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Abstract

Background—Although IgE antibodies to cow's milk and wheat are common in patients with 

EoE, titers are low and responses to diet are not dependent on having IgE antibodies.

Objective—To better define specific IgE antibody responses to foods, focusing on those foods 

that appear to play a role in EoE.

Methods—Adult (n=46) and pediatric (n=51) EoE patients were recruited for skin prick testing 

and serum measurement (whole and diluted) of IgE specific for aeroallergens, food extracts and 

component allergens by ImmunoCAP. Immuno Solid-phase Allergen Chip (ISAC) analysis was 

also used to measure IgE to 112 allergen molecules.

Results—In adults and children, there was a higher prevalence of sensitization to food extracts 

by ImmunoCAP compared with skin prick testing. Using ISAC to assess the specificity of IgE 

antibodies to 112 allergen molecules, results for food allergens were mostly negative. In contrast, 

ImmunoCAP assays for specific milk allergens gave positive IgE antibody results in 31/34 sera. 

The correlations between specific IgE antibody to Bosidi4 or Bos d 5 and milk extract were strong 

(R=0.89 and R=0.76 respectively; p<0.001). The evidence that IgE to foods was directed at minor 

components of the extracts was further supported by measurements on diluted sera.
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Conclusion—The IgE responses in cow's milk sensitized EoE patients are frequently to whey 

proteins Bos d 4 and Bos d 5, minor components of the extract. These IgE assays may be able to 

identify the proteins that are relevant to EoE even though IgE is not the primary mechanism.
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INTRODUCTION

Eosinophilic esophagitis (EoE) is a chronic disease that affects children and adults. In some 

patients it starts in childhood and lasts into adulthood.1,2 In most patients, EoE is associated 

with food and aeroallergen sensitization.3-8 Furthermore, the disease typically improves or 

resolves with food elimination diets.5,9-12 However, symptoms do not usually occur 

immediately upon ingestion of problem food(s). Therefore, triggers can be difficult to 

identify, and the contribution of specific antigens to the disease process is not yet 

understood.

When evaluating EoE patients, serum IgE and skin prick testing to foods is recommended 

for consideration of immediate hypersensitivity; although, the role of these diagnostic 

modalities in planning dietary treatment is not clear.3 The relationship between skin prick 

testing and clinical response to diet has been described with positive predictive values for 

individual foods ranging from 57-96% and negative predictive values ranging from 

14-65%.9 As such, in some children, resolution of symptoms has been demonstrated in 

patients who avoid milk and foods that are positive by skin prick and patch testing.10 

However in other pediatric and adult studies, although food seems to play a causal role, skin 

testing has not identified the problem food(s).11-12 We have previously reported in pediatric 

patients that serum IgE antibody assays detect more allergic sensitization to foods than skin 

prick testing.8 This may also be true for adults.6

In Europe, measurements of IgE specific for purified allergens (components) have suggested 

that at least some food sensitization in adults with EoE is related to (birch) pollen cross-

reactivity.13 In general among patients with food allergy other than EoE, sensitization to 

specific allergenic molecules has provided information about distinct clinical symptoms 

upon exposure, and the pathway for development of IgE antibodies.14-16 In addition, it has 

been reported that for the same clinical pathways, the prevalence of sensitization to different 

allergen specificities may vary regionally.17 Serum IgE to specific proteins has not been 

reported in patients with EoE who live in the United States. We report on a cross-sectional 

study using different testing modalities to detect and delineate IgE antibodies in patients 

with EoE. The objective of this study was to measure food and aeroallergen sensitization 

(IgE antibody positivity) in adult and pediatric patients recruited in parallel and to 

investigate serum IgE to component allergens for those foods that elimination diets suggest 

may be relevant to the eosinophilic inflammation.
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METHODS

Adult patients (n=46) who were referred to the Allergy Clinic at The Ohio State University 

Wexner Medical Center for evaluation of EoE and had >15 eosinophils/high power field 

(hpf) documented by esophageal biopsy were recruited between September, 2010 and 

December, 2013. Although not all of the patients had been treated with proton pump 

inhibitor (PPI) for a full 8 weeks prior to biopsy, over 90% were taking a PPI at allergy 

evaluation and had not had resolution of symptoms. We did not exclude patients who had 

not been fully treated with PPI prior to the biopsy. This study was approved by the 

institutional review board of The Ohio State University, and all patients provided written 

informed consent.

Pediatric patients (n=51) were recruited from the allergy clinic at Nationwide Children's 

Hospital (Columbus, Ohio) during the same time period. A separate protocol for children 

was approved by the IRB at Nationwide Children's Hospital.

At a single study visit, subjects completed questionnaires detailing symptoms of EoE and 

treatment for other allergic diseases. In adults, skin prick tests were performed to multiple 

foods (chicken egg, cow's milk, wheat, soy, peanut, tree nuts, fish, shellfish, legumes, 

grains, meats, and vegetables) and a range of common aeroallergens. Tests were applied 

with a Greer Pick (Greer, Lenoir, NC) using standard allergen extracts. In pediatric patients, 

skin prick tests were performed to a panel of fifteen foods (chicken egg, cow's milk, wheat, 

soy, peanut, cashew, shrimp, oat, beef, chicken, pork, rice, rye, pea, corn) and a range of 

common aeroallergens using Sharp-Test Applicators (Panatrex, Placentia, CA). A skin 

wheal at least 3 mm larger than the negative diluent control was considered positive.

Total serum IgE and allergen extract-specific IgE antibodies were measured by 

ImmunoCAP (Thermo Fisher Scientific/Phadia, Uppsala, Sweden). The food and 

aeroallergen specificities tested included cow's milk, chicken egg, wheat, soy, peanut, 

cashew, beef, dust mite, cat, dog, mold mix, birch, rye grass, weed mix, and ragweed. 

Specific IgE antibodies to galactose-α-1,3-galactose (alpha-gal), MUXF3 (bromelain), 

Candida albicans, and Staphylococcal enterotoxins A and B were also measured by 

ImmunoCAP. Specific IgE antibody results ≥0.35 IU/mL were considered positive. In 

addition for patients who had a positive IgE antibody test to cow's milk, wheat, or peanut, 

IgE specific for molecular allergens (i.e. components) from these whole food extracts were 

also measured using ImmunoCAP (Table E1, A and B). To test for quantitative accuracy, 

samples with positive results to wheat, milk, or soy and enough remaining serum, were re-

analyzed at serial dilutions (1:2 through 1:8) by ImmmunoCAP (See methods in online 

repository).

Immuno Solid-phase Allergen Chip (ISAC) analyses were performed at Johns Hopkins 

University to evaluate each serum for IgE antibodies to 112 allergen molecules (Thermo 

Fisher Scientific/Phadia, Uppsala, Sweden).18,19 ISAC testing is a multiplex assay that uses 

purified allergen molecules that have been immobilized in triplicate on a glass chip in a 

microarray format. Following chip preparation, 30 microliters of serum were applied to the 

chip for two hours. After a buffer wash, bound IgE antibody was detected with FITC-labeled 
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anti-human IgE. Image acquisition of the chip was collected in a microarray fluorescence 

scanner and IgE antibody results were interpolated from a standard curve into 

semiquantitative ISAC Standardized Units (ISUs) with 0.3 ISU as the lower limit of 

quantitation. IgE antibody levels ranging from 0.3 to 3 were considered low, 3-15 moderate, 

and >15-100 high.

The frequencies of individual clinical characteristics in adult and pediatric patients were 

compared using the chi-square test. We analyzed the prevalence of IgE antibody results to 

dust mite, cat, cow's milk, wheat, peanut, and grass in comparison with those from an 

unselected pediatric cohort (Table E2). Total serum IgE and allergen-specific IgE antibody 

levels were log transformed for analysis. Geometric mean (GM) quantities of IgE antibodies 

to food and inhalant allergens were compared by ANOVA. Linear regression was used to 

compare specific IgE levels to food allergens and component allergens and cross reactive 

pollen aeroallergens. Statistical analyses were performed using SPSS software, version 19 

(IBM, Armonk, NY).

RESULTS

Clinical characteristics and skin prick testing

As expected, our adults and children were significantly different with regard to their 

presenting symptoms and visual endoscopic findings. Using skin prick testing, more adults 

than children with EoE showed evidence of sensitization to food (63% and 39% 

respectively) (p=0.02). Restricted sensitization to food was only seen in a few children 

(5.9%) and the rate of sensitization to aeroallergens was not different among the two groups; 

however, a greater proportion of adults had a positive skin prick test to both food(s) and 

environmental allergens (p=0.003) (Table 1). In both adults and children with EoE, most of 

whom had multiple allergic sensitivities and other allergic diagnoses, total serum IgE was 

not elevated as a group. The total serum IgE was lower in adults [GM 52 IU/ml (95% CI 

5.4-110)] compared with children [GM 120 IU/ml (95% CI 100-310) (p=0.01)]. A subgroup 

of patients (10/97, of whom 9/10 were children) had an elevated total serum IgE > 600 

IU/ml. Among the group with elevated total serum IgE, a diagnosis of asthma was more 

common (p=0.01), and peripheral blood eosinophil counts were higher (mean 647/mm3) 

compared with the others (mean 209/mm3) (p=0.05).

Histories of an allergic reaction to food

At enrollment, all patients were asked whether they had ever had an “allergic” reaction to 

food and if yes, to what food(s). Although this self-diagnosed food allergy was reported by 

18 adults (39%) and 20 children (39%) (Table 1), only 26% of the cohort reported reactions 

to foods that have been shown to be responsible for inflammation in EoE (i.e. milk, wheat, 

egg, soy, or peanut).12 Pediatric patients reported reactions to peanut or tree nut most 

frequently while adults most often reported seafood. Only four people reported allergic 

reactions to cow's milk (3 adults and 1 child), and among those patients only one had a 

positive test to cow's milk by skin prick or serologic evaluation. An allergic reaction to 

wheat was reported by two adults. In contrast with the results for cow's milk and wheat, 

most of the patients who reported reactions to peanut also had positive skin prick or 
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serologic testing (11/12). Thus, typical immediate hypersensitivity reactions were only 

common for peanut and seafood. Of note, 12 adult patients who did not report having an 

immediate reaction to peanut and/or tree nut had positive skin prick testing to peanut and/or 

tree nut. In contrast, 9/10 children with positive skin prick test to peanut and/or tree nut were 

the same patients who reported a reaction or a possible reaction.

Serological assays to whole food extracts and aeroallergen extracts

In keeping with our previously published results on a different group of children with EoE8, 

the serological analyses of adults and children showed a higher prevalence of sensitization to 

foods than did skin prick tests (Fig 1, A). The prevalence of IgE antibodies to wheat, cow's 

milk, peanut, and soy by serological methods was striking (See Table E2). In comparison 

with the pediatric patients, adults were less likely to have IgE antibodies to cow's milk; 

however, the frequency of sensitization to milk was still high at 28% (Fig 1, A). Concurrent 

sensitization to soy was found in nearly all patients with IgE antibodies specific for peanut 

(Fig E1). Among sensitized patients the GM levels of IgE antibodies to wheat, cow's milk, 

and peanut were 1.4, 1.2, and 1.6 IU/ml, respectively (Fig 1, B). There are two remarkable 

features of these data. First, serum IgE antibody measurements in patients with EoE showed 

a high prevalence of sensitization to milk, wheat, and peanut in both adult and pediatric 

cases. Second, the quantities of specific IgE antibodies to these foods in patients with EoE 

were consistently low (Fig 1, B).

The prevalence of sensitization to one or more aeroallergen specificities was 93% in adults 

compared with 65% for the children with EoE. Sensitization to individual aeroallergens 

ranged from 12% to 61% (Table II). Aeroallergen-specific IgE levels were higher in 

children than adults. Geometric mean levels of specific IgE to pollens ranged from 1.85 

IU/ml to 5.03 IU/ml (Table II).

Component sensitization profiles using ISAC

Using ISAC, specific IgE antibodies to molecular allergens were identified in the majority 

of sera that were positive to an aeroallergen by ImmunoCAP (Fig 2, A and B). In contrast, 

the ISAC results on sera with IgE antibodies specific for extracts of cow's milk, wheat, 

peanut, soy, and egg were largely undetectable (Table III, Fig 2, A and B). These results 

might be explained by the low quantities of IgE antibody to these foods and the lower 

analytical sensitivity of the chip ISAC microarray in comparison with the extract-based 

singleplex ImmunoCAP. However, considering sera with moderate IgE antibody levels 

>0.70 IU/ml in Fig 2, A and B, molecular allergen-specific IgE analysis was positive in 28 

out of the 30 ImmunoCAP positive results for aeroallergens and only 7 out of the 71 

ImmunoCAP positive results for food-specific IgE antibodies (p<0.001).

Molecular allergen ImmunoCAP assays

To address the concern of the lower analytical sensitivity of the ISAC, positive sera for IgE 

antibody to cow's milk, peanut, and wheat extracts were also tested with ImmunoCAP for 

the presence of IgE antibodies specific for individual allergens (Table IV, A). By 

ImmunoCAP, we detected specific IgE to at least one component in 78% of patients who 

had IgE antibodies to milk proteins (Table IV, A). Specific IgE antibodies to Bos d 4 (α-
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lactalbumin) and Bos d 5 (β-lactoglobulin) were the most common and had the best 

correlation with specific IgE to cow's milk extract (Table IV A and Fig 3). In contrast to the 

ISAC results, ImmunoCAP molecular component testing was positive in 58% of patients 

with IgE to peanut extract, and 23% of this group was sensitized to Ara h 1, Ara h 2, or Ara 

h 3. By contrast, >40% were sensitized to Ara h 8 [pathogenesis-related protein-10 (PR-10) 

family] and Ara h 9 (lipid transfer protein family). For patients who were sensitized to Ara h 

8, the quantitative correlation with peanut extract specific IgE was not significant (p=0.06) 

(Table IV, A). However, IgE to peanut was highly correlated with specific IgE to soy, birch, 

and grass; and both birch and grass sensitization correlated with the presence of Ara h 8-

specific IgE antibodies (Table IV, B). In the 16 patients we tested, IgE antibodies to 

molecular wheat allergens were detected in few sera. However, having specific IgE to wheat 

was highly correlated with soy and moderately correlated with grass sensitization (Table IV, 

B).

Testing for IgE Antibody on diluted serum using ImmunoCAP

The results of ISAC testing and the low levels of IgE antibodies detected by ImmunoCAP to 

cow's milk, wheat, or soy extracts suggested that the allergen specificities relevant for EoE 

might represent only a small proportion of the proteins present on the assay solid phases. 

Extensive unpublished experience has confirmed that under these circumstances, 

ImmunoCAP analysis of diluted sera will not give the expected result based on quantities 

detected in assays with the undiluted serum. In our study, assays with sera diluted 1:8 

produced calculated results for IgE to foods that were higher than expected when corrected 

for dilution (Table V) (See also online supplement Table E3). In fact, 26/34 of the positive 

results for chicken egg, wheat, cow's milk, or soy gave apparent values more than 25% 

higher after 1:8 dilution. By contrast, the effect was only seen in 3/15 sera with IgE antibody 

specific for dust mite or cat allergen (p<0.001). Thus in many cases, the assay of undiluted 

serum underestimates the IgE specific for food-related proteins. (For further details see 

online supplement and Table E3).

DISCUSSION

EoE is a chronic, allergic disorder in which most patients have sensitization to multiple 

allergens; however, the mechanism by which individual allergic sensitivities contribute to 

the disease process is not understood. Although recent studies using anti-IgE as treatment 

for EoE have not been successful, it is important to recognize that IgE antibody could have 

different roles in the disease process.20,21 Our study shows striking similarity in adult and 

pediatric patients with EoE for allergic sensitization as identified by skin prick testing and 

serological analyses and emphasizes the high prevalence of IgE antibody to cow's milk and 

wheat in both populations. Although our results do not show that the IgE antibodies are 

responsible for the inflammation in the esophagus, it seems possible that this distinct pattern 

of food sensitization identified by serological measurements is relevant to existing evidence 

that dietary intake of cow's milk and wheat plays a significant role in the inflammation of 

EoE.10,12
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Similar to our previous report, sensitization to wheat (40%) and milk (64%) was striking in 

children with EoE. Interestingly, the prevalence of sensitization to milk in the current group 

of children was significantly higher than in the previous group that we studied (p=0.006).8 

In adult patients, Roy-Ghanta and colleagues reported a similar prevalence of sensitization 

to wheat (39%) and milk (30%).6 We identified wheat sensitization in 52% of our adults and 

milk sensitization in 32%. By contrast, in population based studies, specific IgE to milk has 

been identified in up to 10% of samples.22 Thus, the prevalence of specific IgE to milk in 

adults with EoE is two to three times greater than expected (See Table E2 online).

Most reported diets for EoE (the six-food elimination diet and an amino acid based diet) 

exclude cow's milk and wheat.10-12 Indeed successful diets based on avoidance of foods that 

are positive by skin prick and patch testing have also removed milk even in cases where the 

results were negative.10 Studies of food reintroduction after avoidance suggest that cow's 

milk and wheat are the two foods that cannot be added back in to the diet without causing 

return of symptoms.12 During reintroduction of foods in pediatric patients, milk was 

identified as a problem food in 74% of cases (and wheat in 26%).12 In adults wheat or milk 

appeared to be a problem in 60% and 50% of patients respectively.23 We prospectively 

observed children treated with PPI and single food elimination of cow's milk, and we found 

that 64% had remission based on having esophageal count <15/hpf after 6-8 weeks of 

treatment.24 In that study, successful responses to cow's milk avoidance did not relate to the 

presence of IgE antibodies (Unpublished data).

In EoE, specific IgE antibody levels to foods are low in comparison with quantities reported 

for other forms of food allergy.25 This suggests that the food sensitivity in EoE may involve 

a more selective or restrictive immune response. It is possible that the low quantities of IgE 

antibody detected in the serum of EoE subjects may be a result of IgE to a quantitatively 

minor component of the allergenic food proteins that are coupled to the ImmunoCAP 

allergosorbent. An alternative hypothesis is that the low levels of IgE antibody to food result 

from continuous exposure to sensitizing foods. Though EoE likely results from an immune 

response to food antigens, patients usually cannot identify food triggers and don't self-

restrict dietary intake. Continued ingestion of the relevant allergen(s) may also result in 

production of non-IgE antibodies (e.g. IgG) that could interfere with mast cell activation or 

IgE assays.26

Levels of IgE antibodies may also be low in EoE due to independent factors unrelated to the 

serological assay analysis. Prussin and colleagues compared T cell responses to peanut in 

patients with eosinophilic gastrointestinal disease (EGID) with T cell responses in patients 

with immediate-type food sensitivity.27 Although T cells producing IL-4 were observed in 

both conditions, they found a population of IL-5 producing cells that was significantly larger 

in patients with EGID compared with traditional peanut allergy.27 This raises the question of 

whether the IgE antibody is contributing to the allergic response or is simply part of the 

response in which the T cells are the primary cause of the inflammation that results in 

symptoms.

Our results from molecular allergen assays in patients with EoE suggest that serum results 

should be interpreted differently for each food. We tested a wide variety of milk allergen 
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components (see Table IV, A) and the responses varied by individual. The allergens 

designated Bos d 4 (α-lactalbumin), Bos d 5 (β-lactoglobulin), and Bos d 6 (bovine serum 

albumin) are whey proteins that make up 0.7-12% of the total protein content. Bos d 8 (αs1-

casein) is one of the four types of casein proteins which comprise 32-70% of cow's milk 

proteins. Antibody levels to the whole extract may be higher or lower depending on which 

allergenic components have induced the IgE antibody response for an individual patient. The 

correlation between Bos d 4 and milk was highly significant. Specific IgE antibodies to 

cow's milk did not appear to be related to cross reactive sensitization. For wheat, neither of 

the two available components was identified as an important allergen molecule in the 16 

sera that were tested.28 Our data suggested two associations. A proportion of patients 

showed a strong correlation between levels of specific IgE antibody to wheat and IgE 

antibody to soy; for these patients, the IgE antibody to wheat may indicate a clinically 

relevant sensitization (see Table IV, B). The correlation between levels of IgE antibody to 

wheat and IgE antibody to grass pollen may well represent cross reactivity but does not 

define which was the primary sensitization (see Table IV, B).

For peanut, IgE antibody responses specific for Ara h 1, 2, 3, 8, or 9 were analyzed. These 

peanut proteins function in seed storage, lipid transfer, defense (PR-10), and as profilins. 

Only 23% of peanut-sensitized EoE patients had specific IgE antibody to Ara h 1, 2, and 6. 

None of the patients with Ara h 1 or Ara h 2 were adults. Among the pediatric patients with 

Ara h 1 or 2, 60% reported having immediate reactions to peanut. A high proportion of EoE 

patients with IgE antibody to peanut could be explained by cross-reactive IgE antibody to 

soy, birch, or grass. Evidence from reintroduction of food after the six-food elimination diet 

suggests that patients with EoE can tolerate peanut. Taken together this evidence raises the 

possibility that some patients with EoE who are eating peanut may not need to stop eating it 

simply because of a positive IgE antibody test.29,30 It also emphasizes the role of IgE 

antibody analysis in understanding the overlap between non-EoE and EoE food reactions in 

patients.

A potential limitation of our study is that we did not classify our patients as PPI responsive 

or PPI non-responsive. In our series, the prevalence and titers of IgE antibody to milk, 

wheat, and soy were not different in those who had not been treated with PPI. Other 

investigators have shown that there are no clinical differences, including results of pH probe 

measurement, between the patients with PPI responsive esophageal eosinophilia (PPI-REE) 

and those who do not respond.31,32 Results of in vitro studies on esophageal cell cultures 

from EoE patients show that response to PPIs can be separate from any effect on gastric acid 

secretion.33 Some experts have suggested that PPI-REE may not be a distinct group of 

patients.34 We are not convinced that PPI-REE should be regarded as an etiologically 

distinct group simply because of a difference in therapeutic response. A significant 

limitation is that our evaluation of molecular allergen-specific IgE antibody responses in 

patients with EoE is restricted to those purified reagents that were available. The major 

impetus for purifying food allergens has come from anaphylaxis cases. It may well be that 

the individual food proteins that are relevant to EoE are not the same as those that are 

relevant to anaphylaxis following exposure to the same food source.
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In conclusion, there are two striking features of the IgE response to milk and wheat in EoE. 

First that the titers of serum IgE antibodies are consistently low, and second that analysis of 

components for milk suggests that these IgE responses are specific for relatively minor 

components of the milk extract. Although the IgE responses do not correlate with successful 

response to avoidance diets, they may nonetheless correctly identify the components that are 

relevant for the T cell response even in patients who have completely negative skin prick 

and serum IgE testing. This is especially true for milk, and our data identifies Bos d 4 and 

Bos d 5 as possible primary antigens. Thus analysis of IgE antibodies may be highly 

relevant for understanding the role of these foods in the disease through studies to identify 

the underlying mechanism and also the route of sensitization.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations used

EoE Eosinophilic esophagitis

hpf high power field

PPI proton pump inhibitor

Alpha-gal galactose α-1/3-galactose

ISAC Immuno Solid-phase Allergen Chip

ISU ISAC Standardized Units

GM geometric mean

PR-10 pathogenesis-related protein-10

EGID eosinophilic gastrointestinal disease

PPI-REE proton-pump inhibitor responsive esophageal eosinophilia

nd not determined

nes not enough serum

OR (95% CI) odds ratio (95% confidence interval)
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Text highlights box

What is already known about this topic?

Dietary avoidance can often successfully treat eosinophilic esophagitis (EoE) suggesting 

that foods are causal. Although serum IgE antibody assays identify more positive food 

results than skin prick testing, neither test consistently identifies the correct foods to 

avoid.

What does this article add to our knowledge?

Assays on diluted sera and component analysis suggest that in patients with EoE the IgE 

antibodies to milk are specific for proteins that represent a small proportion of the 

proteins in the whole extract (α-lactalbumin and β-lactoglobulin).

How does this study impact current management guidelines?

Although IgE is not the primary mechanism, molecular allergen and extract-based IgE 

antibody assays for cow's milk suggest that the quantitatively minor whey components 

are relevant to EoE. The relevant proteins in wheat have not yet been identified.
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Fig 1. 
The prevalence of sensitization to common whole food extracts in adults and children with 

EoE as determined by skin prick testing or ImmunoCAP testing (A). Levels of specific IgE 

antibody for those aeroallergens and foods to which patients with EoE have frequent 

sensitization (B).
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Fig 2. 
Comparison of quantities of allergen extract-specific IgE measured using ImmunoCAP with 

semiquantitative ISAC standardized unit (ISU) levels of IgE antibody from ISAC testing for 

molecular allergens. Quantities of IgE antibody are distinguished by color: low levels (blue), 

moderate (green), high (orange), very high (pink), and extremely high (red). Ranges of ISU 

levels are highlighted in gray (negative with positive CAP), low (yellow), medium (orange), 

and high (red). A subgroup of adult (A) and pediatric (B) patients who have serum IgE 

antibody to whole allergen extract is shown.
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Fig 3. 
The relationship between levels of IgE antibody specific for Bos d 4 (α-lactalbumin) and 

IgE antibody specific for cow's milk extract with each dot representing an individual patient. 

The regression line is shown.
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Table I

Clinical characteristics, skin prick tests, and endoscopy results on EoE patients.

Clinical Feature Adults
*
 (n=46) Children

†
 (n=51) p value

*

Age (y), median (range) 38 (18-64) 11 (1.4-20)

Male gender, n and % 28 61% 34 67% 0.6

Allergic sensitization
†
, n

    None 3 6.5% 12 24%
0.03

‡

    Food only 0 3 5.9%
---

‡

    Aeroallergen only 13 28% 16 31% 0.7

    Food and aeroallergen 29 63% 17 33% 0.003

Associated diseases, n

    Asthma ever 15 33% 25 49% 0.1

    Rhinitis 35 76% 36 71% 0.5

    Self-reported food allergy 18 39% 20 39% 1.0

Symptom(s), n

    Dysphagia 38 83% 26 51% 0.001

    Food stuck 43 93% 28 55% <0.001

    Vomiting 8 17% 28 55%
<0.001

‡

    Abdominal pain 16 35% 28 55%
0.05

‡

    Reported stricture 15 33% 0 ---

Endoscopy, n

    Furrows 17 37% 37 73%
<0.001

‡

    Rings 16 35% 2 3.9% <0.001

    White plaques 5 11% 15 29%
0.04

‡

    Stricture(s) 6 13% 0 ---

Biopsy results (eos/hpf
§
) 15-50

€
20-110

± ---

Total IgE GM (95% CI) 52 (5.4-110) 120 (100-310) 0.01

*
p value based on X2 test comparing adult and pediatric groups except as noted.

†
Sensitization in this table is based on having a positive skin prick test.

‡
more common in children.

§
hpf: high power field.

€
Biopsy results for three adults were reported as “consistent with EoE”.

±
One child's biopsy was reported as >100.
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Table IVA

Prevalence, levels, and correlations of IgE antibody to molecular allergens of milk, peanut and wheat assayed 

with individual CAP assays in sera positive for that food.

Allergen Prevalence GM
*

 (IU/ml) Correlation
†
 (R) p value

Number positive %

Milk
‡ 1.2

    Bos d 4 19 45 1.0 0.89 <0.001

    Bos d 5 23 59 0.95 0.76 <0.001

    Bos d 8 16 40 0.82 0.73 0.001

    Bos d 6 9 23 1.2 0.56 0.1

Peanut
‡ 1.6

    Ara h 1 6 19 1.2
N/A

§
N/A

§

    Ara h 2 4 13 2.2
N/A

§
N/A

§

    Ara h 3 2 7.7 0.76
N/A

§
N/A

§

    Ara h 8 10 42 0.93 0.65 0.06

    Ara h 9 10 48 0.77 0.39 0.2

Wheat
‡€ 1.4

    Omega-5 0 0
N/A

§
N/A

§
N/A

§

    Tri a 14 3 19 1.8
N/A

§
N/A

§

*
GM is the geometric mean level of serum IgE antibody in the positive samples.

†
Linear regression was used to compare serum IgE antibody to molecular allergens and whole allergen extracts.

‡
The proportion of samples tested that did not have any molecular allergens with IgE ≥0.35 was 22% for milk, 42% for peanut, and 81% for wheat.

§
This statistical test was not performed because there were not enough positive samples.

€
Only 16 samples were tested because of a lack of serum.
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Table IVB

Prevalence, levels, and correlations of IgE antibody to food extracts or food molecular allergens by individual 

CAP and cross reactive pollen allergens.

Allergen Prevalence GM
*

 (IU/ml) Correlation
†
 (R) p value

Number positive %

Milk 1.2

    Soy 18 46 1.1 0.091 0.7

    Birch 12 32 2.9 0.30 0.3

    Grass 18 42 4.4 0.27 0.3

Peanut 1.6

    Soy 29 83 1.1 0.74 <0.001

    Birch 19 58 3.9 0.71 0.001

    Grass 21 64 3.2 0.80 <0.001

Wheat 1.4

    Soy 27 61 1.1 0.76 <0.001

    Birch 23 53 3.2 0.33 0.1

    Grass 25 58 4.4 0.43 0.03

Soy 1.1

    Ara h 1 5 19 1.5
N/A

‡
N/A

‡

    Ara h 2 5 19 1.9
N/A

‡
N/A

‡

    Ara h 3 2 10 0.76
N/A

‡
N/A

‡

    Ara h 8 10 37 0.84 0.32 0.4

    Ara h 9 12 48 0.86 0.03 0.9

Birch 2.9

    Ara h 1 3 17 0.76
N/A

‡
N/A

‡

    Ara h 2 3 17 0.85
N/A

‡
N/A

‡

    Ara h 3 2 13 0.76
N/A

‡
N/A

‡

    Ara h 8 10 56 0.92 0.95 <0.001

    Ara h 9 8 47 0.75 0.60 0.1

Grass 3.4

    Ara h 1 4 21 0.65
N/A

‡
N/A

‡

    Ara h 2 3 16 0.85
N/A

‡
N/A

‡

    Ara h 3 2 13 0.76
N/A

‡
N/A

‡

    Ara h 8 9 47 1.0 0.67 0.05

    Ara h 9 7 39 0.95 0.25 0.6

*
GM is the geometric mean level of serum IgE antibody in the positive samples.

†
Linear regression was used to compare serum IgE antibody to molecular allergens and whole allergen extracts.

‡
This statistical test was not performed because there were not enough positive samples.
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