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Greater epitope recognition of shrimp allergens by children
than adults suggests that shrimp sensitization decreases
with age
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Background: Shellfish allergy is a long-lasting disorder typically
affecting adults. Despite its high prevalence, there is limited
information about allergenic shrimp proteins and the epitopes
implicated in such allergic reactions.
Objective: We sought to identify the IgE-binding epitopes of the
4 shrimp allergens and to characterize epitope recognition
profiles of children and adults with shrimp allergy.
Methods: Fifty-three subjects, 34 children and 19 adults, were
selected with immediate allergic reactions to shrimp, increased
shrimp-specific serum IgE levels, and positive immunoblot
binding to shrimp. Study subjects and 7 nonatopic control
subjects were tested by means of peptide microarray for IgE
binding with synthetic overlapping peptides spanning the
sequences of Litopenaeus vannamei shrimp tropomyosin,
arginine kinase (AK), myosin light chain (MLC), and
sarcoplasmic calcium-binding protein (SCP). The Wilcoxon test
was used to determine significant differences in z scores between
patients and control subjects.
Results: The median shrimp IgE level was 4-fold higher in
children than in adults (47 vs 12.5 kUA/L). The frequency of
allergen recognition was higher in children (tropomyosin, 81%
[94% for children and 61% for adults]; MLC, 57% [70% for
children and 31% for adults]; AK, 51% [67% for children and
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21% for adults]; and SCP, 45% [59% for children and 21% for
adults]), whereas control subjects showed negligible binding.
Seven IgE-binding regions were identified in tropomyosin by
means of peptide microarray, confirming previously identified
shrimp epitopes. In addition, 3 new epitopes were identified in
tropomyosin (epitopes 1, 3, and 5b-c), 5 epitopes were identified
in MLC, 3 epitopes were identified in SCP, and 7 epitopes were
identified in AK. Interestingly, frequency of individual epitope
recognition, as well as intensity of IgE binding, was significantly
greater in children than in adults for all 4 proteins.
Conclusions: Children with shrimp allergy have greater shrimp-
specific IgE antibody levels and show more intense binding to
shrimp peptides and greater epitope diversity than adults. (J
Allergy Clin Immunol 2010;nnn:nnn-nnn.)

Key words: Allergen, Crustacea, shellfish, shrimp, tropomyosin,
arginine kinase, sarcoplasmic calcium-binding protein, myosin light
chain, IgE epitope

Shellfish allergy, which includes crustaceans and mollusks, is
among the most prevalent of the food allergies worldwide in both
children and adults. It is also a long-lasting disorder, typically
persisting into adulthood. However, only recently, efforts to
characterize the proteins responsible for the induction of allergic
food reactions to shrimp have been made. Shrimp is the crusta-
cean most frequently implicated in allergic reactions among all
shellfish. Shrimp allergens identified to date include tropomyo-
sin,1,2 arginine kinase (AK),3,4 myosin light chain (MLC),5 and
sarcoplasmic calcium-binding protein (SCP).6

In the last several years, the IgE-binding epitopes of different
food allergens have been identified. Although food allergens
contain both conformational and sequential epitopes, the impor-
tance of sequential epitopes in food allergy has been established.
Sensitization to sequential epitopes has been associated with
persistent milk and egg allergy. In addition, subjects with persistent
milk or egg allergy are unlikely to tolerate baked foods, in which
conformational epitopes are destroyed by intensive heating and
only sequential IgE epitopes remain.7-9 Furthermore, for some
foods, such as peanut, milk, and egg, a positive relationship has
been found between recognition of certain sequential IgE-
binding epitopes and the allergic reactivity of patients. Subjects
with persistent allergy or histories of more severe reactions to pea-
nut,10-13 milk,14-17 or egg18,19 were found to recognize larger num-
bers of IgE sequential epitopes. What is more interesting,
sensitization to particular sequential IgE epitopes in older patients
with persistent food allergy might differ from those recognized by
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Abbreviations used

AK: A
rginine kinase
FDR: f
alse discovery rate
HSA: h
umans serum albumin
MLC: m
yosin light chain
PBS-T: P
BS containing 0.05% Tween 20
SCP: s
arcoplasmic calcium-binding protein
children who are likely to outgrow their allergy.20-22 Therefore
IgE epitope mapping might become a useful tool to identify which
subject are likely to outgrow their food allergies. Mapping IgE
epitopes is also important for the development of mutated
hypoallergenic proteins for immunotherapy of patients with
shellfish allergy. In this article we describe the identification of
IgE-binding epitopes of the 4 allergens identified to date in
shrimp. As a second objective, we compared the IgE-binding pro-
files of adult and pediatric patients with shrimp allergy in an effort
to characterize the epitope profiles associated with persistent
shrimp allergy.
METHODS

Patient selection
Sera were obtained from 53 patients with immediate allergic reactions after

the ingestion of shrimp and increased serum shrimp-specific IgE levels. Sera

from 7 nonatopic healthy volunteers with no history of food allergy were used

as controls. All subjects’ sera were tested by means of IgE immunoblotting to

boiled and raw shrimp extract. Subjects with no recognition of shrimp proteins

determined by means of immunoblot analysis were excluded from the study.

Sera were collected from Spain (Hospital Infantil Universitario Niño Jesús,

Madrid, Spain; Hospital Universitario Dr. Negrı́n, Las Palmas de Gran

Canaria, Spain) and New York (Mount Sinai Medical Center, New York, NY).

This study was approved by the Institutional Review Board of the Mount Sinai

Medical Center.
Synthetic peptides and printing conditions
A library of overlapping peptides consisting of 15 amino acids with an

offset of 3 corresponding to the primary sequence of the 4 allergens found in

pacific white shrimp Litopenaeus vannamei Lit v 1 (tropomyosin), Lit v 2

(AK), Lit v 3 (MLC), and Lit v 4 (SCP) was commercially synthesized by us-

ing the PepStar technique (JPT Peptide Technologies, Berlin, Germany). Pep-

tides were diluted (1:2) with Protein Printing Buffer (ArrayIt Corp, Sunnyvale,

Calif) and printed in 2 sets of duplicates onto SuperEpoxy glass slides (ArrayIt

Corp) by using the NanoPrint Microarrayer 60 (ArrayIt Corp). In addition,

printed arrays included Protein Printing Buffer alone as negative control spots

for background normalization, and fluorochrome-labeled BSA as a reference

for grid alignment (positional grid controls). After printing, the slides were

dried overnight at room temperature before use.
Immunolabeling
Immunolabeling was performed as previously, described with some

modifications.23 In brief, the slides were blocked with 400 mL of 1% human

serum albumin (HSA) in PBS containing 0.05% Tween 20 (PBS-T) for 60

minutes at room temperature, followed by incubation with 250 mL of the pa-

tient’s serum diluted 1:5 in PBS-T/HSA for 24 hours at 48C. Slides were then

washed with PBS-T and incubated for 24 hours at 48C with a mix of 3 mono-

clonal biotinylated anti-human IgE antibodies, one from Invitrogen (Carlsbad,

Calif) diluted 1:250, one from BD Biosciences PharMingen (San Jose, Calif)

diluted 1:250, and one as a gift from Phadia (Uppsala, Sweden) that was bio-

tinylated in our laboratory and diluted 1:1,000 in PBS-T/HSA. Slides were

then incubated for 3 hours at 318C with Anti-Biotin-Dendrimer Oyster 550
(350; Genisphere, Hatfield, Pa) in Dendrimer Buffer (Genisphere) at 0.6 mg/

mL with the addition of 0.02 mg/mL salmon sperm DNA (Invitrogen), fol-

lowed by washing with PBS-T, 15 mmol/L Tris, 0.13 PBS, and 0.053 PBS.

Slides were centrifuge dried and scanned with a ScanArray Gx (PerkinElmer,

Waltham, Mass). Images were saved in TIF format.

Data analysis
The fluorescence signal of each spot was digitized with the program

ScanArray Express (PerkinElmer), exported as comma-delimited text files,

and transformed to z scores, as previously described.23 An index z value of

each peptide element was generated from the median of z scores of the 4 rep-

licates. If an individual peptide sample had a z score exceeding 3 or 2, it was

considered positive, indicating that the signal was above the background with

a P value of less than .003 or .05, respectively.

Based on a previous study,12 IgE-binding epitopes are defined as including 2

or more overlapping peptides, and therefore subsequent analysis was carried

out, adjusting each z score to the median of itself and the 2 flanking peptides

(weighted average z score), by using the following formula z 5 0.25 *

z21 1 0.5 * Z0 1 0.25 * Z11. An IgE-binding epitope for the population ana-

lyzed contained at least 2 contiguous peptides with a weighted average z score

of greater than 3 for tropomyosin, MLC, and SCP or greater than 2 for AK.

A lower z score was considered for AK for epitope identification because of

the lower intensity of binding of the AK peptides. The Wilcoxon test and q

values (calculated by the R project)24 were used to determine statistical differ-

ences between weighted average z scores of atopic and negative control sub-

jects and also between children and adults. A P value of less than .05 and a

false discovery rate (FDR) of 0.05 were selected as significant thresholds.

FDR and q values were used to adjust for the multiple comparisons in the pep-

tide microarray study.

Inhibition assay with individual peptides
Inhibition experiments were done with selected peptides as inhibitors to

demonstrate that the fluorescent signal of the peptide spots was specific (IgE

mediated). One or 2 peptides were selected per protein, which were consis-

tently recognized by the subject’s serum with marked binding intensity, and

included within an IgE-binding epitope. A pool was prepared from 5 subjects

(3 children and 2 adults), each with shrimp-specific IgE levels of greater than

100 kUA/L, who had shown recognition of those particular peptides. A serum/

peptide inhibition mixture was prepared by mixing 25 mL of a positive serum

pool diluted 1:10 in PBS-T/HSAwith 2.5 mL of each peptide (1 mmol/L stock)

at a final concentration of 16 mmol/L. The mix was incubated on a shaking

platform for 2 hours at room temperature. Serum without peptide was

processed in parallel as a control. After incubation, the serum mixture was ap-

plied onto the slides, and the immunolabeling was performed as described

previously.
RESULTS

Patient selection
A total of 53 subjects were recruited: 34 children (age, 3-18

years; mean age, 9 years) and 19 (36%) adults (age, 19-70 years;
mean age, 31.4 years). Shrimp-specific IgE levels ranged from
1 to 100 kUA/L (UniCAP; Phadia, Uppsala, Sweden), with a me-
dian shrimp-specific IgE level of 47 kUA/L for children and 12.5
kUA/L for adults. All subjects had a positive immunoblot result to
raw or boiled shrimp extract (data not shown). Among 34 chil-
dren, 64% had IgE levels of greater than 20 kUA/L, 41% had
IgE levels of greater than 50 kUA/L, and 29% had IgE levels of
greater than 100 kUA/L, whereas among the 19 adults, 31% had
IgE levels of greater than 20 kUA/L, 26% had IgE levels of greater
than 50 kUA/L, and 15% had IgE levels of greater than 100 kUA/L.
The clinical characteristics of subjects included in this study are
shown in Table E1 (available in this article’s Online Repository
at www.jacionline.org).

http://www.jacionline.org


FIG 1. IgE epitope identification in tropomyosin, MLC, SCP, and AK. Peptides are represented on the x-axis.

The fluorescent intensity of each peptide (weighted average z scores) is represented on the left y-axis. Boxes

represent the median and 25% to 75% quartiles, and whiskers represent the 10% to 90% distribution. Right

y-axis, Frequency of recognition of each peptide. A, Tropomyosin. B, MLC. C, SCP. D, AK.
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TABLE I. IgE epitopes identified in tropomyosin, MLC, SCP, and AK with their frequency of recognition

Tropomyosin

Epitope 1 Epitope 2 Epitope 3 Epitope 4 Epitope 5a Epitope 5b Epitope 5c Epitope 6 Epitope 7

Frequency 65% 60% 35% 30% 50% 55% 60% 35% 50%

AA 1-36 37-63 61-81 82-105 115-150 142-162 157-183 190-210 246-284

MLC

Epitope 1 Epitope 2 Epitope 3 Epitope 4a Epitope 4b Epitope 5

Frequency 45% 50% 30% 70% 35% 75%

AA 13-30 22-48 49-66 58-90 79-99 118-141

SCP

Epitope 1 Epitope 2 Epitope 3

Frequency 80% 40% 25%

AA 10-36 49-72 130-147

AK

Epitope 1 Epitope 2 Epitope 3 Epitope 4a Epitope 4b Epitope 5 Epitope 6 Epitope 7

Frequency 45% 25% 50% 40% 30% 60% 30% 70%

AA 1-18 25-42 64-96 121-141 142-159 160-192 232-255 319-342

AA, Amino acid number.
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Epitope identification of shrimp allergens:

Tropomyosin (Lit v 1), AK (Lit v 2), MLC (Lit v 3), and

SCP (Lit v 4)
The frequency of IgE binding to the different proteins, as

determined by means of peptide microarray, was as follows:
tropomyosin, 43 (81%) of 53; MLC, 30 (57%) of 53; AK, 27
(51%) of 53; and SCP, 24 (45%) of 53. The intensity of IgE
binding as represented by the weighted average z score was higher
for tropomyosin epitopes and MLC (Fig 1, A and B) and lower for
SCP and AK (Fig 1C, and D).

An IgE-binding epitope was defined as containing at least 2
contiguous peptides. In some cases more than 4 or 5 contiguous
peptides were bound by patients’ IgE. Because they are likely to
contain more than 1 epitope, those peptides are said to form an
IgE-binding region; for example, tropomyosin epitopes 5a, 5b,
and 5c form an IgE-binding region. The frequency of recognition
of each peptide represents the number of patients with an average
weighted z score of greater than 3 for that particular peptide di-
vided by the total number of patients who recognize that allergen
(Fig 1). Peptides are considered to represent an epitope when the
average weighted z score is greater than 3 (P < .003) or 2 for AK
(P < .05) and are recognized by at least 20% of the subjects who
recognize that particular protein.

The epitopes identified in all 4 proteins and their frequencies of
recognition (among the subjects who recognize that particular
allergen) are represented in Table I. Regarding tropomyosin, 7 ep-
itopes were identified: 4 of them confirm previously identified
shrimp epitopes, and 3 are newly identified. New tropomyosin
epitopes included epitopes 1, 3, 5b, and 5c (Fig 1, A). MLC has
5 epitopes (Fig 1, B), SCP has 3 epitopes (Fig 1, C), and AK
has 7 epitopes (Fig 1, D). Peptides with statistically significant
differences (q value < .03) between patients and control subjects,
as determined by using the Wilcoxon test and FDR adjustment,
are shown in Table E2 (available in this article’s Online Reposi-
tory at www.jacionline.org).

Five of 19 adults and 2 of 34 children showed no significant
binding to any shrimp peptides. These subjects had shrimp-
specific serum IgE levels of 1 to 5 kUA/L. One child and 1 adult
recognized a single 14-kd protein by means of immunoblotting.
The second child recognized tropomyosin with low intensity.
Two of the remaining adults recognized multiple bands by means
of immunoblotting (20-40-80 kd) but not tropomyosin, MLC, or
SCP, and we did not see this pattern of recognition in children.
The other 2 adults recognized a single undetermined protein of
80 to 100 kd, and one of them reported an anaphylactic reaction
to shrimp (data not shown). Some children showed binding to pro-
teins in this range but not in an isolated form. Among patients with
anaphylaxis, patient 36 recognized tropomyosin and SCP (and
AK with low intensity), patient 42 recognized tropomyosin and
MLC, and patient 16 recognized none of the proteins tested by
means of microarray (a nonidentified IgE-binding protein of
80-100 kd was recognized by means of immunoblotting).

Children with shrimp allergy show more intense

and frequent allergenic epitope recognition than

adults
Important differences were seen in the patterns of allergen and

IgE epitope recognition by children and adults. The frequency of
recognition of each protein in children was 94% for tropomyosin,
70% for MLC, 67% for AK, and 59% for SCP, whereas in adults
tropomyosin was detected in 61%, MLC in 31%, AK in 21%, and
SCP in 21%, making tropomyosin the most frequently recognized
allergen in both patient groups. Compared with adults, children
with shrimp allergy on average recognized more shrimp proteins
and individual peptides than adults. In addition, the intensity of
IgE binding was also greater in children (Fig 2). Peptides with sta-
tistically significant differences between children and adults, as
determined by using the Wilcoxon test, are shown in Table E2
(available in this article’s Online Repository).

Inhibition assay
Inhibition experiments were done with selected peptides as

inhibitors to demonstrate that the fluorescent signal from the

http://www.jacionline.org


FIG 2. Comparison of shrimp epitope recognition by children and adults. All peptides from the 4 allergenic

proteins are represented in rows. The recognition of peptides by each of the 53 subjects (1-19, adults; 20-53,

children) are shown in the columns. The intensity of IgE binding is represented by weighted average z

scores in a grading scale ranging from less than 3 (white) to 10 or greater (red).
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peptide spots was specific (IgE mediated). For each protein, 1 or 2
peptides were selected that were bound by the subject’s IgE
antibodies and were included within an IgE-binding epitope.
A serum pool was preincubated with individual peptides for
1 hour, followed by incubation of the serum/peptide mixture with
the printed microarray slide. As expected, peptides inhibited
IgE binding to the identical sequence on the printed slide, as well
as peptides that were immediately adjacent. This is expected
because each peptide overlaps with adjacent peptides by 12 of 15
amino acids. Interestingly, in the case of tropomyosin, peptide 15
(epitope 2: VHNLQKRMQQLENDL) inhibited not only the
same sequence included in peptides 13 to 15 (epitope 2:
VHNLQKRMQQLENDLDQVQES) but also peptides 2 to 3
(epitope 1: IKKKMQAMKLEKDNAMDR), peptides 29 to 31
(epitope 4: VAALNRRIQLLEEDLERSEER), and peptides 84
to 85 (epitope 7: GKLQKEVDRLEDELVNEK). Sequence
analysis of all these areas showed a common motif, ‘‘LEX1X2L’’
or ‘‘LEX1X2N,’’ where X1 can be D, E, N, or K and X2 can be D or
E (Fig 3).
DISCUSSION
Shellfish allergy is a long-lasting disorder typically persisting

throughout life, with shrimp causing the majority of the allergic
reactions.25 Shellfish are responsible for the majority of emer-
gency department visits in adults for food allergy and a significant
number in children 6 years of age and older.26-28 Depending on
local habits, shellfish might also be a significant cause of allergic
reactions in 1- to 5 year-old children.29

Despite its high prevalence, there is limited information about
allergenic shrimp proteins, their IgE-binding epitopes, or whether
there is a different allergen recognition pattern for children



FIG 3. Inhibition of IgE binding to tropomyosin peptides. Tropomyosin

peptides (1-91) are shown in rows. Left column, Peptides recognized by a

pool of 5 subjects. Right column, Reactivity to the same peptides after pre-

inhibition with tropomyosin peptide 15 (TP-15). The intensity of recognition

is graded from white (z score <3) to red (z score >_10). In most peptides

showing inhibition of IgE binding, the sequence LEX1X2L or LEX1X2N is

seen.
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compared with adults. In addition to the previously reported
shrimp allergens tropomyosin and AK, our group has recently
identified 2 new shrimp allergens that appear to be particularly
important in the pediatric population.5,6 In this study we analyzed
the frequency of recognition of the different shrimp allergens
identified to date and mapped their sequential IgE-binding
epitopes, comparing a pediatric and adult population to character-
ize epitope profiles that might be associated with persistent
shrimp allergy.

Although most of the data regarding IgE epitope mapping of
food proteins have been generated with the SPOTs membranes
system (Genosys Biotechnologies, Woodlands, Tex),15,16,22,30-32

peptide microarray–based immunoassays for epitope mapping
are proving more economical.11,23,33 In the case of shrimp tropo-
myosin, the IgE epitopes identified by means of microarray anal-
ysis confirm the results obtained previously with the SPOTs
membrane system.34 Furthermore, because a larger number of
subjects can be tested, we have been able to identify a number
of additional major IgE epitopes that had been missed with the
SPOTs system. All these data taken together confirm the utility
of microarray analyses for IgE epitope mapping of food allergens
for larger populations.

Children and adults with shrimp allergy show significant
differences in allergen recognition in terms of frequency, diver-
sity, and intensity (higher weighted average z scores) of epitope
binding. Frequency of allergen recognition in children was about
twice that of adults for most of the proteins (tropomyosin, 94% vs
61%; MLC, 70% vs 31%; AK, 67% vs 21%; and SCP, 59% vs
21%, respectively). Very intense recognition of tropomyosin
and MLC peptides and less intense binding for SCP and AK
suggest more sequential epitopes in tropomyosin and MLC and
possibly more conformational epitopes in SCP and AK, given
the intense binding determined by means of immunoblot analysis
of recombinant SCP.6 Although tropomyosin peptides are fre-
quently recognized by both children and adults, the other 3 pro-
teins are recognized predominantly by children. This suggests
tropomyosin as the allergen most associated with persistence of
shrimp allergy into adulthood. However, because arthropod
tropomyosins are highly cross-reactive35-37 and cross-reacting
tropomyosins can also be recognized by IgE to cockroach and
dust mite from subjects who tolerate shrimp,38 tropomyosin
might have limited specificity for the diagnosis of shrimp allergy.
In addition, the potential confounding effect of other cross-
reactive arthropod allergens, such as AK and MLC, also requires
further evaluation; for example, shrimp AK has 82% sequence
identity with the cockroach Periplaneta americana (Per a 9;
accession no. EU429466)39 and 78.7% identity with AK from
the dust mite Dermatophagoides pteronyssinus (Der p 20; acces-
sion no. ACD50950). Also, shrimp MLC has significant sequence
identity (52%) with cockroach MLC (Bla g 8; accession no.
ABD47458).5 This emphasizes the need for component-based
diagnosis with recombinant shrimp allergens and subjects with
well-characterized shrimp allergy and subjects with well-
characterized shrimp tolerance but arthropod allergy.

Interestingly, our study shows statistically significant differ-
ences in terms of allergenic epitope recognition between children
and adults. Although children show significant epitope diversity
in all 4 allergens, adults recognize tropomyosin epitopes prefer-
entially. Similar tropomyosin epitopes are recognized by children
and adults, although in general with lower intensity in adults,
suggesting that such epitopes might be responsible for the
persistence of shrimp allergy. Regarding the other allergens,
although most SCP epitopes are not recognized by adults, some
epitopes in AK and 1 in MLC show persistent IgE binding in older
patients (no statistically significant differences compared with
children), suggesting a possible role for those epitopes in persis-
tent shrimp allergy as well. Given the fact that most of our
subjects did not undergo a physician-supervised food challenge,
we are not able to confirm which epitopes are truly relevant for
persistent shrimp allergy because of potential cross-reactivity
among tropomyosins and other allergens.

Our work is the first to show that sensitization to shrimp
proteins is greater in children and that it appears to decrease with
age. Because we have not performed a natural history study (ie,
following subjects prospectively since childhood) and we do not
know at what time the subjects were sensitized, we cannot be
certain whether these differences in allergen and epitope recog-
nition are due to distinct routes of sensitization in children and
adults or stronger IgE responses when sensitized in childhood or
whether shrimp IgE levels really decrease over time.
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One could also argue that differences in allergen and epitope
recognition in children and adults might be secondary to patient
selection bias, resulting in higher shrimp-specific IgE levels in
children than in adults. However, a comparison of peptide recog-
nition by children and adults with similar shrimp-specific IgE
levels (Fig 2: adults, 1-3; children, 40-42; all with shrimp-specific
IgE levels of 100 kUA/L) showed greater binding in children.

This has potential implications in the clinical setting. Because
shellfish allergy has traditionally been seen as a persistent allergy,
once patients are given a diagnosis of shellfish allergy, they
typically avoid all shellfish for life. Although we have no doubt
that some adults will continue to react to shrimp over time, it is
possible that clinical reactivity might decrease as well, given that
epitope recognition appears to be less in older subjects. This is
supported by studies done with subjects with milk and peanut
allergy, in which both persistent and severe food allergies have
been found to be associated with increased epitope recogni-
tion.10,19 Subjects given diagnoses of shellfish allergy in the past
who have decreased allergenic epitope recognition might benefit
from an oral shrimp challenge to determine whether they have be-
come tolerant over time. In fact, Daul et al40 have reported that
30% of their subjects with shrimp allergy had a positive challenge
result to shrimp. Also, a more recent report found that up to 50% of
subjects with histories of shrimp allergy, positive skin prick test re-
sponses, or shrimp-specific serum IgE tolerated an oral challenge
to shrimp.41 In this study most of the subjects passing the oral chal-
lenge were adults, whereas children reacted more frequently dur-
ing the double-blind, placebo-controlled food challenge. In this
sense IgE epitope mapping might provide a useful tool to help pre-
dict which subjects are likely to outgrow their shrimp allergy.

In conclusion, our work is the first to show that sensitization to
shrimp allergens is greater in children and that it appears to
decrease with age. Because our selection criteria were the same for
children and adults, our results reflect shrimp allergen recognition
and epitope diversity as seen in regular clinical practice.

We thank Chuck, Nancy, Sam and Alison Clarvit and the Food Allergy

Initiative for supporting this project.

Clinical implications: In contrast to previous beliefs, sensitiza-
tion to shrimp proteins appears to decrease with age. IgE
epitope recognition might provide a useful tool to help predict
which subjects are likely to outgrow their shrimp allergy.
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TABLE E1. Clinical characteristics and shrimp-specific IgE levels of all subjects included in this study

Subject no. Center Sex Age (y) Diagnosis Reaction to shrimp

Shrimp-specific

IgE (kUA/L)

1 CI M 34 AR AE, U >100

2 CI F 38 A, AR AE, U, C Urt >100

3 CI F 27 A, AR OAS 93

4 CI M 33 A, AR OAS, AE, A 65

5 CI F 22 AR AE, RC 47.83

6 MS M 30 AR AE, U 15

7 MS M 40 A AE, U >100

8 MS F 34 A, AR A 21

9 MS F 19 A RC, OAS 5.3

10 CI M 26 AR OAS 2.18

11 CI F 19 AR AE, U 11

12 MS F 70 A A, GI 0.9

13 CI M 19 AE, RC 10

14 CI F 40 A, AR AE, A 14

15 CI M 19 A, AR AE 1.04

16 CI F 34 ANA 1.07

17 CI F 46 AE, U, A 0.64

18 CI M 19 AR U 14.1

19 MS M 29 AR AE, GI 1

20 M M 17 A, AR, FA, AD inh-AE, A, C 52.1

21 M M 9.6 A, AR, FA U 49.5

22 M M 9.6 A, AR, FA, AD U 11.3

23 M M 13 A, AR, FA inh-A, AE 82.4

24 MS M 4 AR V, dizzy 12

25 M M 12 AR AE, RC 47.4

26 M F 11 FA U 5.6

27 M M 7 FA U 14

28 M M 5 A, FA inh-AE >100

29 MS M 6 AD, FA, A, AR AE, U, GI, C 1.9

30 MS F 3 AD, FA U 100

31 MS M 8 AD, A, AR GI, RC, U 100

32 MS F 8 AR AE, U, A 30

33 MS M 18 AR U, AE, A, GI 8

34 MS M 3 AR, FA, AD U, V 23

35 M F 12 A, AR, FA, AD inh-A 74.2

36 CI M 16 A, AR, FA ANA >100

37 CI M 15 AR AE 55.4

38 MS M 6 A, AR, AD, FA AE, U 100

39 M M 12 A, AR, FA AE, U 11.7

40 M F 6 A, AD U >100

41 M F 9 AR U 96.8

42 M M 9 A ANA >100

43 M M 8 A, FA AE, U, A 7.8

44 M M 15 A, FA ANA 13

45 M F 9 AR, AD AE 53

46 M M 12 AR, AD U 1.3

47 M M 4 AR U 42.7

48 MS M 8 AD, FA, A, AR AE, U 6

49 MS M 5 AD, FA AE, C 100

50 MS M 9 AD, FA, A, AR AE, V 100

51 MS F 5 AD, FA, A, AR U 44

52 MS M 3 AD, AR U 80

53 CI M 11 A, AR U, GI 4.99

Subjects 1 to 19 are adults, and subjects 20 to 53 are children.

A, Asthma; AD, atopic dermatitis; AE, angioedema; ANA, anaphylaxis; AR, allergic rhinitis; C, cough; CI, Canary Islands; C Urt, contact urticaria; FA, food allergy;

GI, gastrointestinal symptoms; inh-A, asthma by inhalation; inh-AE, angioedema by inhalation; M, Madrid; MS, Mt Sinai, NY; OAS, oral symptoms; RC, rhinoconjunctivitis;

U, urticaria; V, vomiting.
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TABLE E2. Amino acid sequences of tropomyosin, MLC, SCP, and AK peptides and identified epitopes

(Continued)
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TABLE E2. (Continued)

Identified epitopes in all 4 proteins are shown with a yellow background. In tropomyosin epitopes previously identified are shown in a box. After FDR adjustment, peptides in all 4

proteins with statistically significant differences between patients and control subjects are marked with the symbol ‘‘#’’ next to the peptide number. Peptides with statistically

significant differences between children and adults are shown in boldface.

Tp, Tropomyosin.
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