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Abstract

Background: Alpha-gal syndrome (AGS) is an allergy to galactose-a—1,3-galactose (alpha-gal),
a carbohydrate found in most mammals. Evidence indicates that AGS develops after a tick bite,
and in the United States, AGS is most associated with bites from Amblyomma americanum (lone
star tick); however, not all persons bitten by ticks develop clinical AGS.

Objective: To investigate intrinsic risk factors associated with the development of AGS.

Methods: We performed a case-control study among adults presenting for diagnosis or
management of AGS at an allergy clinic in North Carolina during 2019 to 2020 and compared
them with controls enrolled from 2 nearby internal medicine clinics. A questionnaire gathered
epidemiologic and tick exposure data, and blood was obtained for alpha-gal—specific IgE and
other testing.

Results: The 82 enrolled case patients and 191 controls did not differ significantly by age or sex.
Case patients were more likely than controls to have A or O blood types (non B-antigen), have
experienced childhood allergies, and have a family history of AGS and other food allergies. Case
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patients were also more likely to report experiencing long healing times for insect bites or stings
and a family history of allergy to stinging or biting insects.

Conclusion: This study suggested that intrinsic factors contribute to risk of developing AGS.
Some traits are genetic, but common behaviors among households and family units likely also
contribute. Identification of these risk factors can inform personal risk, aid health care providers
in understanding susceptible populations, and contribute to ongoing understanding of AGS
epidemiology.

Introduction

Alpha-gal syndrome (AGS) is an IgE-mediated hypersensitivity to the carbohydrate
galactose-a—1,3-galactose, frequently referred to as alpha-gal.1:2 Alpha-gal is found in

New World monkeys and nonprimate mammals, such as cows or pigs, with exposures
typically occurring through meat ingestion. Potential exposures to alpha-gal are ubiquitous,
including hidden sources of mammalian derivatives (such as broths and fats), dairy products,
some medications (cetuximab, horse- and sheep-derived antivenom), gelatin (Jell-O, marsh-
mallows, or capsules), and vaccines with mammalian-derived excipients.34 Alpha-gal is not
found in avian, reptile, or fish sources. Notably, AGS is an emerging public health concern
in the United States. Through laboratory testing-based surveillance, more than 110,000
suspected cases of AGS have been identified between 2010 and 2022, and case counts have
increased annually during this time.>6 Suspected AGS cases in the United States have been
predominantly identified in geographic areas that overlap with the known distribution of the
lone star tick (Amblyomma americanum).>~"

A recent case-control study found a strong association of development of AGS with a history
of tick bites.8 Case patients were also more likely to live on larger and more wooded
properties and to spend more time outside.® Although nearly all patients with AGS (98%)
had specific IgE antibodies (sIgE+) to alpha-gal, the presence of alpha-gal sIgE antibodies

in 33% of asymptomatic controls was also associated with tick bite.8 There is a lack

of understanding in what factors differentiate persons bitten by ticks who develop sIgE
antibodies and remain symptom free from those who develop AGS. We analyzed additional
data from that case-control study to ascertain intrinsic risk factors for developing AGS.

Methods

Study Design and Subject Enrollment

All participants were enrolled between 2019 and 2020 and were at least 18 years of age.
Case patients were enrolled at a university-based allergy clinic in North Carolina, and
controls were enrolled at 2 nearby internal medicine clinics. Case patients presented for
diagnosis or management of AGS and were required to report clinical symptoms consistent
with AGS (eg, urticaria, emesis, diarrhea, angioedema, and hypotension 3-6 hours after
consuming mammalian meat or byproducts). Case patients were not required to have
laboratory-confirmed AGS (alpha-gal sIgE = 0.1 kU/L) before their study enrollment visit.
Controls were required to report no AGS diagnosis and no symptoms after eating beef, pork,
or lamb. Details of the study methods have been published previously.®

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2024 August 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Taylor et al.

Serology

Page 3

Blood was obtained for testing on the day of enrollment. Serum allergy testing and

blood typing were performed at the university’s research laboratory. Blood typing was
performed using ABO reverse grouping reference cells (Immucor, Norcross, Georgia) and
included type and Rh factor. Allergy testing included measurement of total serum IgE
antibodies and measurement of sIgE antibodies to alpha-gal, cow’s milk, stinging insects
(fire ant, honey bee venom, paper wasp, white-faced hornet, or yellow jacket), mosquito,
chicken, turkey, codfish, and cat serum albumin. Allergens for sIgE testing were chosen
based on assessment of other possible meat allergies (chicken, turkey, or codfish), known
cross-reactive allergens (cow’s milk), potential confounding allergy syndromes (cat serum
albumin), and assessment of stinging/biting insects (ant, bee, vespids, or mosquito). All
antibody testing was conducted using commercially available ImmunoCAP assays (Thermo
Fisher/Phadia, US, Portage, Michigan) performed with the ImmunoCAP 250 instrument.
The results were expressed in KU/L. Testing for alpha-gal sIgE (ImmunoCAP # 0215) was
conducted per manufacturer instructions, and the cutoff for a positive test result was the limit
of detection, at 0.1 kU/L.

Data Collection

Data were abstracted from questionnaire forms and entered into a Research Electronic

Data Capture (REDCap) database. Data collected included demographic information, patient
medical history (including diagnoses of hypertension, diabetes, heart disease, stroke,
inflammatory bowel disease, and celiac disease), and reported history of any tick or

chigger bites in the year before symptom onset for case patients and in the year before
enrollment for controls. All participants were asked about non—alpha-gal allergy history
(case patients were asked separately about alpha-gal), including history of food allergies,
hives, anaphylaxis, and allergic reactions requiring medical attention. Participants were
asked about dietary history and family history, including family history of allergies such

as AGS. Case patients were asked additional questions regarding exposure to specific alpha-
gal-containing products, including vaccines and medical products. Case patients were also
asked about their AGS reactions, including symptoms experienced, the time from exposure
to symptom onset, time of day symptoms typically occurred, and exacerbating factors for
severity, such as exercise and alcohol.

Statistical Analysis

Comparisons of categorical variables between case patients, sIgE+ controls, and all controls
were made with odds ratios (ORs) and 95% CI score; in these computations, one-half was
added to table cell frequencies when there was a 0 cell.?

The exact binomial test was used to compare the distribution of blood types (B/AB vs
AJO) for case patients and controls against the known US blood type distributions for each
race category with sufficient data and for which population distribution information from
the American Red Cross matched our race category specifications.1911 The distributions of
blood types among case patients and controls were compared directly using ORs and 95%
Cl scores for these same race categories. Data management, analyses, and visualizations
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were performed with R version 4.0.3 software (R Foundation, Vienna, Austria, https://r-
project.org).

This study was reviewed and approved by the University of North Carolina Institutional
Review Board (#19-0938).

Patient Demographic Characteristics

Blood Type

A total of 82 case patients and 191 controls were enrolled (Table 1). Patient characteristics
have been previously published.® Case patients were older than controls, with median age of
58.5 years vs 54.0 years (Table 1). The case patient group was less racially diverse than the
control group, with 88% White, 10% American Indian/Alaskan native, and 2% Black (Table
1). The control group was 79% White, 14% Black, and the remaining 7% either American
Indian/Alaskan Native, Asian, other, or unknown (Table 1). Furthermore, 70% of the case
patients lived in North Carolina, with out-of-state residency reported for 30%, compared
with 100% North Carolina residence among the controls (Table 1). Case patients reported
higher levels of education and income (Table 1).

Of the case patients tested, 96% had blood types A, O, or AB, compared with 4% for blood
type B (Table 2). Furthermore, 11% of the controls had B blood type. Grouping blood types
together by B-antigen presence (B/AB vs A/QO), case patients (10%) were less likely than
controls (22%) to have B-antigen blood types (B/AB) (OR, 0.40; 95% CI, 0.18-0.88) (Table
2).

There were sufficient data to analyze blood type distributions by race for 2 categories, White
and Black. The blood type distribution of White and Black participants of our study did

not significantly differ from the White and Black US population in any comparison. Neither

White case patients nor White controls differed from the White US population (P=.18, P=

.07, respectively). Neither Black case patients nor Black controls differed from the Black US
population (P= .41, P=1.00, respectively).

Within the study, White case patients were less likely than White controls to have B-antigen
blood types (B/AB) (OR, 0.39; 95% Cl, 0.15-0.90). There was no difference between Black
case patients and Black controls (OR, 3.15; 95% CI, 0.29-38.29); however, confidence
limits were wide because of small sample sizes.

Medical History

Case patients were less likely than controls to report hypertension (OR, 0.51; 95% CI, 0.29-
0.88), type Il diabetes (OR, 0.43; 95% CI, 0.18-, heart disease or heart attack (OR, 0.50;
95% ClI, 0.16-1.33), and asthma (OR, 0.55; 95% CI, 0.22—1.37). Case patients were more
likely than controls to report vitamin D deficiency (OR, 1.89; 95% Cl, 1.02-3.51) (Table
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3). Of both case patients and controls, 2% reported irritable bowel syndrome or ulcerative
colitis. Additional medical history questions and dietary questions are available in eTable 1.

Allergy History

Case patients were more likely than controls to report particularly large marks or welts
and/or longer healing times when stung or bitten by an insect (irrespective of tick

bite reactions) (OR, 3.14; 95% CI, 1.81-5.47), experiencing allergies in childhood that

they no longer had as an adult (OR, 1.99; 95% CI, 1.02-3.89), having food allergies

other than red meat and associated products (OR, 1.88; 95% CI, 0.99-3.56), having an
allergic reaction (independent of AGS reactions) that required medical care (urgent care,
emergency department, or hospital) (OR, 1.93; 95% ClI, 0.97-3.82), and having experienced
anaphylaxis (independent of AGS reactions) (OR, 1.87; 95% Cl, 0.96-3.64) (Table 3).

Approximately all case patients (98%) and 33% of controls had positive alpha-gal sIgE
(sIgE+) result.8 The sIgE+ control group allowed for comparison between persons with
known reactions (case patients) and persons who reported meat tolerance, yet were alpha-gal
slge+. Comparing all case patients with all controls, case patients were more likely to have
sIgE reactive to the following allergens (all except chicken and turkey): cow’s milk, yellow
jacket, paper wasp, white-faced hornet, cat serum albumin, fire ant, mosquito, and codfish
(Table 4). Comparing case patients with the alpha-gal sIgE+ controls, case patients were still
more likely to test sIgE+ to cow’s milk and paper wasp (Table 4).

Family History

Case patients were more likely to report a family history of food allergy (OR, 2.70; 95%

Cl, 1.47-4.98), allergy to stinging or biting insects (OR, 2.44; 95% Cl, 1.35-4.42), and
alpha-gal allergy to red meat (OR, 8.33; 95% ClI, 2.99-27.38) (Table 5). The analysis for
family history of alpha-gal allergy was modified to remove 2 individuals. A familial cluster
among alpha-gal case patients was suspected when reviewing deidentified data that revealed
a link among 3 case patients’ responses. To limit the effect of these correlated responses, 2
of the 3 likely related people were removed from this comparison.

Case Patient Reaction Characteristics

The most common organ system reactions were gastrointestinal and mucocutaneous, with
abdominal pain/cramping (74%) and hives (72%) as the most frequently reported symptoms
(eTable 2). Among the case patients who reported drinking alcohol, 29% reported that
drinking alcohol increased reaction severity (eTable 3). Among the case patients who
reported exercising, 32% reported that exercising increased reaction severity (eTable 3).
Consumption and tolerance of alpha-gal-containing foods varied widely. Some foods had
been consumed by almost all case patients, with beef and dairy products at 95% and

96%, respectively. However, foods that most case patients reported having eaten were not
necessarily the best tolerated. Beef caused a reaction for most case patients, with 97%
reacting after ingestion (eTable 4). Dairy caused a reaction for 61% of those who reported
consumption (eTable 4). Some alpha-gal—containing foods were less frequently consumed,
with 91% of case patients reporting “never eat” for both goat and organ meat (tripe,
scrapple, and sweet-bread) (eTable 4). Of the 9% of case patients who reported having eaten
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organ meat, 100% reported having AGS symptoms after consumption (eTable 4). Goat was
also consumed by only 9% of the case patients and was the best tolerated food, with only
29% of those who ate goat reacting (eTable 4). Among the case patients who had ingested
gel caps, 31% had a reaction; similarly, marshmallows, Jell-O/gelatin, or gummies caused a
reaction for 40% of the case patients who reported ingestion (eTable 4).

The case patients were asked whether they had received the following vaccines within the
last 5 years: measles/mumps/rubella, rabies, shingles (Zostavax), chicken pox (varicella),
and yellow fever. Of the 82 case patients, 20 (24%) reported receiving 1 of these vaccines
(eTable 5). One case patient received 2 vaccines, shingles and yellow fever, for 21 total
doses administered. Of these 21 administrations, 1 case patient reported having anaphylaxis
after receipt of a vaccine (Zostavax) (eTable 5). Risk of reaction to Zostavax among patients
with AGS has been previously documented because of hydrolyzed porcine gelatin.12 As of
November 2020, Zostavax is no longer available for use in the United States.13

Discussion

Tick bites are not unusual in many parts of the United States, but what determines if a
person develops alpha-gal sIgE or clinical AGS after a tick bite is likely complex, involving
environmental and intrinsic risk factors. Although environmental risk factors associated

with AGS have previously been identified, our case-control study identified individual and
familial risk factors for AGS.8 AGS case patients were more likely to have atopy than
controls, indicated by a history of childhood allergies, allergies to foods other than red

meat, increased cutaneous reactions to insect bites, and sIgE antibodies to a broad array of
allergens. Case patients were also more likely than controls to report related family members
(parents, siblings, and children) with food allergies and allergies to insect bites. Of note, case
patients were approximately 8 times as likely to report related family members with AGS.

The strong association of AGS case patients having a family history of allergies further
suggests that genetic factors may influence AGS susceptibility. However, observed familial
effects may be partially attributable to common household or lifestyle traits rather than
inherited risk. Peridomestic exposure to arthropods, which could include gardening,
yardwork, or children playing outside contributes to household risk of vector-associated
conditions. Independent of residence, family groups could have lifestyle risks for tick
exposure, including spending more time outdoors, or hobbies such as fishing or hunting.
Additional studies are required to understand how genetic and lifestyle factors contribute to
family risk of AGS.

In addition to genetic predispositions and common environmental exposures to tick bites,
increased awareness of AGS among family members may contribute to the effect of familial
association. AGS diagnosis is known to be patient driven, with a 2016 study (N=28)
identifying that only 21% of patients were diagnosed with having AGS within a year of
symptom onset.14 A 2022 health care provider survey revealed that of 1500 respondents,
only 5% felt very confident in their ability to diagnose or manage patients with AGS, and
42% had not heard of AGS.15 Persons with a family member with AGS may be more

likely to suspect their own diagnosis, seek health care, locate an informed provider, request
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appropriate testing, and ultimately reach a diagnosis of AGS compared with persons without
a family member with AGS.

A previous study indicated that persons with blood type B were approximately one-fifth as
likely to have AGS than persons with blood type 0.16 Our study found a similar effect of
similar magnitude, with persons with blood group B approximately one-fourth as likely to
have AGS. Our study supports existing literature suggesting that B-antigen blood types may
be protective against elevated alpha-gal IgE and development of AGS, thought to be due to a
structural similarity between alpha-gal and the B-antigen.16:17

African Americans are approximately twice as likely to have blood type B than Whites
(19% vs 10%), which would increase the prevalence of B-antigen blood type in the controls
in our study and amplify the protective impact of B-antigen blood type.11 We compared

the study population to the American Red Cross’s published blood type distributions by
race because of well-established racial variation. There was not an apparent difference
between the control group’s blood type distribution and that of the US population, which
provides assurance that the control group provides a distribution adequately similar to the
US population to draw meaningful comparisons to the case patient group. White case
patients were significantly less likely to have B-antigen blood types (B/AB) than White
controls; this difference was not found in the Black participants, though this could have been
due to low power caused by the small sample size.

The impact of alpha-gal sIgE positive status (a state referred to as sensitization) on
individual dietary tolerance and physical health is unclear. A cohort of patients undergoing
colonoscopy in North Carolina found that 31.4% of participants were sensitized (SIgE+),
though they reported being able to tolerate mammalian meat, cheese, and milk at similar
levels as their alpha-gal slgE-negative counterparts.18 Other studies have suggested negative
cardiovascular impacts of alpha-gal sensitization; however, it is unknown whether those
study participants had clinical AGS or were able to tolerate mammalian meat.1%-20 In our
study, case patients were more likely than sensitized controls to have reactive sIgE to
cow’s milk and paper wasps. Reactivity to these antigens is unsurprising, as cow’s milk
ImmunoCAP contains alpha-gal and cross-reactivity has been documented between wasp
and tick proteins.2! The greater reactivity against these antigens in patients with AGS
compared with sensitized controls could reflect higher levels of alpha-gal sIgE in the cases.
In addition, cow’s milk may not be a substantial source of alpha-gal as only 61% of the
case patients who consumed dairy reported experiencing AGS symptoms after exposure.
Clinicians diagnosing people with AGS should rely on a careful clinical history and results
of alpha-gal sIgE testing.

Several factors must be considered when interpreting our findings. Patients were not asked
whether they knew their biological parents’ medical history or whether they had blood
relatives in the study. This may affect the strength of the family history findings in our study;
however, potentially related participants were identified during the analysis, and adjustments
were made accordingly. Case patient and control populations were enrolled from different
sites and differed demographically, which may explain differences in medical history. Case
patients may have less reported hypertension because of lifestyle factors, such as exclusion
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of mammalian meat from diet. Case patients reported spending more time outside each
week; although this put them at higher risk for tick bites and development of AGS, it could
have reduced their burden of hypertension.8 Alternatively, controls may have presented to
the internal medicine clinics to receive treatment for chronic conditions such a hypertension
and type Il diabetes. Furthermore, interpretation of differences in hypertension, vitamin D
deficiency, and blood type is limited because of established variation between racial groups.

The burden of AGS is increasing, with approximately 15,000 new suspect cases identified in
the United States each year between 2017 and 2021.% A 2023 Centers for Disease Control
and Prevention report estimated that the number of persons in the United States affected

by AGS since 2010 could be as many as 450,000.5 Low health care provider knowledge

of AGS is concerning and contributes to underdiagnosis.1® Health care providers should
suspect the syndrome in persons with adult-onset atopy, particularly in those with other
allergies, sensitivity to insect bites, a history of childhood allergies, or with a family history
of food allergies including AGS. Persons with A or O blood types may be at higher risk

of developing AGS than those with AB or B blood types. Health care providers should

be aware of the geographic distribution of AGS, recognize its clinical presentation, and
appreciate the environmental, behavioral, and intrinsic factors that influence AGS risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgment

We thank Eleanor Farley Saunders for thoughtful review.

Funding

This work is funded by the US Centers for Disease Control and Prevention.

References

1. Commins SP, Jerath MR, Cox K, Erickson LD, Platts-Mills T. Delayed anaphylaxis to alpha-gal, an
oligosaccharide in mammalian meat. Allergol Int. 2016;65(1):16—20. [PubMed: 26666477]

2. Commins SP, Satinover SM, Hosen J, Mozena J, Borish L, Lewis BD, et al. Delayed anaphylaxis,
angioedema, or urticaria after consumption of red meat in patients with IgE antibodies specific for
galactose-alpha-1,3-galactose. J Allergy Clin Immunol. 2009;123(2):426-433. [PubMed: 19070355]

3. Commins SP. Diagnosis & management of alpha-gal syndrome: lessons from 2,500 patients. Expert
Rev Clin Immunol. 2020;16(7):667-677. [PubMed: 32571129]

4. Macdougall JD, Thomas KO, Iweala Ol. The Meat of the Matter: Understanding and Managing
Alpha-Gal Syndrome. Immunotargets Ther. 2022;11:37-54. [PubMed: 36134173]

5. Binder AM, Commins SP, Altrich ML, Wachs T, Biggerstaff BJ, Beard CB, et al. Diagnostic testing
for galactose-alpha-1,3-galactose, United States, 2010 to 2018. Ann Allergy Asthma Immunol.
2021;126(4):411-416. [PubMed: 33422649]

6. Thompson JM, Carpenter A, Kersh GJ, Wachs T, Commins SP, Salzer JS. Geographic Distribution
of Suspected Alpha-gal Syndrome Cases — United States, January 2017-December 2022. MMWR
Morb Mortal WKly Rep. 2023;72:815-820. [PubMed: 37498787]

7. Commins SP, James HR, Kelly LA, Pochan SL, Workman LJ, Perzanowski MS, et al. The relevance
of tick bites to the production of IgE antibodies to the mammalian oligosaccharide galactose-a-1,3-
galactose. J Allergy Clin Immunol. 2011;127(5):1286-1293. [PubMed: 21453959]

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2024 August 12.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Taylor et al.

Page 9

8. Kersh GJ, Salzer J, Jones ES, Binder AM, Armstrong PA, Choudhary SK, et al. Tick bite as a risk

factor for alpha-gal-specific immunoglobulin E antibodies and development of alpha-gal syndrome.
Ann Allergy Asthma Immunol. 2023;130(4):472-478. [PubMed: 36574585]

9. Anscombe FJ. On estimating binomial response relations. Biometrika. 1956;43(3-4):461-464.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Read TR, Cressie NA. Goodness-of-Fit Statistics for Discrete Multivariate Data. Springer Science
and Business Media; 2012.

American Red Cross. Know Your Blood Type. Available at: https://www.redcrossblood.org/donate-
blood/blood-types/know-your-blood-type.html. Accessed September 18, 2023.

Platts-Mills TA, Schuyler AJ, Hoyt AE, Commins SP. Delayed Anaphylaxis Involving IgE to
Galactose-alpha-1,3-galactose. Curr Allergy Asthma Rep. 2015;15(4):12. [PubMed: 26130470]

Centers for Disease Control and Prevention. What Everyone

Should Know About Zostavax | CDC Archive. Available

at: https://archive.cdc.gov/#/details?q=zostavax&start=0&rows=10&url=https://www.cdc.gov/
vaccines/vpd/shingles/public/zostavax/index.html. Accessed October 10, 2023.

Flaherty MG, Kaplan SJ, Jerath MR. Diagnosis of Life-Threatening Alpha-Gal Food Allergy
Appears to Be Patient Driven. J Prim Care Community Health. 2017;8 (4):345-348. [PubMed:
28447914]

Carpenter A, Drexler NA, McCormick DW, Thompson JM, Kersh G, Commins SP, et al. Health
Care Provider Knowledge Regarding Alpha-gal Syndrome — United States March—May 2022.
MMWR Morb Mortal Wkly Rep. 2023;72:809-814. [PubMed: 37498792]

Brestoff JR, Tesfazghi MT, Zaydman MA, Jackups R Jr., Kim BS, Scott MG, et al. The B

antigen protects against the development of red meat allergy. J Allergy Clin Immunol Pract.
2018;6(5):1790-1791. [PubMed: 29510233]

Bellamy P, Sanderson WT, Winter K, Stringer JW, Kussainov N, Commins SP. Prevalence of
alpha-gal sensitization among Kentucky timber harvesters and forestry and wildlife practitioners. J
Allergy Clin Immunol Pract. 2021;9(5):2113-2116. [PubMed: 33346149]

McGill SK, Commins SP, Peery AF, Galanko J, Keku TO, Shaheen NJ, et al. Alpha-Gal
Sensitization in a US Screening Population Is Not Associated With a Decreased Meat Intake
or Gastrointestinal Symptoms. Am J Gastroenterol. 2023;118(7):1276-1281. [PubMed: 36799898]

Vernon ST, Kott KA, Hansen T, Finemore M, Baumgart KW, Bhindi R, et al. Sensitization

to Mammalian Oligosaccharide Galactose-a—-1,3 (a-Gal) Is Associated With Noncalcified
Plaque, Obstructive Coronary Artery Disease, and ST-Segment-Elevated Myocardial Infarction.
Acrterioscler Thromb Vasc Biol. 2022;42(3):352-361. [PubMed: 35045730]

Wilson JM, Nguyen AT, Schuyler AJ, Commins SP, Taylor AM, Platts-Mills TAE, et al. IgE to the
Mammalian Oligosaccharide Galactose-a—1,3-Galactose Is Associated With Increased Atheroma
Volume and Plaques With Unstable Characteristics-Brief Report. Arterioscler Thromb Vasc Biol.
2018;38(7):1665-1669. [PubMed: 29903734]

Kiewiet MBG, Perusko M, Grundstrém J, Hamsten C, Starkhammar M, Apostolovic D, et al.
Cross-reactivity between tick and wasp venom can contribute to frequent wasp sensitization in
patients with the a-Gal syndrome. Clin Transl Allergy. 2022;12(1): e12113.

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2024 August 12.


https://www.redcrossblood.org/donate-blood/blood-types/know-your-blood-type.html
https://www.redcrossblood.org/donate-blood/blood-types/know-your-blood-type.html
https://archive.cdc.gov/#/details?q=zostavax&start=0&rows=10&url=https://www.cdc.gov/vaccines/vpd/shingles/public/zostavax/index.html
https://archive.cdc.gov/#/details?q=zostavax&start=0&rows=10&url=https://www.cdc.gov/vaccines/vpd/shingles/public/zostavax/index.html

Page 10

Taylor et al.

8Zv 180 981 (08) 25 (¥2) 0T 000'00T$-000'05$

168 €8T 90¥ (s2) Ly (vv) 9¢ 000°'00T$<

L09 20T 6¥C (81) v (02) 91 AKes 0 Jou Jogald
awioou |

- - - (®g Mt umoudun

- - 9y (911 Mt ewo|dip SH uey) ssa7

006 190 6.¢ (¥e) v9 (82) €C 100U2S [€E21UYI3) 10 93]|09 BWOS 10/ pue ewo|dip SH

GTTE 10T G6€E (89) T1T (02) 26 100yos ayenpesfi paja|dwoa Jojpue sjenpesd [00yds [ealuyds) o abalj0D
uoireonp3

- - - Mz (0o umouun

- - Y (96) €81 (66) 8 OluedsiH-UON

v’z 900 250 ()9 Mt oluedsiH
Apuyig

- - - M o umoudun

- - - mr (o BYOo

- - ;Y (62) 15T (88) 2L aNUM

2Ty 000 2v0 Me (0o 13pUBS| Oly10Bd/UBIEMEH BAIIEN

€90 ¥0'0 020 (v1) 9¢ (@2 3oelg

Gz 000 O0€0 @¢ @o uelsy

v08 L60 08¢ ()9 (o) 8 BNIIEN UBSE|/UBIPU] UedLISWY
ey

(5'59-0€v) 0'vS (8'69-G'5) 585 dOI ‘obe uelpsy

- - Y (8e) 2L (v¥) 9¢ aleN

62T S0 9.0 (z9) 811 (s9) av aewad
XS

- - - (0o (0g) sz alels JBylo

- - - (00T) T6T (01) L8 euljosed yHoN
QUBpIsal Joarels
70N 107 "0 T6T =N (%) u ‘siveled [041u0D 28 = N (%) u ‘siueiredased SolIs1e1oe ey D olyde JBoweq

Author Manuscript

T alqeL

Author Manuscript

sansisieIey) Jydelbowsq Aq ‘siuaied |01U0D pue ased JO JaquinN

Author Manuscript

Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2024 August 12.



Page 11

Taylor et al.

“HWi| 80uUspyu0d Jaddn DN (9oualagel ‘oY 01FRS SPPO ‘YO ‘M| 3USPIIUO0D JAMO] DT $J00Yas UBIY ‘SH :SUONBIABIGQY

JEN] (82) €5 (zr) ot 000'05$>

10N

101

HO 16T =N (%) U ‘'sweired jo1u0D  z8 =N (%) u ‘sieiredssed Solis1eioe ey olydesHouweq

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2024 August 12.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Taylor et al.

Table 2

Number of Case and Control Patients, by Blood Type

Blood Type Case patients, n (%) Control patients,n (%) OR LCL UCL
ABO blood group
B 3(4) 21 (11) 027 008 091
AB 5 (6) 21 (11) 045 017 1.26
A 29 (37) 68 (36) 0.81 046 1.44
0 42 (53) 80 (42) Ref —  —
B-antigen
B/AB 8 (10) 42 (22) 04 018 088
AIO 71 (90) 148 (78) Ref —  —

Abbreviations: LCL, lower 95% confidence limit; OR, odds ratio; Ref, reference; UCL, upper 95% confidence limit.
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