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American College of Emergency Physicians

Dear Maine ACEP Members,

Summer in Maine is delivering the usual: warm weather,

visitors from “away,” tick-borne illnesses, and busy
emergency departments. | hope this finds you with some
much-deserved time away from the department, enjoying
the best season this state has to offer.
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Thanks to everyone who made the trek to Cabbage Island
in June. We set an attendance record, with plenty of new
faces and EM residents rounding out the group. A few
updates as we look at the rest of 2026:

Leadership Summit
September 14, 2026

9 Harraseeket Inn, Freeport

We’re building on last year's momentum with a strong line-up of speakers on all things leadership in
emergency medicine. Last year brought record attendance, with real growth among people who don’t
hold an official title. Let’s keep that going.

New This Year:
A round-table in which you represent your institution and give the group an honest update on
what’s happening in your ED — a struggle or a win; either is worth hearing.

Interested in participating? Email Sarah Nelson at snelson@mainephysicians.org.

Scientific Assembly & Reception

October 6, 2026
9 Chicago, lllinois

Our annual MEACEP/MMC-P reception takes place on October 6th during ACEP26. We are capped
at 25 guests, so if you're planning to attend, please let us know as soon as possible.

Continued on Page 2
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MDPB Representative

Apply by July 31, 2026
e Contact Sarah Nelson or Sheldon Stevenson

The Maine EMS Medical Direction and Practice Board has a vacancy for a MEACEP representative.
This is a real opportunity to put emergency medicine at the table on statewide EMS policy, especially
for protocol development and operational procedures. We can forward two candidates. Send your
interest to Sarah or to me by July 31st.

Clinical Pearl: Alpha-Gal Syndrome

We’ve all become experts in Lyme and the other common tick-borne ilinesses. This one may be next.

Alpha-gal syndrome is an IgE-mediated allergy to galactose-a-1,3-galactose, a sugar found in
mammalian tissue. Sensitization comes from a tick bite — in the U.S., primarily the Lone Star tick. The
reaction comes later, from eating mammalian meat: beef, pork, lamb, and their derivatives.

What makes this an EM conundrum? The delay. Symptoms usually occur two to six hours after the
meal, which doesn’t track with most anaphylaxis stories.

Take a look at the attached article if this is all news to you.

Enjoy the rest of the summer. Hope to see you in Chicago!

Sheldon

Sheldon H. Stevenson, DO, FACEP
President, Maine Chapter ACEP

Follow Us on Social Media @ Facebook: Maine ACEP  # LinkedIn: Maine Chapter - ACEP
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Clinical Gastroenterology and Hepatology 2025;23:69-78

Clinical Presentation and Outcomes of Alpha-Gal Syndrome )

Elvira Lesmana,'* Sameer Rao,'* Ashley Keehn,' Adam L. Edwinson,’ Cates,

Ashima Makol,> and Madhusudan Grover'

"Division of Gastroenterology and Hepatology, Mayo Clinic, Rochester, Minnesota; and 2Division of Rheumatology, Mayo
Clinic, Rochester, Minnesota
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BACKGROUND AND Alpha-gal syndrome (AGS) is an IgE-mediated allergic reaction to galactose-a-1,3-galactose,
AIMS: primarily linked with Lone Star tick bites in the United States. It presents with symptoms

ranging from urticaria and gastrointestinal (GI) manifestations to delayed anaphylaxis
following red meat consumption. We aimed to study AGS patients’ clinical manifestations,
diagnosis, and outcomes.

METHODS: A retrospective chart review of patients who underwent serological testing for suspected AGS
between 2014 and 2023 at Mayo Clinic was performed. Patients with positive serology were age
and sex matched with those who tested negative. Clinical characteristics of seropositive cohort
with and without GI symptoms were compared, and outcomes assessed.

RESULTS: Of 1260 patients who underwent testing, 124 tested positive for AGS. They were matched with
380 seronegative control subjects. AGS patients reported a higher frequency of tick bites (odds
ratio [OR], 26.0; 95% confidence interval [CI], 9.8-68.3), reported a higher prevalence of ur-
ticaria (56% vs 37%; P = .0008), and were less likely to have asthma (OR, 0.4; 95% CI, 0.3-0.7).
They had a lower prevalence of heartburn (6% vs 12%; P = .03) and bloating (6% vs 13%; P =
.03). A total of 47% had GI symptoms, and a higher proportion were female than those without
GI symptoms (69% vs 35%; P = .002). During a mean follow-up of 27 months, 22 of 40 patients
reported symptom resolution after avoiding red meat, and 7 were able to transition to regular

diet.
*Authors share co-first authorship. ® Most current article
Abbreviations used in this paper: AGS, alpha-gal syndrome; alpha-gal, © 2025 by the AGA Institute
galactose-alpha-1,3-galactose; Cl, confidence interval; Gl, gastrointes- 1542-3565/$36.00
tinal; slgE, specific IgE. https://doi.org/10.1016/j.cgh.2024.06.044
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CONCLUSIONS:

Clinical Gastroenterology and Hepatology Vol. 23, Iss. 1

A diagnosis of AGS should be strongly considered in patients with a history of tick bites and

clinical presentation of allergic or GI manifestations. Dietary intervention is effective in most

but not all patients.

Keywords: Hypersensitivity; Urticaria; Gastrointestinal; Mammalian Meat; Tick Bite.

Alpha-gal syndrome (AGS) is an IgE-mediated
allergic reaction to galactose-alpha-1,3-galactose
(alpha-gal) and its derivatives, an oligosaccharide found
in beef, pork, and other nonprimate mammalian meats.
The primary cause of alpha-gal sensitization in the United
States is believed to be Lone Star tick (Amblyomma amer-
icanum) bite, making the condition highly prevalent in
areas endemic to Lone Star ticks, the Southeast, the Mid-
west, Mid-Atlantic, and the East Central Census Bureau re-
gions in the United States." However, the increasing
prevalence of AGS beyond these areas in the United States
suggest the potential involvement of other tick species or
vectors (eg, chiggers).” Globally, other tick species linked
to AGS include Ixodes ricinus, Ixodes holocyclus, and Hae-
maphysalis longicornis.” This allergy was initially recog-
nized after reports of serious hypersensitivity reactions
to cetuximab (an epidermal growth factor inhibitor used
for colorectal, and metastatic head and neck cancer), a
drug glycosylated with alpha-galactose,* and most often
presents with hives, gastrointestinal (GI) symptoms such
as nausea, vomiting, abdominal pain, and diarrhea,” and
in some cases delayed-onset anaphylaxis.

Alpha-gal can be found in nonprimate mammalian
meats (pork, beef, rabbit, lamb, horse, venison, etc.) and
products made from mammals (gelatin, cow’s milk, and
milk products). However, not all patients with AGS have
reactions to every ingredient containing alpha-gal. For
example, only a small percentage of clinically significant
AGS patients have reactions with dairy products. Alpha-
gal-containing IgE-binding proteins do not appear to
significantly denature on cooking; however, experts have
suggested that cooking may reduce reaction severity,
possibly by lowering the fat content.’®

The onset of symptoms typically occurs 3-6 hours after
eating, making the diagnosis challenging.”” While the exact
cause of this delayed onset remains unclear, it is hypoth-
esized that it is due to the gradual absorption of alpha-gal
glycolipids and glycoproteins in the GI tract.®”® This hy-
pothesis gains support from the observation that reactions
to cetuximab infusions,”” as well as responses to skin tests
using cetuximab and meat extracts, that do not need to be
absorbed through the GI tract, occur rapidly.'® Considering
the postprandial symptoms, many patients with GI symp-
toms get misdiagnosed with irritable bowel syndrome or
other GI conditions. In fact, in a recent study, approxi-
mately half of the AGS patients met the criteria for
diarrhea-predominant irritable bowel syndrome.”

The most utilized test for diagnosis of AGS is alpha-gal
IgE serology."" While it has been reported to have a sensi-
tivity of 100% and a specificity of 92% with the alpha-gal
IgE threshold of 0.35 IU/mL,'” it is crucial to interpret

these results in conjunction with patients’ clinical symptoms
and serological titers, as a study found that only 9% of
patients with positive titers (>0.35 IU/mL) reported clinical
symptoms.'” Recent studies have demonstrated the utility
of using an alpha-gal IgE threshold of 0.1 IU/mL as an
alternative for diagnosis; however, it may have a weaker
correlation with clinically significant AGS."* Reports on as-
sociations between serum IgE titers and symptom severity
have shown conflicting results.'>© Furthermore, the out-
comes of AGS patients have not been well studied. Here, we
aim to assess the prevalence of AGS among those tested due
to clinical suspicion and explore clinical symptoms (GI and
non-GI), management and outcomes (clinical and serolog-
ical) of AGS patients at our tertiary referral center.

Materials and Methods

Study Design

This retrospective cohort study was performed at the
Mayo Clinic in Rochester, Minnesota. The protocol was
reviewed by the Mayo Clinic Institutional Review Board
(23-008105) and determined to be exempt. All authors
had access to the study data and reviewed and approved
the final manuscript.

Study Participants

Using a digital data exploration and retrieval tool (Mayo
Data Explorer) housed at Mayo Clinic, we assembled a
cohort of individuals who underwent serological testing for
suspected AGS between February 2014 and September
2023 at the Mayo Clinic in Rochester, Minnesota. Individuals
with positive AGS serology (seropositive) were age and sex
matched with randomly selected AGS-negative control sub-
jects (1:3) tested during the same time period. A compre-
hensive retrospective medical record review was conducted
to extract clinical correlates, including patient demographics,
symptoms, laboratory values, treatment, and outcomes.

The seropositive AGS cohort was further categorized
into 2 subsets based on the presence or absence of GI
symptoms. Outcomes were assessed in a subset of pa-
tients with at least 1 follow-up visit to determine
changes in symptoms and serological markers.

Statistical Methods

Descriptive statistics (number and percentage for
categorical variables, mean + SD or median [range] for
continuous variables) were used to summarize data.

Downloaded for Anonymous User (n/a) at MAINEHEALTH from ClinicalKey.com by Elsevier on July 17, 2026.
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



January 2025

The Mann-Whitney test was used to compare differ-
ences in continuous variables and the chi-square test for
categorical variables. A Pearson correlation test was also
performed to determine the correlation between alpha-
gal specific IgE (sIgE) and sIgE for various types of
meats. A paired t-test was performed to compare alpha-
gal IgE titers at the initial and latest follow-up visits. For
all analyses, if the levels of alpha-gal IgE titers were more
than 100 IU/mL, the reference value used was 100 IU/
mL, and if the alpha-gal IgE titers and meat sIgE titers
were <0.1 IU/mL, the reference value used was 0.1 1U/
mL. All statistical analyses were done using GraphPad
Prism v. 10.0.0 (GraphPad Software). A P value <.05 was
considered statistically significant.

Results

Characteristics of AGS Patients

Of 1260 patients tested for alpha-gal serologies be-
tween 2014 and 2023, 124 (9.84%) were positive.
Among these, 120 had alpha-gal IgE levels exceeding
0.35 1IU/mL, the threshold used at Mayo Clinic for AGS
diagnosis. Four patients with levels between 0.1 and 0.35
[U/mL were diagnosed based on clinical symptoms and
high titers to specific red meat antigens, such as pork IgE,
mutton IgE, and beef IgE.

Non-GI symptoms in AGS patients included urticaria
(56.4%), angioedema (37.9%), anaphylaxis (36.3%), and
chest pressure (7.3%). GI symptoms (45.2%) were also
common in AGS patients, including diarrhea (32.3%), nausea
(31.4%), vomiting (22.6%), abdominal pain (21.8%), cramps
(17.7%), bloating (6.4%), heartburn (5.6%), and con-
stipation (4.8%). In addition to red meats, 14 (11.3%) pa-
tients reported symptoms after milk consumption (Table 1).

Eleven percent showed symptoms within an hour of
red meat ingestion, 20% showed symptoms between 1
and 4 hours, and 29% had late-onset symptoms (>4
hours). Around 6% experienced variable symptom onset,
and no specific onset time was noted for 33% of patients.
Fifty-nine (48%) patients required emergency care, and
16 (13%) were hospitalized at least once for AGS epi-
sodes. Two patients experienced cardiac arrest, requiring
advanced cardiac life support, with 1 case triggered by a
cetuximab infusion. Among those with comorbidities, 2
of 5 patients with rheumatoid arthritis reported wors-
ening of joint symptoms post-AGS diagnosis.

Comparison of AGS Patients With Seronegative
Individuals

Compared with seronegative patients, AGS patients
demonstrated a higher prevalence of urticaria (56.4% vs
36.8%; P = .0008). Interestingly, this group also
demonstrated a diminished propensity for heartburn
(5.6% vs 12.4%; P = .036) and bloating (6.4% vs 13.4%;
P = .036) relative to those with seronegative control

Alpha-Gal Syndrome 71

What You Need to Know

Background

The aims of our study were to describe the clinical
presentation and outcomes of alpha-gal syndrome
(AGS).

Findings

Nearly 10% of patients tested were seropositive for
AGS, and almost half experienced gastrointestinal
symptoms. Seropositive patients were more likely to
have urticaria and less likely to have heartburn,
bloating, and asthma. Fifty-five percent achieved com-
plete symptom resolution with dietary restrictions.

Implications for patient care

AGS diagnosis should be considered in an individual
with allergic and/or gastrointestinal symptoms,
particularly in endemic areas. Dietary intervention is
effective in many patients but not all.

subjects. A history of tick bite was reported more likely
(odds ratio, 26.0; 95% confidence interval, 9.8-68.3) in
the seropositive patients. Conversely, a lower prevalence
of asthma history was noted in this group, compared
with seronegative patients (odds ratio, 0.45; 95% confi-
dence interval, 0.3-0.7) (Table 1).

Association With Serological Titers

Nineteen (15.8%) patients had levels of 0.35-0.7 IU/
mL, 41 (34.2%) had 0.7-3.5 1IU/mL, 32 (26.7%) had
3.5-17.5 IU/mL, and 28 (23.3%) exceeded 17.5 IU/mL.
Higher serological titers correlated with an affirmative
history of tick bites (P-trend = .005) and increased
incidence of urticaria (P-trend = .001). Symptom onset
varied with different alpha-gal IgE levels. In patients with
levels of 0.35-0.7 IU/mL, symptoms appeared within an
hour in 15.8%, within 1-4 hours in 10.5%, and after 4
hours in 5.3%; 31.6% had variable onset and 36.8%
lacked data. Symptom onset and clinical features with
specific titer levels are presented in Table 2.

Specific IgE levels for various mammalian types of
meat were assessed, with 80.8% of patients reacting to
beef, 59.2% to mutton, 61.5% to pork, and 42.5% to
milk. Pearson correlation revealed significant correla-
tions between overall alpha-gal IgE and sIgEs to beef,
pork, mutton and milk (correlation coefficients: 0.87,
0.74, 0.6, and 0.58, respectively; P < .0001). (Figure 1).

Comparison of AGS Patients With and Without
Gl Symptoms

Fifty-eight (46.8%) AGS patients exhibited at least 1
GI symptom during an acute episode, while 66 (53.2%)
patients reported no GI complaints. The proportion of
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Table 1. Demographic and Clinical Characteristics of AGS Patients and Seronegative Control Subjects

Seropositive AGS Seronegative Control
Characteristic Patients (n = 124) Subjects (n = 380) P Value
Age at AGS testing, y 60 (11-82) 53 (25-89) .10
Female 63 (50.8) 229 (60.3) .06
Race/ethnicity
White 116 (93.55) 349 (91.84) .87
Asian 4 (3.23) 12 (3.16)
American Indian/Alaskan Native 1(0.81) 10 (2.63)
African American 0 (0) 8 (2.11)
Unknown 3 (2.4) 1(0.26)
Symptoms
Urticaria 0 (56.45) 140 (36.84) .01
Angioedema 7 (37.90) 168 (44.21) .25
Anaphylaxis 5 (36.29) 103 (27.11) .05
Chest pressure 9 (7.26) 32 (8.42) .68
Gl symptoms 6 (45.16) 178 (46.84) 74
Nausea 9 (31.45) 8 (25.79) 22
Vomiting 8 (22.58) 3 (19.21) 42
Heartburn 7 (5.65) 7 (12.37) .04
Bloating 8 (6.45) 1(13.42) .04
Abdominal cramp 22 (17.74) 69 (18.16) .92
Abdominal pain 27 (21.77) 114 (30) .08
Constipation 6 (4.84) 39 (10.26) .07
Diarrhea 40 (32.26) 104 (27.37) .30
Only Gl symptoms 14 (11.29) 76 (20) .03
Time to symptoms
<1h 4 (11.29) 46 (12.11) <.01
1-4 h 5 (20.16) 28 (7.37)
>4 h 6 (29.03) 28 (7.37)
Variable 8 (6.45) 8 (2.10)
Not specified 41 (33.06) 270 (71.05)
History of asthma 36 (35.64), n = 101 132 (55), n = 240 <.01
History of tick bite 88 (95.6), n = 92 82 (45.81), n = 179 <.01
Total IgE, 1U/mL 200.5 (116.8-344.2), n = 29 109 (3.6-10820), n = 92 .51

Alpha-gal slgE titers

slgE >0.35 IU/mL 120 (96.77)
slgE, 1U/mL 4.38 (3.25-5.91)
slgE, 0.35-0.7 IU/mL 19 (15.83)
slgE, 0.7-3.5 IU/mL 1(34.17)
slgE, 3.5-17.5 IU/mL 2 (26.67)
slgE >17.5 IU/mL 8 (23.33)
Beef sIlgE >0.35 IU/mL (n = 78) 3 (80.77)
Beef sIgE (n = 63), IU/mL 2.77 (1.94-3.96)
Mutton/lamb sIgE >0.35 IU/mL (n = 76) 45 (59.21)
Mutton/lamb slIgE (n = 45), IlU/mL 1.78 (1.32-2.42)
Pork sIgE >0.35 IU/mL (n = 78) 48 (61.54)
Pork sIgE (n = 48), IlU/mL 2.51 (1.80-3.49)
Milk sIgE >0.35 IU/mL (n = 40) 17 (42.5)

Milk sIgE (n = 17), 1U/mL

2.51 (1.40-4.5)

Values are median (range), n (%), or geometric mean (95% confidence interval).

AGS, alpha-gal syndrome; Gl, gastrointestinal; sIgE, specific IgE.

females was significantly higher in the group of patients
who experienced GI symptoms compared with those
without GI symptoms (69% vs 35%; P = .002); however,
the 2 groups had similar demographic characteristics,
such as age, non-GI symptoms, and serological titers.

Among those with GI symptoms, 11% of the patients
experienced exclusively GI  manifestations. The
remainder exhibited a blend of 1 or several GI symptoms
alongside other allergic reactions. The most frequent
non-GI symptoms in AGS patients with GI manifestation
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Table 2. Demographic and Clinical Characteristics of AGS Symptoms in Patients With Different Alpha-Gal sIgE Titers

0.35-0.7 IU/mL 0.7-3.5 IU/mL 3.5-17.5 IU/mL >17.5 IU/mL

Characteristic (n=19) (n=41) (n=32) (n = 28) P Value
Age at AGS testing, y 58 (17-77) 57 (15-82) 62 (11-82) 64.5 (24-79) .05
Female 9 (47.37) 24 (58.54) 16 (50) 11 (39.29) .34
Race/ethnicity

White 18 (94.74) 37 (90.24) 30 (93.75) 27 (96.43) .32

Asian 0 (0) 1(2.44) 2 (6.25) 1 (35.71)

American Indian/Alaskan Native 0 (0) 1(2.44) 0 (0) 0 (0)

African American 0 (0) 0 (0) 0 (0) 0 (0)

Unknown 1 (5.56) 2 (4.88) 0(0) 0 (0)
Symptoms

Urticaria 6 (31.58) 21 (51.22) 19 (59.38) 22 (78.57) <.01

Angioedema 7 (36.84) 13 (51.2) 16 (50) 10 (35.71) .71

Anaphylaxis 5 (26.32) 17 (41.46) 12 (37.5) 11 (39.29) .56

Chest pressure 0 (0) 4 (9.76) 3 (9.38) 1(3.57) .89
Gl symptoms 8 (42.11) 19 (46.34) 14 (43.75) 14 (50) .67

Nausea 6 (31.58) 13 (31.71) 12 (37.5) 8 (28.57) .93

Vomiting 3 (15.79) 10 (24.39) 7 (21.88) 8 (28.57) 41

Heartburn 1 (5.26) 3(7.32) 2 (6.25) 18.57) .69

Bloating 1 (5.26) 1(2.39) 2 (6.25) 2 (6.25) .51

Abdominal cramp 3 (15.79) 4 (9.76) 9 (28.13) 6 (21.43) .21

Abdominal pain 4 (21.05) 9 (21.95) 7 (21.88) 4 (14.29) .53

Constipation 1 (5.26) 1(2.44) 2 (6.25) 1(3.57) .96

Diarrhea 2 (10.53) 13 (31.71) 12 (37.5) 10 (35.71) .09
Only Gl symptoms 3 (15.79) 6 (14.63) 2 (6.25) 2 (7.14) 19
Time to symptoms

<1h 3 (15.79) 7 (17.07) 1@3.13) 3 (10.71) <.01

1-4 h 2 (10.53) 9 (21.95) 5 (15.63) 9 (32.14)

>4 h 1 (5.26) 10 (24.39) 15 (46.88) 10 (35.71)

Variably 6 (31.58) 1(2.44) 0 (0) 0 (0)

Not specified 7 (36.84) 14 (34.14) 11 (34.38) 6 (21.43)
History of asthma 7 (41.18) 9 (27.27) 12 (50) 6 (26.09) .75
History of tick bite 10 (76.92) 32 (100) 23 (100) 22 (100) <.01
Total IgE, 1U/mL 119 (11.3-1960) 139 (36.10-2349) 336 (59.80-1084) 116 (115-1548) .96

Values are median (range), n (%), or geometric mean (95% confidence interval).

AGS, alpha-gal syndrome; alpha-gal, galactose-alpha-1,3-galactose; Gl, gastrointestinal; sIgE, specific IgE.

were urticaria (63.8%), followed by angioedema
(41.4%), anaphylaxis (36.2%), and chest pressure
(10.3%) (Table 3).

Outcomes of AGS Patients

At least 1 follow-up encounter data was available on
40 of 124 AGS patients. All patients were advised to
maintain a red meat-free diet and avoid further tick
exposure. The follow-up period for these patients ranged
from 0.5 to 105 months, with a mean of 27 months. 22/
40 patients reported complete resolution of symptoms
after dietary restrictions, while 14 patients noted a
decrease in severity and frequency of symptoms, and 4
patients reported no change in their symptoms. Addi-
tionally, of the 22 patients who reported complete res-
olution of symptoms after dietary restrictions, 7
successfully reintroduced a regular diet without

subsequent AGS episodes over an average period of 20
months (range 3-40 months) (Figure 2).

A mean decrease of 17 IU/mL was observed in alpha-
gal IgE from the initial to the latest follow-up visit when
analyzed with a paired ¢ test (P = .0009) (Figure 3). Out of
37 patients, 28 (76%) had a decrease in levels of alpha-gal
IgE on follow-up, while 9 had an increase in alpha-gal IgE
titers. Only 4 patients became seronegative along with
complete resolution of symptoms after dietary re-
strictions. Their alpha-gal IgE levels at diagnosis were
0.79, 0.8, 1.22, and 4.94 1U/mL with transition to normal
serology in 39, 14, 34, and 40 months, respectively. Of
these 4 patients, 3 were able to transition to a regular diet.

Discussion

AGS manifests as an acute hypersensitivity reaction to
red meat products following sensitization to the alpha-

Downloaded for Anonymous User (n/a) at MAINEHEALTH from ClinicalKey.com by Elsevier on July 17, 2026.
For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



74 Lesmana et al

A 100

r=0.87 (n=78, P <.0001) :

- 104 ) ()
£ o &0 .
: i'.',.f e
~ [ ]
"é, 1 [ ] (]
— [ ]
e o\' &
@ 0.1 e @

0.01 0.1 1 10 100

Galactose-alpha-1,3-galactose, IgE (IU/mL)

(@

100~
5 r=0.6 (n=76, P <.0001)
£
2 104 o ° :.:
Ii"-l" o .. o; o.: Y
5 . 030 % X°
E “© *°2 .
s . 9
o) 0.1- S IR0 I
£
©
-
0.01 . . . 1
0.01 0.1 1 10 100

Galactose-alpha-1,3-galactose, IgE (IU/mL)

—

Clinical Gastroenterology and Hepatology Vol. 23, Iss.

B 100

r=0.74 (n=78, P <.0001)
°®

I 10+ . 3
§ ° % e o °°
E 1 .~‘ ;oo ‘.o.
= e X
X . °
& 0.1+ e oanidde

0.01 T I T 1

0.01 0.1 1 10 100

Galactose-alpha-1,3-galactose, IgE (IU/mL)

O

100
r=0.58 (n=40, P <.0001)
_EI 10 L [ ] g e
= ® o
= o
S b ° o ® o o
- o
=
S 0.1- oamemon Yoo ©
0.01 T T 1 1
0.01 0.1 1 10 100

Galactose-alpha-1,3-galactose, IgE (IU/mL)

Figure 1. Scatter plot graphs showing the correlation between alpha-gal IgE titers and various meat sIgE titers: (A) beef IgE, (B)
pork IgE, (C) lamb IgE, and (D) milk IgE. Significant correlations were observed for beef IgE, pork IgE, lamb IgE, and milk IgE
with alpha-gal IgE in Pearson correlation analysis (P value <.0001 for all).

gal antigen through a tick bite. Its heterogeneous clinical
presentation makes diagnosis challenging. In this study,
nearly half of the AGS patients experienced at least 1 GI
symptom, such as diarrhea, nausea, vomiting, abdominal
pain, abdominal cramps, bloating, heartburn, and con-
stipation, in descending order of frequency. Adding to
the complexity of diagnosing AGS, about 11% of AGS
patients presented solely with GI symptoms.

A significant differentiator to aid in diagnosis was a
confirmed history of tick bites, which was 26 times more
prevalent in the seropositive group. This underscores the
importance of inquiring about tick bite history in pa-
tients with ambiguous allergic or GI symptoms especially
in regions with a high prevalence of AGS, such as the
Southern, Midwestern, and Mid-Atlantic U.S. regions.1
Additional differentiating factors were the higher fre-
quency of urticaria and a reduced tendency to develop
heartburn and bloating in the seropositive group, and the
higher prevalence of asthma in the seronegative cohort.
However, it is essential to note that most patients in the
seronegative cohorts were tested for alpha-gal due to
allergic reactions, potentially skewing the comparison.
The prevalence of asthma in the seropositive group was

35.6%, significantly higher than the 8% prevalence in the
general population of the United States.'”

A positive correlation emerged between alpha-gal-
specific antibody titer and prevalence of urticaria. This
may be due to the increased propensity of mast cells and
basophils to release histamines and other inflammatory
mediators to higher alpha-gal-specific antibodies. This
enhanced release may provoke a more pronounced
allergic reaction, such as urticaria, in those with elevated
antibody titers.'®'° However, in our study, we found no
statistical correlation between increasing sIgE levels
with the occurrence of anaphylaxis, angioedema, or other
symptoms besides urticaria.

In our study, the prevalence of GI symptoms among
AGS patients was observed, with a notable finding that
females were twice as likely to report GI symptoms
compared with males. Notably, 11% of AGS patients in
our study exhibited exclusively GI symptoms, signifi-
cantly less than 20% of AGS patients in a South African
cohort.””*! In a prior study, heartburn and bloating were
experienced by 2 and 1 out of 16 AGS patients, respec-
tively, and were less frequently encountered than other
GI symptoms, which aligns with our findings.” These
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Table 3. Comparison Between Seropositive AGS Patients With and Without Gl Symptoms

Seropositive AGS Patients

Seropositive AGS Patients

Characteristic With GI Symptoms (n = 58) Without GI Symptoms (n = 66) P Value
Age at AGS testing 58 (15-82) 61 (11-82) .16
Female 40 (68.97) 23 (34.85) <.01
Race/ethnicity
White 56 (96.55) 60 (90.91) 2
Asian 1(1.72) 2 (3.03)
American Indian/Alaskan Native 1(1.72) 1(1.52)
Unknown 0 (0) 3 (4.55)
Symptoms
Urticaria 37 (63.79) 33 (50) A2
Angioedema 24 (41.38) 23 (34.85) .45
Anaphylaxis 21 (36.21) 24 (36.36) .99
Chest pressure 6 (10.34) 3 (4.55) .21
Time to symptoms
<1h 8 (13.79) 6 (9.09) 27
1-4 h 14 (24.14) 11 (16.67)
>4 h 19 (32.76) 17 (25.76)
Variably 2 (3.45) 6 (9.09)
Not specified 15 (25.86) 26 (39.39)
History of asthma 16 (34.04), n = 47 20 (37.03), n = 54 .75
History of tick bite 44 (100), n = 44 44 (91.67),n = 48 .05
Total IgE, IU/mL 163.7 (67.59-396.4), n = 15 249.3 (122.9-505.6), n = 14 .88
Alpha-gal slgE titers
sIgE >0.35 IU/mL 55 (96.49), n = 57 65 (98.48), n = 66 .51
slgE, IU/mL 4.854 (3.063-7.69), n = 55 3.678 (2.47-5.48), n = 65 .23
sIgE 0.35-0.7 IU/mL 8 (14.55), n = 55 11 (16.92), n = 65 .95
sIgE 0.7-3.5 IU/mL 19 (34.55), n = 55 22 (33.85), n = 65
sIgE 3.5-17.5 IU/mL 14 (25.45), n = 55 18 (27.69), n = 65
sIgE >17.5 IU/mL 14 (25.45), n = 55 14 (21.54), n = 65
Beef sIgE >0.35 1U/mL 28 (80), n = 35 35 (81.40), n = 43 .88
Beef sIgE (n = 63), IU/mL 2.88 (1.65-5.05) 2.68 (1.65-4.37) .65
Mutton/lamb sIgE >0.35 IU/mL 20 (58.82), n = 34 25 (59.52), n = 42 .96
Mutton/lamb sIgE (n = 45), IU/mL 1.65 (1.06-2.56) 1.9 (1.21-2.98) .51
Pork slgE >0.35 IU/mL 22 (61.11), n = 36 26 (61.90), n = 42 94
Pork slgE (n = 48), IU/mL 2.50 (1.57-3.96) 2.52 (1.53-4.16) .64
Milk sIgE >0.35 IU/mL 5(33.33),n =15 12 (48),n = 25 .95
Milk sIgE (n = 17), IU/mL 2.64 (0.52-13.48) 2.46 (1.20-5.01) 67

Values are median (range), n (%), or geometric mean (95% confidence interval).
AGS, alpha-gal syndrome; Gl, gastrointestinal; sIgE, specific IgE.

findings emphasize the need for further research to
better understand the presentation of GI manifestations
in AGS.

Symptom onset in AGS typically occurs more than 4
hours after allergen exposure, with studies emphasizing
a tight association with delayed reactions within the 3- to
6-hour range.””” Yet, the mechanisms behind these
delayed reactions, particularly the incidence of GI
symptoms, remain unclear. The prevailing hypothesis
suggests that alpha-gal glycolipids are likely to be
incorporated into chylomicrons which are subsequently
metabolized into low-density lipoprotein or smaller fat
droplets. Thus, they undergo processing and transport
into the lymph via the lacteal vein, reaching the blood-
stream few hours after a meal, before becoming exposed

to the surface of chylomicrons. These alpha-gal mole-
cules facilitate crosslinking of IgE antibodies directed
against alpha-gal.'"® However, alpha-gal glycoproteins
and glycolipids were found to induce allergic effector in
standard basophil testing in within 30-60 minutes.”’
Interestingly, significant disparities have been identified
in the metabolic pathways of lipids and fatty acids be-
tween individuals with and without AGS.?* Therefore, the
delayed allergic responses observed in alpha-gal allergies
could be attributed to the time needed for the absorption
and metabolism of lipids. It is worth noting that symp-
toms can also appear within 1-4 hours after allergen
exposure, and we also observed variable symptom onset
among patients. A European AGS patient study found no
significant difference in alpha-gal IgE levels based on
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Alpha-Gal Syndrome Patient Outcomes on Follow-up at Mayo Clinic
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Figure 2. AGS patient outcomes on follow-up at Mayo Clinic.

symptom onset times.'” In contrast, our study identified
significant differences in symptom onset related to
serological titers. Lower titer patients (sIgE = 0.35-0.7
IU/mL) tended to experience variable or early onset (<1
hour), while higher titer patients (sIg = 0.7-3.5 IU/mL,
3.5-17.5 [U/mL, and >17.5 IU/mL) had later onset (>1
hour). Additionally, in the European cohort, positive sIgE
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Figure 3.Changes in serum alpha-gal IgE levels during
follow-up after adopting a meat-free diet and avoiding ticks.
Among the 37 patients, 28 experienced a reduction in alpha-
gal IgE levels, while 9 showed an increase during follow-up.
Mean decrease of 17 IU/mL (paired t test; P = .0009).

levels for beef, pork, and milk were found in 98.4%,
96.1%, and 91.4% of patients, respectively.'” In contrast,
in our study, the positivity rates among patients for beef,
pork, and milk were 80.8%, 61.5%, and 42.5%, respec-
tively. These differences raise questions regarding po-
tential variations in AGS between the United States and
Europe. Furthermore, correlation analysis within our
cohort revealed that among meat sIgE, beef IgE exhibits
the strongest correlation with alpha-gal IgE. Considering
our correlation analysis along with the high seroposi-
tivity in our cohort and the European study, sIgE tar-
geting beef protein might be the most reliable meat sIgE
to predict AGS.

Patients diagnosed with AGS are typically advised to
adopt a red meat-free diet and take precautions to avoid
further tick exposure. Previous studies have shown that
tick avoidance can reduce the levels of alpha-gal IgE.*” In
our study, we observed 76% of patients showed a
decrease in alpha-gal IgE titers on follow-up when
instructed to avoid further tick exposure and adhere to a
red meat-free diet. However, the impact of red meat
avoidance on this decline is not well established, as there
are no studies demonstrating eating red meat can influ-
ence alpha-gal IgE in AGS patients. It is also noteworthy
that milk and dairy products, though less common, can
also induce allergic reactions in AGS patients.” In our
study, around 10% of AGS patients reported experi-
encing new-onset acute episodes after consuming milk,
highlighting the importance of considering dairy avoid-
ance in some cases.

A study reported that symptoms can resolve in 80%-
99% of patients with AGS upon avoidance of alpha-
gal-containing products, depending on the degree of
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avoidance.”” Another study showed that of 15 AGS pa-
tients who followed a red meat-free diet, 9 reported
complete resolution of symptoms, 4 reported partial
resolution of symptoms, and 1 reported no change in
symptoms.”” Similar results were observed in our cohort
of 40 patients who adhered to a red meat-free diet and
underwent follow-up. Approximately 55% reported
complete resolution of symptoms, while 35% reported
partial improvement. However, these figures may un-
derestimate the effectiveness of avoiding red meat de-
rivatives, as everyday foods may contain cryptic alpha-
gal antigens, potentially leading to inadvertent allergic
exposure. Careful scrutinization of all ingredients in
home-cooked meals or when dining out may lead to a
higher rate of complete symptom resolution.

The natural progression of alpha-gal has not been
well established yet. In a large AGS registry, nearly 12%
of patients had negative titers and successfully reintro-
duced mammalian meat into their diet on follow-up for
at least 5 years.”” In our study, with a mean follow-up
duration of 27 months, 18% (n = 7 of 40) had success-
fully reintroduced red meat into their diet. Remarkably,
only 3 of these 7 patients had normal serology on follow-
up, demonstrating that clinical resolution may not
necessarily coincide with the normalization of serological
markers. Overall, 11% (n = 4 of 37) AGS patients had
normalization of serology on follow-up, and all of them
had achieved complete symptomatic resolution by
adhering to dietary restrictions. This suggests that
symptomatic patients, even with dietary restrictions, are
likely to have abnormal serology. There is a need for a
large-scale prospective study to understand the out-
comes of this complex disorder.

We acknowledge that this study has limitations
largely related to its design. A retrospective review of
records relies on appropriate physician documentation,
and there may have been missing data with regard to the
patient’s clinical history and laboratory results. Long-
term longitudinal follow-up is lacking in several pa-
tients, given their transition back to the primary care
setting following an evaluation at our tertiary center.

In conclusion, AGS can have a diverse and often se-
vere presentation, ranging from GI disturbances to
allergic reactions like urticaria and anaphylaxis, and with
some patients notably presenting exclusively with GI
symptoms. Additionally, female AGS patients may have a
higher likelihood of developing GI symptoms. While di-
etary intervention proves effective for most patients, it
may not work for everyone. Future studies with larger,
prospectively enrolling registries are necessary to
further elucidate the complexities of AGS and refine
diagnostic and therapeutic approaches.
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