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Alpha-gal in Red Meat
Recent studies have indicated that patients who exhibit immediate 

hypersensitivity to red meat also demonstrate IgE-mediated 
immunoreactivity to oligosaccharide galactose-alpha-1,3-galactose 
(alpha-gal) [1]. Why and how this happens is unclear, though several 
groups seem interested in this phenomenon. It is possible that an 
evolutionary or developmental basis exists for this observation. 

The alpha-gal epitope is distinctive in its dispersal in mammals; 
it is generously expressed in non-primate mammalian, New World 
monkeys, and prosimians, where by contrast an IgG antibody binding to 
this epitope is produced naturally in humans, Old World monkeys, and 
apes [2]. Non-primate mammals, such as bovine and porcine species, 
contain a larger proportion of red meat (slow and intermediate fibers) 
than ground-based birds.  Ground-based birds, chickens and turkeys, 
in contrast, contain a significant amount of white meat, especially in 
their chest muscles (fast fibers). Slow and intermediate muscle fibers 
exhibit a higher resistance to fatigue, require more oxygen supply, and 
therefore contain a more extensive vascular supply. Due to increased 
amounts of blood capillaries surrounding slow and intermediate muscle 
fibers, there is an increase of basement membrane (BM). Laminin, a 
glycoprotein present abundantly in the basal lamina layer of BM, has 
been shown to contain N-linked oligosaccharides in large amounts 
exhibiting the alpha-gal structure [3]. It is thereby assumed that red 
meat, primarily in non-primate mammals, will demonstrate a higher 
quantity of alpha-gal.

The antibody against alpha-gal that is found naturally in non-
immunocompromised humans, Old World monkeys, and apes is in the 
form of IgG and represents 1% of the immunoglobulins dispersed in 
these subjects [4]. IgG is the most abundant class of immunoglobulins 
found in the plasma and primarily functions to inhibit the infectivity and 
toxicity of viruses and toxins, respectively. IgG also works by activating 
complement and thereby facilitating the removal of pathogens by 
phagocytic ingestion.  However, as discussed below, allergic and serious 
anaphylactic reactions often involve immunoglobulin E (IgE).

IgE-mediated Hypersensitivity Reaction
Case studies executed by Commins et al. [5], have identified 

patients with IgE antibodies to alpha-gal.  These patients had previously 
experienced symptoms of anaphylaxis and associated allergic reactions 
following the consumption of red meat [5]. Immunoglobulins 
characterized by ε heavy chains (IgE) function in sensitizing mast cells 
which can lead to an allergic response. It is believed that the immune 
response responsible for the switch of immunoglobulin class from IgG 
to IgE is mediated by two categories of signals.  These signals favor 
differentiation of naïve T cells to a TH2 phenotype and activation of 
IgE production by B cells. In individuals that are predisposed, possibly 
due to environmental or dietary factors, mast cells and basophils 
systematically release histamine and other mediators, leading to signs 
and symptoms of anaphylaxis [6].

Unusual Characteristics of Allergic Reactions to Red Meat
Conventional teachings of related food allergies conclude that the 

IgE-mediated responses are due to a protein-based allergen present 
in the food.  Allergic reactions are typically manifested within 5-30 
minutes following allergen ingestion. Red meat allergy, however, is 
characterized by an IgE-mediated response to what is presumed to 
be a carbohydrate epitope (alpha-gal) with hypersensitivity occurring 
up to 5 hours after a meal containing the presumed allergen [5]. Due 
to the unique characteristics of red meat allergy, initial diagnosis is 
difficult and depends on a detailed patient history [7]. Other variables 
that could have an effect on the amount of alpha-gal epitope being 
presented to a patient are portion size and preparation of the meat. The 
different methods for cooking (grilled, baked, fried) as well as duration 
of cooking (rare to well-done) may alter the amount of alpha-gal. While 
clinical symptoms are more likely to manifest from elevated levels of 
specific IgE, an increased level of IgE to alpha-gal in circulation serves 
to predict neither the severity nor occurrence of an allergic reaction [7]. 

Arthropods and Alpha-gal
Development of allergy to red meat has the potential of being 

caused by many genetic factors that could predispose an individual [1]. 
However, there is evidence that tick bites may contribute a major role in 
the development [8]. The presumed role of tick bites, specifically from 
Amblyomma americanum, is supported by epidemiological evidence 
showing IgE antibodies to alpha-gal to be specific to regions where 
tick bites are more common. There is also a correlation between the 
presence of IgE antibodies specific for tick proteins and IgE antibodies 
specific for alpha-gal [8]. Studies have also shown that patients who 
suffer from Chagas’ disease and Leishmania infection have a significant 
increase in serum titer of antibody to alpha-gal [9]. Both pathologies 
result from parasites that are introduced to individuals after suffering 
from a bite from the associated vector. Triatomine bugs are the vectors 
responsible for the transmission of Trypanosoma cruzi causing Chagas’ 
disease, and sandflies are responsible for the transmission of Leishmania 
spp. causing Leishmaniasis. The sum of this data supports arthropods 
being a cause of the alpha-gal IgE formation in humans, which may be 
associated with red meat allergy. 
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Future Directions
While not confirmed, accumulating evidence supports the notion 

that red meat allergy is caused by an IgE-mediated response to alpha-
gal. Clinical studies and epidemiological data have found a possible 
correlation between increased levels of IgE specific to alpha-gal and a 
history of direct interaction with certain species of arthropods. While 
this correlation is valuable and informative, the studies and results are 
not conclusive. Further studies on the mechanism of severe allergy to 
red meat are warranted.  
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