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Background: Alpha-gal syndrome (AGS) is an IgE-mediated allergy to galactose-
alpha-1,3-galactose. Clinical presentation ranges from hives to anaphylaxis; episodes
typically occur 2-6 h after exposure to alpha-gal-containing products. In the
United States, lone star tick bites are associated with the development of AGS. To
characterize features of AGS, we evaluated a cohort of patients presenting for care
at the University of North Carolina, focusing on symptoms, severity, and identifying
features unique to specific alpha-gal-containing product exposures.

Methods: We performed a chart review and descriptive analysis of 100 randomly
selected patients with AGS during 2010-2019.

Results: Median age at onset was 53years, 56% were female, 95% reported White
race, 86% reported a history of tick bite, and 75% met the criteria for anaphylaxis
based on the involvement of 22 organ systems. Those reporting dairy reactions were
significantly less likely to report isolated mucocutaneous symptoms (3% vs. 24%;
ratio [95% CI]: 0.1 [0.1, 0.3]) than those who tolerated dairy, and were more likely to
report gastrointestinal symptoms (79% vs. 59%; ratio [95% Cl]: 1.3 [0.7, 2.6]), although
this difference was not statistically significant. Dairy-tolerant patients demonstrated
higher alpha-gal slIgE titers (as a percentage of total IgE) than dairy-reactive patients
(GM 4.1 [95% Cl: 2.7, 6.1] vs. GM 2.5 [95% CI: 1.3, 4.8], respectively; ratio -1.6 [95%
Cl: -1.0, 3.9]).

Conclusion: While tick exposure is common in the southern United States, nearly all
AGS patients reported a tick bite. Gastrointestinal symptoms were prominent among
those reporting reactions to dairy. Anaphylaxis was common, underscoring the

severity and need to raise awareness of AGS among patients and providers.
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GRAPHICAL ABSTRACT

This report provides a comprehensive description of the epidemiology, clinical presentation, and laboratory testing trends among large
cohort of patients diagnosed with alpha-gal syndrome in the United States. Eighty six percent reported a history of tick bite, and 75% met
the criteria for anaphylaxis based on the involvement of more than 2 organ systems. Patients reporting dairy reactions were significantly
less likely to report isolated mucocutaneous symptoms (3% vs. 24%) than those who tolerated dairy and were more likely to report

gastrointestinal symptoms (79% vs. 59%).
Abbreviation: AGS, alpha-gal syndrome

1 | INTRODUCTION

Alpha-gal syndrome (AGS) is an immunoglobulin E (IgE)-mediated
allergy to non-primate mammalian meat products (e.g., ‘red meat’
such as beef, pork, or lamb) and other mammalian-derived prod-
ucts including dairy. The condition was first recognized in 2007
among patients with pre-existing serum IgE antibodies to galactose-
alpha-1,3-galactose (alpha-gal) who experienced immediate-onset
life-threatening hypersensitivity reactions following intravenous ad-
ministration of the monoclonal antibody cetuximab, which contains
numerous alpha-gal moieties.!?

Unlike other food allergies, AGS is most often characterized by
delayed onset (2-6 h) allergic reactions after ingestion of red meat,
dairy, or other mammalian-derived products. Symptom onset is
more rapid with intramuscular or intravenous exposures. Clinical
presentation is broad, ranging from urticaria and gastrointestinal
distress to angioedema and life-threatening anaphylaxis; other fac-
tors such as alcohol consumption and exercise can also potentiate
the response.®* A subset of patients report gastrointestinal (Gl)
symptoms (including abdominal pain, nausea, vomiting, and diarrhea)
without mucocutaneous, respiratory, or cardiovascular symptoms.>¢
Diagnosis is typically based on the history of allergic reactions upon
exposure to alpha-gal containing products coupled with elevated
serum IgE antibodies to alpha-gal (20.1 1U/ml).>*”8 Onset is most
common during adulthood and management of AGS requires a mul-
tifaceted, patient-centered approach, including prevention of tick
bites, an avoidance diet, antihistamine use, and awareness of alpha-
gal presence in many food and non-food products.®?

Cases of AGS have been reported worldwide. While risk factors
are not fully known, the bite of various tick species has been associ-
ated with its development.’®*2 In the United States, AGS develop-
ment is most often associated with the lone star tick (Amblyomma

).13 Serum IgE specific to alpha-gal (sIgE) antibody levels

americanum
have been shown to increase following tick bites and may decrease
in some patients who avoid tick bites.>!3'* Questions remain re-
garding natural progression of clinical AGS in relation to slIgE titers,
disease management, and tick re-exposures over time.

While presence of alpha-gal sIgE is an established diagnostic cri-
terion, levels do not correlate directly with symptoms or severity.®*°
Current diagnostic assays utilize a reference value of 20.1 IU/ml to
indicate a positive test; however, approximately 2% of patients will
not have an alpha-gal sIgE level that crosses the limit of detection
of the assays.8 Additionally, asymptomatic alpha-gal sensitization
can also occur, as not all patients who test positive for alpha-gal
slgE will exhibit symptoms or experience reactions to mammalian
products, suggesting additional host factors associated with clini-
cal illness. For example, the sensitization rate (positive to alpha-gal
slgE) was found to be 22% among a cohort of patients undergoing
endoscopy without a history of AGS in North Carolina,'® while an
asymptomatic cohort in Tennessee showed a sensitization rate of
20.8%.! Additionally, a study conducted in Germany to character-
ize the prevalence of alpha-gal sIgE positivity among forest service
employees and hunters found that 35% were sensitized to alpha-gal,
but only 8.6% reported clinical symptoms of AGS.Y While Mabelane
et al reported an alpha-gal sIgE up to 2.0 IU/ml may have predic-
tive value,*® a more recent study conducted in an allergy clinic in
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Germany found that an slgE titer of at least 0.541U/ml was predic-
tive of AGS,Y but neither cut-off has been validated in other set-
tings. Thus, alpha-gal sIgE is a helpful diagnostic tool, but cannot be
relied upon solely for a diagnosis.

In specific geographic regions including the southeastern United
States, increasing evidence suggests that AGS contributes substan-
tially to food allergy incidence and is an important cause of anaphy-
Jaxis.2%?! Nonetheless, most reports on AGS have been limited to
relatively small, time-limited observational studies and case series.
To better characterize the clinical and laboratory features of AGS,
we evaluated a large cohort of patients presenting for evaluation
to the University of North Carolina (UNC) Allergy and Immunology
Clinic (Chapel Hill, North Carolina), focusing on differences in symp-
toms, severity of disease, and identification of features unique to
specific alpha-gal-containing product exposures. This study pro-
vides information on exposure, clinical manifestations, and the
natural progression of AGS. These data can inform prevention and
management strategies and guide future work aimed at understand-

ing this newly identified unique syndrome.

2 | METHODS

2.1 | Study design and patient identification

We performed a retrospective medical chart review and descriptive
analysis of randomly selected patients with AGS who sought care
at UNC during 2010-2019. Study participants included patients of
all ages with symptoms consistent with allergic reaction to mamma-
lian products and evidence of sensitization to alpha-gal, defined as
20.1 IU of alpha-gal sIgE per milliliter of serum (IU/ml). A random
number generator was used to select 100 patients among the 446
patients who visited the UNC Clinic for AGS during this period. The
Centers for Disease Control and Prevention (CDC) Human Research
Protection Office and UNC Office of Human Research Ethics both
determined the study exempt from further review under 45 CFD
46.101(b); approval from an institutional review board was not re-

quired and no patients were contacted.

2.2 | Data collection

Data were abstracted from electronic and paper medical charts
using a standardized abstraction form and entered into a Research
Electronic Data Capture (REDCap) database.?>% Data collected in-
cluded demographic information, patient medical history (including
diagnoses of Lyme disease, Rocky Mountain spotted fever, southern
tick-associated rash illness [STARI], ehrlichiosis, anaplasmosis or babe-
siosis), allergy history before onset of AGS, and reported history of
any tick or chigger bites (including timing and characteristics of any
exposures or bites). Detailed data regarding onset and severity of AGS
reactions, including whether any reaction resulted in an anaphylac-
tic episode and if emergency care was received, how many reactions
were experienced prior to diagnosis, and the time-of-day reactions

typically occurred were collected. Data on exposure to specific alpha-
gal-containing products and associated self-reported symptoms were
also collected. In addition, data from referring providers and special-
ists were included, which significantly expanded the amount of in-
formation available for chart abstraction and allowed for details not
typically available for a retrospective chart review.

We collected available laboratory data from the medical chart,
including all reported measurements of total and alpha-gal sIgE anti-
body levels. Serum IgE antibody levels specific to other mammalian
animal products (i.e., beef, pork, lamb/mutton, and cow's milk) were
also abstracted as well as data for other allergens, including skin-test
and serum-based diagnostics. We collected data on exposure to and
allergic history of inhalants (i.e., dust mite, cockroach, tree, grass or
weeds, mold, cat or dog dander), food (i.e. peanuts, tree nuts, shrimp,
wheat), and venomous insects (fire ants, honey bee, yellow jacket,
wasp, yellow-faced hornet, or white-faced hornet). For total IgE,
a positive cut-off was not applied, as values vary by age and sex.
In some instances, the ratio of alpha-gal sIgE to total IgE has been
found to be clinically significant, especially among non-atopic pa-
tients who might have low total IgE.”*® We therefore also report the

ratios of alpha-gal sIgE to total IgE when both tests were available.

2.3 | Anaphylaxis as outcome measure of severity

To assess severity of AGS episodes, we abstracted all self-reported
and physician-documented signs and symptoms, which we catego-
rized based on the organ system involved: mucocutaneous (e.g., hives/
urticaria, itching, redness of palms or soles, lip swelling, flushing, throat
swelling, rash, tongue swelling, congestion, rhinorrhea, itchy throat);
respiratory (e.g., shortness of breath, chest tightness, wheezing, res-
piratory distress or apnea, cough); cardiovascular (e.g., dizziness, syn-
cope, hypotension, weakness or numbness, chest pain, tachycardia or
palpitations); and gastrointestinal (e.g., abdominal pain or cramping,
nausea, vomiting, diarrhea, constipation, heartburn, indigestion, dif-
ficulty swallowing). Headache and muscle/joint pain or swelling were
classified as ‘other’. Anaphylaxis was defined as any reaction involv-
ing 22 organ systems.?* Patient data were reviewed independently by

two medical providers to confirm final anaphylactic designation.

2.4 | Characterization of patients experiencing
AGS-associated reactions to dairy products

Avoidance of red meat is a mainstay of AGS management;
however, for a subset of patients, avoidance of other mammalian
derivatives including bovine-derived milk or dairy products may
also be necessary to prevent additional reactions.®?> We therefore
identified patients experiencing AGS reactions associated with
ingestion of dairy products (dairy product-reactive patients) and
compared their clinical presentation and laboratory characteristics
to patients who did not report signs or symptoms of AGS associated
with dairy products (dairy product-tolerant patients). Symptoms
with dairy consumption can be due to etiologies other than AGS,
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including lactose intolerance, cow's milk allergy and lactase
deficiency; therefore we report patients as dairy-reactive only if (i)
chart documentation stated that symptom onset was at least 2 h after
dairy consumption [guidelines suggest the standard measurement
interval to assess malabsorption and intolerance is 30min],2¢ (ii)
documentation stated dairy-related symptoms were new in onset
with AGS diagnosis, and (lii) dairy-related gastrointestinal symptoms
occurred in conjunction with non-Gl signs/symptoms (e.g., urticaria,
angioedema, hypotension). Using these criteria, 3 charts were

excluded from symptom analysis portion of the results.

2.5 | Longitudinal analyses

Patients with >1 alpha-gal sIgE test result, clinical, and exposure
information for follow-up visits were identified and included in the
longitudinal analysis. We describe changes in AGS reactions, fluc-
tuations in total IgE and alpha-gal sIgE results, and interval tick ex-

posure over time.

2.6 | Statistical analyses

Descriptive statistics were calculated for each variable. Summaries of
continuous variables are expressed as medians (first quartile - third
quartile [Q1-Q3]) or as geometric means (GMs) and corresponding
95% Cls, and summaries of categorical variables are expressed as
proportions. Ratios (95% Cls) were used to compare proportions.
Differences in means (95% Student Cls) and medians (95% bootstrap
Cls) were used to compare continuous variables. The GMs (95% Cls)
of alpha-gal slgE and separately of total IgE were computed and their
ratio (95% Cls) was used to compare according to dairy tolerance.
Log,,-transformed alpha-gal sIgE results for all tests were also com-
pared across dairy tolerance groups using a linear mixed model with
a random intercept to account for anticipated correlation among
samples from the same patient. The difference (95% Cl) in alpha-gal
sIgE as a percent of total IgE for each of the first, highest, and aver-
age positive observed values were computed to compare dairy tol-
erance groups. Pearson's correlation coefficient (95% Cl) was used
to estimate correlation between paired maximum alpha-gal slgE and
corresponding total IgE values. Data management, analyses, and
visualizations were performed using SAS v9.4 (SAS Institute, https://

www.sas.com) and R v4.0.3 software (https://r-project.org).

3 | RESULTS

3.1 | Demographic, clinical, and exposure
characteristics

All 100 study patients presented to UNC during March 2010-March
2019. Most patients were female (n = 66, 66%) and White race
(n = 95, 95%; Table 1). The median age for all patients was 53years
(Q1-Q83: 42-60); seven patients were <19years of age. The most

TABLE 1 Demographic, clinical, and tick exposure
characteristics of patients with alpha-gal syndrome, University of
North Carolina Allergy Clinic, 2010-2019

All patients
N =100
N % 95% ClI
Demographics
Age at onset, years
Median (Q1-Q3) 53 (42-60)
0-19 7 7.0 3.4,13.7
20-39 12 12.0 7.0,19.8
40-59 48 48.0 38.5,57.7
60+ 29 29.0 21.0,38.5
Sex, female 66 66.0 56.3,74.5
Race
White 95 95.0 88.8,97.8
Non-White 5 5.0 22,111
Hispanic ethnicity 1 1.0 0,54
Clinical characteristics
Weight at presentation, 75.4 (62.0-96.2)
median (Q1-Q3), kg
Medical history?
Heartburn/reflux 37 37.0 28.2,46.8
Hypertension 31 31.0 22.8,40.6
Recurrent sinus infections 22 22.0 15.0,31.1
Asthma 22 22.0 15.0,31.1
Previous tickborne illness® 16 16.0 10.1, 24.4
Diabetes type Il 8 8.0 4.1,15.0
Coronary artery disease 7 7.0 3.4,13.7
Emphysema/COPD 6 6.0 2.8,12.5
Eczema 6 6.0 2.8,12.5
Allergy history
Any food allergy® 17 17.0 10.9,25.5
Any nuts 8 8.0 4.1,15.0
Shellfish 6 6.0 2.8,12.5
Eggs 4 4.0 1.6,9.8
Any non-food allergy 68 68.0 58.3,76.3
Pharmaceuticals® 51 51.0 41.3, 60.6
Environmental/seasonal 39 39.0 30.0,48.8
Stinging insects 18 18.0 11.7,26.7
Animals 6 6.0 2.8,12.5
History of tick bite 86 86.0 779,91.5

Note: Data in table are reported as n, % unless otherwise indicated.
Categories may not sum to 100% if data were unknown, or if categories
were not mutually exclusive.

Abbreviations: Cl, confidence interval; COPD, chronic obstructive
pulmonary disease; kg, kilograms; Q1, Q3, first and third quartiles,
respectively.

®The following assessed conditions were not reported by any patients:
chronic bronchitis, fibrotic/restrictive lung disease, blood clots, health
failure, stroke, congenital heart disease, inflammatory bowel disease
(Crohn's disease and ulcerative colitis), HIV/AIDS or other immune
deficiency, autoimmune disease, or type 1 diabetes.

bTickborne illnesses of interest included Lyme disease (N = 6), Rocky
Mountain spotted fever (N = 8), STARI (N = 2), ehrlichiosis (N = 0),
anaplasmosis (N = 0), and babesiosis (N = 0).

“The following food allergies not listed in table include pre-existing
cow's milk allergy (N = 3), wheat (N = 3), soy (N = 2), mango (N = 1), and
pork-cat syndrome (N = 1).

dIncludes latex (N = 4), iodine (N = 5), and medications (N = 46).
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frequently reported pre-existing medical conditions were heartburn
or reflux (n = 37, 37%) and hypertension (n = 31, 31%). Non-food
allergies were more frequently reported than food allergies (n = 68,
68% vs. n = 17, 17%, respectively); the most common pre-existing
allergies were to medical supplies (n = 51, 51%), and environmen-
tal or seasonal allergies (n = 39, 39%). Eighty-six patients (86%) re-
ported history of any tick or chigger bites, and diagnosis of previous
tickborne illness was reported by 16 (16%), including Lyme disease
(n = 6, 6%) Rocky Mountain spotted fever (n = 8, 8%), and STARI
(n = 2, 2%); no patients (0%) reported previous illness due to ehrli-
chiosis, anaplasmosis, or babesiosis (Table 1).

3.2 | Characteristics of AGS reactions

Just more than half of patients (n = 53, 53%) experienced onset of
AGS during 2015-2018 (Table 2). When month of AGS onset was
known (n = 50), summer was most frequently reported (June, July,
August; n = 28, 56%). Among patients with known month and year of
both AGS onset and tick bite preceding AGS onset (n = 16), the me-
dian time from tick bite to onset was 2 months (Q1-Q3: 1-4 months).
Among the 39 patients reporting the time of day of their reactions,
most occurred in the evening (6 PM-12AM; n = 16, 41%) or over-
night (12 AM-6 AM; n = 31, 80%; results are not mutually exclusive).
Nearly half of patients required emergency care for an AGS reac-
tion (n = 41, 41%) or were prescribed an epinephrine auto-injector
(n =40, 40%,; Table 2).

Self-reported anaphylaxis was documented for 21 patients,
while 75 met criteria for anaphylaxis based on reporting involvement
of 22 organ systems; one patient who self-reported anaphylaxis did
not meet criteria when organ system involvement was reviewed
(Table 2). Mucocutaneous signs and symptoms (n = 87, 87%) were
the most common, with hives/urticaria (n = 68, 68%) being the most
frequently reported overall, followed by gastrointestinal symptoms
(n= 66, 66%) including abdominal pain or cramping (n = 66, 66%) and
nausea or vomiting (n = 34, 34%). Respiratory (n = 24, 24%) or car-
diovascular symptoms were less frequently reported (n = 31, 31%;
Table 2; Figure S1).

Food exposures associated with AGS reactions were more fre-
quently reported than non-food exposures (Table 2). Unspecified
red meat was the most frequently reported food exposure (n = 48,
48%) associated with a reaction; when the mammalian meat product
or derivative associated with a reaction was specified, beef was the
most frequently reported (n = 47, 47%), followed by pork (n = 32,
32%). Reactions to non-food products including gelatin/glycerin
(n = 6, 6%), vaccines (n = 1, 1%) and monoclonal antibodies (n = 2,
2%) were uncommon.

3.3 | Dairy product tolerance

Thirty two patients reported AGS symptoms associated with dairy
product exposure (Table 2), 29 of whom met criteria for dairy-related

TABLE 2 Characteristics of reactions among patients with
alpha-gal syndrome, University of North Carolina Allergy Clinic,
2010-2019

All patients
N =100
N % 95% ClI
Onset and diagnosis
Onset year
Before 2000 4 4.0 1.6,9.8
2000-2004 2 2.0 0.1,7.0
2005-2009 9 9.0 4.8,16.2
2010-2014 29 29.0 21.0,
38.5
2015-2018 53 53.0 43.3,
62.5
Onset season®
Winter 5 510) 2.2,111
Spring 8 8.0 4.1,15.0
Summer 28 28.0 20.1,
37.5
Fall 10 10.0 5.5,17.4
Unknown/not 50 50.0 40.4,
reported 59.6
Time from tick bite to 2 (1-4)
onset, median (Q1-
Q3), months®
Clinical characteristics and outcomes of reactions
Reaction time of day
Morning 4 4.0 1.6,9.8
(6AM-12PM)
Afternoon 4 4.0 1.6,9.8
(12PM-6PM)
Evening (6PM-12AM) 16 16.0 10.1,
24.4
Overnight 31 31.0 22.9,
(12AM-6AM) 40.6
Unknown/not 61 61.0 51.2,
reported 70.0
Organ system involvement®
Mucocutaneous 87 87.0 79.0,
92.2
Gastrointestinal 66 66.0 56.3,
74.5
Cardiovascular 31 31.0 22.9,
40.6
Respiratory 24 24.0 16.7,
33.2
Other 6 6.0 2.8,12.5
Anaphylaxis as defined 75 75.0 65.7,
by >1 organ system 82.5
involved

(Continues)
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TABLE 2 (Continued)

All patients
N =100
N % 95% Cl
Self-reported 21 21.0 14.2,
anaphylaxis 30.0
Prescribed epinephrine 40 40.0 30.9,
auto-injector® 49.8
Emergency care visit 41 41.0 31.9,
50.8
Exposures associated with reactions
Food products
Unspecified red meat 56 56.0 46.2,
65.3
Beef 47 47.0 37.5,
56.7
Pork 32 32.0 23.7,
41.7
Dairy 32 32.0 23.7,
41.7
Gelatin/glycerin 6 6.0 2.8,12.5
Lamb/mutton 5 5.0 22,111
Other (including 5 5.0 2.2,11.1
fumes)
Non-food products
Vaccines® 1 1.0 0,5.4
Monoclonal 2 2.0 0.1,70
antibodies

Note: Data in table are reporting as n, % unless otherwise indicated.
Categories might not sum to 100% if data points were unknown, or if
categories were not mutually exclusive.

Abbreviations: Cl, confidence interval; Q1, Q3, first and third quartiles,
respectively.

2Seasons defined as winter (December, January, February), spring
(March, April, May), summer (June, July, August), fall (September,
October, November).

PN = 15 patients reported month and year of tick bite and alpha-gal
syndrome onset.

‘Symptoms grouped by organ system are show in Figure 1.
9dFor any reason either before or after onset of alpha-gal syndrome.

eN = 1 patient reported a reaction associated with Varicella vaccine;
other vaccines assessed without associated reactions included Herpes
Zoster, MMR, Rabies, Yellow Fever, oral Typhoid, and Influenza.

fN = 2 patients reported reactions associated with monoclonal
antibodies (Xolair, Abatacept [Orencia]). Other pharmaceuticals
assessed without associated reactions included xenotransplantation
and certain medications (cetuximab, heparin, pancreatic enzymes,
crotalidae antivenom, and equine antivenom).

symptoms attributed to AGS. These patients reported gastrointes-
tinal symptoms more often compared to 67 dairy product-tolerant
patients (n = 23, 79% vs. n = 40, 59%, respectively; Figure 1 [pur-
ple bars]). Gastrointestinal symptoms were reported with any
mammal-food and/or product exposure in the dairy-reactive group.
However, isolated mucocutaneous symptoms (Figure 1, orange bars)

were more common among dairy product-tolerant patients (n = 16,

24% vs.n =1, 3%, respectively).

3.4 | Laboratory characteristics

Two hundred fifty two alpha-gal sIgE test results were available for
the 100 patients; 247 were positive (Table 3). The GM (95% Cl) of
the first positive alpha-gal sIgE test among all patients was 5.3 1U/
ml (95% Cl: 3.9, 7.2 IU/ml). The GMs of all positive values were sim-
ilar between patients who react to dairy compared with patients
with dairy tolerance (4.9 IU/ml [95% CI: 2.8, 8.7] vs. 3.2 [95% ClI:
1.9, 5.4]). Additionally, paired total IgE and alpha-gal slgE values
were available for 22 patients who reacted to dairy products, and
54 patients who were tolerant of dairy products (Figure 2). A posi-
tive relationship was identified between alpha-gal sIgE and total
IgE among dairy product-tolerant patients (r = 0.4 [95% Cl: 0.2,
0.6]) and among dairy product-reactive patients (r = 0.2 [95% Cl:
-0.2, 0.6]) (Figure 2 left and center panels). The average ratio of
maximum alpha-gal slgE to its corresponding total IgE was meas-
ured as lower among dairy-reactive patients (GM [95% Cl]: 2.5
[1.3, 4.8]), compared with dairy-tolerant patients (GM [95% Cl]: 4.1
[2.7, 6.1]; Figure 2, right panel). Results for other allergy testing,
including IgE antibodies to several different mammalian extracts,
are shown in Table S1.

3.5 | Longitudinal analyses

Thirteen patients had at least five alpha-gal sIgE results, spanning
approximately 8 years (5.2 years on average; Figure 3). There was an
overall downward trend of alpha-gal sIgE levels over time, but only
one patient (patient K) had a documented negative result (<0.1 1U/
ml) approximately 5.1years after the first test. Alpha-gal sIgE test
results are shown for all 100 patients in Figure S2.

4 | DISCUSSION

In 2020, the United States Department of Health and Human
Services Tickborne Diseases Working Group issued a report to
Congress emphasizing the importance of AGS and need for better
understanding of the disease that impacts quality of life.?” This is
one of the largest objective chart reviews of patients with AGS in
the United States to date and helps better define this syndrome to
allow for early identification and high-quality treatment. While tick
bites are common in the southern United States, nearly all patients
(86%) reported a history of tick or chigger bites, consistent with their
association to AGS development. Notably, ‘chigger’ bites can be con-
fused with bites from larval ticks, particularly those of lone star ticks
where numerous bites in a single exposure are common. Most pa-
tients reported onset in the summer when tick activity is highest,
with a 2-month average latency between bite and onset. We also
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FIGURE 1 Comparison of organ system involvement of allergic reactions stratified by dairy product tolerance among patients with
alpha-gal syndrome, University of North Carolina Allergy Clinic, 2010-2019. Horizontal bars represent the proportion of patients reporting
symptoms grouped by organ system, stratified by those who reported AGS reactions to dairy products (e.g., dairy product-reactive; n = 29)
on the left vs. those who did not report reactions to dairy products (e.g., dairy product-tolerant, n = 67) on the right; one patient (dairy
product-tolerant) only reported symptoms classified as ‘other’ and is not displayed in the figure. Combinations of body system involvement
are represented by filled-in circles in middle panel; single body system involvement indicate only symptoms classified as such were reported
(e.g., only GI, only MC, only CV, only resp.). Abbreviations: CV, cardiovascular; Gl, gastrointestinal; MC, mucocutaneous; Resp, respiratory

examined the clinical and laboratory features of AGS in relation to
severity and found that most patients with AGS met criteria for ana-
phylaxis, underscoring the severity and the continued need to raise
awareness of this syndrome. Additionally, patients who experienced
signs or symptoms of AGS reactions associated with consumption
of dairy products demonstrated a prominence of gastrointestinal
symptoms compared to those who did not report reactions to dairy
products, despite similarities in alpha-gal slIgE titers. Taken together,
these unique clinical features better inform both the diagnosis and
management of patients presenting with AGS.

The relative paucity of cardiovascular and respiratory symp-
toms in AGS patients represents a clinical deviation from other
food allergies. In a recent update of our understanding of shellfish
allergy, one of the most common food allergies in adults, approx-
imately 53% of patients reported respiratory symptoms and 33%
reported cardiovascular symptoms.?® Instead, our study found that
AGS is characterized by mucocutaneous and gastrointestinal man-
ifestations without significant respiratory or cardiovascular symp-
toms, which is consistent with recent studies showing that AGS
can cause gastrointestinal distress (e.g., episodic abdominal pain,
nausea, and diarrhea) in the absence of symptoms commonly seen
in allergic reactions to food products, including anaphylaxis.'®??
Cardiovascular and respiratory symptoms were almost exclusively
reported by those who objectively qualified as having a more se-
vere outcome (anaphylaxis).>° Gastrointestinal symptoms were also

commonly reported, which is notable as patients and providers may
overlook abdominal pain and cramping as a feature of an allergic
reaction, underappreciating the systemic response to alpha-gal.
While we did note an increase in the number of patients present-
ing to care with onset in more recent years, increased education
among patients and clinicians around both AGS and anaphylaxis is
nonetheless important to help detect this condition early and guide
appropriate management.

Tolerance of dairy products is an important branch-point in
the clinical management of a patient with AGS as it impacts the
need to restrict the diet more fully to avoid continued symptoms.
We further described the difference among these two groups; pa-
tients who reported reactions to dairy products most frequently
reported experiencing both gastrointestinal and mucocutane-
ous symptoms. And those who did not report reactions to dairy
products were more likely to report cardiovascular or respiratory
symptoms, though they were still uncommon. Possible explana-
tions for the number of patients reporting gastrointestinal symp-
toms, includes local referring patterns, the reputation of the UNC
clinic and patients, more severely affected seeking additional
management guidance. Laboratory results were not predictive
of reactivity to dairy products. This supports other literature
that the quantitative value, while helpful, is not the only predic-
tor of disease severity and outcome, and might not depend on
the specific alpha-gal exposure. However, those who were diary
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TABLE 3 Galactose-alpha-1,3,

All patients Dairy tolerant  Dairy reactive =~ Comparison o
N 97 N< 68 N< 29 (95% CI) galactose specmc.lgE anq total IgE test
results among patients with alpha-gal
Alpha-gal sIgE syndrome stratified by dairy tolerance,
Total number of tests 252 173 79 University of North Carolina Allergy
performed Clinic, 2010-2019
Mean (SD) tests per 2.6 (1.7) 2.5(1.8) 2.6 (1.6) 0(-0.8,0.7)
patient
Median (Q1-Q3) 2.0(1-3) 2.0 (1-3) 2.0(1-3) 0(-1.0,0.5)
Patients with>1 5(5.2) 2(2.9) 3(10.3) -7.4(-15.2,0)
negative test, n (%)
Results, GM (95% Cl), kU/L
First positive values  5.3(3.9,7.2) 5.3(3.7,7.6) 5.3(2.8,10.1) 1.0(0.5,2.1)
Highest positive 6.3(4.6,8.5) 6.5(4.5,9.2) 5.8(3.0,11.2) 1.1(0.5,2.4)
values
All positive values 3.6(2.7,4.9) 3.2(1.9,5.4) 4.9(2.8,8.7) 0.7(0.3,1.4)
Total IgE
Total number of tests 148 99 49
performed
Mean (SD) tests per 1.9 (1.3) 1.8(1.4) 2.1(1.2) -0.3(-1.0,0.3)
patient
Median (Q1-Q3) 1(1-2) 1(1-2) 2 (1-3) -1.0(-2.0, 0)
Results, GM (95% Cl), kU/L
All values 118.8 (95.7, 114.9 (78.4, 129.1 (83.0, 0.9 (0.5, 1.6)
147.5) 168.4) 200.8)
Alpha-gal sIgE as a percentage of total IgE
First positive values 4.1(2.8,5.8) 4.5(2.9,6.9) 3.1(1.6, 6.0) 1.4(-1.9,4.2)
Highest positive 47(3.2,6.8) 3.5(2.2,5.7) 8.5(4.7,14.9) -5.0 (-11.5,
values -0.6)
Average positive 3.6(2.5,5.0) 4.1(2.7,6.1) 2.5(1.3,4.8) 1.6 (-1.0,3.9)

values

Abbreviations: Alpha-gal sIgE, alpha-gal-specific immunoglobulin E; Cl, confidence interval; GM,
geometric mean; Q1, Qg, first and third quartile, respectively; SD, standard deviation.

product-reactive had a lower ratio of alpha-gal sIgE to total IgE.
Whereas a positive slIgE to alpha-gal is relevant for diagnosis, the
lack of a direct correlation suggests that clinical AGS is a com-
plex association between sensitization and other host factors.
Furthermore, since patients most commonly react to ingested
alpha-gal, the number of alpha-gal sIgE reactive B cells, and other
alpha-gal reactive immunoglobulins (IgG, IgM, IgA) that bind and
block antigen in the gut, likely have a role in the phenotype of
this condition. Other factors, such as alphagalactosidase and the
composition of gut flora, may also contribute to absorption and
subsequent reactions. When treating patients with AGS, clini-
cians should obtain a detailed dietary history, specifically noting
whether symptoms occur with exposure to dairy products, as this
will impact avoidance diet recommendations.

This study is limited due to the retrospective nature of
the design and subject to the availability of data in the chart.
Additionally, since patients presented to a specialty allergy clinic
often after having been seen by another provider, data (particu-
larly laboratory results) were not always complete, and some pa-
tients had multiple visits and laboratory results without defined

intervals, which may be biased by perception of symptoms or
access to care and thus overrepresented in our analysis. Recall
bias should also be considered, particularly for historical infor-
mation related to tick bites and tick exposure. As such, details
on tick bites, including timing of the tick bite relative to onset or
presentation were limited. Moreover, the percentage of charts
reporting a diagnosis of RMSF (8%) is high and, given antigen
cross-reactivity with Rickettsia amblyommatis, may not reflect
actual RMSF due to Rickettsia rickettsii. Despite these limita-
tions, this study includes the most robust analysis to date of
patient-specific longitudinal alpha-gal sIgE data. Based on the 13
patients included in Figure 3, alpha-gal slgE generally decreased
over time but only resolved in one patient, possibly due to re-
exposure to ticks or that alpha-gal slgk may decrease slowly in
some persons.

In summary, this report demonstrates that AGS is both a severe
allergy, with nearly 75% of patients meeting criteria for anaphylaxis,
and also distinct from other food allergies in its symptom profile.
With tick bites common across most of the United States and other
regions of the world, a substantial number of people are at risk for
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FIGURE 2 Relationship between galactose-alpha-1,3, galactose specific IgE and total IgE stratified by dairy tolerance among patients
with alpha-gal syndrome, University of North Carolina Allergy Clinic, 2010-2019. Dairy product-tolerant visualizations (center and right
panels) represent 54 paired total IgE and alpha-gal sIgE tests among 54 patients who did not report AGS-associated reactions to dairy
products. Dairy product-reactive visualizations (left and center panels represent 22 paired total IgE and alpha-gal sIgE tests among 22

patients who reported AGS-associated reactions to dairy products. Paired test results with a patient's highest recorded alpha-gal sIgE value
were selected for those with multiple pairs of tests. Right panel shows the distribution of alpha-gal sIgE as a percentage of total IgE (scatter
plots) with geometric mean and 95% confidence intervals depicted with black dot and lines; dairy-reactive: GM (95% Cl): 2.5 (1.3, 4.8)); non-
dairy: GM (95% Cl): 4.1 (2.7, 6.1); difference (95% Cl): 1.6 (-1.0, 3.9). Abbreviations: Alpha-gal sIgE, alpha-gal-specific immunoglobulin E; ClI,

confidence interval; GM, geometric mean
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FIGURE 3 Galactose-alpha-1,3, galactose specific IgE results by month since first test among patients with Alpha-gal Syndrome,
University of North Carolina Allergy Clinic, 2010-2019. Alpha-gal sIgE results are shown by month post-first test 13 patients with at least
five tests. Month O is the referent time point, indicating the initial test in chart. One patient (patient K) demonstrated a negative result,
which is displayed as an sIgE value of 0. Note that while colors have been repeated, this represents no association between these patients;

line types differentiate results from different patients.

developing this potentially fatal disease. Yet, many providers are not
aware of the condition, and patients may suffer for years before an
accurate diagnosis. Understanding the predominance of gastrointes-
tinal and mucocutaneous symptoms will allow providers to be better
adept to recognize this condition.
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