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ABSTRACT

Background: Allergen specific immunoglobulin E (sIgE) levels predictive of shrimp allergy have not been identified, but
these may be helpful in identifying patients at risk for shrimp-induced allergic reactions.

Objective: This study sought to identify component resolved diagnostic tests useful for diagnosis of shrimp allergy in
patients with or without house-dust mite (HDM) sensitization to the major allergen cysteine protease (Der p 1).

Methods: Patients with positive skin-prick test (SPT) results and/or sIQE values were recruited. Shrimp allergy was
classified by oral food challenge (OFC) or by a clear history of anaphylaxis after shrimp ingestion. Patients with shrimp allergy
and patients who were tolerant were further classified based on HDM sensitivity (Der p 1 > 0.35 kUA/L). Testing for sIgE
to total shrimp, and shrimp and HDM components was performed. The Fisher exact test, Wilcoxon sum rank test, and receiver
operating characteristics analyses were used to compare sIgE levels in patients with allerqy and patients who were tolerant.

Results: Of 79 patients recruited, 12 patients with shrimp allergy (7 with positive OFC results and 5 with a history of
anaphylaxis) and 18 patients who were shrimp tolerant were enrolled. Of the patients not HDM sensitized, sIgE levels to
shrimp (10.5 kUA/L, p = 0.012) and Der p 10 (4.09 kUA/L, p = 0.035) were higher in patients with shrimp allergy. Shrimp
SIgE of =3.55 kUA/L had 100% diagnostic sensitivity and 85.7% specificity (receiver operating characteristic 0.94 [0.81, 1.0]
95% CI) and Der p 10 sIgE levels of =3.98 kUA/L had a diagnostic sensitivity of 80% and specificity of 100% (receiver
operating characteristic 0.86 [0.57, 1.0]1 95% CI) for prediction of clinical reactivity.

Conclusion: HDM sensitization influences shrimp and HDM component sIQE levels and, consequently, their diagnostic
accuracy in shrimp allergy. In our series, in the patients who were non-HDM sensitized, a shrimp sIgE level of >3.55 kUA/L
showed 100% sensitivity and, Der p 10 sIgE of >3.98 kUA/L showed 100% specificity for the diagnosis of shrimp allergy.

These levels may not be applicable to every patient and, therefore, may not obviate the need for OFC.
(Allergy Asthma Proc 39:377-383, 2018; doi: 10.2500/aap.2018.39.4148)

hellfish are among the most allergenic classes of
seafood." A random telephone survey study re-
ported the prevalence of shellfish and/or fish allergy
as 5.9% of households.” The prevalence of U.S. shrimp
allergy (SA) was as high as 44-82% of all patients with
positive skin-prick testing (SPT) results.® Clinical his-
tory, SPT, specific immunoglobulin E (sIgE), and oral
food challenge (OFC) are used to diagnose SA, but
each method has flaws. Clinical histories of allergic
reactions to shellfish can be confusing because other
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allergens (seafood and non-seafood) are often concom-
itantly consumed with shellfish." Better diagnostic
methods are needed.

Commercially available shrimp serologic testing has
not previously provided high enough specificity or
sensitivity to define hypersensitivity or predict clinical
reactivity thresholds. More than 50% of individuals
with only a history of SA pass a double-blind, placebo-
controlled food challenge.* Likewise, the positive pre-
dictive value of shrimp SPT is low and limits its use as
a confirmatory clinical test. The National Institute of
Allergy and Infectious Disease Guidelines for Food
Allergy Diagnosis and Treatment® promote food chal-
lenge with double-blind, placebo-controlled food chal-
lenge or open OFC as the criterion standard for diag-
nosis.*~°

The major allergen in shellfish is tropomyosin,
which is responsible for molecular and clinical cross-
reactivity within the shellfish group (shrimp, crab,
and lobster) and other invertebrates, e.g., house-dust
mite (HDM) and cockroach.”” Other shrimp aller-
gens, such as arginine kinase (AK), myosin light
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chain (MLC), sarcoplasmic calcium-binding protein
(SCP), troponin C, and, more recently, hemocyanin,
have been identified as potentially clinically rele-
vant allergens.'”™'* As with tropomyosin, these al-
lergens also are cross-reactive with invertebrate pro-
teins.

The use of component-resolved diagnostics (CRD)
with purified natural or recombinant allergens has im-
proved diagnostic accuracy in peanut allergy. CRD can
help predict the severity of allergic reactions in this
case.” Shrimp SPT and sIgE have inferior predictive
value compared with sIgE to shrimp tropomyosin, but
tropomyosin sIgE lacks optimal sensitivity (0.71 [0.30,
0.94]; 95% confidence interval [CI]) and positive pre-
dictive value (0.71 [0.30, 0.94]; 95% CI) by using a cutoff
level of 0.7 KUA/L for clinical use.'® Although shrimp
sensitization has been reported in individuals with
concomitant HDM and cockroach sensitization, neither
invertebrate has been reported to play a role in allergic
reactions to shrimp. In a recent publication, tropomy-
osin was reported as playing a minor role in HDM-
sensitized SA."”

The primary aim of this study was to determine the
diagnostic accuracy of shrimp-component sIgE testing.
To our knowledge, there have been no published re-
ports to date that categorized patients with SA based
on HDM sensitization. HDM sensitization may modu-
late expression of clinical SA, so the secondary aim was
to correlate HDM sensitivity with the sensitivity and
specificity of shrimp-component sIgE testing.

MATERIALS AND METHODS

Patient Selection

Patients were recruited from the Allergy Clinics, De-
partments of Pediatric and Internal Medicine, Sections
of Immunology, Allergy and Rheumatology, Baylor
College of Medicine, between August 2014 and Janu-
ary 2016. Of 151 patients with a SA diagnosis and
positive sIgE =0.35 kUA /L, 79 patients were eligible to
be in the study with either (1) physician-diagnosed SA
with a positive shrimp SPT result and/or elevated sIgE
levels, or (2) avoidance of shrimp due to positive
shrimp SPT results and/or elevated sIgE level. A total
of 102 patients were eliminated because of the exclu-
sion criteria, which included uncontrolled asthma and
an inability to avoid antihistamines. Of the 79 eligible
patients, 30 patients were enrolled from this cohort.
The study was approved by Baylor College of Medi-
cine Institutional Review Board.

SPT and sIgE Testing and Graded OFC

All the patients underwent four SPTs (Greer Labora-
tories, Lenoir, N.C.), with shrimp, Dermatophagoides
farinae, Dermatophagoides pteronyssinus, cockroach mix
(Blatella germanica and Periplaneta americana). Prick-to-
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prick SPT to cooked (boiled for 10 minutes in water)
and raw forms of white Gulf shrimp (Litopenaeus van-
namei) were also performed. A positive SPT result was
defined as a wheal diameter of at least >3 mm larger
than the negative control, accompanied by erythema 15
minutes after application.

Serum IgE antibodies to shrimp, HDM, and cock-
roach allergens (f24, mixture of Penaeus borealis and
Penaeus monodon, Metapenaeus barbata and Metapenaeop-
sis joyner, HDM (d1, Der p), cockroach (i6, Bla g) (Der
p 1 [cysteine protease], Der p 10 [tropomyosin], recom-
binant Penaeus aztecus [rPen a 1 tropomyosin], native
Penaeus monodon [nPen m 2, arginine kinase], rPen m 3
[myosin light chain], rPen m 4 [sarcoplasmic calcium-
binding protein], and rPen m 6 [troponin C]) were
measured by using ImmunoCAP (Thermo Fisher Sci-
entific Phadia, Portege, MI). A level of =0.35 kUA/L
was considered a positive result.

Twenty-five patients consented for an open graded
OFC, and five patients with a history of physician-
diagnosed anaphylaxis treated with epinephrine, anti-
histamines, steroids, and/or albuterol were enrolled.
Shrimp were prepared before the challenge by boiling
in water for =10 minutes. Shrimp were given with
dose doubling every 15 minutes starting with 2 g until
a 32-g dose was reached (a total cumulative dose of
62 g). The challenge was discontinued if an objective
sign that involved any of the cutaneous (urticarial
and/or angioedema, erythema and/or flushing, itch-
ing), upper respiratory (sneezing, nasal congestion,
rhinorrhea, cough and/or throat clearing), lower respi-
ratory (wheezing), gastrointestinal (vomiting), and car-
diovascular systems (tachycardia and hypotension)
was elicited according to guidelines by the work group
report on OFC testing."®

Statistical Analysis

Demographics, sIgE values, and SPT results were
analyzed by using the Fisher exact test and Wilcoxon
rank sum test. Values > 100 kUA /L were designated
as 100.1 kUA /L. Receiver operating characteristic anal-
ysis to determine the area under the curve, Spearman
correlation, and sensitivity and specificity analyses
were performed. A p value of =0.05 was considered
significant. The cutoff values for sIgE were determined
by sensitivity and specificity analyses.

RESULTS

Categorization of Patients Based on OFC and
HDM sensitivity

Shrimp-graded open OFC to shrimp was performed
and clinical characteristics of the patients were re-
corded (Supplemental Table 1). The historical allergic
reaction ranged from <1 to 45 years before presenta-
tion, and 10 patients never had previous shrimp inges-

September-October 2018, Vol. 39, No. 5



Table 1 SPT results on Shrimp Allergic (SA) and Shrimp Tolerant (ST) patients

SPT SA ST p value, SA
vs ST
Shrimp extract, no. (%) 10 (87) 12 (67) 0.419
Shrimp extract, median (25th, 75th) wheal size, mm 8 (5.5,9.5) 7 (4,10) 0.782
Raw shrimp, no. (%) 5 (83)* 8 (62)# 0.605
Raw shrimp, median (25th, 75th) wheal size, mm 8.5 (5,11) 5(3,12) 0.509
Cooked shrimp, no. (%) 5(63)§ 533)1 0.221
Cooked shrimp, median (25th, 75th) wheal size, mm 7 (4.5,13) 3 (0, 6) 0.029
D. pteronyssinus, no. (%) 9 (75) 14 (78) 0.999
D. pteronyssinus, median (25th, 75th) wheal size, mm 11 (4, 18) 9 (5, 15) 0.626
D. farinae, no. (%) 9 (75) 9 (50) 0.26
D. farinae, median (25th, 75th) wheal size, mm 9.5 (4.5,15) 5(1, 14) 0.203
Cockroach, no. (%) 7 (70)]] 10 (56) 0.689
Cockroach, median (25th, 75th) wheal size, mm 9(3,12) 45(3,9) 0.323

SPT = Skin-prick test; SA = shrimp allergic; ST = shrimp tolerant; D. farinae = Dermatophagoides farinae; D.

pteronyssinus = Dermatophagoides pteronyssinus.
n = 6.

#n = 13.
§n = 8.
n = 15.
ln = 10.

tion. Eighteen patients had no objective symptoms on
OFC and were classified as shrimp tolerant (ST). Seven
patients developed objective signs at a median dose of
16 g (range, 2-32 g). Three patients received epineph-
rine for anaphylaxis. No biphasic allergic reactions
were noted. Five patients with a history of physician-
diagnosed shrimp anaphylaxis and seven with objec-
tive symptoms on OFC were classified as SA. Of the 10
patients who had never had shrimp ingestion, 5 pa-
tients were SA and 5 patients were ST. The patients
were further subcategorized based on HDM sensitiv-
ity, defined as sensitization to major allergen cysteine
protease, which is not contained in shrimp (Der p 1 =
0.35 kUA/L). SPT to HDM extract was not used a
criterion to categorize HDM sensitization because it
contains HDM tropomyosin and may result in cross-
sensitization with shrimp tropomyosin. There were 7
patients with SA and with HDM sensitization and 5
without, and 11 patients who were ST and with HDM
sensitization and 7 without HDM sensitization.

Patient Characteristics

Patient age ranged from 4 to 65 years, with a 5:4
male-to-female ratio, and 73% were <18 years old.
Asthma (83% SA, 72% ST), allergic rhinitis (92% SA,
100% ST), eczema (67% SA, 56% ST), and food allergy
other than shellfish (50% SA, 50% ST) were present in
most patients. The median age of a SA diagnosis was 6
years of age for both SA and ST patients. The presence
of urticaria was a distinguishing presenting symptom
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by clinical history for more SA than ST patients (p =
0.031).

SPT and sIgE of SA and ST Patients

The median wheal diameter to cooked shrimp was
larger in the SA group than in the ST group (p =
0.0294). SPT positivity was not different between the
SA and ST groups when using shrimp extract and raw
shrimp. Similarly, the SPTs to Der p, Der f, and cock-
roach were not different between the SA and ST pa-
tients (Table 1). Of note, 17% of the SA group had
negative shrimp extract SPT (2 mm wheal/12 mm
flare) and raw shrimp (1 mm wheal/6 mm flare), and
38% had negative SPT results to cooked shrimp (3 mm
wheal /8 mm flare).

The median sIgE level to shrimp was elevated in the
patients with allergy (10.2 kUA/L /L) compared with
the patients who were ST (1.25 kUA/L) (p = 0.04). Four
patients who were ST (4/18 [22%]) and one patient
who was allergic (1/12 [8%]) had negative sIgE values
(<0.35 KUA/L) to shrimp and other shrimp proteins.
The median sIgE values to shrimp and HDM compo-
nents and to cockroach were not different between the
groups (Table 2). There was a higher proportion of
patients with allergy with elevated Der p 10 sIgE levels
than patients who were ST (p = 0.026) and a trend for
rPen a 1 sIgE (p = 0.058), as shown in Table 2. Only two
patients in the SA group had sIgE levels to shrimp and
rPen a 1 of >100 KUA/L.
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Table 3 Sensitivity, specificity, ROC, and AUC for shrimp, rPen a 1, and Der p 10 IgE levels

SA vs ST SA vs ST in HDM SA vs ST in HDM
Sensitized Nonsensitized
Shrimp IgE cutoff, KUA/L 3.55 7.85 3.55
Sensitivity, % (95% CI) 83.3 (51.6,97.9) 57.1(18.4,90.1) 100 (47.8, 100)
Specificity, % (95% CI) 66.7 (41, 86.7) 54.5 (23.4, 83.3) 85.7 (42.1, 99.6)
ROC AUC (95% CI) 0.72 (0.53-0.92) 0.63 (0.34-0.92) 0.94 (0.81-1.0)
rPen a 1 cutoff, KUA/L 2.48 441 1.1
Sensitivity, % (95% CI) 66.7 (34.9,90.1) 57.1(18.4,90.1) 80 (28.4,99.5)
Specificity, % (95% CI) 72.2 (46.5,90.3) 63.6 (30.8, 89.1) 85.7 (42.1, 99.6)
ROC AUC (95% CI) 0.69 (0.49-0.89) 0.66 (0.38-0.93) 0.80 (0.47-1.0)
Der p 10 cutoff, kKUA/L 2.43 3.61 3.98
Sensitivity, % (95% CI) 75 (42.8,94.5) 57.1(18.4,90.1) 80 (28.4, 99.5)
Specificity, % (95% CI) 72.2 (46.5,90.3) 54.5 (23.4, 83.3) 100 (59, 100)

ROC AUC (95% CI)

0.69 (0.49-0.90)

0.63 (0.35-0.91)

0.86 (0.57-1.0)

ROC = Receiver operating characteristic;, AUC = area under the curve; rPena 1 = recombinant Penaeus aztecus tropomyosin;
IQE = immunoglobulin E; SA = shrimp allergic; HDM = house-dust mite; ST = shrimp tolerant; CI = confidence interval.

Shrimp sIgE Levels of Patients with SA and
Patients with ST Based on HDM Sensitivity

In patients without HDM sensitization, median
shrimp sIgE levels (p = 0.012), Der p 10 sIgE levels (p =
0.035), and cockroach sIgE levels (p = 0.004) were
significantly higher in SA than ST patients, whereas
sIgE levels to rPen m 2, rPen m 3, and rPen m 4 were
not different between the two groups (Table 2). When
slgE was analyzed to compare patients who were
HDM sensitized and SA or ST (Der p 1 = 0.35 kKUA/L),
there was a trend toward higher median levels of
shrimp, rPen a 1, and Der p 10 sIgE in the SA versus the
ST group. Because shrimp sIgE levels were higher in
the patients with SA than in patients with ST, the cutoff
value to predict clinical reactivity was determined (Ta-
ble 3). The sensitivity and specificity at 95% CI were
highest for SA patients with non-HDM. A shrimp sIgE
cutoff level of 3.55 kUA /L had an area under the curve
of 0.94 (0.81, 1.0, 95% CI), sensitivity of 100%, whereas
the specificity of Der p 10 at a sIgE cutoff value of 3.98
kUA/L was 100%. Therefore, these two component
tests (rPen a 1 and Der p 10 sIgE) could be used to
determine a SA diagnosis in patients without HDM
sensitization, with 100% sensitivity and 100% specific-

ity.

DISCUSSION

Shrimp is one of the less studied food allergens com-
pared with peanut, cow’s milk, and egg, and, yet, it is
also one of the most common foods implicated in emer-
gency department food-allergy visits."” In fact, the pre-
viously reported rate of anaphylaxis to shrimp is 12%
in children and 42% in SA adults with.***! Currently,
OFC remains the criterion standard for the diagnosis of
food allergy but OFCs to shrimp are less reported in
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the literature than OFCs to other foods. Hence, less-
invasive tools are needed to aid clinicians in the diag-
nosis of shrimp allergy. For patients not sensitized to
HDM, the component tests for rPen a 1 and Der p 10
could improve the diagnostic clarity for shrimp allergy
in clinical situations when the diagnosis is uncertain.

Shrimp is one of the most common food allergens,
and clinicians still face a challenge in interpreting SPT
and sIgE results due to a lack of well-established pre-
dictive values that correlate with clinical reactivity. A
main limitation is the presence of cross-reacting pro-
teins in shrimp and nonedible arthropods, which are
common causes of environmental allergies. Shrimp
sensitization has been shown to correlate with HDM and
cockroach sensitization but may not necessarily relate
with clinical reactivity on shrimp ingestion.”>* SPT to
commercial shrimp extract has a low diagnostic efficiency
(50.6—65.7%).'% Our findings showed that SPT results
with commercial shrimp extract and raw shrimp were
not accurate. However, a cooked shrimp SPT results with
a wheal size of =7 mm may aid in screening patients
suspected of SA. Cutoff values for SPT wheal size to
peanut, egg, sesame, and cow’s milk have been reported
but not for shrimp.27'28 To our knowledge, this is the first
study to demonstrate the utility in the diagnosis of
shrimp allergy when using cooked rather than raw
shrimp SPT wheal size.

Currently, only shrimp sIgE is available for use clin-
ically, and this test alone for a diagnosis of shrimp
allergy is not reliable because of cross-reactivity among
arthropod proteins. Recent reports show that sIgE val-
ues, like SPT, has low diagnostic efficiency (56.9-
74.2%).'°*° Herein, we showed that SA patients have
higher median shrimp sIgE values than ST patients but
with modest sensitivity and specificity. We showed

381



that a shrimp sIgE cutoff level of 3.55 kUA /L had more
value in patients without HDM sensitization, likely
due to the absence of immunologic cross-reactivity of
HDM proteins with shrimp proteins in these patients.

There are published reports of improving the diag-
nosis of shrimp allergy through molecular diagnosis
and CRDs. IgE epitope recognition to individual
shrimp allergens in individuals with challenge-proven
shrimp allergy provided modest diagnostic efficiency
(Lit v 1 epitopes 2, 5a and 5b: 80.8%; Lit v 2 epitope 6:
84.6%),* whereas only a combination of IgE epitope
recognition to tropomyosin and SCP has been associ-
ated with clinical reactivity. '* Shrimp epitope recog-
nition may also be a useful tool in the future to predict
the natural history of shrimp allergy. There is greater
and more intense epitope recognition of shrimp aller-
gens in children compared with adults.’® Although
epitope mapping is sensitive, interpretation of results
may be difficult because IgE and IgG4 binding areas
may largely overlap.

Diagnostic efficiency of sIgE to individual shrimp
components have been inconsistent, especially for the
major allergen tropomyosin.'***** However, it should
be noted that the methodology used for determining
shrimp tropomyosin differs from previous methods of
chimeric enzyme-linked immunosorbent assay, fluoro-
immunoassay, and/or immunoblotting. This study
showed that the ImmunoCAP measurement of sIgE
value to whole shrimp, shrimp tropomyosin (rPen a 1)
and HDM tropomyosin (Der p 10) may be used to
diagnose shrimp allergy in specific populations. How-
ever, a larger data set and multicenter study would be
needed in the future to confirm findings and poten-
tially apply component testing in clinical practice. In
this cohort, the majority of SA patients, regardless of
HDM sensitivity, had a greater proportion of total
shrimp sIgE binding to shrimp tropomyosin (80-86%),
which suggested it was the major relevant shrimp al-
lergen. Also, sIgE to other shrimp proteins, such as AK
(nPen m 2), MLC (rPen m 3), SCP (rPen m 4), and
troponin C (rPen m 6), was not more prevalent in this
cohort of patients with SA when compared with tro-
pomyosin.

There were limitations to this study, including the
small number of patients and an open OFC was done,
which is not appropriate for adults and older children. In
addition, the overall rate of positive OFC results in this
cohort of the SA patients was 28%, which was lower
compared with previous reports (32-75%).*'#1%?** The
lower positive shrimp OFC rate in our study may be due
to differences in our population because most were chil-
dren. Also, the results of SPT or sIgE is influenced by
multiple factors, such as total IgE, duration and degree of
avoidance of the suspected foods, severity of presenta-
tion, the provoking dose for each individual patient, and
the food allergenicity.
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CONCLUSION

The use of shrimp and CRD sIgE was helpful in
predicting clinical reactivity in patients with shrimp
allergy who were not HDM sensitized. Herein, we
provided evidence on the applicability of CRDs in this
important but poorly studied food allergy. Homolo-
gous proteins in HDM and cockroach limit CRDs use
in HDM-sensitized SA. A shrimp sIgE level that was
100% sensitive (=3.55 kUA/L) and a Der p 10 sIgE
level that was 100% specific (=3.98 kKUA /L) could con-
firm shrimp allergy diagnosis in SA patients who were
not HDM sensitized; rPen a 1 sIgE testing may help
identify a subset of patients with a history of reactions
to shrimp with moderate sensitivity (80%) and speci-
ficity (85.7%). SPT to shrimp extract is not a reliable
tool in screening, but cooked shrimp SPT is a better test
to diagnose clinical shrimp allergy. Based on the above
results, cooked shrimp SPT, shrimp sIgE, and CRD
testing can improve diagnostic clarity in shrimp aller-
gic disease.

REFERENCES

1. Lopata AL, O'Hehir RE, Lehrer SB. Shellfish allergy. Clin Exp
Allergy. 2010; 40:850—858.

2. Sicherer SH, Mufioz-Furlong A, and Sampson HA. Prevalence
of seafood allergy in the United States determined by a random
telephone survey. | Allergy Clin Immunol. 2004; 114:159-165.

3. Hajeb P, Selamat J. A contemporary review of seafood allergy.
Clin Rev Allergy Immunol. 2012; 42:365-385.

4. Ayuso R, Sanchez-Garcia S, Pascal M, et al. Is epitope recogni-
tion of shrimp allergens useful to predict clinical reactivity?
Clin Exp Allergy. 2012; 42:293-304.

5. Daul CB, Morgan JE, Hughes ], Lehrer SB. Provocation-chal-
lenge studies in shrimp-sensitive individuals. ] Allergy Clin
Immunol. 1988; 81:1180-1186.

6. Boyce JA, Assa’ad A, Burks AW, et al. Guidelines for the
diagnosis and management of food allergy in the United States:
Summary of the NIAID-Sponsored Expert Panel Report. J Al-
lergy Clin Immunol. 2010; 126:1105-1118.

7. Reese G, Ayuso R, Lehrer SB. Tropomyosin: an invertebrate
pan-allergen. Int Arch Allergy Immunol. 1999; 119:247-258.

8. Leung PS, Chow WK, Duffey S, Kwan HS, Gershwin ME, Chu
KH. IgE reactivity against a cross-reactive allergen in crustacea
and mollusca: evidence for tropomyosin as the common aller-
gen. | Allergy Clin Immunol. 1996; 98:954-961.

9. Ayuso R, Reese G, Leong-Kee S, Plante M, Lehrer SB. Molecular
basis of arthropod cross-reactivity: IgE-binding cross-reactive
epitopes of shrimp, house dust mite and cockroach tropomyo-
sins. Int Arch Allergy Immunol. 2002; 129:38-48.

10. Shiomi K, Sato Y, Hamamoto S, Mita H, Shimakura K. Sarco-
plasmic calcium-binding protein: identification as a new aller-
gen of the black tiger shrimp Penaeus monodon. Int Arch Allergy
Immunol. 2008; 146:91-98.

11. Ayuso R, Grishina G, Bardina L, et al. Myosin light chain is a
novel shrimp allergen, Lit v 3. ] Allergy Clin Immunol. 2008;
122:795-802.

12. Giuffrida MG, Villalta D, Mistrello G, Amato S, Asero R.
Shrimp allergy beyond tropomyosin in Italy: clinical relevance
of arginine kinase. Sarcoplasmic calcium binding protein and
hemocyanin. Eur Ann Allergy Clin Immunol. 2014; 46:172-177.

September-October 2018, Vol. 39, No. 5



13.

14.

15.

16.

17.

18.

19.

20.

21.

Guillen D, Fiandor A, Del Pozo V, et al. Anaphylaxis caused by
hemocyanin contained in shrimp cephalothorax. Ann Allergy
Asthma Immunol. 2014;113:674-675.€2.

Pascal M, Grishina G, Yang AC, et al. Molecular diagnosis of
shrimp allergy: efficiency of several allergens to predict clinical
reactivity. ] Allergy Clin Immunol Pract. 2015; 3:521-529.e10.
Goikoetxea M], Cabrera-Freitag P, Sanz ML, Fernandez-Benitez
M. The importance of in vitro component-resolved diagnosis in
paediatric patients. Allergol Immunopathol (Madr). 2010; 38:
37-40.

Yang AC, Arruda LK, Santos AB, et al. Measurement of IgE
antibodies to shrimp tropomyosin is superior to skin prick
testing with commercial extract and measurement of IgE to
shrimp for predicting clinically relevant allergic reactions after
shrimp ingestion. ] Allergy Clin Immunol. 2010; 125:872-878.
Boquete M, Iraola V, Morales M, et al. Seafood hypersensitivity
in mite sensitized individuals: is tropomyosin the only respon-
sible allergen? Ann Allergy Asthma Immunol. 2011; 106:223—
229.

Nowak-Wegrzyn A, Assa’ad AH, Bahna SL, et al. Work Group
report: oral food challenge testing. ] Allergy Clin Immunol.
2009; 123:5365-5383.

Ross MP, Ferguson M, Street D, Klontz K, Schroeder T, Luccioli
S. Analysis of food-allergic and anaphylactic events in the Na-
tional Electronic Injury Surveillance System. J Allergy Clin Im-
munol. 2008; 121:166-171.

Chokshi NY, Maskatia Z, Miller S, Guffey D, Minard CG, Davis
CM. Risk factors in pediatric shrimp allergy. Allergy Asthma
Proc. 2015; 36:65-71.

Khan F, Orson F, Ogawa Y, Parker C, Davis CM. Adult seafood
allergy in the Texas Medical Center: A 13-year experience.
Allergy Rhinol (Providence). 2011; 2:e71-77.

Allergy and Asthma Proceedings

22.

23.

24.

25.

26.

27.

28.

29.

30.

Krogulska A, Dynowski J, Funkowicz M, Malachowska B, Wa-
sowska-Krolikowska K. Prevalence and clinical impact of IgE-
mediated food allergy in school children with asthma: a double-
blind placebo-controlled food challenge study. Allergy Asthma
Immunol Res. 2015; 7:547-556.

Gamez C, Zafra M, Boquete M, et al. New shrimp IgE-binding
proteins involved in mite-seafood cross-reactivity. Mol Nutr
Food Res. 2014; 58:1915-1925.

Wong L, Huang CH, Lee BW. Shellfish and house dust mite
allergies: is the link tropomyosin? Allergy Asthma Immunol
Res. 2016; 8:101-106.

Wang ], Calatroni A, Visness CM, Sampson HA. Correlation of
specific IgE to shrimp with cockroach and dust mite exposure
and sensitization in an inner-city population. J Allergy Clin
Immunol. 2011; 128:834-837.

Thalayasingam M, Gerez IF, Yap GC, et al. Clinical and immu-
nochemical profiles of food challenge proven or anaphylactic
shrimp allergy in tropical Singapore. Clin Exp Allergy. 2015;
45:687-697.

Hill DJ, Heine RG, Hosking CS. The diagnostic value of skin
prick testing in children with food allergy. Pediatr Allergy
Immunol. 2004; 15:435-441.

Peters RL, Allen KJ, Dharmage SC, et al. Skin prick test re-
sponses and allergen-specific IgE levels as predictors of peanut,
egg, and sesame allergy in infants. ] Allergy Clin Immunol.
2013; 132:874-880.

Gamez C, Sanchez-Garcia S, Ibanez MD, et al. Tropomyosin
IgE-positive results are a good predictor of shrimp allergy.
Allergy. 2011; 66:1375-1383.

Ayuso R, Sanchez-Garcia S, Lin ], et al. Greater epitope recog-
nition of shrimp allergens by children than by adults suggests
that shrimp sensitization decreases with age. ] Allergy Clin
Immunol. 2010; 125:1286-1293.e3. O

383



Copyright of Allergy & Asthma Proceedings is the property of OceanSide Publications Inc.
and its content may not be copied or emailed to multiple sites or posted to a listserv without
the copyright holder's express written permission. However, users may print, download, or
email articlesfor individual use.



