
Investigation into the α-Gal Syndrome: Characteristics of 261 
Children and Adults Reporting Red Meat Allergy

Jeffrey M. Wilson, MD, PhDa, Alexander J. Schuyler, BS, BAa, Lisa Workman, BAa, Monica 
Gupta, MDa, Hayley R. James, MDa, Jonathon Posthumus, MDb, Emily C. McGowan, MD, 
PhDa, Scott P. Commins, MD, PhDc, Thomas A.E. Platts-Mills, MD, PhDa

aDivision of Allergy and Clinical Immunology, University of Virginia, Charlottesville, Va

bAllergy Partners of Fredericksburg, Fredericksburg, Va

cDivision of Rheumatology, Allergy and Immunology, University of North Carolina, Chapel Hill, NC

Abstract

BACKGROUND: Red meat allergy has historically been understood as a rare disease of atopic 

children, but the discovery of the “α-Gal syndrome,” which relates to IgE to the oligosaccharide 

galactose-α-1,3-galactose (α-Gal), has challenged that notion.

OBJECTIVE: To describe the clinical and immunologic characteristics of a large group of 

subjects with self-reported allergy to mammalian meat.

METHODS: This was an observational study of 261 children and adults (range, 5-82 years) who 

presented for evaluation for allergic reactions to mammalian meat. Results were based on serum 

assays and a detailed questionnaire.

RESULTS: α-Gal specific IgE ≥ 0.35 IU/mL was detected in 245 subjects and symptom onset 

occurred ≥2 hours after eating mammalian meat in 211 (81%). Component testing supported a 

diagnosis of α-Gal syndrome in 95%, pork-cat syndrome in 1.9%, and primary beef allergy in 

1.1%. Urticaria was reported by 93%, anaphylaxis by 60%, and gastrointestinal symptoms by 

64%. Levels of IgE and IgG specific to α-Gal were similar in subjects who reported early- or 

delayed-onset symptoms, and in those with and without anaphylaxis. Levels of α-Gal specific IgE 

and severity of reactions were similar among those with and without traditional atopy, and among 

children (n = 35) and adults (n = 226). Blood group B trended toward being under-represented 

among α-Gal-sensitized subjects; however, α-Gal specific IgE titers were high in symptomatic 

cases with B-antigen.
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CONCLUSIONS: The α-Gal syndrome is a regionally common form of food allergy that has a 

characteristic but not universal delay in symptom onset, includes gastrointestinal symptoms, can 

develop at any time in life, and is equally common in otherwise nonatopic individuals.
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Allergy to red meat (ie, meat derived from mammals) has historically been considered to be 

rare, and primarily a disease of young atopic children.1 In 2009, we reported that IgE to the 

oligosaccharide galactose-α-1,3-galactose (α-Gal), a glycan of nonprimate mammals that is 

homologous to the B-group blood-antigen, was associated with episodes of delayed 

anaphylaxis to red meat in subjects in the Southeastern United States.2,3 Since that time the 

connection between IgE to α-Gal and red meat allergy has been strengthened and patients 

with compatible clinical stories who are also sensitized to α-Gal have been described on 6 

continents.4 Subjects who produce IgE to α-Gal can react to red meat, internal organs, and 

other products derived from mammals (such as milk, cheese, gelatin, some biologic drugs, 

and gelatin-containing vaccines), and thus, the allergy is now commonly referred to as the 

“α-Gal syndrome.”5,6 This syndrome can be difficult to recognize on account of several 

factors. Most patients develop this syndrome after many years of safely eating beef, pork, or 

lamb and, unlike most forms of food allergy associated with IgE, there is often a delay of 3 

to 6 hours between eating mammalian meat and the appearance of hives or other symptoms.7

To date the immunologic mechanisms that contribute to sensitization and the delay in 

symptom onset have not been well characterized. Recent reports have suggested that 

subjects with B-group blood-antigen are protected from developing the syndrome, although 

this has not been observed in all cohorts.8–10 The development of specific IgE (sIgE) to α-

Gal in the United States has consistently been associated with bites of the Lone Star tick 

(Amblyomma americanum), although it is clear that other ticks are causally related in other 

parts of the world.4,11 In some regions, in particular the Southeastern United States, there is 

now evidence that α-Gal is a major contributor to food allergy and is an important cause of 

anaphylaxis.12,13 Nonetheless, to date most reports on the α-Gal syndrome have been 

limited to relatively small observational studies and case series, and there have been few 

studies that directly compared the syndrome in adults and children. Here we systematically 

investigated the clinical and immunologic features of the α-Gal syndrome, as well as other 

etiologies that can contribute to red meat allergy, among 261 adults and children who 

presented for evaluation of allergic reactions to mammalian meat.

METHODS

Human subjects

The studies reported here were approved by the University of Virginia Human Investigation 

Committee (HIC No. 13298) and involved enrollment from June 2009 to August 2015. 

Subjects presenting to the University of Virginia Allergy Clinic with recurrent urticaria, 

anaphylaxis, or other self-reported allergic symptoms attributed to mammalian meat were 

recruited. A total of 261 adults (aged 19-82 years) and children (aged 5-18 years) completed 
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the consent form, filled out a detailed questionnaire, and provided serum for serologic 

analyses. In addition, 111 subjects who reported urticaria or anaphylaxis of unclear etiology 

and 36 subjects who denied any history of urticaria or anaphylaxis were also investigated. 

All subjects filled out a questionnaire that assessed a history of “hives” (red, itchy welts), 

anaphylaxis (allergic reaction that included low blood pressure and/or light headedness 

and/or trouble breathing), and gastrointestinal (GI) symptoms, the perceived association with 

foods, and the timing of symptom onset. In cases where a range of times was provided 

(reflecting multiple allergic events), the earliest time was used for analysis. Questions about 

the ABO blood group, allergic history including asthma and rhinitis, exposure history, and 

emergency presentation were also asked. Urticaria (ie, hives) and anaphylaxis were defined 

by self-report on the questionnaire. Seasonal or perennial rhinitis was defined by self-report 

and asthma by a history of physician diagnosis. Atopy was determined by the presence of 

sIgE ≥ 0.7 IU/mL to 1 or more of 3 inhalant allergens: dust mite, Timothy grass, or ragweed. 

Subjects were considered to be sensitized to α-Gal if they had sIgE to α-Gal ≥ 0.35 IU/mL.

IgE and IgG assays

Total and sIgE antibodies were measured using commercially available ImmunoCAP assays 

(Thermo Fisher/Phadia, US, Portage, Mich) performed with the ImmunoCAP 250 

instrument, and the results were expressed as IU/mL (1 IU ≈ 2.4 ng of IgE).14 Sera were 

assayed for sIgE to α-Gal, beef, pork, milk, cat, dog, common ragweed, Timothy grass, 

German cockroach, dust mite (Dermatophagoides pteronyssinus), Alternaria, honeybee, and 

wasp (Vespula species, which includes yellow jackets) as well as egg, peanut, wheat, 

chicken, and shrimp. The cutoff used for a positive test in these assays was 0.35 IU/mL. In 

subjects that tested negative for sIgE to α-Gal, we evaluated the results for α-Gal, beef, 

pork, and cat using a threshold of 0.1 IU/mL and additionally assayed sIgE to cat serum 

albumin (Fel d 2) and pork serum albumin (Sus s 1). The streptavidin CAP technique was 

used to measure IgE to α-Gal using cetuximab on the solid phase.15,16 Specific IgG (sIgG) 

to α-Gal was measured by using α-Gal conjugated to human serum albumin (V-Labs, Inc., 

Covington, La) radiolabeled by the chloramine T method for use in solid-phase 

radioimmunoassays with results reported in arbitrary units (U)/mL, as previously reported.17

ABO blood type investigation

Sera from 192 subjects were reverse typed for ABO blood group status using commercially 

available reference cells (Immucor, Norcross, Ga) according to the manufacturer’s 

instructions. A total of 212 subjects answered positively on questionnaire to knowing their 

blood group. Together, 299 subjects had ABO data available from reverse typing and/or 

from the questionnaire. A total of 105 subjects had blood testing and questionnaire results 

available; of these, 102 had matching results, for a 97% agreement rate. For the 3 cases with 

disagreement between testing and questionnaire, the testing result was used to designate 

ABO status.

Statistical analysis

Comparisons between 2 groups were made using the Mann-Whitney U test. Positive 

antibody titers were log-transformed and values were expressed as geometric means ± the 

95% confidence interval. Categorical variables were compared with Pearson’s χ2 or Fisher’s 
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exact test as indicated. Correlation analysis was conducted with Spearman’s rank coefficient 

(rs). A 2-tailed P value <.05 was considered to indicate statistical significance. Statistical 

analysis was performed with GraphPad Prism (version 7) software (La Jolla, Calif).

RESULTS

Demographics, clinical, and immunological characteristics of the cohort

Allergic symptoms related to mammalian meat were reported by 261 subjects, and 245 of 

these had detectable α-Gal sIgE (≥0.35 IU/mL) (Table I). The titers of α-Gal sIgE exceeded 

those of sIgE to beef and pork extracts in 243 cases, which is consistent with α-Gal being 

the primary epitope in the red meat extracts for these subjects.2 Most cases presented during 

adulthood with disease onset reported after age 40 in 58% of subjects and after age 60 in 

16%. Urticaria was reported in 93%, GI symptoms in 64%, and anaphylaxis in 60%. Isolated 

GI symptoms were reported by 9 subjects (3%). Symptom onset was delayed by at least 2 

hours in 211 subjects (81%). Urgent or emergent care had been sought by 64% for their 

allergic reactions, and 98% reported histories of tick or chigger bites. Of the 261 subjects, 24 

reported allergic symptoms related to ingestion of dairy (9.2%) and 2 subjects reported 

reactions to gelatin (0.8%).

Compared with adults there was a higher frequency of males among the children; however, 

the nature and timing of clinical symptoms was very similar in children and adults (Table I). 

The prevalence of GI symptoms was also similar in children (66%) and adults (64%). The 

frequency of positive α-Gal sIgE titers among subjects reporting reactions to mammalian 

meat was similar between children (97%) and adults (93%), although the levels of α-Gal 

sIgE were higher in adults than children (Figure 1, A). sIgE to beef, pork, and milk were 

detectable in the majority of children and adults. Levels of α-Gal sIgE correlated with total 

IgE in both children (rs = 0.48, P = .004) and adults (rs = 0.70, P < .001) (Figure 1, B).

Among the 261 cases reporting reactions to red meat, there were 16 cases with negative α-

Gal sIgE testing that we sought to further characterize with additional sIgE assays. These 

included α-Gal and beef sIgE assays at a lower threshold (cutoff of 0.1 IU/mL) and sIgE to a 

panel of markers for pork-cat syndrome (cat extract, Fel d 2 [feline serum albumin] and Sus 

s 1 [pork serum albumin]).1 The results suggested a diagnosis for 11 of the 16 cases—5 

subjects had low-titer sIgE to α-Gal (ie, 0.1-0.35 IU/mL), 3 subjects had a sIgE signature 

suggestive of pork-cat syndrome, and 3 subjects had sIgE to beef but not α-Gal (or sIgE to 

beef greater than sIgE to α-Gal in 1 case) (Table IIA). Of note, 2 subjects with positive α-

Gal sIgE may have had pork-cat syndrome on the basis of a higher sIgE to pork, cat, and Fel 

d 2 than to α-Gal (Table IIB). Taken together, of the 261 cases seen in evaluation of red meat 

allergy, at least 248 (95%) were likely related to α-Gal (Figure 1, C).

Comparison of reactions to mammalian meat: symptom onset and presentation

Although the majority of subjects reported delays of 3 to 6 hours, 41 subjects (16%) 

reported reactions in under 2 hours (Figure 2, A). The cutoff of 2 hours was used in keeping 

with consensus guidelines on the timing of immediate reactions.18 Among the 41 early 

responders, the prevalence of females was higher (68% vs 52%; χ2, P = .04) (Table E1, 
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available in this article’s Online Repository at www.jaci-inpractice.org). Although 6 of the 

early responders were negative for α-Gal sIgE at ≥0.35 IU/mL, 3 of those had evidence of a 

diagnosis using component assays (Table II). Overall, 93% of the early responders had 

evidence that α-Gal was the relevant epitope. Of the 41 early responders, 14 reported that 

some of their reactions occurred with a delay of at least 2 hours. Using self-report of 

anaphylaxis as a surrogate for reaction severity, there was no difference in severity in 

subjects reporting early and delayed reactions (Figure 2, B). Moreover, there were no 

significant differences in levels of sIgE or sIgG to α-Gal between early and delayed 

responders (Figure 2, C). We also assessed α-Gal sIgE and sIgG titers in subjects who 

reported anaphylaxis and in those who reported urticaria alone, and the levels were similar in 

both groups (Figure 2, D). Titers of α-Gal sIgE were lower in subjects with isolated GI 

symptoms; nonetheless, there were 5 subjects with isolated GI symptoms who had α-Gal 

sIgE exceeding 3% of total IgE, including 2 with α-Gal sIgE titers >10 IU/mL.

Sensitization to α-Gal and the α-Gal syndrome in relation to traditional atopy

Sensitization to α-Gal is known to relate to tick bites and cases have been reported who had 

no past history of atopy.19 To address this in the present cohort, we characterized sIgE to a 

panel of common inhalant, food, and venom extracts. We also assayed sIgE in a reference 

population (n = 147) that included 36 controls without any history of urticaria or 

anaphylaxis and 111 individuals who were enrolled from the allergy clinic with histories of 

urticaria or anaphylaxis but no perceived association with red meat. Taken together the total 

group included 408 subjects, of whom sIgE to α-Gal was positive in 311 individuals and 

negative in 97 (Table E2, available in this article’s Online Repository at www.jaci-

inpractice.org). Whether classified as α-Gal sIgE positive (n = 311) or as red meat allergic 

(n = 261), the prevalence of sensitization to allergens unrelated to α-Gal was similar (Table 

III). The prevalence of sIgE to inhalants was similar among α-Gal sIgE positive and α-Gal 

sIgE negative subjects. The frequency of sensitization to nonmammalian foods trended 

higher in α-Gal sIgE positive subjects, and was statistically significant for wheat (19.6% vs 

8.0%, Fisher’s exact test, P = .01). The α-Gal sIgE positive subjects also had a higher 

frequency of sensitization to bee (21.6 vs 4.8%, Fisher’s exact test, P < .001) and wasp 

(37.8% vs 9.5%, Fisher’s exact test, P < .001) venom (Table III).

To further explore the relationship between α-Gal sIgE and atopy, we stratified among 

subjects reporting red meat allergy where atopy was defined by the presence of sIgE ≥ 0.7 

IU/mL to at least 1 of 3 common inhalant allergens (dust mite, Timothy grass, and ragweed). 

Of the 261 subjects, sera from 229 had been assayed for all 3 inhalants, of whom 86 (38%) 

were positive to at least 1 inhalant and 143 (62%) had <0.7 IU/mL to each of the 3 inhalants. 

The titers and prevalence of α-Gal sIgE were similar in atopics and nonatopics (Figure 3, 

A). The relationship between α-Gal sIgE and total IgE was strong in those with (rs = 0.57, P 
< .001) and without atopy (rs = 0.76, P < .001); thus sIgE to α-Gal can be an important 

contributor to total IgE regardless of traditional atopic sensitization (Figure 3, B). Among 

subjects with red meat allergy there was no difference in the timing of reactions after eating 

red meat or the frequency of different symptoms in relation to atopy (Figure 3, C). 

Sensitization to nonmammalian foods such as wheat, peanut, and shrimp, but not 

mammalian foods, was predominantly observed in atopic subjects, and the prevalence of 
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sIgE to wasp venom was high in both atopic (54%) and nonatopic (27%) subjects (Figure 3, 

D).

ABO blood groups, α-Gal specific antibodies, and red meat allergy

Subjects with B-antigen blood groups (B or AB) have been reported to be protected from 

developing the α-Gal syndrome.8,9 Among the overall cohort of 408, ABO blood type 

information was available for 299 subjects. The frequency of subjects with B-antigen was 

less than the national average and was not explained by the racial make-up of the subjects 

(Table E3A, available in this article’s Online Repository at www.jaci-inpractice.org).20 

Blood group B/AB was present in 14.3% of α-Gal sIgE negative subjects, 9.0% of α-Gal 

sensitized subjects (χ2, P = .20 for comparison with α-Gal sIgE negative), and 8.0% of the 

subjects who were both sensitized to α-Gal and reported mammalian meat allergy (χ2, P = .

13 for comparison with α-Gal sIgE negative) (Table E3B, available in this article’s Online 

Repository at www.jaci-inpractice.org). A sensitivity analysis restricted to subjects who 

underwent reverse typing showed similar results to the analysis that included information 

from both blood typing and questionnaire (Table E3C, available in this article’s Online 

Repository at www.jaci-inpractice.org). Regardless of IgE sensitization status, the levels of 

sIgG to α-Gal among subjects with B/AB were lower as compared with those with blood 

group A or O (Figure 4, A). Surprisingly, α-Gal sIgE titers were often high among subjects 

with mammalian meat allergy who had blood group B/AB, and these subjects also trended 

toward an increased ratio of α-Gal sIgE to sIgG (Figure 4, B).

DISCUSSION

Here we report that the component analysis of 261 children and adults reporting allergic 

reactions to red meat supported a diagnosis of α-Gal syndrome in 248 (95%) of the subjects, 

results which confirm that the α-Gal syndrome is a dominant cause of red meat allergy in 

the Southeastern United States. An important element of the current report is the head-to-

head comparison of adults and children. Although other publications have described features 

of the α-Gal syndrome in children, here we demonstrate that there is no difference in the 

timing or nature of symptoms, or in tick exposure history, in children and adults.21,22 Titers 

of α-Gal sIgE were lower in children than adults, but the titers nonetheless often approached 

or exceeded 10% of total IgE. Although a major aim of the study was to investigate the 

clinical and immunologic features of the α-Gal syndrome, the use of component diagnostics 

also enabled us to identify other causes of red meat allergy. In this cohort, 5 subjects had 

serologic markers consistent with pork-cat syndrome, that is, positive sIgE titers to cat, pork, 

and Fel d 2.23 Three subjects had sIgE to beef greater than the value of sIgE to α-Gal (of 

whom 2 had sIgE to α-Gal < 0.1 IU/mL), suggesting primary beef allergy as the diagnosis. 

All 3 of these subjects were well into adulthood, which is interesting given that primary beef 

allergy is generally considered a disease of childhood;24 on the other hand, Bos d 6 (bovine 

serum albumin) has been reported as a dominant cause of beef allergy in children and sIgE 

to Bos d 6 (bovine serum albumin) was negative in the 2 current cases where serum was 

available for measurement.25,26 Although not part of the current cohort, we have seen cases 

of red meat allergic adults who had high titers to components such as Bos d 6 and gelatin.27
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Allergic reactions to red meat commonly included anaphylaxis, hives, and GI distress, and 

those reactions often led to presentation for emergency medical care. With the exception of 

subjects presenting with isolated GI symptoms, who had relatively lower titers, neither 

absolute nor relative α-Gal sIgE levels were associated with reaction severity. Although it 

was not formally part of our original questionnaire, it has been our experience that GI 

symptoms related to α-Gal syndrome most commonly involve cramping abdominal pain. 

Oral food challenge studies have demonstrated that mammalian meat allergy that relates to 

α-Gal sensitization often occurs with a delay of 3-6 hours;7 however, in the current report, 

the immune profile was similar between subjects who reported reactions to mammalian meat 

that were delayed by over 2 hours as well as the 16% of subjects who reported symptom 

onset occurring in less than 2 hours. This finding shows that not all reactions that relate to α-

Gal and mammalian meat ingestion occur with delayed kinetics, a finding that has been 

reported in other countries.22,28 One notable difference between subjects who reported early 

versus delayed symptoms was the increased proportion of females in the early-onset group. 

The explanation for why a minority of subjects experience reactions without the 

characteristic delay is unclear, but possible explanations include: (1) the quantity or quality 

(eg, glycoprotein vs glycolipid forms of α-Gal) of α-Gal-containing epitopes that are 

consumed;29 (2) presence of cofactors such as alcohol, nonsteroidal anti-inflammatory 

drugs, or exercise;6,28 (3) a role for sex hormones or other biological factors that vary 

between males and females;30 (4) heightened sensitivity in subjects with a lower threshold 

for activation of cells and pathways that mediate allergic responses (eg, mast cell disorders),
31 and/or (5) sensitization to epitopes in addition to α-Gal that are present in mammalian 

meat, such as albumin or immunoglobulins, which have been associated with immediate 

hypersensitivity.1

Most subjects who had sIgE to α-Gal also had sIgE to extracts derived from mammalian 

sources, which, based on the strength of correlations between the sIgE assays (Figure E1, 

available in this article’s Online Repository at www.jaci-inpractice.org) and earlier work on 

inhibition and dilution studies, is explained by the presence of α-Gal epitopes in the extracts.
2,15,32 Consistent with our clinical experience, there was not a positive association between 

traditional atopy (ie, inhalant sensitization) and α-Gal; however, sIgE to bee and wasp 

venom were both positively associated with sensitization to α-Gal. This association could 

reflect a shared risk relating to outdoor exposures. Another possibility is that α-Gal or other 

similar epitopes could be present within the venom of stinging insects; however, the large 

number of sera with sIgE to α-Gal that were negative for venom makes this unlikely. A third 

possibility is that shared responses to α-Gal and venom could occur because some subjects 

are predisposed to generate IgE after epicutaneous exposures. This latter suggestion is 

intriguing in view of the fact that sIgE to nonmammalian food allergens was more prevalent 

(wheat), or trended toward being more prevalent (egg, peanut, and shrimp), in subjects who 

were sensitized to α-Gal. Thus, differences in cutaneous immunity, as described in the dual-

allergen exposure hypothesis, could be a risk modifier for sensitization not only to some 

food allergens, but also to α-Gal and insect venom.33,34 On the other hand, many subjects 

without traditional atopy were sensitized to α-Gal and the levels of sIgE to α-Gal were 

similar in those with or without atopy. We are also unaware of any association between 

atopic dermatitis and the α-Gal syndrome. Taken together, the favored explanation is that 
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ticks represent venomous ectoparasites with salivary factors that have potent adjuvant 

activity and favor type 2 immune responses even in subjects who are not predisposed to 

atopy.19,35,36 Differences in host immunity, such as skin barrier defects, are less likely to be 

critical in sensitization because lone star tick “mouthparts,” even those of larvae or nymphs, 

are sufficiently long to penetrate the epidermis during the feeding process.37,38

In the current report, the frequency of blood group B (including B or AB blood types) 

trended lower in subjects who had symptomatic α-Gal syndrome than in nonsensitized 

control subjects. This finding was similar to the results of 2 recent reports that concluded 

that blood group B confers protection against the development of α-Gal sensitization and α-

Gal syndrome.8,9 For example, in the Swedish cohort reported by Apostolovic et al (which 

has similar expected B blood group representation in the population), the frequency of B-

antigen in subjects with α-Gal syndrome was similar to the result in our cohort at 5.9% 

versus 8.0%, respectively.8,9 The explanation for the negative association between blood 

group B and α-Gal syndrome likely relates to the fact that α-Gal is structurally similar to the 

B-antigen and that a significant fraction of naturally occurring anti-B antibodies also 

recognize α-Gal.9,39,40 Consistent with this, our data confirmed other reports that α-Gal 

sIgG levels are lower in subjects with B-antigen (Figure 4, A).9,41,42 An additional 

observation was that sIgE to α-Gal was often high titer in subjects with B-antigen and 

symptomatic mammalian meat allergy. This finding differs from the recent report from 

Brestoff et al,8 which reported that α-Gal sIgE titers were low in subjects with B-antigen 

who had α-Gal syndrome. The explanation for this discrepancy is unclear, but we note in the 

report of Apostolovic et al9 that of the 3 B-antigen positive subjects with α-Gal syndrome, 2 

had α-Gal sIgE titers of >40 IU/mL. Collectively, our conclusion is that subjects with B-

antigen are partially protected from developing α-Gal syndrome, but that the syndrome can 

develop if α-Gal sIgE titers are high.

There are several limitations to consider. Although our results strongly suggest that α-Gal 

syndrome is a major cause of allergic reactions to red meat in our region, the study design 

does not provide an estimate of the population prevalence of the syndrome. However, a 

recent report by Pattanaik et al12 from Memphis, Tennessee, supports our view that α-Gal 

syndrome is the most common cause of adult-onset anaphylaxis in the Southeastern United 

States. In the current report, α-Gal syndrome was defined by clinical history and the 

presence of a positive α-Gal sIgE level. Although we did not conduct oral challenges, we do 

not routinely carry out, or recommend, oral challenges to mammalian meat. In our 

experience, such challenges are difficult to perform safely in an outpatient setting. We also 

did not monitor the response to a diet of red meat avoidance, but in our clinic and an 

ongoing survey of allergists in areas where the syndrome is common, 80% to 90% of 

subjects respond to a red meat elimination diet. Another limitation is that anaphylaxis was 

defined based on self-report in questionnaires at enrollment. We are aware that this 

definition is not specific, and may not in all cases correspond to the formal definition of 

anaphylaxis. However, anaphylaxis has historically been challenging to define, and many 

cases of anaphylaxis relating to α-Gal, including cases requiring hospital admission, have 

been seen in the emergency departments at the University of Virginia and the University of 

North Carolina. The definition of atopy as sIgE ≥ 0.7 IU/mL to dust mite, Timothy, or 

ragweed has limitations; however, using a more conservative definition of atopy with a panel 
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of 6 aeroallergens at a lower titer (ie, cutoff of 0.35 IU/mL) yielded similar results (see 

Figure E2 in this article’s Online Repository at www.jaci-inpractice.org). Another limitation 

is that assays for isotype-specific antibodies other than IgE and IgG were not reported here; 

however, prior reports have consistently shown that sIgG1 and sIgG2, but not sIgG4, are the 

dominant contributors to the specific IgG titer in subjects with α-Gal syndrome.9,41,43

In summary, we report here the analysis of a large cohort who experienced allergic reactions 

to mammalian meat, of whom 95% were sensitized to an oligosaccharide that is present in 

blood and tissues of nonprimate mammals. Consistent with the premise that tick bites are the 

major cause of α-Gal sensitization, there was no association between sensitization to α-Gal 

and inhalant allergens. The data are in general agreement with prior reports that have 

suggested that the presence of blood group B is protective against the development of α-Gal 

syndrome; however, the current analysis makes it clear that subjects with B-antigen can still 

acquire the syndrome. Taken together, this large observational cohort supports the 

connection between sIgE to α-Gal and a syndrome of anaphylaxis to mammalian meat that 

(1) commonly emerges during adulthood but can also present in children, (2) has a 

characteristic but not universal delay of at least 2 hours, (3) responds to a diet of red meat 

avoidance, and (4) relates to a preceding bite from lone star ticks, and is not associated with 

traditional atopic disease.
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What is already known about this topic?

Over the last 10 years, the syndrome of delayed anaphylaxis to mammalian meat in 

patients with IgE to galactose-α-1,3-galactose (α-Gal) has been confirmed in large areas 

of the United States and in many other countries.

What does this article add to our knowledge?

This analysis of 261 subjects provides evidence that titers of IgE and IgG specific for α-

Gal are not a predictor of the symptoms, the severity of reactions, or the time taken to 

respond after eating meat.

How does this study impact current management guidelines?

The α-Gal syndrome should be considered as an explanation for allergic symptoms, 

including abdominal pain, related to red meat at any age, regardless of atopic history, 

ABO blood group, symptom severity, and timing of symptom onset.
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FIGURE 1. 
Comparison of specific IgE (sIgE) results in children and adults: A, sIgE to galactose-α-1,3-

galactose (α-Gal) and mammalian extracts; B, relationship between total IgE and α-Gal 

sIgE; C, distribution of component-based diagnoses of 261 cases of self-reported 

mammalian meat allergy.
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FIGURE 2. 
A, Histogram demonstrating time to reported initial symptom onset after mammalian meat 

ingestion. B, Frequency of subjects who reported anaphylaxis in relation to the timing of 

initial symptom onset with comparison using χ2. C, Levels of galactose-α-1,3-galactose (α-

Gal) specific IgE (sIgE), percentage of α-Gal sIgE of total IgE, and α-Gal specific IgG 

(sIgG) stratified according to when symptoms began. Three subjects who did not provide a 

specific time were excluded from analysis. For subjects who reported multiple times 

(reflecting a history of multiple reactions) the earliest time indicated was used for 

stratification. D, Levels of α-Gal sIgE, percentage of α-Gal sIgE of total IgE, and α-Gal 
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sIgG stratified according to symptoms reported. One subject who reported only 

constitutional symptoms was excluded from analysis. Number of samples not detected/total 

samples tested (#ND/T). Comparisons with the Mann-Whitney U test and positive values 

expressed as geometric mean with 95% confidence interval.
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FIGURE 3. 
Relationship between characteristics of galactose-α-1,3-galactose (α-Gal) syndrome and 

atopy among subjects reporting reactions to red meat. A, Prevalence (bar graph, left y-axis) 

and titers (scatter plot, right y-axis) of specific IgE (sIgE) to α-Gal in atopics and nonatopics 

(where atopy defined as sIgE ≥ 0.7 IU/mL to dust mite, Timothy grass, and/or ragweed). B, 

Correlation of α-Gal sIgE and total IgE in atopic (n = 83) and nonatopic subjects (n = 143) 

who reported allergic reactions to mammalian meat. C, Symptoms reported by red meat 

allergic subjects in relation to atopy status. D, Prevalence (shown in table format under the 

graph) and titers of sIgE to mammalian and nonmammalian foods, and venom, among atopic 
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and nonatopic subjects reporting reactions to red meat where A denotes atopic and NA 

denotes nonatopic. Data expressed as geometric mean with 95% confidence interval; levels 

of detected sIgE compared by the Mann-Whitney U test and prevalence compared by 

Fisher’s exact test. GI, Gastrointestinal.
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FIGURE 4. 
A, Levels of galactose-α-1,3-galactose (α-Gal) specific IgG (sIgG) stratified by α-Gal 

specific IgE (sIgE) sensitization status in subjects reporting reactions to mammalian meat 

and the reference cohort. B, Levels of α-Gal sIgE, α-Gal sIgE as percentage of total IgE, 

and ratio of α-Gal sIgE to α-Gal sIgG stratified by ABO status in subjects reporting 

reactions to mammalian meat. Data expressed as geometric mean with 95% confidence 

interval; number of samples not detected/total samples tested (#ND/T); comparisons with 

the Mann-Whitney U test. GI, Gastrointestinal.
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