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Abstract: (1) Background: alpha-gal syndrome (AGS) is a serious, potentially life-threatening allergic
reaction. This is a type of food allergy to red meat and other mammalian products (e.g., gelatin). In
Poland, this problem seems to be rare or, more likely, very underdiagnosed. The diagnosis of AGS
is difficult. It seems that the knowledge about this syndrome is insufficient. There are no effective
diagnostic tools able to clearly diagnose this cross-reactive allergy. This paper presents the clinical
application of a non-standard method in the diagnosis of a cross-reactive allergy using the example of
AGS. (2) Methods: standard tests for in vitro allergy diagnostics and the non-standard ImmunoCAP
inhibition test(IT) were carried out for serum collected from a patient with a red meat allergy.
(3) Results: the serum concentration of anti-x-Gal IgE was very high (302 kUA /L), and IgE antibodies
toanti-mammalian-meat allergens were found. The level of IgE antibodies to mammalian meat
allergens decreased after blocking on a-GAL-CAP. The concentration of anti-«-Gal IgE decreased
after blocking on CAPs coated with various mammalian meat allergens. Blocking with allergens of
poultry meat did not affect the concentration of anti-x-Gal IgE. (4) Conclusions: the ImmunoCAP
ITseems to be a useful tool in the diagnosis of cross-reactive allergies. Based on their clinical history
and test results, the patient was diagnosed with AGS caused by a primary sensitization to «-Gal after
a tick bite. This is the second case of AGS described in Poland and the first in Pomerania.

Keywords: tick bite; x-GAL; mammalian meat allergy; cross-reactivity

1. Introduction

Alpha-gal syndrome (AGS) is a serious, potentially life-threatening allergic reaction.
It is a type of food allergy to red meat and other products made from mammals. AGS
is also called «-gal allergy, red meat allergy or tick bite meat allergy. It can manifest as
an immediate drug allergy to pharmaceuticals containing «-Gal and a delayed hypersen-
sitivity response to the ingestion of mammalian meat products [1]. The first references
to an association between «-Gal allergy and red meat allergy appeared around 2006 and
concerned unusual allergic reactions in people treated with Cetuximab [2,3]. Later, it was
noticed that people who had been bitten by ticks previously manifested similar symptoms
after ingestion of mammalian meat [4]. In all cases, the common factor was the presence of
IgE antibodies to the carbohydrate determinant galactose-x-1,3-galactose, referred to as
o-Gal [5].

The spectrum of AGS symptoms varies greatly. Usually, these include various types of
allergic reactions, including skin lesions, digestive tract disorders, edema or anaphylaxis
with varying degrees of delay, from several minutes to up to 6 h (according to most available
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studies, from 2 to 6 h) after eating a meal with meat. These cases often involve the presence
of a cofactor in the form of exercise or simultaneous consumption of alcohol. It is also
interesting that in some cases, despite the presence of IgE antibodies to «-Gal, patients
without any symptoms of hypersensitivity can eat red meat [5-12].

The mechanism leading to AGS, especially with regard to the variability of the clinical
symptoms and the delay in the response, is not fully understood. Various theories are taken
into account, including environmental factors, the efficiency of the immune system and pre-
sentation via a different mechanism, and the kinetics of allergen digestion and absorption,
especially with regard to animal fats. It is suspected that x-gal is absorbed on the surface of
chylomicrons (as a glycolipid), and in this form, it is delivered to immunocompetent cells.
This could indeed be responsible for the delay in the reaction, as fats are absorbed from the
gastrointestinal tract particularly efficiently between 2 and 6 h after consumption, which
explains the important role of alcohol as a cofactor in these reactions [11,13-16].

It seems that in Poland, AGS is a very rare phenomenon or its occurrence is very
underdiagnosed. To date, only one case of AGS has been described in Poland [17]. There
is also one population analysis of the occurrence of anti-«-Gal IgE antibodies in forest
workers from the Podlasie region [18].

2. Materials and Methods

Laboratory tests were conducted for blood serum taken from a 65-year-old man who
had several anaphylactic reactions after eating meat.
There were three stages in this study:

Patient’s clinical history—detailed analysis;
Standard laboratory methods;
Non-standard laboratory method—ImmunoCAP inhibition test (IT).

2.1. Patient’s Clinical History—Detailed Analysis

The patient’s standard clinical history and detailed personal allergic history were
examined. His atopic status was assessed. Detailed questions were asked about repeated
anaphylaxis occurrences and the circumstances in which they occurred.

2.2. Standard Laboratory Methods

Extended laboratory diagnostics were performed according to the data from the
patient’s clinical history. Laboratory tests routinely used for in vitro allergy diagnosis were
carried out:

ALEX2—multiplex allergy test (Allergy Xplorer, MacroArray Diagnostics; MADX);
Specific IgE—for the allergens: x-Gal, extracts of mammalian meat allergens (beef,
pork, mutton, rabbit), beef gelatin and poultry meat allergens (chicken, turkey)—
ImmunoCAP (Thermo Fisher Scientific, Waltham, MA, USA);

o  Total IgE—ImmunoCAP (Thermo Fisher Scientific, Waltham, MA, USA).

The ALEX2 (Allergy Xplorer, MacroArray Diagnostics; MADX) is a nano-bead tech-
nology, ELISA (enzyme-linked immunosorbent assay) protocol-based IgE multiplex assay.
The ALEX2 is a quantitative specific IgE and semi-quantitative total IgE test. The ALEX2
test simultaneously measures serum concentrations of IgE specific for 117 allergen ex-
tracts and for 178 allergen components and total IgE. The lowest detectable level of IgE
in the test was 0.1 kUA /L. Specific IgE results are presented in classes 0—4, where class 0
(<0.3 KUA/L; negative or borderline), class 1 (0.3-1 kUA/L; low concentration), class 2
(1-5 kUA/L; moderate concentration), class 3 (5-15 kUA/L; high concentration) and class
4 (>15 kUA/L; very high concentration). The manual Image Xplorer system with Raptor
software was used in the experiment.

ImmunoCAP (Thermo Fisher Scientific, Waltham, MA, USA) is an in vitro test sys-
tem for the quantitative measurement of specific IgE and total IgE in human serum or
plasma via an ELISA-based fluoro-immuno-enzymatic method (FEIA). Specific IgE re-
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apply 40 ul of serum on the pre-prepared
ImmunoCAP membrane coated
with a-Gal (0215)

40 pl

Y - anti-o~Gal IgE

apply 40 ul of serum on the pre-prepared
ImmunoCAP membranes coated with gelatin
(c74) or meat allergens respectively: f27 beef,
26 pork, 88 mutton, f213 rabbit, f83 chicken,
f284 turkey

40 pl 40 ul

Y - anti-o—~Gal IgE

sults are presented in classes 0-6, where class 0 (0.1 kUA/L; undetectable and 0.1-0.34;
detectable-low), class 1 (0.35-0.69 KUA/L; low), class 2 (0.7-3.49 kUA /L; moderate), class 3
(3.5-17.49 KUA/L; high), class 4 (17.5-49 kUA/L; very high), class 5 (50-99 kUA /L; very high)
and class 6 (>100 kUA /L; very high). The Phadial00 system was used in the experiment.

2.3. Non-Standard Laboratory Method—ImmunoCAP Inhibition Test (IT)

Experimental ImmunoCAP inhibition tests (ITs) were performed according to the
procedures designed in our laboratory, the schemes for which are shown in Figure 1A,B.

two-stage incubation: spin: 5000 g/ 15 minutes measurement of the concentration of

37°C - 30 minutes / 4°C - 24 hours and collecting the filtrate IgE specific for allergens of various

types of meat and gelatin in filtrate
515
»

two-stage incubation: spin: 5000 g/ 15 minutes

tz t
37°C - 30 minutes / 4°C - 24 hours and collecting the filtrates

w bl

ImmunoCAP matrix
coated with alpha-GAL (0215)

measurement of a-Gal-specific
IgE concentration in filtrates
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with gelatine or different
types of meat allergens
\. 7

Figure 1. Scheme of the ImnmunoCAP inhibition test (IT) (A) with x-Gal; (B) with gelatin or meat
allergens (f27 beef, £26 pork, f88 mutton, f213 rabbit, 83 chicken, {284 turkey).

In the experiment, we used “CAPs”, which are components of the ImmunoCAP
system. CAPs are the carriers of the allergen. They are a plastic container in which a
cellulose matrix coated with allergens is placed. This was the solid phase of the test—the
allergen carrier.

The following types of CAPs were used for the tests:

Scheme A: 0215-CAP («-Gal; bovine thyroglobulin—TBG);
Scheme B: £27-CAP (beef), £26-CAP (pork), f88-CAP (mutton), 213-CAP (rabbit),
£83-CAP (chicken), f284-CAP (turkey) and c74-CAP (beef gelatin).

The first stage of both schemes was identical. At this stage, solid-phase CAPs were
prepared for binding specific IgE antibodies from the patient’s serum with the appropriate
allergens coated on the CAPs. Each CAP was placed inside dry, clean Eppendorf tubes
(volume 1500 puL). Then, 40 puL of washing solution was added to each CAP. The washing
solution that is part of the ImmunoCAP system (Art. No. 10-9422-01) was used. The
solution was prepared according to the manufacturer’s instructions. All CAPs sealed
inside Eppendorf tubes were centrifuged (5000 g; 15 min). The CAPs were transferred to
clean, dry Eppendorf (volume 1500 pL) tubes and the filtrate was discarded. In this way,
9 0215-CAPs and 2 CAPs, each from a different type of CAP used later on in the experiment,
were prepared. The number of CAPs needed was determined considering the volume
of serum needed for further analysis. The prepared CAPs were used in the next stage of
the experiment.

The next stage of the experiment was divided into two branches: Scheme A (Figure 1A)
and Scheme B (Figure 1B).

Branch A (Figure 1A)
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Prepared 0215-CAPs were used in this branch of the experiment. A total of 40 uL
of patient serum was applied to each CAP. CAPs tightly sealed in Eppendorf tubes were
incubated in two stages: first for 30 min at 37 °C and then for 24 h at 2-8 °C. After the
incubation, the CAPs were centrifuged (5000 g; 15 min). After centrifugation, the CAPs
were discarded, and the filtrates were collected in a single tube. The IgE concentration
anti-a-Gal, anti-f27 (beef), anti-f26 (pork), anti-f88 (mutton), anti-f213 (rabbit), anti-f83
(chicken), anti-f284 (turkey) and anti-c74 (beef gelatin) were measured in the filtrate, using
the ImmunoCAP system with Phadia100.

Branch B (Figure 1B)

In this branch of the experiment, the other prepared CAPs (f27-CAP, £26-CAP, {88-CAP,
f213-CAP, £83-CAP, £284-CAP and c74-CAP) were used. A total of 40 puL of patient serum
was applied to each CAP. CAPs tightly sealed in Eppendorf tubes were incubated in two
stages: first for 30 min at 37 °C and then for 24 h at 2-8 °C. After the incubation, the CAPs
were centrifuged (5000 g; 15 min). After centrifugation, the CAPs were discarded, and
the filtrates were collected. The filtrates from the same types of CAPs were combined in
one tube. Altogether, 7 types of filtrates were obtained. The concentration of anti-x-Gal IgE
(ImmunoCAP, Phadial00) was measured in each of them.

3. Results
3.1. Patient’s Clinical History—Detailed Analysis—Results

Based on the patient’s clinical history, it was found that the first severe allergic reaction
of the immediate type occurred in January 2010. Prior to this episode of anaphylaxis, the
patient had not experienced any allergic reactions. He was a healthy, non-atopic man
without any chronic diseases. During this first episode of anaphylaxis (in January 2010),
the patient developed edema and hives of the scalp, hips and anus, combined with severe
pruritus. There was also a rapid fall in blood pressure and loss of consciousness. Specialized
treatment in the emergency department was necessary. Subsequent episodes of allergic
reactions with a similar course occurred in the patient in September 2010, autumn 2014,
December 2017 and several times from July 2019 to January 2020.

During this period, there were also several reactions of a lesser severity, which were
not accompanied by loss of consciousness, and the spectrum of symptoms was limited to
swelling, hives and itching of the previously mentioned body areas.

In turn, during the last three episodes, the previously observed symptoms of a severe
systemic reaction were additionally joined by swelling of the lips and edema and urticarial
changes in the hands.

According to the patient, both the frequency and severity of the symptoms had
increased recently. Severe systemic reactions always required treatment in a hospital
emergency department. For less severe episodes limited to urticaria and pruritus, short-
term treatment with low-dose antihistamines or oral steroids was sufficient.

The man could not clearly identify the common cause of the allergic reactions. He
associated them with the consumption of small volumes of various types of alcohol or
meals with meat. He also drew attention to the possible contribution of physical effort
related to practicing sports (such as cycling or skiing).

The clinical history of the patient, the spectrum of observed symptoms after the meals
with meat, the presence of allergic reaction cofactors (alcohol, physical exertion) and the
absence of features of atopic disease before the first episode of severe allergic reaction
raised the suspicion of x-Gal syndrome (AGS).

To verify our hypothesis, we extended the clinical interview by asking the patient
whether it was likely that he had been bitten by a tick in the time preceding the first episode
of acute allergic reaction. The patient confirmed being bitten by a tick in July 2009. It
happened near the Tri-City (Pomerania, Poland), when he was cycling to work in the
morning. The tick was removed and tested for Lyme disease (the tick was not a carrier).
Unfortunately, the patient did not have the result of this test and was unable to determine
the species of tick that bit him.
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After obtaining this information, we proposed the patient perform additional labo-
ratory tests, verifying our suspicions as to whether he was allergic to the polysaccharide,
«-Gal, found in tick saliva, and the related possibility of severe allergic reactions after
eating mammalian meat, especially in the presence of the cofactor.

3.2. Standard Laboratory Methods—Results

In the first stage of standard laboratory diagnostics for allergic disease, the ALEX2
multiparameter test was performed. The ALEX2 test showed a very high concentration of
total IgE. A low concentration of IgE antibodies specific for airborne and food allergens of
plant origin as well as hymenoptera venom allergens were detected. A moderate level of
IgE antibodies specific for all mammalian meat allergens represented in the ALEX2 test
were detected. No IgE antibodies to poultry meat allergens were found. No specific IgE
antibodies for the allergen components important in the diagnosis of primary allergy to
meat, Bos d 6 and Sus d 1, were detected. IgE results specific for other allergens represented
in the ALEX 2 test were negative. The ALEX2 results are presented in Table 1.

Table 1. The ALEX2 test results (specific IgE results for other allergens were negative).

Total IgE (tIgE)(kU/L): 2602

Specific IgE (airborne allergens—pollens)(kUA/L):

Alngl Amb a Ambal
(alder pollen; PR-10 protein) (ragweed pollen; extract) (ragweed pollen; pectate lyase)
0.49 0.47 0.40
Specific IgE (plant food allergens) (kUA/L):
Actd 2 Mald 1
(kiwi; thaumatin-like protein; TLP) (apple; PR-10 protein)
0.62 0.44
Specific IgE (animal food allergens—extracts) (kUA/L):
Bos d meat Sus d meat Eq(lﬁ crm?at O‘(Illainrgiat Ory c meat G(alh(isl Ln enat Mel g meat
(beef) (pork) orse (rabbit meat) chicke (turkey meat)
flesh) mutton) meat)
2.03 0.38 1.8 <0.1 0.76 <0.1 <0.1
Specific IgE (animal food allergens—molecules) (kUA /L):
Bosd 6 Susd1
(serum albumin) (serum albumin)
<0.1 <0.1
Specific IgE (Hymenoptera insect venom allergens) (kUA/L):
Apim Ves v Ves v 5
(honey bee venom; extract) (wasp venom; extract) (wasp venom; Antigen 5)

0.31 0.57 1.31

The ImmunoCAP method confirmed a very high total IgE concentration. The IgE
antibody anti-«-Gal was detected at a very high concentration. The concentration of IgE
antibodies for beef allergen extract was very high, as well as that for pork allergen extract.
A moderate level of IgE antibodies to mutton and rabbit meat allergens were found. IgE
antibodies to poultry meat allergens (chicken, turkey) and beef gelatin allergens were not
detected. The anti-x-Gal IgE to total IgE ratio was 11.61%. All results of these analyses are
presented in Table 2.
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Table 2. The ImmunoCAP results.

Specific IgE(KUA/L):

0215
(x-Gal) *

27
(beef)

26
(pork)

£88
(mutton)

213
(rabbit)

c74
(gelatin
bovine)

{83
(chicken)

284
(turkey)

302

26.0

7.20

247

1.64

<0.1

<0.1

<0.1

Total IgE (tIgE) (kU/L): 2571

anti-o-Gal IgE/total IgE ratio (%): 11.61

Remarks: * The anti-x-Gal sIgE concentration in the serum was higher than 100 kUA /L (>100 kUA/L). Due to the
detection limit of the ImmunoCAP method for sIgE, which is 100 kUA /L, the serum was diluted 1:10 to measure
the final concentration of anti-a-Gal IgE.

3.3. Non-Standard Laboratory Method—ImmunoCAP Inhibition Test (IT)—Results

Branch A (Figure 2)

In branch A of the ImmunoCAP inhibition test (Figure 1A), we assumed that if the
reactivity to meat allergens was due to the presence of anti-x-Gal IgE antibodies, the
removal of these antibodies from the serum would cause it to not bind meat allergens.
This means that the concentration of IgE specific for meat allergens after the inhibition test
would be lower than before the test or undetectable.

The results of the inhibition test on 0215-CAP («-Gal-coated CAP; «-Gal-CAP) are
shown in Figure 2. We observed that as a result of incubation of the patient’s serum on
x-Gal-CAP, the concentration of anti-«-Gal IgE decreased by 85.56% (this confirms that
0215-CAP binds anti-a-Gal antibodies). The reduction in IgE specific for mammalian
meat allergens (beef, pork, mutton, rabbit) ranged from 35.54% to 26.22%. Specific IgE
concentrations for gelatin and poultry meat (chicken, turkey) were negative (<0.1 kUA/L)
both before and after the inhibition test. In the experiment, a 93.85% decrease in total IgE
concentration was also observed as a result of the inhibition (2602 kU /L vs. 160 kU/L).

(%)

90

80

70

60

50

40

30

20

10

85.56 %

K

O decrease/increase percentage @ before IT ¢ after IT witho-Gal

350
300
QA
[kUA/L] 250

200

(KUA/L]

35.54 % 150

30.14%  29.15% 26.22%

100

7.2
[kUA/L]

1.64
[KUA/L]

0 [kUA/L]
[kUA/L] i [KUA/L]

26
[kUA/L]

0%

[kUA/ L] 0%

O[kUA/L]

026 0
0 [kUA/L]

16.76
[kUA/L]

5.03
[kUA/L]

1.75

[KUA/L] kUA/L kUA/L] 0

Figure 2. The concentration of specific IgE antibodies specific to x-Gal, meat allergens and bovine
gelatin before the inhibition test (IT) and after inhibition on 0215-CAP and the percentage change
of concentrations.
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Branch B (Figure 2)

In branch B of the ImmunoCAP inhibition test (Figure 1B), we assumed that if meat
allergens express the «-Gal polysaccharide on their surface, they bind anti-«-Gal antibodies
from the patient’s serum. The inhibition of anti-x-Gal antibodies should result in a decrease
in their concentration in the serum after the inhibition test on CAPs coated with allergens
of various meats.

The results of the inhibition test on membranes coated with various meat or gelatin
allergens are shown in Figure 3. In this experiment, we observed a decrease in the con-
centration of anti-x-Gal IgE antibodies after incubation on CAPs coated with mammalian
meat allergens (beef, pork, mutton, rabbit). The concentration of anti-«-Gal IgE decreased
from 46.69% to 12.25%. Incubation on beef-gelatin-coated CAPs reduced anti-x-Gal IgE
antibody concentrations by 2.32% compared to baseline. When the CAPs were coated with
poultry allergens, only minimal, bi-directional changes in anti-x-Gal IgE concentration
were observed (—0.33% for chicken and 0.33% for turkey). The mean level of total IgE after
incubation on CAPs coated with mammalian meats allergens was 1758 kU /L and decreased
by 31.62% compared to the initial value (2571 kU/L). After incubation on gelatin-coated
CAP, the decrease in total IgE concentration was only 0.51% (2558 kU /L vs. 2571 kU/L).
Incubation of the patient’s serum on CAPs coated with poultry allergens did not change the
total IgE concentration compared to the pre-incubation value (2570 kU/L vs. 2571 kU/L).

=

[Idecrease/increase percentage =——Igkt anti-c-Gal_before IT (baseline) # IgE anti-u-Gal_after IT
90 85.56% 350
20 baseline: 302 kUA/L
r - * 300
70 . 295 [kua/L] 303 [kua/L] 301[kUA/L]
60 - 265 [kUA/L 250
* 245 [kua/U
50 46.69 5  225[kua/l 200 =
] <T
161 [kua/L] =
40 ¢ 150 =
30 25.5 %
100
20 18.87%
12.25%
43,
10 - [kuA?L] 50
2.32%  _0p33% 033%
0 pa— I 0
after IT after IT after IT after IT after IT after IT after IT after IT
withe-Gal with beef with pork with with rabbit with with with
mutton gelatin chicken turkey
bovine

Figure 3. The concentration of IgE antibodies specific to x-Gal before the inhibition test (IT) and
after inhibition on CAPs with x-Gal, allergens of various types of meat or bovine gelatin and the

percentage change of concentrations.

3.4. Summary of Diagnostic Results

The patient’s clinical history, sequence of symptoms and subsequent steps of laboratory
diagnosis are summarized in Figure 4. The diagram shows the suggested location for the
proposed experimental ImmunoCAP inhibition tests in the diagnostic process.
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Non atopic 65-year-old men ]

July 2009 - TICK BITE

January 2010 - first episode of anaphylaxis

September 2010 - anaphylaxis

Autumn 2014 - anaphylaxis

December 2017 - anaphylaxis

July 2019/January 2020- three episodes of
anaphylaxis

January 2020 - standard in vitro diagnostic tests:
screening diagnostics (multiplex - ALEX2)
)

directed diagnostics (singleplex - ImmunoCAP

January 2020 - non-standard in vitro tests:
ImmunoCAP inhibition test (IT)

January 2020 - Summary:
clinical history/standard test results (0-Gal>100
kUA/L)/inhibition test results (cross-reactive allergy)

January 2020 - diagnosis:
Alpha Gal Syndrome (AGS)

€€ €«

Figure 4. Sequence of clinical symptoms from tick bite to diagnosis of alpha-gal syndrome in a

previously non-atopic 65-year-old man.

4. Discussion

AGS is a group of symptoms of a severe allergic reaction to mammalian meat and
meat-derived products (e.g., gelatin, biological drugs) which consists of an allergy to the
determinant of the carbohydrate «-Gal derived from tick saliva. Primary sensitization
develops after a tick bite, and the reaction to meat is associated with the cross-reactivity of
anti-o-Gal IgE antibodies with the «-Gal expressed on mammalian meat proteins [1,5].

AGS was originally thought to be endemic and found mainly in the Southeastern
United States. However, there are currently case reports of AGS from all continents [19]. It
seems that in Poland, tick-bite-related meat allergy is a rare clinical syndrome. Currently,
only two studies on this subject are available [17,18]. However, it is not known whether this
is really a rare syndrome of clinical symptoms or whether it is simply rarely recognized.

A characteristic clinical feature of AGS is the occurrence of symptoms of severe allergy
after eating red meat. It is characteristic that symptoms do not appear immediately after a
meat meal, but are delayed for several hours. The presence of a cofactor is also often necessary.
The reaction can also develop in people who were not previously allergic [5,7-12].

We described a patient who developed a severe allergic reaction a few hours after
eating meals with meat, a case which fits perfectly into the area of symptoms of AGS. This
65-year-old man has never suffered from any symptoms of an allergic disease. Only after
being bitten by a tick 10 years ago did he develop his first episode of anaphylaxis. It seems,
therefore, that the tick bite itself was the factor that initiated these events.

It is also significant that the presence of anaphylaxis cofactors often distracts the patient
from the true cause of these reactions. In the described case, the man assumed that the cause
of his anaphylaxis was the consumption of various types of alcohol. Only the demonstration
of the presence of antibodies to mammalian meat allergens and the connection of this result



Life 2023, 13, 699

9of 12

with the clinical history of the patient, supplemented with information about the tick bite,
raised the suspicion of AGS in this patient.

The quantitative determination of IgE «-Gal antibodies has been successfully used
in the diagnosis of AGS. According to Fischer et al. [20] an anti-x-Gal IgE concentration
>0.54 kUA /L is the optimal cut-off point for assessing the diagnostic value of alpha-gal
syndrome in allergic patients. In turn, according to Mabelane et al. [21], the values best
qualifying allergy to «-Gal are an anti-«-Gal IgE level of 2.00 kU /L and a ratio of specific
IgE anti-x-Gal/total IgE of at least 0.75%. Platts-Mills et al. [5] report that if the level of
IgE antibodies specific to a-Gal is >2 IU/mL or more than 2% of total IgE, an allergic
reaction after eating red meat is very likely. Our patient met all these criteria. His serum
concentration anti-o-Gal IgE was very high (302 kUA /L) and his anti-«-Gal IgE/total IgE
ratio was 11.6%.

Mammalian meat is the most common trigger for allergic reactions in patients with
AGS [1,5]. In our patient’s serum, IgE antibodies specific for beef, pork, mutton and rabbit
meat were present. It was the presence of these antibodies in the absence of IgE antibodies
specific to poultry meat allergens and antibodies to serum albumin (Bos d 6 and Sus d 1)
that raised the suspicion of AGS in the described case. Beef and beef offal are mentioned
by some authors as the main meat sources causing symptoms of AGS [22-24]. Our results
seem to confirm these suggestions. In addition, in the ImmunoCAP inhibition test on
a-Gal-coated CAP, the percentage decrease in the concentration of antibodies specific for
beef was higher than for meat of other mammals. Additionally, beef significantly reduced
the concentration of anti-«-Gal IgE antibodies in the inhibition test on CAPs coated with
allergens of various mammalian meats. These observations seem to confirm the important
role of beef in causing AGS symptoms.

It is assumed that a-Gal IgE may also be a target for antibodies in gelatin allergy [5,25].
However, we did not find gelatin-specific IgE antibodies in our patient. It is also worth
noting that gelatin very weakly blocked anti-x-Gal IgE antibodies in the ImmunoCAP
inhibition test (c74-CAP). Perhaps the method of obtaining gelatin and its technological
processing are important for the exposure of x-Gal in gelatin products.

Diagnostics of AGS is a difficult and multi-stage process. It often requires combining
seemingly unrelated facts and laboratory results. The first signal that led to the suspicion
of alpha-gal syndrome in the described patient was the detection, using the ALEX2 test, of
the presence of IgE antibodies to mammalian meat allergens in the serum. The ALEX2 test
is a multiparameter screening test used in the diagnosis of allergies. The results of these
types of tests often need to be confirmed by reference methods according to the clinical
symptoms observed in the patient. Based on the patient’s clinical history, we confirmed the
ALEX2 results by measured the concentration of specific IgE antibodies to meat allergens
using a reference test (ImmunoCAP), and we determined the concentration of anti-x-Gal
IgE antibodies because we suspected that AGS was the cause of our patient’s recurrent
anaphylaxis. After detecting antibodies to «-Gal in the patient serum, we decided to
check whether the presence of antibodies to meat was caused only by cross-reactivity to
x-Gal expressed on meat allergens. Since there are no standard tests to study this type
of relationship, we performed an experimental inhibition test on factory-allergen-coated
CAPs, which is an element of the InmunoCAP system. We chose these substrates because
of their properties. They are usually used to determine the concentration of specific IgE
antibodies in the routine diagnosis of allergic diseases. The allergens that are used to coat
the ImmunoCAP CAPs are obtained by the manufacturer of the InmunoCAP reagents
under standardized conditions. The manufacturer guarantees the stability and purity of
these extracts; thus, the results are repeatable. We assumed that they would be a very
good source of well-characterized allergens. The experiments showed that x-Gal antigens
bind anti-x-Gal IgE antibodies and IgE antibodies specific for mammalian meat allergens,
reducing their serum concentration. Additionally, allergens of various mammalian meats
bind anti-x-Gal IgE antibodies, reducing their serum concentration. These results seem
to confirm that the cause of the symptoms observed in the described patient is not a
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primary allergy to meat, but a cross-allergy caused by sensitization to «-Gal that developed
following a tick bite.

Due to the variability of clinical manifestations, it seems that many difficult or unclear
cases of meat allergy remain undiagnosed or misdiagnosed. This may have a significant
impact on the therapeutic and dietary management, the quality of the patient’s life and
his safety [5]. The diagnosis of alpha-gal syndrome is relatively late. Flaherty et al. [6]
estimated that in the group of patients they studied, the average time from the onset
of AGS symptoms to diagnosis was over 7 years. It is worth noting that in our patient,
11 years had passed since the tick bite in July 2009 until the diagnosis of AGS in December
2020. Additionally, the first episode of anaphylaxis requiring intervention in the emergency
department occurred in January 2010, that is, 6 months after the tick bite and 10 years
before the diagnosis of AGS.

The presented clinical case study is an example of the clinical application of the
experimental ImmunoCAP inhibition test, the procedure for which was designed by us.
Inhibition tests are non-standard analytical methods used in scientific research to study
the cross-reactivity of allergens [26-31]. Allergies are often associated with cross-reactivity
of antibodies directed to epitopes of similar structure found in different allergen sources.
Unfortunately, there are still no standardized tools useful in the routine diagnosis of
allergies based on such a pathophysiological mechanism. Various models of inhibition
tests have already been successfully used in scientific research by both our team [26-28]
and other researchers [29-31]. We have previously successfully used inhibition tests in
the diagnosis of anaphylaxis sensitization to mango [26] and sunflower seed [27], which
resulted from a cross-reaction in mugwort-allergic patients. Both in our opinion and in the
opinion of other authors [30,31], all inhibition tests used to study the phenomenon of cross-
reactivity can be both a valuable tool for the study of cross-reactivity between allergens
and a useful tool in the diagnosis of allergies resulting from these reactions. Knowledge of
the amino acid sequence and antigen conformation is not always sufficient to predict the
true reactivity of allergens with specific antibodies under natural conditions.

5. Conclusions

The results of laboratory analyses, both standard and experimental tests, combined
with the patient’s clinical symptoms, allowed us to establish a logical sequence that ulti-
mately led to the development of AGS as a result of sensitization to tick saliva polysac-
charides in a primarily non-atopic adult male. It seems that the experimental inhibition
ImmunoCAP test used in this study may be a valuable diagnostic tool for testing cross-
reactivity of allergens in clinical practice.

We advised our patient to exclude mammal meat from his diet and replace it with
poultry meat, which is safe in the case of alpha-gal syndrome. Due to his history of
anaphylactic reactions, the patient was informed that he should always carry a syringe
pre-filled with adrenaline and was trained in its use. The patient is compliant with the
dietary recommendations and has had no further episodes of anaphylaxis.

6. Study Limitations and Future Perspectives

The main limitation of the presented study is that only the results obtained for one
patient were used to assess the clinical utility of the proposed ImmunoCAP inhibition test
(IT). It seems, however, that this test may be a valuable tool in the study of the clinical
significance of allergens cross-reactivity, especially if we take into account that we currently
do not have any other standardized diagnostic tools in this area. By presenting this
description, we want to encourage other researchers to undertake similar activities and
search for new, unconventional applications of commonly available laboratory tools.
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