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WHAT’S KNOWN ON THIS SUBJECT: Delayed anaphylaxis,
urticaria, and angioedema to mammalian meat products were
ﬁrst described in the adult population in 2009. Patients with this
syndrome who consume mammalian meat typically develop
symptoms 4 to 6 hours after ingestion.
WHAT THIS STUDY ADDS: Speciﬁc diagnoses for children who
develop urticaria, angioedema, and idiopathic anaphylaxis are
few and far between. We have now shown delayed anaphylaxis,
urticaria, and angioedema due to mammalian meat products in
the pediatric population.

abstract
BACKGROUND AND OBJECTIVE: Despite a thorough history and comprehensive testing, many children who present with recurrent symptoms consistent with allergic reactions elude diagnosis. Recent
research has identiﬁed a novel cause for “idiopathic” allergic reactions; immunoglobulin E (IgE) antibody speciﬁc for the carbohydrate
galactose-a-1,3-galactose (a-Gal) has been associated with delayed
urticaria and anaphylaxis that occurs 3 to 6 hours after eating beef,
pork, or lamb. We sought to determine whether IgE antibody to a-Gal
was present in sera of pediatric patients who reported idiopathic
anaphylaxis or urticaria.
METHODS: Patients aged 4 to 17 were enrolled in an institutional review board–approved protocol at the University of Virginia and private practice allergy ofﬁces in Lynchburg, VA. Sera was obtained and
analyzed by ImmunoCAP for total IgE and speciﬁc IgE to a-Gal, beef,
pork, cat epithelium and dander, Fel d 1, dog dander, and milk.
RESULTS: Forty-ﬁve pediatric patients were identiﬁed who had both
clinical histories supporting delayed anaphylaxis or urticaria to
mammalian meat and IgE antibody speciﬁc for a-Gal. In addition,
most of these cases had a history of tick bites within the past year,
which itched and persisted.
CONCLUSIONS: A novel form of anaphylaxis and urticaria that occurs 3
to 6 hours after eating mammalian meat is not uncommon among children in our area. Identiﬁcation of these cases may not be straightforward and diagnosis is best conﬁrmed by speciﬁc testing, which should
certainly be considered for children living in the area where the Lone
Star tick is common. Pediatrics 2013;131:1–8
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In studies in which the etiology of
anaphylaxis has been established, foods
or venoms cause most reactions,1
and, classically, these immunoglobulin
E (IgE)-mediated reactions are thought
to occur within 5 to 30 minutes after
ingestion or injection of an offending
agent.2 Numerous epitopes responsible for IgE-mediated food allergy have
been described and are primarily
protein-based. Although it is well
known that the carbohydrate moieties
present on many plant foods can induce antiglycan IgE responses, the
clinical signiﬁcance of these crossreactive carbohydrate determinants
is unclear.3–5 In contrast, recent work
has shown that IgE antibodies speciﬁc for the carbohydrate, galactosea-1,3-galactose (a-Gal), are capable of
eliciting serious, even fatal, delayed
reactions that occur 3 or more hours
after eating red meat.6,7
An IgG/IgM immune response to a-Gal
has been well described, and this
mediates hyperacute rejection of pigto-primate xenotransplantation.8 Work
by Chung et al9 demonstrated that in
adults, an IgE response to a-Gal was
responsible for immediate hypersensitivity reactions that occurred during
infusion of the monoclonal antibody
cetuximab, an anti–epidermal growth
factor receptor cancer therapeutic.
The a-Gal carbohydrate moiety is known
to be present on multiple tissues (notably thyroglobulin) from nonprimate
mammals,10,11 and more recently, IgE
to a-Gal has been associated with
delayed urticaria and even anaphylaxis.6,7 The development of IgE antibody to a-Gal has been linked to
bites from ecto-parasitic ticks, especially those of the Lone Star tick,
Amblyomma americanum.12 Patients
with IgE antibody to a-Gal report symptoms of urticaria, angioedema, or even
anaphylaxis starting 3 to 6 hours after
the ingestion of mammalian meat
products.7 The symptoms can be severe,
2

and many patients have required epinephrine injections for their reactions
as well as care in emergency departments.7,13 Because the timing of ingestion occurs much earlier than the
actual symptoms, diagnosis and recognition of this food allergy has been
challenging. In fact, we have seen many
children who had been diagnosed
with idiopathic urticaria/anaphylaxis,
or who had been speciﬁcally told that
the reactions were not a result of food
allergy, who had IgE antibodies to a-Gal
and, in retrospect, a history consistent
with delayed reactions to mammalian
meat (A.P.S., P.W.H., S.P.C., unpublished
observations). Immediate hypersensitivity to meat in children has been
reported by multiple investigators14–18
and the role of beef allergens in children with atopic dermatitis and milk
sensitization has also been well established.19,20

A total of 51 subjects were enrolled from
September 2011 to May 2012 on the
basis of clinical history and answers to
questions regarding tick bites and bite
site characteristics. Speciﬁc questions
included (1) did episodes occur before
or after midnight, (2) did episodes follow having eaten mammalian meat at
the meal before the reaction (even if 4
to 5 hours prior), and (3) was there
a history of tick or seed tick bites. Additional subjects aged 4 to 18 were
enrolled (n = 142) from the University
of Virginia Hospital where they presented with (or without) wheeze.21
ImmunoCAP IgE Assays

Because a-Gal has been found to be an
important cause of urticaria, angioedema, and anaphylaxis in the adult
population, we investigated whether
IgE antibodies to a-Gal were present in
the sera of pediatric patients with
a clinical history suggestive of delayed
urticaria, angioedema, or anaphylaxis
to mammalian meat products. Here we
report 45 pediatric patients, aged 4 to
17, who were found to have IgE antibodies to a-Gal. To our knowledge, this
is the ﬁrst report of delayed reactions
to mammalian meat in the pediatric
population.

Total and speciﬁc IgE antibodies were
measured by using either commercially available ImmunoCAP (Phadia US,
Portage, MI) or a modiﬁcation of the
assay with streptavidin on the solid
phase (a-Gal, Fel d 1).7,22 The assays
were performed with the ImmunoCAP
250 instrument and the results
expressed as IU/mL. For speciﬁc
assays, the cutoff used for a positive
reaction was 0.35 IU/mL. The sera were
tested with commercially available
assays for IgE antibodies to dust mite
(Dermatophagoides pteronyssinus),
cat (dander and epithelium in addition
to Fel d 1), dog dander, Timothy grass,
Alternaria alternata, oak, beef, pork,
chicken, codﬁsh, cow’s milk and milk
components (Bos d 4, Bos d 5, Bos d 8),
boiled milk, goat’s milk, peanut, egg,
and total IgE.

METHODS

Statistical Analysis

Patients and Control Subjects
The University of Virginia Human Investigation Committee has approved
these studies. Our patients were enrolled as subjects from the University of
Virginia Allergy and Immunology Clinic,
as well as from private practice allergy
clinics in Lynchburg, VA, because each
had a history suggestive of delayed
anaphylaxis, urticaria, or angioedema.

We compared the speciﬁc IgE antibody
results between a-Gal, beef, and pork
to ﬁsh, chicken, peanut, and egg by
using the Mann-Whitney test. We correlated quantitative measures of IgE
antibodies between a-Gal and other
speciﬁc IgE antibodies by using the
Spearman rank-order correlation. A
P , .05 was considered to indicate
statistical signiﬁcance. Statistical
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analyses were performed with GraphPad Prism 6.0 (GraphPad Software, La
Jolla, CA).

RESULTS
Our population included children
(n = 51) with a history of recurrent
urticaria, idiopathic anaphylaxis, or
angioedema suggestive of a delayed
response to mammalian meat, of
which 45 tested positive for IgE antibody to a-Gal (Table 1). Some patients
were referred as cases of chronic urticaria; however, on careful questioning, a more appropriate diagnosis
would have been acute, recurrent urticaria. Many of the patients had used
an emergency department for their
symptoms (5/51 had been to the
emergency department $4 times before diagnosis), and they required the
use of epinephrine, antihistamines,
and/or injected steroids. There were
also several patients who had required
admission to the hospital for observation (Table 1). All of these patients had
a clear history of tick exposure before
our evaluation of IgE to a-Gal, and 39
had histories of itching, redness, and
swelling for several weeks after the
tick bite (Table 1). Of the 51 children, 6
subjects were enrolled with similar
histories, yet were found to be negative
for IgE antibody to a-Gal.
As previously reported in adults, our
pediatric subjects had positive immunoassays to mammalian meat products, including beef and pork (Fig 1).
The speciﬁc IgE levels for these tests
were signiﬁcantly higher than those
for ﬁsh (P , .05), chicken (P , .001),
egg (P , .05), and peanut (P , .001) by
Mann-Whitney analysis. There was
a close correlation (r = 0.99) between
beef- and pork-speciﬁc IgE, supporting
the view that these assays were measuring IgE antibodies to a single component: a-Gal (Fig 2A). There was also
a strong correlation between a positive
immunoassay for a-Gal and a positive

TABLE 1 Patient Demographics
n = 51
Gender, % male
Mean age at presentation (range)
Total IgE, geometric mean (95% conﬁdence interval)
No. of subjects testing positive for IgE antibody to a-Gal (%)
Symptoms at presentation, %
Anaphylaxisa
Gastrointestinal/Oral
Urticaria
Angioedema
Average time to symptoms (range)
Tick exposure, %
Redness and itching at site of tick bite
Tick-borne illnessb
Emergency department visits, %
Medications administered in the emergency department, %
Epinephrine
Antihistamines
Oral steroids
Parenteral steroids
Intravenous ﬂuids
Hospital admissions, %

69
12 (4–17)
147 IU/mL (105–206 IU/mL)
45 (88)
44
64
92
31
4.68 h (10 min to 24 h)
100
87
10
46c
19
35
19
17
17
8

a

Anaphylaxis was deﬁned as hypotension and/or respiratory symptoms including laryngeal edema and wheezing.
All patients with positive answers reported a history of Lyme disease.
c Five of the 45 subjects required $4 visits to the emergency department for symptoms.
b

FIGURE 1

Speciﬁc IgE antibody binding to allergens in serum samples from 45 patients with IgE antibodies to a-Gal.
The horizontal lines indicate geometric mean values. Numbers below the limit of detection indicate the
number of negative values for each allergen. * Complete panel of immunoassays was performed for
those sera positive for IgE antibody to a-Gal (n = 45). ** Cat allergen includes epithelium and dander. #
The values for chicken, egg, peanut, and ﬁsh have signiﬁcantly lower titers (P , .05) compared with
a-Gal, beef, and pork by means of a Mann-Whitney analysis.

test for beef and pork (r = 0.87 and r =
0.89, respectively; Table 2, Fig 2 B and
C). The symptoms reported by these
children included urticaria, angioedema, and anaphylaxis, and in nearly

every case these symptoms were
delayed 3 to 6 hours, much like those
of their adult counterparts (Table 1).
Milk-speciﬁc IgE was also elevated in
these patients, as reported in previous
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FIGURE 2

Correlations of IgE to a-Gal and speciﬁc allergens. A, Correlation of IgE antibody to pork and IgE antibody to beef (r = 0.99), suggesting that these tests are
actually measuring the amount of speciﬁc IgE to a-Gal in the serum. B, Correlation of IgE antibody to a-Gal and beef (r = 0.89; P , .001) in patients with IgE
antibody to a-Gal. C, Correlation of IgE antibody to a-Gal and pork (r = 0.87; P , .001) in patients with IgE antibody to a-Gal. D, Correlation of IgE antibody to
a-Gal and total IgE (r = 0.18; P = not signiﬁcant) in patients with IgE antibody to a-Gal.

studies.7 However, tests for IgE to milk
components, including a-lactalbumin
(Bos d 4), b-lactoglobulin (Bos d 5), and
casein (Bos d 8), were negative in most
of the patients who had a positive immunoassay to milk. Boiled milk immunoassays were also negative in this
same population (Fig 3). To conﬁrm
that a-Gal–speciﬁc IgE antibody were
responsible for the positive cow’s milk
IgE test, absorption studies were carried out on 3 sera, which showed that
removing IgE antibody to a-Gal also
removed the positive milk IgE result
(Supplemental Table 3).
In keeping with the known distribution
of a-Gal, positive immunoassay responses were seen to cat dander and
epithelium and dog dander in our
patients with a-Gal allergy (Fig 1). Despite a positive test for cat and dog,
only 9 of 32 subjects reported rhinitis
symptoms on exposure to cat or dog.
The immunoassay test for these
mammals is known to contain a-Gal
4

because of the presence of proteins,
such as cat IgA (Fel d 5).23 Sensitization
to dust mite and to the major cat allergen (Fel d 1) were similar to the
general population (Fig 1) and are not
associated with the a-Gal syndrome.
To further characterize the IgE antibody
to a-Gal response in the pediatric
population, an assessment of the prevalence of this antibody response in
a geographically similar but distinct
cohort was performed. Sera from
subjects (n = 142) presenting to the
University of Virginia Hospital with and
without wheeze were assayed for indoor, outdoor, and food-speciﬁc IgE
antibody responses (Fig 4A). In this
group of 142 subjects, the percentage
of sera positive for IgE antibody to
a-Gal overall was 24%. Because this
cohort was enrolled to investigate
asthma, it included patients with and
without wheezing.21 As might be
expected, patients with wheezing
(surrogate for asthma) had higher

overall IgE percent positive for many
allergens but notably percent a-Gal
sensitization was not signiﬁcantly different between wheezing and nonwheezing subjects (P = .43; Fig 4 A and
B). Analysis of the 3 different cohorts
showed that the IgE antibody titer to
a-Gal was signiﬁcantly higher in
patients reporting delayed reactions
after consuming mammalian meat as
compared with those subjects enrolled
with and without wheeze (P , .001;
Fig 4B). A more detailed analysis of the
IgE antibody to a-Gal response shows
that among those subjects with
wheeze, IgE to a-Gal comprised ,1% of
the total IgE in most cases (Supplemental Fig 5). On the contrary, those
subjects enrolled speciﬁcally because
the clinical history supported delayed
reactions to mammalian meat had IgE
to a-Gal responses that constituted
.1% of total IgE, and in many instances .5% of total IgE (Supplemental
Fig 5).
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TABLE 2 Correlations Between the IgE Speciﬁc for a-Gal (IU/mL) and Other Speciﬁc Allergens
(IU/mL)
Speciﬁc IgE Antibody
a-Gal
Dog dander
Cata
Fel d 1b
Porkc
Beefc
Milk
Peanut
Dust mited

No. of Positives/No. Tested

Spearman Correlation (r) With a-Gal

P Value

45/45
33/45
39/45
9/45
39/45
38/45
34/45
10/45
13/45

1
0.71
0.73
0.07
0.87
0.89
0.79
20.07
0.25

,.001
,.001
.66
,.001
,.001
,.001
.67
.1

a

Cat immunoassay includes epithelium and dander.
Fel d 1 is the major cat allergen.
c Pork- and beef-speciﬁc IgE antibody were signiﬁcantly correlated with each other (r = 0.99 and P , .001).
d Dust mite = D pteronyssinus immunoassay.
b

FIGURE 3

Component analysis of milk-allergic children with a-Gal. Patients with a-Gal–speciﬁc IgE who were
positive for speciﬁc IgE to milk (n = 34) were tested for milk components, including a-lactalbumin,
b-lactoglobulin, and casein-speciﬁc IgE. Interestingly, there does not appear to be any reactivity to the
milk components (a-lactalbumin, b-lactoglobulin, and casein), suggesting that there is no a-Gal in
these immunoassays. Similar results are present for boiled milk and goat’s milk.

DISCUSSION
The a-Gal syndrome, in children and
adults, is unlike any other known IgEmediated food allergy. Despite high
titers of IgE antibodies to beef and
pork, these cases consistently report
a delay of 3 to 6 hours after eating
mammalian meat.7 Furthermore, the
symptoms often become severe, including signiﬁcant episodes of hives

and hypotension. In fact, .45% of
the subjects used an emergency department at least once for their symptoms and 8% required admission to the
hospital for observation (Table 1). Thus,
it is our general practice to prescribe
an epinephrine autoinjector and instruct patients in its proper use. Not
only the serious nature of the reactions but also the rising frequency of
idiopathic angioedema and urticaria

across all age groups24–29 underscore
the importance of identifying a cause
for these cases if possible. Our results
show clearly that physicians should
keep this diagnosis in mind even in the
pediatric population, especially if the
history is consistent with the disease
syndrome, including delayed symptoms after ingestion of beef, pork,
lamb, or even milk.
It is important to note, however, that
patients with IgE antibody to a-Gal may
not experience reactions with every
ingestion of mammalian meat. The
explanations for such an observation
are several-fold. First, a-Gal is a carbohydrate and this “inconsistency”
may simply be a result of the inherent
properties of digestion, processing,
and absorption of glycans. Second, the
amount of a-Gal that actually reaches
the bloodstream in an antigenic form
(which we believe to be that of a glycolipid) may be signiﬁcantly less than
is ingested. Moreover, the food itself
(ie, hamburger versus cow’s milk) may
offer more or less antigen. Fourth, the
dose of meat appears to be important,
and in some instances children are
able to consume a small amount of
mammalian meat or products without
adverse reactions. Fifth, it may well be
that preparation (mechanical, thermal,
or freezing) is a signiﬁcant factor in
contributing to whether foods retain
enough of the appropriate antigen to
cause a reaction. Finally, it is also important to keep in mind that the natural
history of this IgE antibody response
appears to be one that decreases over
time. Thus, as the IgE antibody titer
decreases, children could experience
fewer or inconsistent reactions.
The incidence of food allergy is increasing across the population, with
almost 6% of children and 4% of adults
in North America now allergic to 1 or
more foods.30,31 Children who develop
IgE antibody to a-Gal may have positive skin, intradermal, or immunoassay
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FIGURE 4
A, Percentage of children (aged 4–18) positive for speciﬁc IgE antibodies in wheezing (n = 61; red) and nonwheezing (n = 81; blue) control groups. There were
signiﬁcant differences between the wheezing and control population with regard to aeroallergen sensitization (**P , .001; *P = .001), whereas there were no
differences in sensitization patterns to a-Gal, beef, or milk (P = .43, P = .15, and P = .21, respectively). B, Comparison of positive tests for a-Gal among an agematched pediatric cohort with symptoms of delayed mammalian meat allergy (n = 45) and a cohort of wheezing (n = 17) and nonwheezing (n = 16) control
subjects in the hospital. The pediatric cohort with symptoms of delayed mammalian meat allergy has signiﬁcantly higher levels of speciﬁc IgE to a-Gal (P ,
.001). NS, not signiﬁcant.

testing to milk, beef, pork, cat, or dog.32
It is important to understand that many
children suffer from milk allergy, but
IgE to a-Gal is distinct from the more
traditional, protein-based cow’s milk
allergy. a-Gal–related reactions present in older children, many of whom
have no previous history of either food
allergy or any allergic disease.7 Clinicians should recognize that the carbohydrate moiety a-Gal is found in
mammalian milk, as evidenced by
the positive immunoassay results to
cow’s milk and goat’s milk. Therefore,
in a patient older than 5 who has an
apparent new-onset milk allergy, IgE
antibody to a-Gal should be considered
as an alternative diagnosis to a proteinbased milk allergy, a cross-reactivity
between beef allergy and cow’s milk,19
or even a distinct mammalian protein
cross-reactivity.18
Interestingly, we were unable to show
positive tests for a-Gal on the individual
components of milk as tested in this
study. Children with IgE antibody to
6

a-Gal (and, therefore, “milk allergic”)
had negative immunoassays to
a-lactalbumin, b-lactoglobulin, and casein in 32, 31, and 33 of 34 instances,
respectively, leading us to surmise that
these milk protein antigens are not
signiﬁcant sites of a-Gal–based glycosylation. Similarly, one might anticipate
that the allergens bovine immunoglobulin (Bos d 7) or bovine serum
albumin (Bos d 6) could contain glycosylation with a-Gal, but the published evidence that has assessed this
possibility for Bos d 6 suggests a-Gal is
not present, and our unpublished data
have also been in keeping with a lack of
a-Gal on bovine serum albumin.11 The
negative results for milk allergens
could also be explained by the processing of these components for the
immunoassay, which might change the
structure or alter the galactose linkages. The latter theory is supported by
our ﬁnding that the boiled milk immunoassay was negative in most of the
patients with a positive a-Gal–speciﬁc

IgE, whereas another mammalian milk
(goat) was positive in those sera that
had the highest titer of IgE antibody to
cow’s milk. Taken together, the data
suggest that the goat’s milk ImmunoCAP has fewer a-Gal epitopes than
does the cow’s milk assay, not that
a-Gal is absent from goat’s milk or
that goat’s milk may be a safe alternative for these children. In fact, we
have not a priori recommended removal of milk or dairy products from
the diet of adults with this syndrome
if they have previously tolerated
these products. We have continued
a similar approach in the pediatric
population, unless the allergic episodes persist, at which time we
would suggest performing an oral
milk challenge.
Skin testing for beef, pork, or lamb
(mammalian meat) in both adult and
pediatric patients has been challenging. Many patients have only small
reactions (2–5 mm) to these allergens
by skin-prick testing, and intradermal
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tests have been used in adults to clarify
the intermediate results.7 We have, on
occasion, also performed intradermal
testing in older teenagers, and these
results mirrored those seen in adults.
Overall, we are less likely to perform
intradermal testing in children and,
therefore, recommend use of in vitro
assays. Although we have performed
mammalian meat challenges in adult
subjects to document the delayed appearance of clinical symptoms, these
food challenges have produced signiﬁcant symptoms beyond what the
subject had reported after natural exposure. In protein-based food allergies
in which symptoms arise in 5 to 30
minutes, food challenges use small
amounts of allergen and proceed incrementally, such that the procedure
is stopped when patients begin to
react. Because of the time course to
symptoms, incremental dosing is not
possible in the case of delayed reactions to mammalian meat and the
entire dose must be given at the start
of the challenge. Because of the (signiﬁcant) reactions observed during
mammalian meat challenges with
adult subjects and the inability to incrementally dose, we do not plan to
perform food challenges in pediatric
subjects and acknowledge the lack of
food challenges as a limitation in our
study.
The pediatric population seems to follow the trend seen in adult subjects
with regard to the geographic distribution of this disease. Screening serum samples from multiple geographic

Of note, in our experience, if patients
are able to avoid subsequent tick bites,
the level of a-Gal–speciﬁc IgE tends to
decrease over time. In fact, some adult
patients with this form of allergy have
been able to tolerate mammalian meat
again after avoiding additional tick
bites for 1 to 2 years (S.P.C., T.A.E.P-M.,
and J.L.K., unpublished data, 2010–
2013).

locales reveals a distinct regional pattern of disease in the southeastern
United States, a pattern that roughly
correlates with the higher incidence of
cetuximab hypersensitivity in adults.33 In
fact, we have been made aware of children presenting with IgE antibody to
a-Gal in numerous centers throughout
the eastern and now central United
States. Colleagues at Duke University
(Dr Michael Land and Dr Moira Breslin),
Kansas City Children’s (Dr Paul Dowling
and Dr Tara Federly), and in East
Hampton, NY (Dr Erin McGintee) have
diagnosed pediatric patients with IgE
antibody to a-Gal and the characteristic delayed reactions to mammalian
meat. Based on our assessment of
sera from children enrolled in studies
in central Virginia, the prevalence of
speciﬁc IgE (sIgE) antibody to a-Gal can
be as high as 15% in some areas. Interestingly, this area overlaps with the
known distribution of the Lone Star
tick, A americanum.34 As suggested in
our recent publication, we believe that
there is a causal relationship between
tick bites and sensitization to a-Gal.12 In
the current study, .90% of patients
with this syndrome reported tick bites
in the previous year. For patients with
IgE antibody to a-Gal, tick bites cause
signiﬁcantly pruritic reactions at the site
of the bite(s) which often persist. Thus, 2
clinically relevant questions that can
assist in formulating a diagnosis are to
inquire about a history of tick or seed
tick bites, and further, whether the site
(s) of a bite(s) had persistent (ie, 2–3
weeks) itching, erythema, or swelling.12

Although there are multiple potential
causes for both acute and chronic urticaria, as well as angioedema and idiopathic anaphylaxis, we report here 45
pediatric patients who ﬁt the syndrome
of delayed reactions to red meat. This
study not only further broadens the
differential for evaluating “idiopathic”
allergic reactions but informs of an
expanded population at risk for developing this unique allergy. In keeping
with the known distribution of a-Gal,
we have found that restriction of
mammalian meat can lead to complete
remission of previous symptoms. Most
children and adults are able to continue to drink milk products, although
a few patients may have symptoms
with dairy ingestion. Importantly, we
believe that this research provides
clear evidence that the a-Gal syndrome
is important in the pediatric population, and it should be diagnostically
considered in children with a history
suggestive of delayed responses to
red meat and acute, recurrent urticaria, angioedema, or idiopathic anaphylaxis, particularly in those patients
living in areas where the Lone Star
tick is common.
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Supplemental Information
METHODS FOR SUPPLEMENTAL
TABLE 3
Absorption assays were carried out
with a-Gal bound to sepharose beads.
Gala1-3Galb-OCH2CH2CH2NH-sepharose
was purchased from Glycotech (Gaithersburg, MD). Beads were stored as a

slurry at a 1:10 bead/phosphatebuffered saline ratio at 4°C. Mockcoupled beads were created concurrently for control absorption studies.
Absorption experiments were performed by incubating 500 mL of serum
and 50 mL of bead slurry rotating

overnight at 4°C. Sera were spun to
remove beads and assayed for remaining speciﬁc IgE levels. Percent inhibition was calculated as the fraction
of postabsorption-speciﬁc IgE value
remaining from the preabsorption
value (IU/mL).

SUPPLEMENTAL FIGURE 5

Comparison of speciﬁc IgE to a-Gal and total IgE among an age-matched pediatric cohort with
symptoms of delayed mammalian meat allergy (n 5 45; red boxes) and a cohort of wheezing (n 5 17;
black circles) and nonwheezing (n 5 16; blue circles) control subjects in the hospital. Subjects in the
pediatric cohort with delayed reactions to mammalian meat had increased percentages of speciﬁc IgE
to total IgE as compared with the control cohorts (wheezing and nonwheezing hospitalized patients).

SUPPLEMENTAL TABLE 3 Absorption of a-Gal and Cow’s Milk-speciﬁc IgE by Using Solid-Phase
a-Gal in Subjects With IgE Antibody to a-Gal

Subject

E509
T908
CR1
a
b

Speciﬁc IgE (IU/mL)

Cow’s milk
a-Gal
Cow’s milk
a-Gal
Cow’s milk
a-Gal

Sepharose Beads Used for
Absorption
Controla

a-Galb

6.72
21.5
6.55
75.2
5.75
52.7

,0.35
2.08
0.44
4.94
,0.35
2.17

Percent Inhibition
With a-Galb

100
90
93
93
100
96

Absorption with control beads reduced a-Gal or cow’s milk IgE binding by ,1%.
Galactose-a-1,3-galactose-b-1,4-GlcNAc.
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