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ackground: High epitope diversity has been associated with increased IgE-mediated food allergy severity.
bjective: To characterize associations between results from an automated microarray system and self-
eported food allergy and food-triggered atopic dermatitis (AD).
ethods: Families with food allergic children were identified from a Jewish community in Lakewood, New

Jersey, with immediate family members without food allergy or food-triggered AD serving as controls for the
identified children. Sets of microarray components analyzed were to milk (Bos d 4, Bos d 5, Bos d 8, Bos
d lactoferrin), egg (Gal d 1, Gal d 2, Gal d 3, Gal d 5), and peanut (Ara h 1, Ara h 2, Ara h 3, Ara h 6).
Results: Seventy-three patients from 23 families were recruited. Culprit foods included milk (n ¼ 20), egg
(n ¼ 10), and peanut (n ¼ 6) for food allergy and milk (n ¼ 10) and egg (n ¼ 7) for food-triggered AD. Odds of
having had a self-reported related food allergy or food-triggered AD reaction significantly increased with
a higher number of detectable microarray components to that food. Ara h 1, Ara h 2, and Ara h 6 were
individually associated with reported peanut allergy, and Bos d 4 was individually associated with reported
milk allergy. The number of egg components significantly increased the odds of having related food-
triggered AD.
Conclusion: High diversity of food allergen components relates well to self-reported history of food allergy
and food-associated AD.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction on food challenge in children with AD, in one study the FEIA
Food allergy is a common disease that affects 2% to 10% of the
population.1e4 The criterion standard for diagnosis is a double-
blind, placebo-controlled food challenge. However, this challenge
is not always performed because of resource unavailability and
potential reaction risk. More commonly, a food allergy diagnosis is
made based on clinical history combined with skin prick test (SPT)
and/or fluorescence enzyme immunoassay (FEIA). These investi-
gations have their limitations. Although both SPT and FEIA have
a high sensitivity of greater than 85%, specificity is lower at 40% to
80%.5 FEIA can yield a 95% positive predictive value in some foods6;
however, because whole food extracts are used in FEIA, results may
be falsely positive if the patient generates IgE antibodies against
cross-reactive allergens or epitopes within the food that are not
clinically relevant to inducing an allergic reaction. In patients with
atopic dermatitis (AD), test result interpretation can be particularly
difficult. No clinical decision points have been identified for
eczematous reactions.7 Although eczematous reactions can be seen
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sensitivity and specificity were low at 68% and 50%, respectively.8

Component-resolved diagnosis by microarray is a novel method
of analyzing food allergy. A specific panel of purified or recombi-
nant protein components for each food extract is provided within
a microarray, and detection for host-specific IgE antibody to these
proteins is identified. Microarray assessment permits quantitative
data to be collected in a robust fashion, which may help better
characterize food allergy. In addition, automated microarray
systems that are now commercially available are potentially
cheaper and may be more efficient and more accurate than sero-
logic whole allergen specific IgE techniques.5 Epitope diversity has
been demonstrated in prior studies to correlate with reaction
severity of patients with food allergies to peanut,4,9,10 milk,3,11e13

and egg.2,14 Thus, we wondered whether identification of the
component diversity of an automated microarray system (ISAC;
Thermo Fisher Scientific, Waltham, Massachusetts) could be used
to clinically diagnose food allergy. In addition, prior studies of
microarray-based IgE detection have included individuals with
food-exacerbated AD within their food allergic cohort,15,16 which
could cloud results given additional noneIgE-mediated mecha-
nisms in AD.17,18 Thus, we separated this subset in our analysis. The
purpose of our study was to assess the utility of a newly available
automated system using microarray technology reporting in
Immunology. Published by Elsevier Inc. All rights reserved.
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Table 1
Demographic characteristics of the study patientsa

Characteristic No. (%) of patients (N ¼ 73)

Age, mean (range), y 10 (1-38)
Male 39 (53)
Asthma 16 (22)
Allergic rhinitis 21 (29)
Food allergy 23 (32)
Atopic dermatitis 21 (29)
Specific food allergies
Milk 20 (27)
Egg 10 (14)
Peanut 6 (8)
Other foods 19 (26)

Food-related atopic dermatitis
Milk 10 (14)
Egg 7 (10)
Peanut 2 (3)
Other foods 3 (4)

aData are presented as number (percentage) of patients unless otherwise indicated.

Table 2
Logistic regression analysis evaluating the association between microarray compo-
nent outcomes and history of reported IgE-mediated food allergy reaction

Food OR (95% CI) P value Score

Peanut
Ara h 1 1.15 (1.03-1.28) .02 þ1
Ara h 2 1.29 (1.08-1.52) .003 þ2
Ara h 3 .a

Ara h 6 1.16 (1.03-1.31) .01 þ1
No. of positive components 10.16 (2.08-49.75) .004

Milk
Bos d 4 9.21 (1.96-43.4) .005
Bos d 5 .
Bos d 8 .
Bos d lactoferrin 1.41 (0.25-7.80) .69
No. of positive components 38.67 (6.05-247.24) <.001

Egg
Gal d 1 1.17 (0.96-1.41) .11
Gal d 2 1.60 (0.86-2.96) .14
Gal d 3 1.03 (0.71-1.48) .89
Gal d 5 .
No. of positive components 3.34 (1.50-7.43) .003

Abbreviations: CI, confidence interval; OR, odds ratio.
aEllipses indicate inadequate sample size available to perform logistic regression.
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a semiquantiative determination of units (ISAC). We wanted to see
how this corresponded to patient-reported food allergy and
food-triggered AD. First, we analyzed odds ratios (ORs) using self-
reported food allergy reactions to milk, egg, and peanut as inde-
pendent variables. Dependent variables included the diversity of
detectable components and specific individual detectable compo-
nents. Second, we looked at how well these variables related to
reported milk-, egg-, and peanut-related AD, using the same
method.

Methods

Participants in this study were part of a cohort for an ongoing
food allergy genetics study for which data have not yet been pub-
lished. Recruitment occurred during a food allergy informational
session presented at a community town hall meeting in Lakewood,
New Jersey. This community is composed of 54,500 members of
Jewish descent,19 for which a driving force for migration into this
area was the establishment of the Lakewood Yeshiva in 1943.20 A
sign-up sheet was provided for families who reside in the area
interested in participating in food allergy research. To be included,
participants had to be either a child with reported food allergy and/
or food-associated AD or an immediate family member (biological
parent or sibling) of this child. Approval was obtained from the
Children’s Hospital of Philadelphia institutional research board and
written informed consent obtained from all research participants. A
senior investigator (J.M.S.) concluded that history of food allergy
along with skin test and specific IgE when available were consistent
with IgE-mediated food allergy. We used established criteria
adapted from Thompson and Hanifen21 (eTable 1). Return visits to
Lakewood were scheduled for blood collection for microarray tests
(eg, ImmunoCAP and ISAC). Components assessed on the ISAC chip
were to milk (Bos d 4, Bos d 5, Bos d 8, Bos d lactoferrin), egg (Gal
d 1, Gal d 2, Gal d 3, Gal d 5), and peanut (Ara h 1, Ara h 2, Ara h 3,
Ara h 6). Components were considered positive if the result was 0.3
ISAC standardized units (ISU) or more.22 Summary statistics were
performed using STATA12 statistical software (StataCorp, College
Station, Texas). P < .05 was considered significant. Logistic regres-
sion was used to determine whether positivity for individual
microarray components or diversity of components significantly
increased the odds of having corresponding self-reported food
allergy or food-associated AD. For individual components, we
calculated sensitivity, specificity, positive predictive value, and
negative predictive value. Because there were multiple peanut
components of significance, we developed a scoring tool to rela-
te the number of positive peanut components to reported
IgE-mediated food allergy. We adapted a previously used scoring
system23 and assigned a score of þ3 to highly significant variables
(P < .001), a score of þ2 to those with P values between <.001 and
.005, and score of þ1 to those with P values between .005 and .05.
We then reviewed how well these scores related to reported food
symptoms.

Results

Seventy-three patients from 23 families were recruited.
Demographic information regarding age, sex, atopy, and adverse
reactions to food are listed in Table 1. Of the 20 patients with self-
reported milk food allergy, 13 had SPT and/or FEIA above a 95%
predictive decision point,6,24 3 had positive testing not above this
threshold, and 4 had no available records. For the 10 patients with
self-reported egg allergy, 7 had SPT and/or FEIA at above the 95%
predictive decision point, 2 had positive test results not above this
threshold, and 1 did not have available test results. Among the 6
individuals with self-reported peanut allergy, 3 had SPT or FEIA
above the 95% positive predictive value threshold, 1 had a positive
test result not above this threshold, and 2 did not have available
records. Other foods perceived to have caused IgE-mediated
symptoms on ingestion were sesame (n ¼ 10), tree nuts (n ¼ 7),
fish (n ¼ 2), and soy (n ¼ 1). For reported food-triggered AD, milk,
egg, peanut, wheat, and sesame were reported triggers.
Relating ISAC Component Diversity to Self-reported Food Allergy

The odds were significantly higher in patients with greater
component diversity for the culprit foods, as indicated in Table 2
(peanut: OR, 10.2; 95% confidence interval [CI], 2.08-49.75; P <

.004; milk: OR, 38.7; 95% CI, 6.05-247.24; P < .001; egg: OR, 3.34;
95% CI, 1.50-7.43; P < .003). The odds of reported IgE-mediated
peanut allergy were also significant for individually positive Ara h
1, Ara h 2, and Ara h 6, whereas for milk, Bos d 4 was significant.

We then assessed Ara h 1, Ara h 2, and Ara h 6within the context
of the aforementioned scoring tool. The points allotted for each
component were based on the P values (Table 1). No component
reached P < .001. With this tool, 50 of 53 patients who tolerated
peanutwere correctly identifiedwith a score of zero. The remaining
3 patients each had a score of 3. All 6 patients with reported IgE-
mediated reactions to peanut had positive scores. Five of these
patients had a score of 4 and 1 had a score of 2.



Table 3
Sensitivities and Specificities of Microarray Components in Predicting Reported IgE-
Mediated Food Allergy

Food Sensitivity, % Specificity, % PPV, % NPV, %

Peanut
Ara h 1 100 98 86 100
Ara h 2 83 96 71 98
Ara h 3 33 100 71 98
Ara h 6 83 96 71 88

Milk
Bos d 4 65 98 93 88
Bos d 5 60 100 100 87
Bos d 8 45 100 100 83
Bos d lactoferrin 5 98 50 73

Egg
Gal d 1 40 96 67 90
Gal d 2 20 98 67 90
Gal d 3 30 94 50 8
Gal d 5 20 100 100 87

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

Table 5
Sensitivities and Specificities of Milk and Egg Microarray Components in Predicting
Reported Food-Triggered Atopic Dermatitis

Food Sensitivity, % Specificity, % PPV, % NPV, %

Milk
Bos d 4 38 82 20 91
Bos d 5 38 86 25 92
Bos d 8 34 86 27 86
Bos d lactoferrin 0 97 0 89

Egg
Gal d 1 38 95 50 91
Gal d 2 33 98 67 93
Gal d 3 25 93 67 90
Gal d 5 0 96 0 87

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.
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In general, individual components had high specificities but
lower sensitivities (Table 3). For peanut, sensitivity and specificity
was highest for Ara h 1, at 100% and 98%, respectively. Specificities
of individual milk and egg were similarly high (range, 96%-100%). A
logistic regression analysis looking at FEIA values for these foods
and reported food allergy was not significant in any of these foods
(data not shown).

Relating Microarray Component Diversity to Reported Food-
Triggered AD

Culprit foods implicated in food-triggered AD included milk
(n ¼ 10), egg (n ¼ 7), and peanut (n ¼ 2). Peanut-triggered AD was
not analyzed because of low numbers of cases. Results are listed in
Table 4. For egg-triggered AD, the number of positive components
reached statistical significance as a dependent variable (OR, 2.21;
95% CI, 1.07-4.56; P ¼ .03). Individual components did not reach
significance. Table 5 lists the calculated sensitivity and specificity of
individual components for milk- and egg-associated AD. In general,
individual components and combined numbers of components had
high specificity for milk (range, 75%-97%) and egg (range, 91%-98%)
but had relatively lower sensitivities (0%-38% for milk and 0%-38%
for egg).

Discussion

Our results suggest that a high number of food components are
a good indicator of food IgE-mediated allergy. Of interest to us, prior
Table 4
Logistic Regression Analysis Evaluating the Association Between Milk and Egg
Microarray Component Outcomes and History of Reported Food-Triggered Atopic
Dermatitis

Food OR (95% CI) P value

Milk
Bos d 4 1.04 (0.89-1.22) .63
Bos d 5 1.02 (0.88-1.17) .83
Bos d 8 1.06 (0.79-1.42) .71
Bos d lactoferrin .a

No. of positive components 1.63 (0.92-2.87) .09
Egg
Gal d 1 2.05 (0.56-7.51) .28
Gal d 2 3.81 (0.45-32.65) .22
Gal d 3 1.95 (0.82-4.62) .13
Gal d 5 .
No. of positive components 2.21 (1.07-4.56) .03

Abbreviations: CI, confidence interval; OR, odds ratio.
aEllipses indicate inadequate sample size available to perform logistic regression.
studies have identified certain components to bemore specific than
others for discriminating allergy; however, these components
appear to have difference prevalence rates, depending on the
population studied. For example, Ara h 1 was detected inmore than
90% of peanut-sensitive American patients by Burks et al,25

whereas Beyer26 reported 75% prevalence. Clarke et al27 found
73% prevalence in United Kingdom subjects, and Kleber-Janke
et al28 found 65% prevalence in a German cohort. Vereda et al29

found immunologic differences among Spanish, Swedish, and US
populations, with Ara h 2 being lowest in the Spanish group. Our
Lakewood community was a unique, geographically homogeneous
cohort in which Ara h 1, Ara h 2, and Ara h 6 were all significantly
related to reported food allergy. Our pilot scoring tool incorporating
these peanut components was helpful in relating to reported food
allergy. In the future, a validated scoring tool incorporating signif-
icant components to predict food allergy could significantly affect
management. Future studies using oral food challenge as the
standard for comparison are therefore very much desired.

In our analysis of egg components, Gal d 1 had high specificity
(96%) for reported food allergy. Its sensitivity (40%) was higher than
other egg components. These results are consistent with other
studies, which suggest that Gal d 1 is the immunodominant epitope
in persistent egg allergy.14,30e32 In regard to milk components, Bos
d 8 did not have a higher specificity and sensitivity compared with
other components. This finding is in contrast to finding from
D’Urbano et al17 that themost commonly detectedmilk component
in children with positive milk oral challenge results was Bos d 8
(46.5%). Because this study was performed in Italy, geographic
variation is one variable that may account for this difference.

Few studies to date address the role of microarray testing in
diagnosing food-triggered AD. In 20 adult patients with AD, 65%
had detectable cross-allergens, such as birch Bet v 1, alder Aln g 1,
apple Mal d 1, and celery Api g 1.33 In pediatric studies, results from
patients with food-triggered AD were combined with those from
patients with type 1 mediated food allergy. Egger et al16 reported
that Gal d 1 and Gal d 2 were the major detectable components in
25 children with suspected egg allergy, 16 of which had flare of
their AD on oral food challenge. Within a cohort of egg and/or milk
allergic patients studied for developing microarray clinical decision
points for oral food challenge prediction, 8% demonstrated AD
exacerbation on double-blinded, placebo-controlled oral food
challenge. More recently, Hochwallner et al34 found that patients
who reported skin-only symptoms to milk had lower numbers and
amounts of detectable components on microarray compared with
those with reported severe systemic reactions. In our study, we
found that the number of positive egg components significantly
increased the odds of having had reported egg-triggered AD.
Further validation of this association and similar relationships for
other foods requires larger sample sizes and double-blinded,
placebo-controlled food allergy testing.
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The ISAC has several potential benefits. It requires a small
amount of blood, and many different allergens can be assessed at
once, particularly for those with multiple food allergies.
Performance-wise, 2 studies reported that microarray testing was
comparable to FEIA in predicting milk- and egg-positive oral food
challenge results.15,17 We demonstrated that ISAC microarray
results relate well to reported food reactions. Thus, currently ISAC
microarray testing may be a helpful adjunct test to SPT and FEIA,
which have high sensitivities but low specificities. In the future,
with increased diagnostic accuracy of microarray, as reported by Lin
et al9 using bioinformatics methods, we anticipate that microarray
testing will become a more valuable adjunctive method of inves-
tigating food allergy.

The first limitation to our study is that oral food challenges were
not performed to substantiate food allergy histories. Although we
could not verify the reported food-related reactions, we identified
food allergy cases based on histories with timing and symptoms
consistent with such a reaction.35,36 Second, many patients with
reportedmilk, egg, or peanut food allergy had prior documentation
of positive SPT and/or IgE test results to the culprit food. Within the
group, 9 patients had records of milk FEIA, 12 had egg FEIA, and 12
had peanut FEIA. Nonetheless, for food-related AD, parent history
can lack sensitivity,8 and thus oral challenges are needed to support
our findings for this group. A third limitation is that we studied
a population in one geographic setting; thus, results may not be
generalizable to other groups. This limitation may explain why
Ara h 2 did not have higher specificity compared with other peanut
components, as has been found previously in a pediatric population
from the United Kingdom.37,38 Nonetheless, our findings are in
keeping with prior studies and suggest that the ISAC immunoassay
is a useful additional tool for food allergy diagnosis.37,39 Future
studies should be performed to validate efficacy of the microarray
immunoassay in clinical practice.

In conclusion, we report that high diversity of detectable
peanut, egg, and milk allergen components relates well to reported
allergy reaction to these suspected foods, as does increased total
sum of peanut and milk components but to a lesser degree. With
proper development of a scoring tool, this serologic testing may
become valuable in predicting food allergy.
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eTable 1
Food Allergy and Food-Associated Atopic Dermatitis Questionnaire

1.Do you feel that food contributes to your child’s eczema?
2.Has you child ever had an allergic reaction to a food or foods?
1.If so, which food(s)?
2.What reaction occurred?
1.Hives
2.Lip/face swelling
3.Swelling/tightening of mouth/throat
4.Chest tightening, wheezing or cough
5.Vomiting, diarrhea or cramping
6.Worsening of eczema (describe)
7.Other symptoms (describe)

3.How quickly after eating did the reaction occur?
4.Has your child had any type of testing for allergy? If so, what test?
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