9

1

Eggs

7

2

5

Latex

7

1

6

Extras

21

14

6

Venoms

9

4

5

For the evaluation of the IgE profile in sera from patients with allergies, fortythree serum samples were analyzed by the novel assay. The sample size was
calculated considering that, in preliminary assays, 12% of the allergens tested
(including low score results) were different when assayed with ALEX and when
assayed with other methods (such as specific IgE for extracts or components).
Starting from this prestudy evidence, with a confidence level of 95% and a
standard error of 0.05, the calculated sample size resulted in 43 different sera.
Due to the large amount of allergen families (perennial or seasonal inhalants,
food, etc.) and the virtual impossibility of studying all the possible families in a
single work, sera with certain characteristics were selected. Therefore, samples
from patients with a known reactivity to grasses (where the largest number of
molecular components was available) and cross-reacting components,
particularly PR-10, profilins and LTPs, were used [15]. In this context, it was
considered that the added value of molecular diagnostics could be extensively
described. All sera were previously tested with ImmunoCAP ISAC. Since ALEX is a
commercially available method, patients (from the private medical practice of
one of the authors) were warned that their serum would be tested, without cost,
with another method that could define their IgE profile in an exhaustive way. All
patients accepted the proposal verbally. The following parameters were
evaluated: a) correlation between the results of extracts and the results of
relevant components in ALEX; b) correlation between the results of ALEX and the
results of ImmunoCAP ISAC; c) correlation between the sum of the scores of ISAC
and the sum of the scores of ALEX. The second and the third parameters were
assayed for only the components represented in both reagents.

Statistical analysis was performed by using the statistical routines of Microsoft
Excel and PAST v3.16, a free software for scientific analysis.

Results
1. a)
Analysis of the consistency of the ALEX results. This analysis was performed
using patient sera to identify situations in which the extracts were positive but
the component result was negative. A clear consistency was detected for kiwi,
alder, ragweed, celery, peanut, mugwort, Aspergillus fumigatus, birch, dog,
hazel, Dermatophagoides pteronyssinus, D. farinae, cat, codfish, hen egg, apple,
wall pellitory, timothy grass, peach, and ash (Fig. 1). Poor consistency was
observed for Hevea b., where extracts were negative but Hev b 8 (a profilin) was
positive in some patients.
2. b)
Comparison with the results of ImmunoCAP ISAC. For this aim, two comparisons
were made: first, a comparison of the components present in both assays (ISAC
and ALEX) and represented in a suitable number in the cohort of patients
evaluated, and second, a comparison of the capacity of identifying the same
component families. The results of the single-component comparisons are shown
(Fig. 2). It is evident that the coefficients of correlation were highly significant for
every comparison. Indeed, for this number of comparisons, a value R > 0.39
corresponds to a probability of 0.01% for “absence of correlation”, and the
lowest value observed was 0.51 for Jug r 2, where the use of the CCD inhibitor in
the sample diluent modified the reactivity to a well-known highly glycosylated
component [16]. A similar result was achieved by comparing the results by ROC
curves (not shown). It is evident that the results closer to the upper left corners
indicated that the prediction of both methods was highly comparable.
3. c)
Regarding the capacity of ALEX to identify component families, compared to the
capacity of ISAC, a statistical analysis was performed, and the results are shown
in Table 2. It is evident that certain heterogeneity can be observed, particularly in
the frequency of positive results within the analyzed population. For example,
the frequency of positive results is higher using ISAC for LTPs, PR-10, profilins
and 2S albumins, while ALEX is more frequently positive for tropomyosins, 11S
and 7S globulins. Consistently, the dynamic range of ISAC appears, to some
extent, to be higher than that of ALEX, at least for certain component families,
such as LTPs.
4. d)
Another comparison was made by plotting the results of components present in
both ALEX and ISAC in the same patient. Figure 3 shows the evaluation of 12

patients representative of the patient cohort. A significant correlation
(r > 0.39, p > 0.01) was observed in 10 out of 12 patients. In a single patient
(identified by K), the correlation coefficient R was 0.38 (p < 0.02), and in only a
single patient (L) could any correlation be observed. However, in these patients,
the scores were extremely low and below any clinical or laboratory significance.
5. e)
Finally, the effect of the CCD inhibitor was evaluated in some representative
samples. Figure 4 shows the ALEX raw data on the macroarray. It is evident that
the treatment of sera by the CCD inhibitor results in a sharp decrease of the
reactivity to the allergen extracts whose mixture of allergens is characterized by
a high concentration of carbohydrate chains in the protein structure. This finding
is also true for certain non-recombinant components [13, 17].

Fig. 1
Correlation between the sum of the components (horizontal axis) and the results
of the relevant allergen extracts (vertical axis) obtained by ALEX

Fig. 2
Correlation between the results obtained by ALEX (horizontal axis) and the
results obtained by ISAC (vertical axis)

Fig. 3
Correlation between the results obtained by ALEX and ISAC at the patient level
Table 2
Comparison of percent of positive and mean value in kUA/L for a panel of
relevant cross-reacting components assayed by ALEX and by ISAC
ALEX

ISAC

Component family

% of positive

Mean value

% of positive

Mean value

LTPs

8.4%

0.43 kUA/L

11.9%

0.71 ISU

PR-10

28.9%

2.06 kUA/L

41.5%

2.84 ISU

ALEX

ISAC

Component family

% of positive

Mean value

% of positive

Mean value

Profilins

28.3%

1.46 kUA/L

34.8%

1.43 ISU

Tropomyosins

6.1%

1.44 kUA/L

3.3%

1.11 ISU

11S globulins

2.6%

0.038 kUA/L

0.8%

0.014 ISU

2S albumins

1.0%

0.012 kUA/L

1.5%

1.2 ISU

7S globulins

6.5%

0.16 kUA/L

2.6%

0.30 ISU

Fig. 4
Effects of CCD inhibition on two serum samples assayed by ALEX with or without
CCD inhibition. It is evident that after the inhibition of CCD reactivity, the number
and the intensity of spots on the chip was strongly reduced in panel B (only two
spots excluding the calibration curve remained positive). In panel A, a less
extreme situation was present, where the number and the intensity of spots was
reduced but a large number were positive

Discussion
In the absence of a gold standard for the evaluation of the performance of an
assay of specific IgE, any correlation between different methods should be
carefully evaluated. Indeed, the SPT cannot be used to evaluate the results of any
serological assay, as it may be positive even in the absence of specific IgE. Specific
IgE (assayed on the whole extract) cannot be directly compared with specific IgE
measured from the molecular components: indeed, the positivity to the whole
extract only rarely corresponds to the positivity of all the relevant components
available [12]. Finally, the comparison of assays where recombinant molecules
are used may have some pitfalls. Indeed, the clones used to produce the reagents
are sometimes different, the folding of these molecules could be different, the
immunosorbent used to adhere the component to the solid phase could interfere
with the availability of certain epitopes, and finally, specific IgE molecules from
different patients show different binding capacities to different epitopes [17].
Moreover, every immunoassay is based on specific concentrations of antigens,
test sera, enzyme-labeled antisera and enzyme substrates suitable to offer the
best dynamic range under the analytical conditions used. In allergy diagnostics,
different platforms and substrates are currently used, and it is normal in
laboratory medicine to observe that different serological assays generate
different results, even if a correlation is frequently observed under certain
operative conditions. In addition, the more sophisticated the assay (or the more
complex the antigen or mixture of antigens) is, the greater the heterogeneity of
the results.
Having in mind these concepts, in the present study, we analyzed the capacity of
ALEX, a novel tool that could be properly used in the bottom-up strategy of
allergy diagnostics, to detect sensitization to allergens and components.
To validate ALEX performances, it was considered that this assay was developed
on nitrocellulose as an immunosorbent, and the ligation of the allergen to the
solid phase was performed by a nanoparticle. Therefore, within the same assay, a
comparison of results from the whole extract and the results from relevant
allergen-specific components could be accurately performed. A significant
correlation between the results of whole extracts with those of the relevant
components was observed. This finding is particularly interesting because, in the
past, this strict correlation was not completely observed [12]. Some potential
explanations for this result include a) the use of the same immunosorbent; b) the
choice of representative components; and c) the use of a CCD inhibitor that
reduces the non-specific recognition of IgE. The fact that, in a single assay, the
allergist can detect positivity to a single extract and obtain information on the
relevant components is a real added value.
When molecular components on ALEX were compared with the same
components on ISAC, it was considered that the solid phases were different, the

serum dilutions were different, the second antibody was probably different, and
the enzyme substrate was also different. Additionally, ALEX uses a CCD inhibitor
while ISAC does not. Nevertheless, laboratory methods are “artificial” procedures
that attempt to mimic in vitro what is suspected to occur in vivo and, more
importantly, the results from in vitro tests are used to support the allergist’s
diagnosis and therapy. However, despite technical differences, a significant
correlation between methods should be achieved. At the component level, the
correlation between the results of ALEX and those of ISAC was more than
positive, at least for the IgE profiles used in the present preliminary study.
Indeed, we focused on samples characterized by a strong IgE reaction against
pollens and related cross-reacting allergens because this is an area in which
molecular diagnostics seems to offer the most useful results [15]. All the
correlations were significant, even if ISAC showed a wider dynamic range. The
differences in the dynamic range should be discussed. Indeed, despite decades of
using specific IgE in the clinic, the direct correlation between the specific IgE
level and the severity of the disease has been observed for certain food allergens
in single-plex assays [18]. However, for multi-plexed assays, this correlation has
never been described as a rule for all allergens and does not seem to have a
proven value in the clinic. On the basis of the observed results, it cannot be
concluded that differences in the dynamic range have a significant effect on the
performances of the assays.
The capacity to detect sensitization to component families was characterized by
a certain heterogeneity. Possible explanations are that at the component level,
different molecules were used in the two methods, resulting in a different
capacity of sera to recognize different epitopes. In addition, the use of a CCDinhibitor in ALEX may generate further differences. Finally, the strict correlation
between the results of molecular components at a single patient level is the final
evidence that ALEX performs similarly to ISAC.
The role of the CCD inhibitor is interesting [13]. Allergists are arguing the role of
CCD in human pathology. From an analytical point of view, cross-reactions to
CCD are frequent and could impact the decision to start a specific AIT [9, 19, 20].
Thus, the presence of a CCD inhibitor allows a positive result only when the
recognition of the allergen (or the component) is specific for the protein itself.
One of the principal added values of ALEX is its capacity to provide results on
whole extracts and relevant components within the same assay. The combination
of second- and third-level assays in the same test allows us to define, in a single
hit, the presence of IgE sensitization and whether the reaction is genuine or
cross-reactive. Considering the overall social and personal costs, the availability
of all the results in a single analytical session has unequivocal advantages. This
seems particularly interesting considering that the raw cost of a single allergen
or component on the ALEX chip is approximately 0.30 €. Despite the fact that this
may be disturbing for some allergists [21], the advantage of having a wide array

of allergens and components also allows them to manage the patient using a
bottom-up strategy: in this context, 282 allergens in a single chip facilitated an
assessment of sensitizations, which was rarely (or never) tested in vitro and/or
in vivo in the past. Thus, this feature allows the allergist to better define the IgE
profile of the patient, and in certain cases, to improve the identification of the
therapeutic strategy, particularly in food allergies. Along this line, it should be
considered that the allergen and component selection made by the producers
seems to be almost exhaustive. However, if some component, such as omega-5gliadin, Tri a 14 and alpha-Gal, is inserted in the assay, the diagnostic power of
this tool could be further improved.

Conclusion
In conclusion, ALEX, the immunoassay for specific IgE to whole allergens and
relevant molecular components, is an interesting new approach to the bottom-up
[10] diagnosis of allergies. The combination of extracts and components should
save time and costs when an accurate allergy diagnosis is required, particularly
considering AIT for polysensitized patients and patients with pollen/food
syndromes. These features, together with the interesting results observed in the
present study, show promise that this approach will capture the interest of
allergists, particularly molecular allergists, in the near future, because of its
direct impact on the management of patients with allergies in the context of a PM
approach [1].

Abbreviations
AIT:

Allergen Immunotherapy

ALEX:
Allergy Explorer
AMA:
CCD:
ISAC:

Allergen Microarray
Cross-Reactive Carbohydrate Determinants
Immuno-Solid-Phase Allergen Chip

MAD:
PM:

Molecular Allergy Diagnosis
Precision Medicine

SPT:

Skin Prick Test

Declarations
Acknowledgements
Dr. Christian Harwanegg, CEO of MacroArrayDx, Wien (Austria), shared with the
Author the data of pre-clinical validation of the assay.

Funding
This work was partially supported by Associazione Ricerca Malattie
Immunologiche e Allergiche (ARMIA), Genova, Italy. A technical support was
obtained by MacroArrayDx, Wien (Austria).
Availability of data and materials
Raw data obtained from the readers of the assays are available if needed.
Authors’ contributions
EH performed the statistical analysis, wrote and revised the article; SP, FP and
MM revised the article and greatly contributed to the discussion of the results,
starting from their experience in the field of molecular allergy applied to clinics;
GM performed the tests, revised the statistical analysis, wrote and revised the
article; GWC revised the article under the light of a precision medicine approach.
All authors read and approved the final manuscript.
Ethics approval and consent to participate
This was a laboratory study where two methods commercially available were
used to describe the IgE profile in a group of sera collected for diagnostic reasons
in allergic patients. Sera were identified by a unique laboratory code and were
processed in an anonymous procedure. All patients were informed of the fact
that their serum could be used in a comparison with another assay and gave a
verbal consent.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Open AccessThis article is distributed under the terms of the Creative
Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The Creative
Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

References
1. Canonica GW, Ferrando M, Baiardini I, Puggioni F, Racca F, Passalacqua G,
et al. Asthma: personalized and precision medicine. Curr Opin Allergy Clin
Immunol. 2018;18(1):51–8.PubMedGoogle Scholar
2. Passalacqua G, Canonica GW. AIT (allergen immunotherapy): a model for
the “precision medicine”. Clin Mol Allergy. 2015;13:24.View
ArticlePubMedPubMed CentralGoogle Scholar
3. Riccio AM, De Ferrari L, Chiappori A, Ledda S, Passalacqua G, Melioli G, et
al. Molecular diagnosis and precision medicine in allergy management.
Clin Chem Lab Med. 2016;54(11):1705–14.View ArticlePubMedGoogle
Scholar
4. Wide L, Bennich H, Johansson SG. Diagnosis of allergy by an in-vitro test
for allergen antibodies. Lancet. 1967;2(7526):1105–7.View
ArticlePubMedGoogle Scholar
5. Valenta R, Duchene M, Vrtala S, Birkner T, Ebner C, Hirschwehr R, et al.
Recombinant allergens for immunoblot diagnosis of tree-pollen allergy. J
Allergy Clin Immunol. 1991;88(6):889–94.View ArticlePubMedGoogle
Scholar
6. Sastre J. Molecular diagnosis in allergy. Clin Exp Allergy.
2010;40(10):1442–60.View ArticlePubMedGoogle Scholar
7. Canonica GW, Ansotegui IJ, Pawankar R, Schmid-Grendelmeier P, van Hage
M, Baena-Cagnani CE, et al. A WAO - ARIA - GA(2)LEN consensus document
on molecular-based allergy diagnostics. World Allergy Organ J.
2013;6(1):17.View ArticlePubMedPubMed CentralGoogle Scholar
8. Kowalski ML, Ansotegui I, Aberer W, Al-Ahmad M, Akdis M, Ballmer-Weber
BK, et al. Risk and safety requirements for diagnostic and therapeutic
procedures in allergology: world allergy organization statement. World
Allergy Organ J. 2016;9(1):33.View ArticlePubMedPubMed
CentralGoogle Scholar
9. Passalacqua G, Melioli G, Bonifazi F, Bonini S, Maggi E, Senna G, et al. The
additional values of microarray allergen assay in the management of
polysensitized patients with respiratory allergy. Allergy.
2013;68(8):1029–33.View ArticlePubMedGoogle Scholar
10. Matricardi PM, Kleine-Tebbe J, Hoffmann HJ, Valenta R, Hilger C, Hofmaier
S, et al. EAACI molecular Allergology User’s guide. Pediatr Allergy
Immunol. 2016;27(Suppl 23):1–250.View ArticlePubMedGoogle Scholar
11. Jahn-Schmid B, Harwanegg C, Hiller R, Bohle B, Ebner C, Scheiner O, et al.
Allergen microarray: comparison of microarray using recombinant

allergens with conventional diagnostic methods to detect allergen-specific
serum immunoglobulin E. Clin Exp Allergy. 2003;33(10):1443–9.View
ArticlePubMedGoogle Scholar
12. Melioli G, Bonifazi F, Bonini S, Maggi E, Mussap M, Passalacqua G, et al. The
ImmunoCAP ISAC molecular allergology approach in adult multisensitized Italian patients with respiratory symptoms. Clin Biochem.
2011;44(12):1005–11.View ArticlePubMedGoogle Scholar
13. Hemmer W, Altmann F, Holzweber F, Gruber C, Wantke F, Wöhrl S.
ImmunoCAP cellulose displays cross-reactive carbohydrate determinant
(CCD) epitopes and can cause false-positive test results in patients with
high anti-CCD IgE antibody levels. J Allergy Clin Immunol.
2018;141(1):372–81.View ArticlePubMedGoogle Scholar
14. Council Directive 93/42/EEC of 14 June 1993 concerning medical devices.
Eur Community Off J. 1993;L169:1-43.Google Scholar
15. Tripodi S, Frediani T, Lucarelli S, Macri F, Pingitore G, Di Rienzo BA, et al.
Molecular profiles of IgE to Phleum pratense in children with grass pollen
allergy: implications for specific immunotherapy. J Allergy Clin Immunol.
2012;129(3):834–9. e8View ArticlePubMedGoogle Scholar
16. Villalta D, Conte M, Asero R, Da Re M, Stella S, Martelli P. Isolated IgE
reactivity to native walnut vicilin-like protein (nJug r 2) on ISAC
microarray is due to cross-reactive carbohydrate epitopes. Clin Chem Lab
Med. 2013;51(10):1991-5.Google Scholar
17. Melioli G, Passalacqua G, Canonica GW, Baena-Cagnani CE, Matricardi P.
Component-resolved diagnosis in pediatric allergic rhinoconjunctivitis and
asthma. Curr Opin Allergy Clin Immunol. 2013;13(4):446–51.View
ArticlePubMedGoogle Scholar
18. Peters RL, Allen KJ, Dharmage SC, Tang ML, Koplin JJ, Ponsonby AL, et al.
Skin prick test responses and allergen-specific IgE levels as predictors of
peanut, egg, and sesame allergy in infants. J Allergy Clin Immunol.
2013;132(4):874–80.View ArticlePubMedGoogle Scholar
19. 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(5):709–11.View
ArticlePubMedGoogle Scholar
20. Douladiris N, Savvatianos S, Roumpedaki I, Skevaki C, Mitsias D,
Papadopoulos NG. A molecular diagnostic algorithm to guide pollen
immunotherapy in southern Europe: towards component-resolved
management of allergic diseases. Int Arch Allergy Immunol.
2013;162(2):163–72.View ArticlePubMedGoogle Scholar

21. 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(6):879–
82.View ArticlePubMedGoogle Scholar

