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Abstract

Background—Atopic sensitization to aeroallergens in early life has been shown to be a strong
risk factor for developing persisting asthma in young children with recurrent wheeze.

Objective—The aim of this study was to assess the yield of skin prick test (SPT) compared to
allergen specific serum IgE testing (SIgE) at identifying aeroallergen sensitization in atopic
children < 4 years of age.
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Methods—Concordance between SPT (Greer Laboratories, ComforTen™) and allergen specific
sIgE (Immulite 2000™) for 7 common aeroallergens was analyzed in forty atopic inner-city
children, 18-48 months of age (mean 36 +/— 9 months) with recurrent wheezing, family history of
asthma and/or eczema.

Results—In 80% of children one or more allergen sensitizations would have been missed if only
SPT had been performed, and in 38% of children one or more sensitizations would have been
missed if only serum IgE testing had been performed. Agreement and between SPT and sIgE test
was fair for most allergens (kappa between —0.04 and 0.50), as was correlation between sIgE
levels and SPT grade (rho between 0.21 and 0.55). Children with high total sIgE (=300 kU/I) were
more likely to have sIgE positive tests with negative corresponding skin test (p=0.025).

Conclusions—Our study showed significant discordance between allergen specific SPT and
sIgE testing results for common aeroallergens, suggesting that both SPT and sIgE testing should
be done when diagnosing allergic sensitization in young children at high risk of asthma.

Introduction

Large epidemiologic studies have shown that sensitization to aeroallergens before 4 years of
age is a risk factor for developing asthma in young children with recurrent wheeze [1-3]. In
addition, sensitization to aeroallergens in young children at risk for asthma and allergy based
on parental history was recently shown to increase the risk for rhinovirus-induced wheezing
[4]. These observations suggest that early intervention to prevent or decrease allergic
sensitization may help reduce asthma in atopic children, hence the importance of correctly
identifying atopic sensitization.

Allergen sensitization is typically diagnosed by either skin testing or serum IgE testing for
specific allergens and either method has typically been used in large epidemiologic studies
[1, 3, 4]. Discrepancies of about 20% between skin and serum testing have been found in
adults with rhinitis [5]. The current American Academy of Pediatrics (AAP) [6] as well as
the current asthma management guidelines set forth by the National Lung and Heart Institute
(NHLBI) [7] recommend to use skin or serum IgE testing to diagnose allergic sensitization
in infants or children. Potential discrepancies in sensitivity between these two methods have
been acknowledged [6]. To our knowledge, no study analyzed how these two methods of
detecting aeroallergen specific IgE correlate in highly atopic children <4 years of age. The
aim of this study was to assess the yield of skin prick test (SPT) compared to allergen
specific serum IgE testing (SIgE) at identifying aeroallergen sensitization (=presence of
allergen specific IgE) in a population of inner-city, atopic children aged < 4 years with
history of wheezing.

Methods

Subjects

Forty children receiving care at an inner city-hospital based pediatric asthma center in the
Bronx, New York, who were enrolled in an ongoing, randomized, prospective interventional
clinical trial to evaluate the efficacy of subcutaneous immunotherapy in reducing asthma
morbidity (clinicaltrial.gov identifier NCT01028560) were included in this analysis. All
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parents of participating children had provided written consent and the study was approved
by the local Institutional Review Board. Children were eligible if they had physician
diagnosed or parent-reported wheezing with significant asthma symptoms on > 1 occasion,
were atopic based on having a positive skin or serum IgE test to an environmental allergen,
and had major risk factors of developing asthma including a history of eczema or one parent
with history of asthma [8]. Skin testing and serum IgE testing were done at baseline prior to
initiating any study intervention.

Allergy testing

All children first underwent skin testing on their upper back using the ComforTen skin prick
device (Hollister Stier Laboratories, LLC) loaded with allergen extracts (in 50% glycerin),
one negative control (non-extract containing diluent with 50% glycerin) and one positive
control (histamine base 6 mg/ml) purchased from Greer Laboratories, Inc., NC.
Aeroallergen extracts used for skin testing included: grass pollen, ragweed pollen, dust mite,
roach, mouse, cat, dog (table 1.) as well as tree pollen (“Eastern 10-tree pollen mix” 1:20
wi/v, containing Red/River Birch, Red oak, American elm, Sugar/Hard maple, American
beech, White ash, Shagbark hickory, Eastern cottonwood, American/Eastern sycamore,
Sweet gum) and mold mix (“Mold mix#3”, containing Alternaria alternata, Aspergillus
niger, Cladosporium sphaerospermum, Penicillum notatum). All personnel conducting skin
testing were trained by one board certified allergist. Skin test results were recorded
according to grades, defined as the maximum wheal diameter above the wheal diameter of
the glycerin control: grade 0= glycerin control, grade 1 = 2 to <4 mm, grade 2= 4 to <7 mm,
grade 3= 7 to 10 mm, grade 4>10 mm/+ pseudopods. Flare size did not contribute to the
grading system, because they were often difficult to demarcate on some of the subjects who
had darker skin. Parents had been instructed to discontinue oral antihistamines at least 7
days prior to skin testing. Only children with any positive result on their aeroallergen skin
test whose parents agreed to participate in the associated clinical immunotherapy trial went
on to have serum IgE testing, typically within the next 4 weeks.

Serum IgE (sIgE) testing was done in the hospital laboratory using the Immulite® 2000
3gAllergy™ system (Siemens AG). The Immulite® system measures allergen specific IgE
between 0.1 kU/l and 100 kU/I. Hence a level of sIgE 0.1kU/I or greater was considered
“positive”. Even though we also analyzed concordance of SPT and sIgE testing using the
tradition cut-off level of 0.35kU/I, we decided to focus in the presented analysis on the
detection cut-off as offered by the Immunlite 2000 and other modern methods of sIgE
detection available to date, because the goal of our analysis was to compare the yield of
detection of allergen specific IgE by these two methods.

For the comparative analysis between skin prick testing and serum IgE testing we excluded
tree pollen and mold, because no serum testing was done for mold and because for tree
pollen the skin test extract contained a tree pollen mixture that was only partially cross-
reactive with the tree pollen mixture used for serum IgE testing. All aeroallergens used for
serum testing and skin testing that were included in our comparative analysis are listed in
table 1.
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Statistical analysis

Descriptive statistics were applied to all variables. Continuous variables of non-parametric
distribution were described as the median and range, and parametrically distributed variables
were described as the mean and SD. Spearman rank correlation was tested to describe the
correlation (rho) between sIgE level and grade of SPT result. Chi square tests (or 2-tailed
Fisher’s exact test where appropriate) or logistic regression was performed when proportions
were compared between 2 groups. The agreement between skin test and serum sIgE test was
tested using kappa statistics. The data was analyzed using MS office excel 2010 and STATA
SE11 software.

Results

Demographic variables

Table 2 summarizes the children’s demographic characteristics. The majority of children
had more than 5 wheezing episodes, a history of eczema, concomitant food allergies and
high total serum IgE levels, indicating a high risk for persisting asthma. All participants had
Medicaid health insurance, consistent with a lower socioeconomic status.

Atopic sensitization to outdoor and indoor allergens

As required by the eligibility criteria, all children had at least one atopic sensitization on
skin or serum slgE test. Based on combined sIgE and SPT results, less children were
sensitized to pollen (tree, grass and ragweed) than for indoor allergens (33-60% vs. 68—
78%, p=0.02). The tree pollen results were omitted from the subsequent comparative
analyses because different, only partially cross-reacting tree pollen mixes were used for skin
and serum testing.

Discordance between allergen specific skin prick and serum sIgE test

The proportion of tests with discordant (SPT positive/sIgE negative, i.e. <0.1 kU/I or SPT
negative /sIgE positive, i.e. =0.1 kU/I) or concordant results (SPT positive/sIgE positive or
SPT negative /sIgE negative) are shown in figure 1. There were discordant results between
SPT and sIgE results for all of the allergens tested. The strength of agreement in detecting
allergic sensitization by the two methods (i.e. either having negative SPT with sIgE < 0.1
kU/I or positive SPT with sIgE = 0.1 kU/I) was assessed by using the kappa statistics.
Agreement was poor (Kappa <0.20) or fair (Kappa 0.21-0.40) for nearly all allergens tested,
only mouse testing had moderate agreement with kappa=0.50 (table 3). In average 42%
(min. 19%, max. 67%) of all sensitizations diagnosed by combined serum IgE and SPT tests
would have been missed if only skin testing had been done. In contrast, only 13% (min. 0%,
max. 23%) of all sensitizations would have been missed if serum IgE testing alone had been
done. We also calculated mismatches using the traditional cut-off level of > 0.35 kU/I for
sIgE. Between 2.5% — 19.4% of sIgE levels fell between 20.1 kU/I and < 0.35 kU/I with the
amounts varying between allergens (roach 2.5%, dust mite 7.5%, mouse 10%, grass 10.8%,
cat 17.5%, dog 16.2% and ragweed 19.4%). Accordingly, using the traditional cut-off for
sIgE = 0.35 kU/I1, 30% (min. 14%, max. 48%) of all atopic sensitization would have been
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with skin testing alone, and 19% (min. 14%, max. 29%) had been missed if serum IgE
testing had been done alone (data not shown).

Number of children in whom at least one specific sensitization would have been missed
with skin testing or serum allergen specific IgE testing alone

In 32 of 40 children (80%), one or more aeroallergen sensitizations would have been missed
if only SPT had been performed. On the other hand, if only sIgE testing had been performed
one or more aeroallergen sensitization would have been missed in 15 of 40 children (38%)
of children. Only 3 (7.5%) of children had a perfect match between skin and sIgE testing.

Correlation between skin test (grade) and level of specific sIgE testing by allergen

The association between level of aeroallergen specific sIgE and SPT grade showed fair
correlation for most allergens (Spearman rank correlation, rho=0.45-0.55, p<0.005, figure
2). There was no correlation between SPT grade and sIgE level for dog (rho 0.27, p=0.27).
Correlation could not be computed for cat and mouse because some children had cat or
mouse specific IgE levels above 100 kU/I, the higher cut-off level for exact allergen specific
sIgE measurement of the Immulite system. Therefore exact levels were not available in
these children.

Children with high total serum IgE are more likely to have SPT negative/sIgE positive
mismatches

Total serum IgE was measured in 38 of 40 children (2 missing values due to blood drawing
or lab errors). Children with a high total serum IgE level (=300 kU/I) were more likely to
have SPT negative/sIgE positive (i.e. =0.1kU/I) mismatches and less likely to have SPT+/
sIgE negative (i.e. <0.1 kU/I) mismatches than children with IgE levels < 300 kU/I (Fisher’s
exact test p=0.025, figure 3). There was a large discrepancy between SPT positive/sigE
negative and SPT negative/sIgE positive mismatches among the 22 children with serum IgE
2300 kU/1. Almost all of these children (20 children) had a total of 42 SPT negative/sIgE
positive mismatches, while only 4 children had a total of 10 SPT positive/sIgE negative
mismatches (Fisher’s exact p=0.003, figure 3). In contrast, among the 16 children whose
total serum IgE was <300 kU/I, 11 had a total of 15 allergen specific SPT positive/sIgE
negative (i.e. <0.1 kU/I) mismatches while about the same number of children (10), had a
total of 21 SPT negative/sIgE positive mismatches (i.e. =0.1 kU/I) (Fisher’s exact p=0.154;
note that some children had mismatches in both directions).

Having a high total IgE (=300 kU/I) remained a strong predictor for being less likely to have
SPT+/IgE— mismatches after adjusting for age, race, weight and height (OR=0.06, 95%ClI
0.01-0.40, p=0.004). There was no statistical significant difference in the number of SPT/
sIgE mismatches in children with active eczema compared to children whose eczema was
either inactive or who never had eczema (p>0.5). Age, BMI and ethnic background did not
predict mismatch in either direction (p>0.1).

Even though it might have been expected that in children with SPT negative/sIgE positive
(i.e. 20.1 kU/I) mismatches, the allergen specific serum IgE levels (with corresponding
negative SPT) would have been low, this was not always the case. Serum IgE levels ranged
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between marginally detectable to as high as 19.2 kU/I for mouse, 40.7 kU/I for roach and
77.4 kKU/I for dog, in children in whom skin tests to the corresponding allergen were
negative. Specifically, median sIgE levels in children with SPT negative/sIgE positive
mismatches were: grass 0. 6 KU/l (min 0.11, max 1.37 kU/I), ragweed 0.29 kU/I (min 0.17,
max 0.97 kU/I), dust mite 0.62 kU/I (min 0.14, max 4.86 kU/I), cat 0.35 kU/I (min 0.12, max
7.64 kU/M), mouse 2.4 kU/I, (min 0.12, max 19.2 kU/I), roach 0.66 kU/I (min 0.32, max 40.7
kU/I) and dog 3.12 kU/I (min 0.22, max 77.4 kKU/).

Discussion

In our analysis of concordance between skin prick test results (Greer Laboratories,
ComforTen™) with serum IgE testing (Immulite 2000™, detection cut-off 0.1 kU/I) to 7
common aeroallergens, we found significant discrepancies between skin and serum test
results in a population of highly atopic, inner-city children <4 years of age. In average, 13%
of all sensitizations would have been missed with serum IgE testing alone and 42% of
sensitizations would have been missed if only skin testing had been done. Correlation
between allergen specific IgE levels and grade of wheal diameter on skin testing was fair for
most allergens. Similarly, agreement between positive or negative test results of the two
methods was poor or fair for most allergens. Children with high total serum IgE levels (=300
U/I) were more likely to exhibit sensitization by serum testing than skin testing, while
children with total serum IgE levels of <300 kU/I were about as likely to have positive skin
results with negative corresponding serum IgE results as vice versa.

Similar discrepancies between skin and serum testing were found in a study of 250 adults
with allergic rhinitis who were tested for 53 different aeroallergens by means of serum
(ImmunoCap) and skin testing (Quintip) [5]. The overall discrepancy between skin and
serum test was nearly 20%. However, in contrast to our study in which we found
predominantly skin test negative/serum positive mismatches, the authors reported an larger
proportion of skin test positive/serum negative results overall (11.7%) as opposed to skin
test negative/serum positive results (7.7%). However, in that study, 28% of participants also
had a diagnosis of asthma, and 9.2% had eczema, which differs significantly from our study
population. Accordingly, their overall study population had significantly lower total IgE
levels compared to our cohort. Consistent with our findings, individuals with high total IgE
(>200kU/1) were more likely to have skin test negative/serum positive results [5]. An
alternative explanation could be variability between the ImmunoCap and Immulite system in
detecting allergen specific IgE. While sIgE results of both systems appear to highly
correlate, a recent analysis showed that the Immulite system appears to give higher values
than the ImmunoCap system at least for food allergens [9]. A poor correlation between skin
test grade and serum IgE levels similar to what we observed was also previously described
in older children with allergic rhinitis (median age 10 years)[10].

In our study, there are several possible explanations for the observed discordance between
skin testing and sIgE testing. First, differences in testing antigens (e.g. composition,
concentration) present in skin and serum testing reagents may result in discrepancies
between the two test results, especially grass pollen, cat, dog and mouse where antigenic
substrates differed between both methods (table 1). Testing for separate pollen and mold
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antigens (i.e. separate grass pollen or mold) was omitted from serum and skin testing, due to
the limited blood volume we were allowed to obtain and to minimize discomfort due to
extensive skin testing in this young age group. Of note, only 3/40 children were positive to
the mold mix extract using skin prick testing (serum testing not performed, data not shown).
On the other hand, the northern grass pollen used for skin testing contain antigens that have
been shown to be largely present in timothy grass [11, 12] which speaks against the
argument that antigenic differences solely account for the observed discrepancies. Likewise,
Dermatophagoides farinae (Der f1) and Dermatophagoides pteronyssinus (Der p1) have
high sequence analogy, in agreement with their high cross reactivity [13]. Nevertheless,
minor antigens may still be represented in different quantities among the two dust mite
species and differences in the crystal or sequential antigen structures of major or minor
allergens may contribute to the discrepancies observed in our study [13, 14]. For ragweed,
high cross reactivity can be expected among giant and short ragweed [15]. Nevertheless in
our cohort we found 8 children that had low-positive ragweed sIgE (short ragweed, all <1
kU/I but above detection level of 0.1 kU/I) but negative skin test results (giant and short
ragweed) and none of the children had a mismatch in the opposite direction (positive skin
test with negative sIgE), suggesting that reasons other than antigenic differences may be
responsible for the mismatch between serum and skin test results. Similarly, one would
expect similar representation of antigens in cockroach extracts used for skin testing and
serum testing. However, in our study we found a high mismatch for cockroach testing in
both directions (18%), when either skin test or sIgE testing alone was done. Similar to our
results, a Brazilian study observed a similar discrepancy for cockroach allergy, although
they report that skin testing appeared to be more sensitive in detecting cockroach allergy
[16]. For dog, we used non-standardized conventional dog extract. The more potent,
acetone-precipitated dog extract would have probably yielded a higher number of skin test
positive results and less SPT negative/sIgE positive mismatches [17, 18].

Apart from antigenic differences between the two testing methods, technical factors may
also contribute to the discrepancies between SPT and sIgE testing. We used the ComforTen
system, which has recently been described as being less sensitive than Multitest 11, at least in
older populations [19]. The reason for choosing the ComforTen system was that, in our
experience, the Multitest Il or Greer Pick systems produce more dermographic responses in
very young children, probably because the Multitest applicators have multiple spikes per test
allergen, while the ComforTen system has only one spike per allergen. Because of the
general smaller wheal sizes the ComforTen system yields for this reason, we a priori
defined a positive skin test response as a wheal diameter at least 2 mm above the glycerin
control (instead of the conventional 3mm above glycerin control). Of note, almost none of
the children had any wheal response to the glycerin control (data not shown). In addition,
skin testing can often be technically difficult in toddlers who frequently wiggle around
during the skin testing procedure, possibly contributing to the variability in wheal size
responses.

Another possible explanation for positive serum IgE results with corresponding negative
skin test results would be if IgE non-specifically bound to the test matrix of the Immulite
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2000 3g Allergy system. However, in this case, one may expect positive results for all tested
allergens in these children rather than only a few.

Another hypothetical explanation for the observed discrepancies between skin and serum

test results is a relative immaturity of the immune system in young age. For example, mast
cells may not have trafficked to the epidermis in sufficient amounts to elicit a typical wheal
and flare response, or young children’s mast cells may not be as reactive as those of adults.

It is important to understand that the goal of this analysis was not to investigate the
correlation between clinical allergic response to allergens and allergic sensitization. This is
because allergen challenge in the age group of our study population would be difficult to
perform because objective, standardized procedures to measure allergic responses in the
upper or lower airways are not available for this age group. Similarly it can be difficult to
judge the clinical relevance of allergic sensitization based on the clinical exposure history
because of the perennial presence of some antigens (e.g. cockroach and mouse) in most
households, buildings or even public places in low-income city areas. Similarly, it is
unknown to date if low levels allergic sensitization in early childhood may implicate a risk
for developing clinical allergy later in life. Nevertheless, while the clinical relevance of low
level allergic sensitization in young children remains to be elucidated, our data indicates
that, both skin and serum testing are contributory in comprehensively diagnosing allergic
sensitizations in inner-city, highly atopic children.

In conclusion, aeroallergen skin testing and serum IgE testing showed significant
discrepancies in our cohort of young, highly atopic inner-city children. High total serum IgE
(=300 kU/) was associated with having allergen specific serum IgE but often negative
corresponding skin test. Antigenic differences in the testing materials as well as variability
between testing instruments may be partially responsible for these findings and it is possible
that these discrepancies are more common in younger populations as opposed to older
individuals. However, since in most clinical or research settings neither of these variables
can be controlled, it may be necessary to perform specific serum IgE testing in addition to
skin testing, when accurate diagnosis of aeroallergen sensitization is required to define an
appropriate intervention such as environmental remediation or even offer immunotherapy.
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Figure 1.
Concordances and discordances between SPT and sIgE for each aeroallergen tested.

1 For grass and ragweed some children had missing laboratory values for sIgE.
2 Eleven children were not skin tested for dog (because dog was tested on a second
applicator that carried otherwise only food antigens that was not used in all children)
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Figure 2.

Association between allergen specific sIgE levels (kU/I) and grade of SPT result. Each data
point represents the results of one patient. 1 Values above sIgE 100 kU/I (the upper cut-off
of the Immulite assay detection range) indicate test results reported as “>100 kU/I” and do
not reflect precise values.
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Comparison between extracts used for skin prick testing and in-vitro allergen specific sIgE testing

Table 1

Extracts used for skin testing
Greer Laboratories

Antigens used for serum IgE testing
Immulite® 2000 3gAllergy™ system

Northern grass pollen mix 100.000 BAU/ml
Timothy grass
Kentucky Blue/June
Orchard
Redtop
Sweet Vernal

Timothy grass (G6)
n/a
na
n‘a
n/a

Giant and Short ragweed mix 1:20 w/v, (AgE 125 U/ml)

Common (=short) Ragweed (W1)

Dermatophagoides pteronyssinus 10.000 AU/ml

Dermatophagoides farinae (D2)

Cockroach mix (American and German) 1:20 w/v

Cockroach (16)

Mouse epithelia 1:20 w/v

Mouse urine (E72)

Cat hair 10.000 BAU/mlI

Cat dander-epithelium (E1)

Dog epithelia, mixed breeds 1:20 w/v

Dog dander (E5)
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Table 2

Children’s demographic and clinical characteristics (n=40)

Mean age in montds (+/-SD) | 36.5 (+/-9.4)
Male gender (%) | 83 %
Race (%)
Hispanic | 63 %
African-American | 30 %
Other | 7%
History of clinical food allergy | 62 %
Eczema ever (%) | 92 %
Eczema currently (%) | 70 %
Number of wheezing episodes and/or asthma symptoms since birth (%)
2-4 | 30%
5-15 | 43%
>15 | 27 %
Total serum IgE kU/I (%)
0-50 kU/l | 13%
>50-100 kU/l | 3%
>100-300 kU/I | 30 %
>300-1,000 kU/l | 26 %
>1,000-2,000 kU/I | 13 %
> 2,000 kU/l | 16 %
Number of aeroallergen sensitizations per child based on SPT1 | 31(+-L7)
Number of aeroallergen sensitizations per child based on sige13 | 43 (+-2.2)
Number of food allergen sensitizations per child based on SPT2 | 15(+/-18)
SPT grade of histamine control
1|3%
2| 70%
3| 18%
4110%

1 .
Aeroallergens tested: tree pollen, grass pollen, ragweed pollen, dust mite, roach, cat, mouse, dog; (Mean+/-SD)

2Food allergens tested: milk, egg, soy, wheat, peanut, shellfish, fish; (Mean+/-SD)

31gE>0.1 kUM
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Table 3

Page 15

Strength of agreement between SPT and serum IgE testing. Agreement is defined as either having skin prick
test negative with corresponding allergen specific sIgE negative (i.e. <0.1 kU/I) or skin prick test positive with
corresponding allergen specific sIgE positive (i.e. = 0.1 kU/I). Kappa < 0.20 indicates poor agreement, kappa
0.21-0.40 fair agreement, 0.41-0.60 moderate agreement.

Kappa (95% CI)

Dog -0.04 (-0.14, 0.06)
Grass 0.12 (0.05, 0.19)
Roach 0.28 (0.21, 0.36)

Cat 0.32 (0.24, 0.39)

Dust mite 0.35(0.28, 0.43)
Ragweed 0.40 (0.35, 0.45)
Mouse 0.50 (0.44, 0.56)
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