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Abstract: The α-Gal syndrome (AGS) is a pathognomonic immunoglobulin E (IgE)-mediated delayed anaphylaxis in foods containing 
the oligosaccharide galactose-α-1,3-galactose (α-Gal) such as mammalian meat or dairy products. Clinical presentation of AGS can also 
comprise immediate hypersensitivity due to anticancer therapy, gelatin-containing vaccines or mammalian serum-based antivenom. The 
IgE initial sensitization is caused by hard-bodied tick bites and symptomatic individuals typically develop delayed pruritus, urticaria, 
angioedema, anaphylaxis, malaise or gut-related symptoms. Due to inapparent presentation, delayed reactions and a wide variety of 
patients´ clinical history, the AGS diagnosis and treatment remain challenging. This review covers not only current diagnostic methods 
used for AGS such as the skin prick test (SPT), the oral food challenge (OFC), anti-α-Gal IgE levels measurement and the basophil 
activation test (BAT), but also potentially relevant next-generation diagnostic tools like the mast cell activation test (MAT), the histamine- 
release (HR) assay, omics technologies and model-based reasoning (MBR). Moreover, it focuses on the therapeutical medical and non- 
medical methods available and current research methods that are being applied in order to elucidate the molecular, physiological and 
immune mechanisms underlying this allergic disorder. Lastly, future treatment and preventive tools are also discussed, being of utmost 
importance for the identification of tick salivary molecules, with or without α-Gal modifications, that trigger IgE sensitivity as they could 
be the key for further vaccine development. Bearing in mind climate change, the tick-host paradigm will shift towards an increasing 
number of AGS cases in new regions worldwide, which will pose new challenges for clinicians in the future. 
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Introduction
Galactose-α-1,3-galactose (α-Gal), an oligosaccharide that structurally resembles blood group B antigen, is present in both 
glycoproteins and glycolipids from non-catarrhine mammalian muscle cells and secretions.1,2 Old World monkeys, apes and 
humans evolved with the inability to synthesize α-Gal epitopes and, therefore, produce natural anti-α-Gal antibodies to control 
pathogen infection.3 This carbohydrate epitope is the causal agent of the α-Gal syndrome (AGS), a pathognomonic immunoglo-
bulin E (IgE)-mediated delayed anaphylaxis in mammalian meat (eg pork, beef or lamb) or dairy products 3 to 6 hours post- 
consumption.4–7 Recently, an allergic cross reaction to flounder roe in patients suffering from AGS has been reported.8 The other 
clinical presentations of AGS comprise immediate hypersensitivity to α-Gal-containing drugs, firstly discovered using the 
monoclonal antibody cetuximab in anticancer therapy.6,9 There is growing evidence of allergic reactions caused by the α-Gal 
present in mammalian substances such as gelatin, glycerin, lactic acid and magnesium stearate used in the preparation process of 
several medications,9,10 such as gelatin-containing products (vaccines and volume colloids), mammalian serum-based antivenom 
and even various analgesics and nonsteroidal anti-inflammatory drugs (NSAIDs).2,6,11,12 The IgE initial sensitization is caused by 
hard-bodied tick bites from different species according to geographic location and is attributed to α-Gal-containing tick salivary 
glycoproteins, but also other tick salivary biomolecules without α-Gal modifications such as prostaglandin E2 (PGE2).13–17 The 
mechanisms behind tick α-Gal induction of sensitization are still unknown, but besides the α-Gal moiety, tick sialome 
components may play an important role in the chained immune reaction activation (Figure 1).18,19 Tick species such as Ixodes 
ricinus in Europe, Amblyomma americanum in North America, Haemaphysalis longicornis in Asia and Ixodes holocyclus in 
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Australia are linked to AGS,20 currently considered an emergent life-threatening allergy in tick endemic areas worldwide.21–23 

However, not all individuals bitten by ticks or those that carry elevated specific IgE (sIgE) against α-Gal develop AGS, in fact, the 
majority only produce sIgE against it.19 Symptomatic individuals typically show delayed pruritus, urticaria (acute or recurrent), 
angioedema, anaphylaxis, malaise or gut-related symptoms such as abdominal pain, vomits and diarrhea.22,24,25 Anaphylaxis has 
been triggered in up to 60% of AGS cases and can be fatal if it is not treated promptly.26–28 Clinical features reported tend to be 
restricted to gastrointestinal complaints, hampering the suspicion of an allergic etiology.29 Nevertheless, clinical observations in 
AGS patients are widely variable, showing proof of individual sensitivity.5 Augmenting factors, also called cofactors, such as 
exercise and alcohol intake, have been reported to play an important role in modulation of this individual susceptibility between 
patients.30 The medical history is of importance in these cases and details like meat-associated delayed allergic reactions and tick 
bite-exposure represent crucial factors for uncovering AGS, which otherwise can be misdiagnosed as idiopathic anaphylaxis or 
chronic spontaneous angioedema.7,30,31 Risk factors for developing sIgE to α-Gal are related to the probability of individual tick 
bite-exposure in certain environmental conditions, including practice of outdoor activities (eg, hunting or hiking), living in rural 
areas, pet-ownership, and certain jobs such as forest service employees.32–35 The sIgE values tend to increase according to the 
number of tick bites per year and on how recent those bites are.34,36 Moreover, individuals that do not have type B or AB blood 
group may have a higher risk of developing AGS, as blood group B antigen, similar to α-Gal, creates tolerance to this epitope.37

On the other hand, immune response to α-Gal has been studied for the control and prevention of diseases, exhibiting 
a protective role in human evolution catastrophic selection. The incidence of several infectious diseases caused by α-Gal 
containing-pathogens such as malaria or tuberculosis might be positively correlated with the frequency of the specific 
blood type B, and then, with a reduced immune response to α-Gal. However, this fact has been associated with a lower 
prevalence of food allergies related to anti-α-Gal IgE antibodies.38 In addition, it has been recently reported a positive 
correlation between anti-α-Gal IgM antibodies and the incidence of Plasmodium falciparum infection, decreasing its 

Figure 1 Alpha-Gal syndrome (AGS). (A) Sensitization after several tick bites. Tick saliva contains glycoproteins, glycolipids with α-Gal epitopes and other unknown salivary 
biomolecules that could be involved in the pathology of AGS. The glycan α-Gal is presented to T helper 2 (Th2) cells through antigen-presenting cells (APCs) as dendritic 
cells, macrophages or even B cells. Once T cells are activated, B cells are leading to produce IgE against α-Gal (anti α-Gal-IgE) in an enriched interleukin environment and 
potentiate IgE production in plasma cells. Free IgE are now available to interact and bind to IgE receptors present in basophils and mast cells. (B) Allergic Reaction. When 
AGS patients ingest mammalian meat containing α-Gal bound to proteins or lipids, these molecules expressing the allergen epitope are absorbed and incorporated to lipid/ 
protein macromolecules during digestion (chylomicrons, lipoproteins), which will be processed and transport through protein or lipid metabolism to systemic circulation and 
peripheral tissues. About 3–6 hours post-consumption, IgE-mediated and coated effectors will recognize the allergen, leading to degranulation of basophils and mast cells and 
promoting a systemic delayed allergic reaction. AGS can also comprise an immediate anaphylactic reaction, triggered using α-Gal containing drugs, administered via 
parenteral due to therapeutic reasons.
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transmission.39 Despite the fact that uncontrolled levels of anti-α-Gal antibodies could compromise health in AGS 
patients, these findings suggest that anti-α-Gal antibodies (IgE or IgM) might protect against parasites containing α-Gal 
on their surface. Interestingly, anti-α-Gal antibodies have also been studied not only in vector-borne diseases but also in 
emerging virus infections. Recently, it has been reported that anti-α-Gal antibody levels negatively correlate not only 
with SARS-CoV-2 infection but also with COVID-19 symptomatology severity.40

Over 10 years have passed since the discovery of AGS,41 but many questions remain unclear that still need to be 
elucidated, especially those related to the diagnostic and therapeutical approaches used for this syndrome. The aim of the 
present review article is to outline current diagnostic methods used for AGS and potentially future diagnostic tools, 
combined with the most recent forms of treatment/management of this syndrome. Furthermore, innovative topics such as 
current research methods and future treatment and preventive strategies are also discussed.

Diagnostic Methods
The AGS is an allergic disorder that challenges clinical diagnosis due to inapparent presentation and delayed 
reactions.19,42 Like any other allergic disease, diagnosis relies on a well-detailed medical history in order to reach an 
accurate evaluation and prognostic of individual signs and symptoms.25 Diagnostic techniques for this syndrome are not 
specific and/or represent a risk for the patient’s health, whereas more precise methods still show limitations to its use.43 

As discussed here, it is important to address the diagnostic tests more commonly used and methods that could potentially 
be employed in the future (Figure 2) for the challenging and complex allergy that involves the pathology of AGS.

Current Conventional Diagnostic Techniques
Skin Prick Test (SPT)
SPTs remains a useful diagnostic tool for several food allergies.44 Conversely, conducting this test for AGS diagnosis 
using conventional and commercially available mammalian meat extracts (beef, pork or lamb) lacks sensitivity, yielding 
low-reactive results (2–4 mm wheals), which may lead to misdiagnosis and incorrect patient management.45 

Alternatively, cancer drug cetuximab can potentially be used as a sensitivity agent due to its high capacity to induce 

Figure 2 Conventional and next generation methods for the diagnosis of the alpha-Gal syndrome (AGS).
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a strong skin reactivity in AGS patients, mainly caused by the larger amount of α-Gal epitopes exposed to the 
surface.46,47 Robust reactions also occur when mammalian meat extract is used, although this is not a feasible option 
for daily practice.16 Meat-derived gelatin from porcine or bovine, sometimes forming colloids, has also been used in 
allergic reaction diagnostics. Furthermore, it is important to consider that, although rare, the use of high-sensitivity 
components in SPT could potentially trigger a fatal anaphylactic shock reaction.48,49 Less commonly, intradermal testing 
(IDT) can also be used as a standardized methodology to evaluate skin reactions. As described by the SPT method, 20 
minutes after allergen intradermal injection (around 0.1 mg/mL), swelling, redness and wheals are observed in the area of 
injection.50 Nevertheless, IDT is more likely to induce systemic anaphylactic reactions when compared to SPT.44 Overall, 
the clinical utility of SPT remains doubtful as no food allergen fits flawlessly in this diagnostic technique, conveying on 
several limitations and therefore making it not fit for a primary approach diagnostic tool.

Oral Food Challenge (OFC)
For the diagnosis of a food allergy (FA), OFC is the gold standard technique, offering further information regarding food 
tolerability and threshold of responsiveness.51 This method could be useful for discriminating AGS diagnosis from α-Gal 
sensitization if it did not convey to a risk of fatal or near-fatal delayed anaphylactic reactions.7,52 Therefore, this 
challenge can only be performed in specialized allergic centers, requiring long patient observation periods.7,53 Besides 
risk, OFC is not established as a standardized procedure for AGS and exposure reaction presents a high variability 
between patients. In fact, some patients may require the presence of cofactors in order to react, while others only respond 
to a particular type of red meat.54 Nevertheless, this method, tested also in combination with cofactors, is essential in 
patients in which drugs-containing α-Gal must be given for therapeutical reasons due to the clinically relevant informa-
tion that it provides.55 Cofactors, such as acetylsalicylic acid (ASA) or alcohol, are well-known amplifiers of α-Gal 
reactions.6 Due to the wide difference between symptomatology of AGS patients, sensitivity to α-Gal can be truly 
variable.30 However, it has been observed that pork kidney intake, and no other product like muscle meat, even in the 
coadministration of cofactors, is a key element to raise AGS symptoms. This difference might be explained due to the 
higher number of α-Gal epitopes present in pork or beef kidney in comparison to other meats/innards.56,57

Anti-α-Gal IgE Titers
Currently, serum anti-α-Gal IgE levels measured using an immune-enzymatic assay (bovine thyroglobulin-conjugated 
ImmunoCAP) is the confirmatory diagnostic method used for AGS diagnosis when medical history matches with this 
disease.58–60 Nonetheless, it remains unclear the clinical relevance of positive testing for anti-α-Gal IgE using a cut-off 
value of 0.35 kU/L (where 1 kU/L = 1 IU/mL = 2.4 ng/mL).33,42,46,52,61 While Mabelane et al54 state that 5.5 kU/L is the 
cut-off point for clinically significant AGS, other studies reveal that there are no strict criteria regarding anti-α-Gal IgE 
levels as an allergic symptomatology predictor.25,62 One thing is clear, though, is that levels of specific IgE are not 
a useful biomarker for predicting the severity of allergic reactions, as AGS patients experiencing anaphylactic reactions 
may maintain IgE levels overtime or even in rare occasions with anti-α-Gal IgE negative results.25,63 Another issue with 
the anti-α-Gal IgE diagnostic assay is that it can lead to false-positive results in those individuals where α-Gal IgE 
sensitization may also be related to bee and wasp stings, parasitism, atopy or cat ownership, creating cases where these 
antibodies do not match the clinically pathognomonic history of AGS.25,42,62,64,65 For example, in a clinical study carried 
out in southern Germany, among 300 hunters with a 19.3% of IgE-α-Gal prevalence (58 individuals positive for cut-off 
value of 0.35 IU/mL), only 1.67% (5 individuals of the initial cohort) had allergic reactions to mammalian meat.33 

Moreover, serum levels of IgE to α-Gal tend to drop when patients do not experience recurrent tick bites, but again, the 
rate of declination between individuals is widely variable, being therefore recommended to repeat testing every 8 to 12 
months.25,45 Nevertheless, due to AGS non-related therapeutical reasons, sometimes the measurement of anti-α-Gal IgE 
levels may be needed to detect α-Gal sensitization and therefore prevent drug-induced anaphylaxis.60 In summary, anti-α- 
Gal IgE levels may be useful for AGS diagnosis, but clinical symptomatology and disease severity cannot be evaluated 
exclusively through this parameter, requiring complementation with other diagnostic techniques.
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Basophil Activation Test (BAT)
Over the years, research studies allowed to recognize distinct improved biomarkers that provide a more accurate 
diagnosis of food allergies.66 This led the way to the use of the in vitro functional assay BAT, a flow-cytometry-based 
technique that quantifies the expression of activation membrane markers, namely, CD63 and CD203c, in order to analyze 
basophil degranulation when triggered by a specific allergen.66–68 In the research setting and specialized referral centers, 
BAT is being used as a diagnostic clarifier, allowing to distinguish between merely asymptomatic sensitized individuals 
and patients suffering from AGS.42,53,69 This newly emerging method offers good sensitivity and specificity, but presents 
several practical and logistical issues for implementation in clinical practice.43,70 First, blood must be processed within 
24 hours after being collected in order to guarantee that basophil viability and reactivity are preserved.6,71 Second, 
questions regarding reproducibility and cost must be addressed before BAT implementation in practicing allergists.72 

Unfortunately, methodology, concentration and markers are not standardized between laboratories in order to allow result 
comparison and test validation.73 Furthermore, standardization between systems and instruments required for accredita-
tion (eg, EuroFlow™ Standard Operating Procedures) is missing, reducing BAT availability.74,75 This technique also 
lacks an established proficiency testing by regulatory entities. The current European Directive 98/79/EC on in vitro 
diagnostic medical devices76 will be replaced in 2022 by the new Regulation (EU) 2017/746 and introduce major 
changes in the sector, aiming for a smooth functioning of the internal market.77 In sum, efforts should be made to convey 
on transforming BAT into an on-hand tool for clinicians, due to the benefits it presents on risk allergy stratification, 
precise decision-making for α-Gal sensitized patients who lack medical evidence and selection of the correct doses for 
OFC in AGS-suffering individuals.53,72

Potentially Relevant Next Generation Diagnostic Techniques
Mast Cell Activation Test (MAT)
Another in vitro assay executed by flow cytometry is the MAT, a technique that measures CD63, a membrane activation 
marker that increases when mast cells (MCs) degranulate. This phenomenon occurs when MCs are triggered by allergen- 
sIgE antibodies.66,78 MAT presents high sensitivity and leads to a dose-dependent response to allergens,79 making it 
a potential and attractive complementary candidate for AGS diagnosis. Furthermore, MAT seems to overcome BAT’s 
major limitations. First, the use of MCs rather than basophils appears to be more suitable for allergy diagnosis due to the 
well-recognized effector function of MCs in comparison to the mere regulatory activity of basophils.80 Secondly, serum 
samples can be frozen prior to their use, as MAT does not require fresh viable cells, facilitating logistics and sample 
shipment if required.81 The MCs line can be activated directly through mas-related G protein-coupled receptor X2 
(MGPRX2) with simultaneous analysis of positive and negative populations for this receptor. Herein, MC degranulation 
can be studied via upregulation of specific degranulation markers, such as CD63. Most common MRGPRX2-expressing 
cell lines used in combination with CD63 detection by flow cytometry are LAD-2 cells derived from human CD34+ 
cells.82,83 However, there is still a long way to go from standardization to validation to obtain a fully functional MAT 
assay, as currently this technique is particularly time-consuming and several key issues still persist regarding hetero-
geneity of MCs.70,84 Although MAT test is still under validation for clinical application, it represents a promising 
diagnostic approach, particularly as a confirmatory test when conventional methods generate ambiguous results.66,82

Histamine-Release (HR) Assay
Another emerging diagnostic test in the FA field is the HR assay, a standardized test based on fluorescence intensity that 
measures the amount of histamine released by activated basophils.85 Although even further studies are required to 
support standard results, this technique could potentially be used for AGS diagnosis since basophil reactivity was found 
to be higher in these patients when compared to α-Gal sensitized individuals.10 Indeed, this method displays similar high 
sensitivity and specificity values when compared to the BAT test,86 but further studies are required to support this result, 
especially involving AGS-suffering patients.
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Omics Technologies
Collective characterization and quantitation of biomolecules known as “omics” technologies such as metabolomics, metage-
nomics, proteomics and transcriptomics could advance knowledge of the immune response in AGS and its molecular drivers, 
enabling the identification of biotargets for molecular diagnosis of this global impact disease.10,87 Not only the identification of 
host biomarkers and host-derived immune response mechanisms but also tick-derived biomolecules are important for the 
development of new diagnostic tools.52 Proteins present in tick sialome, especially highly conserved across tick species, could 
potentially serve as diagnostic antigens.47 A recent study by Villar et al88 identified by proteomics analysis of tick sialome and 
alphagalactome the 14-3-3 family chaperone that could possibly constitute a future diagnostic disease biomarker. The study 
identified that 14-3-3 family chaperone and other proteins were recognized by IgE in sera from AGS patients.88 Therefore, 
they proposed that these proteins may potentially be involved in the AGS and other disorders with the possibility of mediating 
protective immune mechanisms against tick infestations and pathogen infection.88 Nevertheless, there are also tick salivary 
gland proteins with non-α-Gal modifications that could probably be used to develop ELISA tests for antibody quantification as 
a complementary diagnostic method for AGS.47,52,89

Model-Based Reasoning (MBR)
Artificial intelligence (AI) and machine learning are considered to be powerful diagnostic assistance tools, which in the 
future could revolutionize the healthcare system providing an accurate and custom-based diagnosis.90 MBR algorithms 
aim to create a clinical diagnosis or decision-making model that utilize hybrid reasoning and data-driven AI in order to 
obtain high diagnostic yields by combining the integrative medicine concept.91 For puzzling and complex diseases, such 
as AGS, in which diagnostic tools lacking standardization and cofactors are also involved, the use of this integrative 
diagnostic technique could represent the best fitting method. The use of this methodology has been proposed by de la 
Fuente et al52 for improving AGS diagnosis, considering together clinical symptoms, risk factors and anti-α-Gal sIgE 
levels. They also proposed that the machine learning algorithm could be transformed into a code for a software creation 
with further implementation in clinical practice via mobile applications.52

Treatment/Management Methods
Ticks are today the most accepted evidence for sensitization to α-Gal, but other risk factors or co-factors are likely 
relevant.92 Daily diet counseling, tick bite avoidance or environmental education should be firstly considered in 
customizing an accurate treatment for the AGS.42,61 Subsequently, an expertise behind medical interventions is required 
for an adequate management of the disease over time.43 Although most cases are not emergency cases, invasive 
techniques are required for in shock patients treatment.6 Furthermore, established protocols, symptomatology, or 
information about the AGS characteristics are not available due to the wide natural history and variety of subjects all 
over the world. Herein we present some of the most common strategies and routinary methodology in AGS treatment/ 
management when the disease is diagnosed.

Non-Medical Management
The pillar of the non-medical approach is based on avoidance. The prevention of tick bites is relevant because continuous 
exposure to tick bites may maintain or increase anti-α-Gal IgE titers and lead to allergic responses to previously tolerated 
foods.92 Despite limited evidence, patients who successfully avoid tick bites on a long term (1–2 years) have a higher chance 
of recovering tolerance to meat products, allowing the reintroduction of red meat into diet.10,42,93 The most common strategy 
for tick-bite prevention and management includes the use of lighter colored protective clothes treated with insect repellents or 
insecticides such as permethrin.21 Furthermore, prompt embedded tick removal using specialized fine-tipped forceps should 
be performed in order to reduce the amount of secreted salivary allergens.24,92

Secondly, avoidance of mammalian meat, by-products of meat (innards), fat (gelatin and lards) and other α-Gal-containing 
foods such as dairy products represent a crucial management strategy for AGS.10,92 To achieve this goal, dietary counseling is 
vital, and it can be combined with nutro clinical support to avoid nutritional deficiency, especially in highly sensitized 
individuals.6 Patients should receive a personalized dietary follow-up depending on which foods are allergy triggering and to 
routinely check for iron and vitamin B12 supplementation needs.21,61
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Another major foundation for AGS management is education. Vulnerable patients should be taught on nutrition facts 
label reading, awareness of hidden exposures and be provided with a written plan on how to promptly operate in case of 
an allergic reaction.6,42,61 Clinicians must also inform patients of the risk of onset anaphylaxis not only due to cetuximab 
but also because of heparin, gelatin-containing vaccines and mammalian heart valves.94 The fact that numerous 
pharmaceutical products contain animal-derived excipients makes it harder to avoid all potentially immunogenic 
antigens.95 For this reason, it is recommended for AGS-suffering patients to wear warning bracelets about their condition 
so that physicians are aware and can prevent future life-threatening situations in emergency cases.61 In fact, due to the 
worldwide increase in individuals with high anti-α-Gal IgE titers and possibly undiagnosed AGS-patients, an allergy 
prescreening before administration of α-Gal containing medication might be recommended.96

Medical Management
Due to the AGS delay and unexpected symptomatology, emergency treatment is of utmost importance to correctly 
manage allergic reactions and potentially life-threatening anaphylaxis.6 Furthermore, the high variability regarding 
severity and timing of the symptoms represents a challenge for the medical management of this disease.21 

Intramuscular epinephrine administration represents the initial recommendation. For patients in shock, intravenous 
epinephrine should be applied alongside with fluid resuscitation and occasional vasopressors. In case of airway 
obstruction, intubation may be necessary.97 Afterwards, in order to properly reduce the risk of a multisystem allergic 
reaction, it is imperative to always carry an epinephrine auto-injector.21 For tick-bite local reactions, symptomatic 
treatment with oral antihistamines, corticosteroids and cold compresses should be enough to reduce non-serious 
symptoms such as pruritus, urticaria and angioedema.98 As AGS symptomatology and severity are reported to have 
high individual variability and rely mostly on symptomatic treatment, information collected mostly from case reports is 
presented in Table 1, together with their clinical management apart from the anaphylaxis acute treatment-response 

Table 1 Drugs and Associated Pharmacological Class Used for α-Gal Syndrome Medical Treatment

Pharmacological 
Classification

Medicine 
Examples

Symptoms/Drug Function References

Antihistamine Hydroxyzine, 

cetirizine, 
desloratadine, 

bilastine and 

diphenhydramine

Used via oral for urticaria (recall, 

diffuse, etc), angioedema and 
relieving itching. Some may also 

help with vomiting and nausea.

Jackson et al101 

Kaplan and Carson102 

Khoury et al103 

Brzozowska et al104 

Anemüller et al105

Corticosteroid Prednisone and 

methylprednisolone

Used via oral or intravenous for 

more severe cases of allergic 
reaction (controls urticaria, 

angioedema and pruritis)

Ghahramani and 

Temprano106 

Wen et al107

Mast cell stabilizer Oral cromolyn 

solution

Reduces persistent gastrointestinal 

symptoms when avoidance diet is 

insufficient

Commins42

Antiemetic Domperidone and 

metoclopramide

Reduces vomiting and nausea Zhang et al108 

Saleem and Nilsson109

Antispasmodic Dicycloverine and 

hyoscine

Helps controlling abdominal pain Guillier et al110 

Brzozowska et al104 

Brenner and Lacy111

Antidiarrheal Loperamide Used to stop or slow diarrhea 
(anti-motility drug)

Kaplan and Carson102 

Bircher et al112

Laxative Sennosides and 
bisacodyl

Treat constipation by stimulating 
bowel movement

Emmanuel et al113 

Saleem and Nilsson109
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already discussed. A recent study described a clinical case with abnormal neuro-psychiatric behavior (abulia, aphasia, 
abnormal gait, and reduction of limb movement) related to AGS and a possible α-Gal driven immune-related hypotha-
lamic dysfunction that needs further investigation.99 Other symptomatology such as palpitations and tachycardia are self- 
limiting and therefore resolve spontaneously.100

Current Research Methods
As described above, humans evolved as non-capable organisms to produce the glycan α-Gal.114 Together with the fact 
that a wide variability exists between individuals suffering from this disease,5 AGS comprehension becomes a complex 
goal in which molecular and physiological mechanisms need to be elucidated. Several experimental model hosts are 
currently available for the study of AGS and the immune response to α-Gal. Zebrafish (Danio rerio) model has been 
established and validated under laboratory conditions. This animal model was developed by Contreras et al,115 in which 
allergic hemorrhagic anaphylactic-type reactions together with behavior changes and mortality were observed in response 
to tick salivary compounds and mammalian meat consumption. The reactions were associated with tissue-specific toll- 
like-receptor-mediated responses in Th1 and Th2 helper cells. These data support the use of zebrafish as an animal model 
for the study of the AGS and bring a new perspective for future strategies in the control of infectious diseases as reported 
for tuberculosis using vaccination with α-Gal.116

Murine models have been used for decades as validated experimental in vivo methodology for investigating both 
human and animal diseases due to the advantages that these models offer in terms of time, reproducibility and genetic 
characteristics.117,118 However, wild-type mice produce biologically active α1,3-galactosyltransferase (α1,3GT) for the 
synthesis of α-Gal and thus lack anti-Gal antibodies.119 Knocking out the α1,3GT gene results in the absence of α-Gal 
epitopes, not only in murine models but also in pigs,120,121 thus becoming “humanized” experimental animal models.

The mice C57BL/6 line is one of the most common strains used in research.122 The humanized murine model of this strain for 
studying AGS (GTKO, AGKO or α1,3-GalT-KO), has been used for the study of tick-induced IgE response-model for α-Gal 
reactions,123,124 but also for testing other immunological approaches as tick-borne allergies and Chagas disease 
investigation.125,126

Using these animal models, further research is needed to investigate AGS risk factors and epidemiology in order to 
propose an accurate treatment strategy for each patient.

Future Treatment Strategies
Mammalian meat desensitization by oral immunotherapy (OIT) has been proposed as a promising treatment for AGS as it 
would improve patient’s welfare and safer management.127 It consists of daily intake of small and generally increasing 
amounts of allergen, in order to reduce the immune response and consequently produce own allergen desensitization.128 To 
date, there are only three successful case reports (two adults and one pediatric case) of AGS with oral desensitization to beef 
meat.127,129 Although this type of treatment leads to a sustained unresponsiveness,93 it requires an individual effort from the 
patient to consume daily 120 grams of cooked mammalian meat in order to maintain desensitization,129 which also becomes 
an obligation and can have an impact on the patient’s routine, commodity and mental wellbeing. Indeed, daily mammalian 
meat intake could compromise the patients to develop other metabolic and cardiometabolic diseases such as hypertension, 
diabetes and obesity.130,131 Additionally, allergen-specific immunotherapy (AIT) using natural and recombinant α-Gal 
containing proteins from tick sialome is also being considered for AGS treatment.17 Nonetheless, this type of therapies 
comes with a risk of life-threatening anaphylactic adverse reactions and demand a thoughtful and balanced management of 
accurate dose efficacy versus side effect appearance.66,132

Given the potential risks associated with immunotherapy, the use of allergen non-specific treatments, such as anti- 
IgE therapeutic monoclonal antibodies (mAbs), has found application in the treatment of food allergy.133,134 In anti-IgE 
therapy, mAbs bind to free serum IgE and IgE-coated B cells, acting as a competitive substrate and reducing the 
availability and binding between these antibodies (natural IgE) and allergy mediators such as basophils and mast cells, 
which increases reaction threshold and consequently reduces the risk of mild and severe anaphylactic reactions 
(Figure 3).43,134 Combining anti-IgE therapy as a pre-treatment with immunotherapy techniques leads to a safer 
administration of OIT and allows to reach the maintenance dose more rapidly.128,133,135 The anti-IgE agent omalizumab 
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has been sporadically used in specialized centers as monotherapy in AGS patients for successfully controlling 
continued reactivity, allowing the introduction of a small amount of mammalian meat in their diet.42 With such 
a positive preliminary outcome in these patients and promising data results in other FAs (peanut and cow milk), new 
clinical trials using biological therapies for AGS are needed, potentially representing a future effective 
treatment.42,43,133

Management of FAs is becoming less generic and more target oriented.66 Consequently, there is still a need to 
improve our understanding of the immunological mechanisms behind tick bite sensitization and therefore identify new 
and more specific targets for the development of new treatment interventions for AGS.136

Future Preventive Tools
Prevention from developing AGS stands on avoiding the initial α-Gal sensitization caused by tick bites, being 
particularly beneficial for at-risk population.21,35,36 Apart from the common strategies for tick-bite prevention mentioned 
above, the development of tick-antigen-based vaccines could not only protect against AGS but also against other tick- 
borne diseases.14

Therefore, to follow the vaccinomics approach, it is essential to identify tick bioactive molecules and consequent 
signaling pathways that mediate tick-host-pathogen interactions.137,138 For example, in a study by Mateos-Hernández 
et al,47 tick sialome proteins, with or without α-Gal modifications, that led to a protective immune response and were 
recognized by AGS patients but not control individuals could serve as potential target antigen candidates for vaccine 
development. The identification of the poorly understood molecular mechanisms behind the development of spontaneous 
acquired tick resistance (ATR) is also of key importance as it could help in the search for new vaccine formulations.139 

Discovering which tick salivary antigens are natural targets of ATR will help to aim towards the inhibition of tick 
feeding, reproduction and further pathogen transmission.140

Figure 3 Anti-IgE therapy. IgE-mediated reaction with release of histamine and other co-factors occurs due to interaction of allergen-specific IgE available with IgE receptor 
in mediator cells (basophils, eosinophils or mast cells), which are degranulated and increase the risk of life-threatening anaphylactic adverse reactions. The pharmacological 
and clinical aims of the use of anti-IgEs monoclonal antibodies (mAbs) as drugs is to downregulate and/or decrease IgE production by B cells. Anti-IgE antibodies bind to both 
IgE-expressing B cells and free serum IgE, markedly decreasing IgE levels available for binding to IgE receptor in allergic reaction-mediator cells and, consequently, gradually 
compromising mast cells and basophils sensitivity to allergens.
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Conclusions
AGS is an atypical, underdiagnosed vector-borne allergy that presents clinical implications beyond expected due to the 
presence of α-Gal in various animal-derived medical products, hindering the treatment of several other pathologies.141 

Since the discovery of AGS, many advancements have been made in order to obtain a better knowledge in terms of 
disease epidemiology, medical approach and molecular mechanisms. Nevertheless, current diagnostic methods lack 
specificity or are too risky for routinary appliance, creating the need to overcome these limitations with more precise 
methods. Also, a uniformization-based approach of diagnostic guidelines could be beneficial, creating comparable data 
and offering an opportunity to improve clinical decision-making accuracy. Further diagnostic, treatment and preventive 
advances will only be possible if the molecular and immune mechanisms behind AGS are uncovered. Furthermore, it is 
of utmost importance to identify tick salivary molecules, with or without α-Gal modifications, that trigger IgE sensitivity 
as they could be the key for further vaccine development. With climate change, the tick-host paradigm will shift towards 
an increasing number of AGS cases in new regions worldwide,22 which will pose new challenges for clinicians in the 
future.
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