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Abstract

Background: There are no available clinical tests that can accurately predict pea-

nut allergy (PA) and/or anaphylaxis. This study is aimed at evaluating whether

the component-resolved diagnostic (CRD) IgE and IgG4 tests can (i) distinguish

PA from asymptomatic peanut sensitization (PS) and (ii) differentiate anaphylac-

tic from nonanaphylactic PA.

Methods: This study included 20 nonatopic controls, 58 asymptomatically peanut-

sensitized children, 55 nonanaphylactic, and 53 anaphylactic PA cases from the

Chicago Food Allergy Study. IgE and IgG4 to 103 allergens were measured using

the ImmunoCAP ISAC technology and were compared among each group of

children. The random forest test was applied to estimate each allergen’s ability to

predict PA and/or peanut anaphylaxis.

Results: Peanut allergy cases (with or without anaphylaxis) had significantly

higher IgE reactivity to Ara h 1–3 (peanut allergens) and Gly m 5–6 (soy aller-

gens) than asymptomatically sensitized children (P < 0.00001). Similar but more

modest relationships were found for IgG4 to Ara h 2 (P < 0.01). IgE to Ara h 2

was the major contributor to accurate discrimination between PA and asymptom-

atic sensitization. With an optimal cutoff point of 0.65 ISU-E, it conferred 99.1%

sensitivity, 98.3% specificity, and a 1.2% misclassification rate in the prediction

of PA, which represented a higher discriminative accuracy than IgE to whole pea-

nut extract (P = 0.008). However, none of the IgE and/or IgG4 tests could signifi-

cantly differentiate peanut anaphylaxis from nonanaphylactic PA.

Conclusions: IgE to Ara h 2 can efficiently differentiate clinical PA from asymp-

tomatic PS, which may represent a major step forward in the diagnosis of PA.

Peanut allergy (PA), which can be triggered by a small expo-

sure to peanut (1), is an increasing clinical and public health

problem worldwide. It affects approximately 1% of children

and 0.6% of adults in the United States (2), and the

prevalence is on the rise (3). PA is more persistent than other

common food allergies and is the leading cause of fatal

food-induced anaphylaxis (4–6). Despite that, there are no

available diagnostic tests that can accurately predict who will

develop PA and who will experience anaphylaxis on peanut

ingestion.

Various methods have been used to diagnose PA ranging

from self-report to a double-blind, placebo-controlled food

challenge (DBPCFC). Although the DBPCFC is regarded

as the gold standard, it is expensive, time-consuming, and

associated with uncertain risk including anaphylaxis and

therefore is not routinely performed in practice. Skin prick

test (SPT) and serum-specific immunoglobulin E (IgE)

against whole peanut extract, which currently are the pri-

mary modalities used to determine peanut sensitization (PS),

have played important roles in diagnosis. However, most

subjects with PS will not develop clinical PA (7). Clinical

cutoff points for these two tests that correlate with � 95%

positive predictive value (PPV) have been proposed to

improve diagnostic utility (8, 9), although these cutoff

points have relatively low sensitivity and low negative pre-

dictive value (10).
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The discordance between PS defined by SPT and/or sIgE

against whole peanut extract and clinical PA may be partly

due to IgE cross-reactivity between some nonspecific compo-

nents in peanut extract and their homologous allergen compo-

nents from other species. This raises a hypothesis that

sensitization to one or more peanut-specific allergens rather

than whole peanut extract may be more predictive of PA.

Among the 11 identified peanut allergens (http://www.aller-

gen.org), Ara h 1–3, which are highly resistant to heat and

enzymatic degradation, are potentially clinically relevant (11,

12). Ara h 9, a Pru p 3 homolog, is one of the primary peanut

allergens found in Mediterranean populations (13). In com-

parison, Ara h 8, a Bet v 1 homolog, is reported to be a major

allergen in patients with combined birch pollen and peanut

allergies (14). Ara h 2 has been reported as the most impor-

tant allergen used to predict PA in the United Kingdom (15,

16), France (17, 18), and Sweden (19), but not in Italy (13).

The diversity of IgE binding to peanut allergens has also been

linked to the severity of PA (17, 20, 21). However, most of

these studies were of small sample size (<85) (13, 15–17, 20,
22) and mainly focused on European populations. Different

geographically or ethnically defined populations may be pre-

dominantly sensitive to different peanut allergens (23), which

strengthens the necessity to conduct replication studies in

other population before general application.

The function of allergen-specific IgE may be affected by

the IgG4 antibody, which has been reported to be associated

with the suppression of IgE-dependent immediate hypersensi-

tivity reaction via competing binding sites of IgE (24). IgG4

may play a role in the attainment of tolerance to foods in

allergic patients (25, 26). Increased peanut-specific IgG4 anti-

bodies also have been observed during immunotherapy for

PA (27, 28). These findings indicate the necessity to investi-

gate whether allergen-specific IgG4 antibodies contribute to

the prediction of PA and peanut anaphylaxis.

Using a new component-resolved diagnostic (CRD) tool,

the ImmunoCAP ISAC, this study aimed to characterize IgE

and IgG4 reactivity profiles to 103 allergens (including Ara h

1–3 and 8) in 186 U.S. Caucasian children with different clin-

ical manifestation on peanut ingestion. We further explored

whether this allergen-specific IgE and/or IgG4 reactivity

could (i) differentiate PA from asymptomatic sensitization

and (ii) predict peanut anaphylaxis.

Methods

Population source and data collection

Four groups of biologically independent Caucasian children,

including (i) 20 nonatopic controls; (ii) 58 asymptomatic PS

children; (iii) 55 nonanaphylactic PA cases; and (iv) 53 ana-

phylactic PA cases, were enrolled from the Chicago Food

Allergy Study, which has been described previously (29). For

each subject, the following procedures were completed: (i) a

questionnaire interview to obtain each participant’s charac-

teristic information, home environment, lifestyle, food aller-

gies and medical history, etc; (ii) a clinical evaluation,

including height, weight, and SPT; and (iii) collection of

venous blood samples for subsequent laboratory assays. The

study protocols were approved by the Institutional Review

Board of Children’s Memorial Hospital (CMH) in Chicago.

SPT and IgE measurement

Using Multi-Test II, an SPT for nine food extracts (egg

white, cow milk, peanut, soy, wheat, walnut, fish mix, shell-

fish mix, and sesame seed) and five aeroallergens (dust mite

mix [equal parts mixture of Dermatophagoides pteronyssinus

and Dermatophagoides farinae], cat hair, dog epithelia, cock-

roach mix, and Alternaria tenius) was performed with hista-

mine and saline serving as positive and negative controls,

respectively. SPT is considered valid when the mean wheal

diameter (MWD) for histamine is � 3 mm, the MWD for

saline is <3 mm, and their difference is � 3 mm. Specific IgE

(sIgE) to these 14 extracts and total IgE (tIgE) were mea-

sured by the Clinical Immunology Laboratory of CMH using

Phadia ImmunoCAP (Phadia AB, Uppsala, Sweden). The

calibration range for tIgE and sIgE was 2.0–5000 kU/l and

0.1–100 kUA/l, respectively. Percent peanut sIgE was calcu-

lated as peanut sIgE/tIgE 9100%.

Definition of phenotypes

Sensitization was defined as SPT MWD � 3 mm compared

to the negative control and/or sIgE � 0.1 kUA/l to any of

the 14 measured extracts. Nonatopic controls were defined if

a child had no sensitization to any of these extracts and had

no history of any physician-diagnosed allergic diseases.

Asymptomatic PS children were defined if a child was sensi-

tized to peanut (SPT MWD � 3 mm to peanut compared to

the negative control and/or peanut sIgE � 0.1 kUA/l) but

reported no clinical symptoms on peanut ingestion. PA cases

were defined if a child met both of the following criteria: (i)

peanut sIgE � 14 kUA/l and/or peanut SPT MWD � 8 mm;

(ii) a convincing clinical reaction within 2 h of peanut inges-

tion consisting of any of the following: oral cavity symptoms

(lip or tongue swelling); skin-mucosal symptoms (hives, swol-

len face/extremities, swollen eyes); throat symptoms (itching,

tightness, hoarseness/change of voice, or choking/difficulty

swallowing); respiratory tract symptoms (shortness of breath,

repetitive coughing, wheezing, chest tightness); cardiovascular

symptoms (dizziness, lightheadedness, fainting, decreased

level of consciousness); and gastrointestinal tract symptoms

(vomiting). Peanut anaphylaxis was defined according to the

previous report by Sampson et al. (30).

CRD-based IgE and IgG4 measurement

IgE reactivity to 103 allergens (including four peanut aller-

gens: Ara h 1–3 and 8) was simultaneously tested using Im-

munoCAP ISAC IgE chips by Phadia Immunology

Reference Laboratory (Portage, MI, USA) according to the

manufacturer’s instructions. Information on these allergens

can be found elsewhere (31). This technique is a semi-quanti-

tative test, and the results are reported in ISAC Standardized

Units (ISU-E) where ISU-E corresponds to IgE antibody
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levels in the ng/ml range. Similarly, ImmunoCAP ISAC IgG4

chips were applied to measure IgG4 reactivity to the same

103 allergens where ISU-G4 corresponds to IgG4 antibody

levels in the mg/ml range. The detection limit for IgE and

IgG4 was 0.3 ISU-E and 0.1 ISU-G4, respectively. Positive

IgE and IgG4 reactivity was defined if their value was above

the detection limit, respectively.

Statistical analyses

IgE and IgG4 reactivities to the 103 allergens were analyzed

as both continuous (IgE or IgG4 levels) and categorical vari-

ables (the frequency of positive reactivity). The nonparametric

Wilcoxon’s rank sum tests and Fisher’s exact tests were

applied to compare the distribution of continuous variables

and categorical variables, respectively, among different study

groups as well as between 108 PA cases and 58 asymptomatic

PS children. The statistical significance cutoff level was a two-

sided P-value <0.01. These analyses were conducted using

SAS software version 9.3 (SAS Institute, Cary, NC, USA).

If IgE and/or IgG4 reactivity profiles clearly differed

between PA cases and asymptomatically PS children, their

ability to correctly classify PA cases from asymptomatic PS

children was then evaluated using the nonparametric random

forest method in the Party add-on package for R system

(Version 2.14.1, R Core Team, Vienna, Austria, http://www.

R-project.org). With this package, the importance of each

variable for this classification was estimated using the vari-

able importance measure with a conditional permutation

scheme. Similar procedures were conducted for classification

between anaphylactic and nonanaphylactic PA cases, if these

two groups clearly differed regarding IgE and/or IgG4 reac-

tivity profiles.

Results

Population characteristics and clinical symptoms

Of the 186 enrolled children, the mean age was

7.5 ± 3.7 years, and 59.1% were boys. As shown in Table 1,

four groups of children were comparable in terms of gender,

maternal smoking status, maternal/paternal history of allergy

and breast-feeding history, while the nonanaphylactic PA

cases tended to be the youngest (P < 0.17). The nonatopic

controls had no sensitization or physician-diagnosed allergic

diseases (according to the inclusion criteria). The other three

groups showed no significant difference in the prevalence of

allergic disease (including eczema, asthma, hay fever, and

allergies to other foods). The asymptomatic PS children had

significantly lower tIgE, peanut SPT MWD, peanut sIgE,

and percent peanut sIgE than either nonanaphylactic or ana-

phylactic PA cases (all P < 0.007). Percent peanut sIgE was

even higher in the anaphylactic PA cases than in the nonana-

phylactic PA cases (P = 0.006, Table 1).

IgE reactivity profile to 103 allergens

Among a total of 2060 (=20 9 103) IgE quantifications for the

20 nonatopic controls, only 4 (0.2%) detectable IgE were

observed, indicating that ISAC ImmunoCAP had a minimized

false-positive rate (Fig. 1). Among the other three groups, we

found that Ara h 1–3 were highly correlated with Gly m 5–6
from soybeans (r � 0.58, P < 0.0001), suggesting a significant

cross-reactivity among these allergens. Such a cross-reactive

relationship also was found for Ara h 8 with a birch allergen,

Bet v 1 (r = 0.74, P < 0.0001), and three grass allergens (Cyn d

1, Phl p 1, and Phl p 12; r > 0.21, P < 0.005). Of note, the fre-

quency of IgE reactivity to each birch/grass allergen was rela-

tively low in this cohort, ranging from 0% to 22.0%.

PA cases (with and/or without anaphylaxis) and asymp-

tomatic PS children clearly differed regarding the quantity

and frequency of IgE reactivity to Ara h 1–3 (P < 0.0001;

Figs 1 and 2, and Table 2): Ara h 2 was recognized by all

but one PA case (99.1%), while only five asymptomatic PS

children (8.6%) reacted to this allergen. In comparison, Ara

h 1 and Ara h 3 were exclusively recognized by PA cases

with a frequency of 93.5% and 76.8%, respectively. PA cases

also had significantly higher IgE reactivity to Gly m 5–6
(P < 0.0001) and Pru p 3 (P = 0.01), while no differences

were found for other allergens including Ara h 8, birch (Bet

v 1, 2, and 4), and Timothy grass allergens (Phl p 1, 2, 4–7,
11, 12; Fig. 1).

Nonanaphylactic and anaphylactic PA cases were largely

comparable with regard to IgE reactivity to the four peanut

allergens, Pru p 3, and/or other potentially cross-reactive aller-

gens, except that the latter group reacted slightly more to Cyn

d 1 (P = 0.006, Fig. 1). Our further analyses showed that IgE

reactivity to the four peanut allergens did not vary by the

child’s age, gender, and/or clinical symptoms (data not shown).

IgG4 reactivity profile to 103 allergens

Ara h 1, rather than Ara h 2, was the most common peanut

allergen recognized by IgG4 (Table 2). The children in each

study group were comparable in IgG4 reactivity to a very

large majority of the 103 allergens (Table 2 and Fig. S1).

Only a few marginal differences were observed between PA

cases (with and/or without anaphylaxis) and asymptomatic

PS children, with the latter group having lower IgG4 reactiv-

ity to Ara h 2 (P = 0.003) and Api g 1, a PR-10 protein from

celery (P = 0.006). We also observed that the IgG4 level to

Pru p 3 was higher in nonanaphylactic PA cases than in ana-

phylactic PA cases (P = 0.006, Fig. 2).

Diversity of IgE and/or IgG4 binding to peanut allergens

The diversity of IgE binding to peanut allergens (range: 0–4)
significantly differed between PA cases (with and/or without

anaphylaxis) and asymptomatic PS children: 76.3% of non-

anaphylactic PA cases and 81.1% of anaphylactic PA cases

recognized � 3 peanut allergens, whereas only one asymptom-

atic PS child (1.7%) recognized two peanut allergens at maxi-

mum (P < 0.0001, Table 2); however, no difference was found

between nonanaphylactic and anaphylactic PA cases. The

diversity of IgG4 binding to these four peanut allergens was

comparable among the three peanut-sensitized/allergic groups

(Table 2).
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IgE to Ara h 2 is the best candidate to discriminate PA from

asymptomatic PS

Using the random forest method, IgE levels to 32 allergens,

which were recognized by � 10% children in this cohort,

were then included in the predicative model to evaluate their

efficacy in discriminating PA cases from asymptomatic PS

children among the subset of 166 peanut-sensitized children.

As shown in Fig. 3, the conditional variable importance

measure for these variables indicated that IgE to Ara h 2

contributed the most to an accurate discrimination. The

mean change in accuracy was 0.11 for Ara h 2, compared

with 0.08 for Ara h 1 and 0.03 or less for other allergens.

Adding IgE levels to the other 71 allergens and/or adding the

IgG4 levels to Ara h 2 and Api g 1 (which showed a differ-

ence between PA cases and asymptomatic PS children) into

this model led to no significant improvement in discrimina-

tive accuracy (data not shown). When a similar analysis was

Table 1 Population characteristics of the 186 children from the Chicago food allergy cohort

Variables

Nonatopic

controls (n = 20)

Sensitized groups

Asymptomatic

PS (n = 58)

Nonanaphylactic

PA (n = 55)

Anaphylactic

PA (n = 53)

Age (years),

median (10th–90th)

7.6 (2.8–11.2) 7.1 (2.9–13.0) 5.4 (2.9–9.7) 7.2 (3.4–13.5)

Boy, n (%) 11 (55.0) 32 (55.2) 34 (61.8) 33 (62.3)

Never-smoking

mother, n (%)

12 (60.0) 42 (72.4) 43 (78.2) 42 (79.3)

Exclusive breast

feeding, n (%)

5 (26.3) 14 (24.1) 14 (25.5) 11 (20.8)

Peanut ingestion � 1

day/week, n (%)*
10 (55.6%) 37 (80.4%) 0 0

Maternal allergic

diseases, n (%)

7 (35.0) 32 (56.1) 31 (56.4) 32 (60.4)

Paternal allergic

diseases, n (%)

6 (30.0) 28 (50.0) 27 (49.1) 33 (64.7)

Current eczema,

n (%)

0 18 (31.0)† 28 (50.9) 22 (41.5)

Current asthma,

n (%)

0 18 (31.0)† 25 (45.5) 28 (52.8)‡

Current hay fever,

n (%)

0 25 (43.1)† 22 (40.0) 32 (60.4)

Allergy to other foods,

n (%)s

0 21 (36.2)† 25 (45.5) 21 (39.6)

Total IgE (kU/l), median

(10th–90th)

7.8 (2.0–27.1) 172.5 (47.1–590.1)† 405.0 (59.9–1749.9)‡ 358.4 (107.3–1163.6)‡

Peanut sIgE (kUA/l),

median (10th–90th)

0 0.30 (0.12–2.30)† 40.2 (0.91–194.3)‡ 93.9 (9.3–213.5)‡

Peanut sIgE � 14

kUA/l, n (%)

0 0 43 (78.2)‡ 45 (88.2)‡

Percent peanut sIgE,

median (10th–90th)§
0 0.00 (0.00–0.01)† 0.12 (0.02–0.36) ‡ 0.23 (0.04–0.41)‡,¶

Peanut SPT MWD

(mm), median (10th–90th)**
0 0 (0–5.5) 11.3 (8.5–19.5)‡ 11.0 (7.5–14.0)‡

Peanut SPT MWD

� 8 mm, n (%)**
0 1 (2.3) 32 (94.1)‡ 20 (87.0)‡

PS, peanut sensitization; PA, peanut allergy; MWD, mean wheal diameter; NA, not available; SPT, skin prick test.

*The number of children with available information on peanut ingestion was 18, 46, 54, and 53 in the nonatopic, asymptomatic PS, nonana-

phylactic and anaphylactic PA groups, respectively.

†,‡,¶Pairwise comparison of continuous and categorical variables was made between nonatopic controls and asymptomatic PS children;

between asymptomatic PS children, nonanaphylactic PA cases and anaphylactic PA cases; and between nonanaphylactic and anaphylactic

PA cases, using two-sided Wilcoxon’s rank sum tests and Fisher’s exact tests, respectively. †P < 0.01 with nonatopic controls as the refer-

ence; ‡P < 0.01 with asymptomatic PS children as the reference; ¶P < 0.01 with nonanaphylactic PA cases as the reference.

§Two anaphylactic subjects had missing values on peanut sIgE.

**The number of children with available SPT data was 18, 44, 34, and 23 in the nonatopic, asymptomatic PS, nonanaphylactic and anaphy-

lactic PA groups, respectively.
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Figure 1 IgE reactivity profile to 103 allergen components in four study groups of children from the Chicago food allergy cohort. Each col-

umn stands for IgE reactivity to one allergen.

Figure 2 Distribution of IgE and IgG4 reactivity to peanut-related

allergens in each study group of children from the Chicago food

allergy cohort. X-axis represents each study group: A = nonatopic

controls; B = asymptomatically sensitized children; C = nonanaphy-

lactic peanut allergy (PA) cases; D = anaphylactic PA cases. *,***,

&Pairwise comparison of the IgE (or IgG4) level to Ara h 1–3, 8 and

Pru p 3 across each study group. *P < 0.01, ***P < 0.0001 with

asymptomatic peanut sensitization children (group B) as the refer-

ence; &P < 0.01 with nonanaphylactic PA cases (group C) as the

reference.
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carried out for IgG4 levels, no allergen was found to contrib-

ute significantly to the prediction of PA (data not shown).

Table 3 compares the diagnostic performance for IgE to

Ara h 2 and for peanut sIgE at multiple cutoff points. The

optimal cutoff point for Ara h 2 was 0.65 ISU-E, which cor-

responded to the lowest misclassification rate (1.2%). With

this cutoff point, there were 99.1% sensitivity and 98.3%

specificity for the diagnosis of PA. In comparison, the opti-

mal cutoff for peanut sIgE (3.5 kUA/l) corresponded to a

lower sensitivity (91.5%) and a higher misclassification rate

(6.1%). Such difference was statistically significant when

tested using estimated area under the receiver operating char-

acteristic (ROC) curves (P = 0.008).

Discussion

This is the first study to characterize CRD-based IgE and

IgG4 reactivity profiles to 103 common allergens in U.S.

Caucasian children and to evaluate their efficacy in the pre-

diction of PA and/or peanut anaphylaxis. We demonstrated

that IgE reactivity to Ara h 1–3 and Gly m 5–6 was clearly

higher in children with PA than in asymptomatic PS chil-

dren, and that IgE to Ara h 2 was the best candidate to dis-

criminate PA from asymptomatic PS, which is consistent

with findings in European populations (15–18). However, all

of these IgE and/or IgG4 tests had limited clinical value in

the prediction of peanut anaphylaxis.

In line with previous reports in European populations

(15, 17, 18), our data showed that Ara h 2 is the most com-

mon peanut allergen recognized by IgE in U.S Caucasian

children with PA (99.1%), followed by Ara h 1 (93.5%) and

Ara h 3 (76.9%). In comparison, Ara h 8, which was recog-

nized by 12.0% of PA cases and 13.8% of asymptomatic PS

children, is a nonspecific minor peanut allergen. Significant

IgE cross-reactive relationships were observed between Ara h

8 and the major birch allergen (Bet v 1), and several grass

allergens, which supports the hypothesis that IgE directed

against birch/grass allergens may bind to components of

whole peanut extract leading to asymptomatic PS. A previ-

ous report in Britain demonstrated that peanut-tolerant chil-

dren had a higher response to Timothy grass allergens (Phl p

1, 4, and 5b) than children with PA (15). However, no such

difference was found in our cohort. This inconsistency may

be partly due to a relatively lower sensitization rate to birch/

grass allergens in this cohort (<22%) and/or due to the dif-

ference in grass allergen recognition in different populations.

Our findings strongly suggest that IgE to Ara h 2 repre-

sents the most important candidate to accurately discriminate

Table 2 The frequency of IgE and IgG4 reactivity to four peanut allergens, and the diversity of IgE and IgG4 binding to these allergens

across each study group of children from the Chicago food allergy cohort

Variables Nonatopic controls

Sensitized groups

Asymptomatic PS Nonanaphylactic PA Anaphylactic PA

IgE reactivity (n, %)

IgE reactivity to Ara h 1 0 0 49 (89.1)** 52 (98.1)**

IgE reactivity to Ara h 2 0 5 (8.6) 54 (98.2)** 53 (100.0)**

IgE reactivity to Ara h 3 0 0 42 (76.4)** 41 (77.4)**

IgE reactivity to Ara h 8 0 8 (13.8) 7 (12.7) 6 (11.3)

Number of IgE binding

to peanut allergens

0 20 (100.0) 46 (79.3) 1 (1.8) ** 0 **

1 0 11 (19.0) 4 (7.3) 1 (1.9)

2 0 1 (1.7) 8 (14.6) 9 (17.0)

3 0 0 (0) 36 (65.4) 39 (73.6)

4 0 0 6 (10.9) 4 (7.5) **

IgG4 reactivity (n, %)

IgG4 reactivity to Ara h 1 11 (55.0) 38 (65.5) 39 (70.9) 39 (73.6)

IgG4 reactivity to Ara h 2 3 (15.0) 23 (39.7) 33 (60.0) 36 (67.9)*

IgG4 reactivity to Ara h 3 4 (20.0) 21 (36.2) 30 (54.6) 23 (43.4)

IgG4 reactivity to Ara h 8 0 4 (6.9) 9 (16.4) 5 (9.4)

Number of IgG4 binding

to peanut allergens

0 8 (40.0) 11 (19.0) 7 (12.7) 7 (13.2)

1 7 (35.0) 22 (37.9) 13 (23.7) 12 (22.6)

2 4 (20.0) 12 (20.7) 12 (21.8) 13 (24.5)

3 1 (5.0) 12 (20.7) 18 (32.7) 19 (35.9)

4 0 1 (1.7) 5 (9.1) 2 (3.8)

The pairwise comparisons of each categorical variable were tested using a Fisher’s exact test between asymptomatic peanut sensitization

(PS) children, nonanaphylactic peanut allergy (PA) cases and anaphylactic PA cases, and between nonanaphylactic and anaphylactic PA cases

using two-sided Fisher’s exact tests. **P < 0.0001, *P < 0.01 with asymptomatic PS children as the reference group.
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PA from asymptomatic PS, confirming the findings in a

mouse model (33) and in other human studies (15, 17, 18,

34). We also found that additional measurements of IgE to

Ara h 1, 3, 8 and/or other cross-reactive allergens showed

limited contribution to PA diagnosis. The diagnostic perfor-

mance for IgE to Ara h 2 in the prediction of PA has been

previously documented (16, 18, 35). Specifically, Codreanu

et al. reported that a cutoff point of 0.23 kUA/l conferred

96.0% sensitivity and 93.0% specificity in 237 French chil-

dren (18). Nicolaou et al. reported that an optimal cutoff

point of 0.35 kUA/l yielded 100% sensitivity and 96.1% spec-

ificity in 81 British children (16). Dang et al. found that a

cutoff point of 0.35 kUA/l yielded 81% sensitivity and 93%

specificity, whereas a cutoff point of 1.19 kUA/l yielded 60%

sensitivity and 98% specificity in 200 Austrailian infants (35).

Comparably, we demonstrated that an optimal cutoff point

of 0.65 ISU-E to Ara h 2 corresponded to 99.1% sensitivity

and 98.3% specificity in our cohort of 166 U.S. Caucasian

children. The similarity in diagnostic performance of sIgE to

Ara h 2 across different countries may suggest that these

findings are likely to be significant and transferable to other

populations. We and others (16, 35) also have suggested that

IgE to Ara h 2 shows higher discriminative accuracy than

IgE to whole peanut extract in the prediction of PA.

Low IgG4 levels have been generally proposed as a reflec-

tion of low dietary exposure to allergens. However, our data

suggest that this may not be true of peanut ingestion. We

observed that IgG4 to Ara h 2 was higher in PA cases than

in asymptomatic PS children or nonatopic controls, despite

the fact that all PA cases avoided peanut ingestion (Table 1).

A previous study also showed that children with PA had sig-

nificantly higher IgG4 levels to peanut than children without

PA (36). Both studies support that the up-regulation of IgG4

binding to peanut and/or peanut allergens may be associated

with allergic states rather than dietary exposure, and may

reflect a dysregulated immune response to peanut and/or pea-

nut allergens. However, our findings suggest that IgG4 reac-

tivity to peanut allergens has limited clinical value in PA

diagnosis.

Factors associated with peanut anaphylaxis remain largely

unknown. Increased diversity of IgE binding to peanut aller-

gens and/or allergenic epitopes has been proposed as being

predictive of a more severe PA by some studies (17, 21, 37),

Figure 3 Variable importance of IgE to each common allergen in

discriminating peanut allergy from asymptomatic peanut sensitiza-

tion. A high positive value of mean decrease in accuracy indicates

high variable importance, whereas a small positive or negative

value indicates that the variable is irrelevant.

Table 3 Diagnostic sensitivity and specificity for IgE to Ara h 2 and IgE to whole peanut extract*

Test Cutoff point Sensitivity (%) Specificity (%) PPV (%) NPV (%) Misclassification (%)

IgE to Ara h 2 0.30 ISU-E 99.1 91.4 95.5 98.2 3.7

0.60 ISU-E 99.1 96.6 98.1 98.3 1.8

0.65 ISU-E† 99.1 98.3 99.1 98.3 1.2

1.0 ISU-E 97.2 98.3 99.0 95.0 2.4

2.0 ISU-E 92.5 100.0 100.0 87.9 4.9

Peanut sIgE 0.35 kUA/l 98.1 51.7 78.8 93.8 18.3

2.0 kUA l 93.4 87.9 93.4 87.9 8.5

3.0 kUA/l 91.5 94.8 97.0 85.9 7.3

3.5 kUA/l
† 91.5 98.3 99.0 86.4 6.1

4.0 kUA/l 90.6 98.3 99.0 85.1 6.7

5.0 kUA/l 89.6 98.3 99.0 83.8 7.3

15.0 kUA/l 80.2 100.0 100 73.4 12.8

PPV, positive predictive value; NPV, negative predictive value; PA, peanut allergy.

Sensitivity refers to the propotion of subjects with PA who are correctly identified as having the condition by the test; specificity refers to

the proportion of subjects without PA who are correctly identified as not having the condition by the test.

*This analysis included 106 peanut-allergic cases and 58 asymptomatic peanut-sensitized children. Two peanut-allergic cases with no avail-

able peanut sIgE were removed.

†Optimal cutoff point in this cohort.
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but not by all (22). Our study indicated that the diversity of

IgE and/or IgG4 binding to the four peanut allergens showed

no association with peanut anaphylaxis. Consistently, Flin-

terman et al. found no association between IgG4 epitope

diversity and the severity of PA (37). Although we found that

anaphylactic PA cases tended to have higher percent peanut

sIgE, higher IgE to Cyn d 1, and lower IgG4 to Pru p 3 than

nonanaphylactic PA cases, these variables were largely over-

lapped between these two subgroups and thus cannot be used

to effectively predict peanut anaphylaxis.

This study has some limitations. First, No DBPCFC was

performed to verify clinical allergy. We carefully defined PA

based on (i) convincing clinical symptoms on peanut expo-

sure and (ii) peanut sIgE � 14 kUA/l and/or SPT � 8 mm,

which corresponds to 95% PPV for clinical PA. With such

stringent criteria, we were confident that any misclassification

of PA would have been minimal. Second, some recent reports

have shown that processed peanut allergens (including Ara h

2) have distinct structural and immunologic features (38, 39).

This may indicate that the linearized molecules of Ara h 2

from processed peanut, which was not included in this study,

may have distinct IgE/IgG4 ratios and a different diagnostic

efficacy than the globular molecules. Third, ImmunoCAP

ISAC technology may be less sensitive than the ImmunoCAP

technology, although these two technologies have high con-

cordance in the measurement of IgE to peanut allergens (40).

Fourth, this was a preselected cohort, which offered

increased power to detect the potential difference in IgE or

IgG4 reactivity profiles across each study group. However,

such a cohort could possibly lead to overestimation in the

diagnostic performance of IgE to Ara h 2. Finally, this study

only included subjects with IgE-mediated immediate-type PA,

and no IgG anti-food serological tests were measured. Thus,

further studies are needed to replicate our findings in a large

population-based cohort.

In summary, our data demonstrated that IgE to Ara h 2

may be an efficient marker to accurately classify PA from

asymptomatic PS, although IgG4 reactivity profiles showed

limited contribution to the prediction of PA and/or anaphy-

laxis. This study suggests that the use of allergen components

represents a major step forward in the diagnosis of IgE-medi-

ated disease, and may facilitate the study of the mechanisms

behind PA. The use of ISAC technology, which offers a

wider sensitization profile for each patient, may have a signif-

icant impact on patient management in terms of risk assess-

ment and the ability to offer more accurate advice to patients

to help them avoid allergens.
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