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Abstract
Food allergies are relatively prevalent, but mammalian meat allergy remains uncommon and represents an important, poten-
tially acute healthcare risk. This risk is partly because both clinicians and the public lack awareness of this serious allergy, 
which is unique in three important ways: it incurs a delayed reaction, it is induced by a carbohydrate rather than a protein, 
and it is linked to tick bites. Although various symptoms are possible, its unique presentation means that mammalian meat 
allergy is often presented to the dermatologist. We review this challenging subject, which is particularly salient considering 
the unique connection between ticks and mammalian meat allergy, the expanding tick territory, and the dependency by so 
many on meat products, not only in the diet but also in medications and medical devices.

Key Points 

Mammalian meat allergy challenges conventional 
thoughts about food allergy with its delayed symptom 
onset driven by immunoglobulin E antibodies to a car-
bohydrate rather than a protein and its unique connection 
with ticks.

The cutaneous presentations of mammalian meat allergy 
mean the dermatologist may play an integral part in 
identifying this allergy and in advocating for better 
history taking and vigilance in choosing medical treat-
ments.

The severe symptoms, perioperative contraindica-
tions, and expanding research on this allergic condi-
tion requires a multidisciplinary effort, especially since 
the prevalence of alpha-gal syndrome is projected to 
increase with the rise in tick bites and the migratory pat-
terns of ticks.

1  Introduction

Mammalian meat allergy, like most food allergies, may 
lead to anaphylaxis. Although meat allergy is uncommon, 
reported cases continue to rise, affecting children and adults 
worldwide (Fig. 1). It develops in those previously tolerant 
of mammalian meat [1]. In the USA alone, the number of 
confirmed cases of mammalian meat allergy has risen from 
only 12 in 2009 to 34,000 in 2019. Until recently, mam-
malian meat allergy was considered rare and was described 
primarily in young atopic children without an established 
pathologic mechanism [2]. The galactose-alpha-1,3-galac-
tose (alpha-gal) is one of very few carbohydrate allergens 
known to induce anaphylaxis and, rarely, death [3]. Perhaps 
most interesting is the unique role that tick bites have in 
sensitization to mammalian meat, manifesting as “alpha-
gal syndrome” [1]. A history of tick bites may predispose 
a patient to meat allergy and subsequent life-threatening 
symptoms that can resolve within a year but may also per-
sist for many years. Usually, the patient may resume eating 
mammalian meat within 3–4 years provided there are no fur-
ther tick bites, as alpha-gal immunoglobulin E (IgE) reduces 
significantly within 18–24 months [2].

2 � History

Multiple discoveries were integral in elucidating the 
unusual connection between tick bites and meat allergy. 
Between 2003 and 2007, 25 patients in Sydney, Australia, 
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presented with a history of allergic reactions to red meat 
notable for urticaria, angioedema, respiratory distress, 
and syncope. All patients lived in areas infested with sev-
eral endemic tick species, and all patients gave a history 
of large local reactions to tick bites. These findings sug-
gested a novel association between tick bite reactions and 
mammalian meat allergy [4, 5]. In a 2008 clinical trial of 
the monoclonal antibody cetuximab, patients with cancer 
developed severe delayed-type allergy due to the presence 
of IgE antibodies to alpha-gal before their first exposure to 
the treatment. In the same year, an increasing number of 
patients with delayed-type mammalian meat allergy was 
reported across the USA, especially in the southeast. This 
association between tick and alpha-gal hypersensitivity 
became more evident when IgE prevalence overlapped 
the geographical distribution of Amblyomma americanum. 
When patients without previous exposure to cetuximab 
experienced severe anaphylaxis on initial exposure, alpha-
gal syndrome was coined to describe a delayed allergic 
reaction to alpha-gal following consumption of mamma-
lian meat [6].

3 � Epidemiology

Ticks (Ixodidae) are bloodsucking parasites and have long 
been recognized as a source of infection because they 
spread many viral, bacterial, and rickettsial diseases. Tick 
saliva contains a spectrum of proteins responsible for anti-
hemostatic and immunomodulatory functions that aid the 
tick in successfully attaching to and feeding from the host. 
The host organism generates an immune response to tick 
saliva to mitigate future tick attachment [7].

Tick-borne illness is no oddity. Lyme disease is a com-
monly recognized multisystem zoonosis with worldwide 
prevalence, specifically in tick-endemic regions, includ-
ing North America, Europe, and parts of Asia. Ixodes 
ticks carrying pathogenic strains of Borrelia burgdor-
feri transmit infection while feeding on vertebrate hosts. 
Anti-inflammatory proteins produced by both Borrelia 
and its tick vector provide resistance against the initial 
host defense. The classical skin finding in Lyme disease is 
erythema migrans, which stems from skin infection to Bor-
relia rather than an allergic reaction [8]. Patients infected 
with ticks carrying Lyme disease develop specific IgM 
and IgG antibodies critical for serological testing. On the 
other hand, ticks such as A. americanum and Ixodes rici-
nus, which contain alpha-gal in their saliva, induce alpha-
gal-specific IgE antibodies that render the host potentially 
sensitized to mammalian meat [9].

Although there is no current estimate of the global preva-
lence of alpha-gal syndrome, self-reported and physician-
diagnosed cases have been described in most regions of 
the world, with the highest volumes in Australia, the USA, 
Germany, Sweden, Canada, and South Africa [9]. Of these, 
Australia has the highest prevalence, with 113 cases/100,000 
people, followed by Virginia, USA, with 13 cases/100,000, 
and Baden-Württemberg, Germany, with four cases/100,000 
[10]. Mammalian meat allergy is common in a large por-
tion of the USA and is most prevalent in the southeast, deep 
south, and midwest and along the Atlantic coast [6]. Epide-
miologic studies of case numbers provided by physicians, 
along with serological studies in regions known to have 
a high occurrence of mammalian meat allergy (including 
areas of Alabama, Arkansas, Kentucky, Missouri, North 
Carolina, Oklahoma, and Virginia), found that regions in 
which the lone star tick, or A. americanum, was endemic had 
the highest prevalence of alpha-gal syndrome. The preva-
lence of alpha-gal syndrome cases conformed well to the 
geographical distribution of A. americanum. In the northeast 
USA, other tick species may be responsible for promoting 
allergy, including the endemic Dermacentor variabilis and 
Ixodes scapularis. Both have been shown to cause alpha-gal 
sensitization in regions outside of the USA, including Japan, 
Europe, and Australia [11].

Fig. 1   Announcement posted at the Intercontinental Hotel, Kunming, 
China, advising the public that meat allergy may be less common 
than other food allergies but is still important
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Curiously, not all regions in which the lone star tick was 
endemic had a high prevalence of mammalian meat allergy. 
The fire ant (Solenopsis spp.) is an ecologic competitor to 
the tick and is endemic in certain states, including Texas. 
An epidemiologic study by Wilson et al. [11] indicated a 
negative correlation between alpha-gal cases and established 
fire ant colonies. This suggests that expansion of the fire 
ant into parts of the American southeast and midwest may 
control the population of lone star ticks and thereby decrease 
cases of tick-related meat allergy [11]. This may have impor-
tant implications as the lone star tick population gradually 
migrates into northern regions of the USA. It also warrants 
improved understanding of tick-induced meat allergy among 
all physicians, regardless of geographical location.

Alpha-gal syndrome is a global entity, but certain regions 
have notably higher rates of mammalian meat allergy. Nat-
urally, these are also areas in which various tick species 
are endemic. In Japan, the Haemaphysalis longicornis, a 
vector for Japanese spotted fever, was a primary vector for 
alpha-gal sensitization in the Shimane prefecture, a Japanese 
region notable for high cases of mammalian meat allergy. 
A study from this region of 30 patients with mammalian 
meat allergy found that 24 patients had serum IgE reacting 
with water-soluble salivary gland protein of H. longicornis, 
a reaction mediated by alpha-gal binding [12]. The tick, spe-
cifically I. Ricinus, is also endemic to Sweden. In the past 6 
years, more than 200 cases of mammalian meat allergy have 
been diagnosed. In a Swedish report of 39 adult patients with 
the allergy, all had IgE antibodies to alpha-gal and displayed 
urticaria hours after consuming red meat [13]. Exposure to 
I. ricinus has increased over the last decade in Sweden, and 
ticks are extending north and westward from the country, 
suggesting the possibility of future increases in meat allergy 
in other European nations [14].

Ixodes holocyclus is responsible for nearly 95% of tick 
bites in Eastern Australia and for an increased incidence of 
mammalian meat allergy in Australia (Table 1). A nation-
wide study of adult-onset mammalian meat allergy and 
reactivity to gelatin was consistent with similar studies that 
found historical associations with tick bite. Beef was the 
mammalian meat most commonly known to cause symp-
toms, mainly because of its increased consumption in the 
region [15].

4 � Clinical Findings, Symptoms, 
and Recognition

Mammalian meat allergy deviates from the current under-
standing of food allergy because exposure to an ectopara-
site is critical for IgE antibody-mediated pathophysiology 
and clinical symptoms are delayed rather than immediate. 
Clinical findings associated with alpha-gal syndrome vary 
from urticaria to anaphylactic shock. Although mamma-
lian meat allergy is mostly described in adult patients, the 
condition has also been reported in children. Both popula-
tions present similarly with delayed urticaria, angioedema, 
generalized pruritus, anaphylaxis, and gastrointestinal 
symptoms [16]. The severity of mammalian meat allergy 
is represented by its tendency to induce anaphylaxis in up 
to 60% of patients [1]. The most common allergic mani-
festations include urticaria and angioedema, seen in up to 
99% of patients [9, 17]. Some variation does exist in the 
adult population according to whether the cutaneous or 
gastrointestinal manifestations are most severe. Exfolia-
tive erythroderma has also been described in patients with 
mammalian meat allergy, and one case involved > 90% of 
the body surface area [15]. Since cutaneous findings are 
the primary symptoms of mammalian meat allergy, the 
expertise in physical diagnosis offered by dermatologists 
and their awareness of skin findings common in allergic 
reactions will be helpful in addressing this allergy.

The IgE-mediated pathophysiology of food allergies 
means they have an immediate-onset reaction, often within 
seconds to minutes. An unusual feature of alpha-gal syn-
drome is that oral ingestion of red meat does not result in 
immediate symptoms. Rather, typical symptom onset is 
between 2 and 6 h after ingestion [1]. In a case series of 12 
patients with reactions to red meat and positive alpha-gal 
IgE titers, the earliest symptom onset was 150 min [18]. A 
separate study conducted in alpha-gal-sensitized subjects 
who consumed pork kidney demonstrated symptom onset 
between 120 and 750 min following ingestion [19]. Fur-
thermore, repeated ingestion of the offending agent has not 
been shown to expedite symptom onset [9, 20].

The delay in symptom presentation in mammalian meat 
allergy may suggest the involvement of variables other 

Table 1   Common ticks implicated in mammalian meat allergy and their geographical distribution

Tick Endemic region Migratory location

Amblyomma americanum Southeast, midwest, and mid-Atlantic USA Northern/northeast USA
Ixodes ricinus Eastern Europe, Scandinavia, North Africa, and Middle 

East
Northern and Western Europe

Ixodes holocyclus Eastern Australia New Zealand
Haemaphysalis longicornis Shimane prefecture in Japan New Zealand, Korea, China, and Fiji
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than an IgE-mediated reaction in the pathophysiology of 
alpha-gal syndrome [15]. Unlike most food allergies, mam-
malian meat allergy develops IgE antibodies to a glycan 
rather than a protein, likely causing abnormal digestion, 
absorption, and transit of the relevant glycoproteins. This 
abnormal release and absorption of the alpha-gal moiety is 
likely the reason for the delayed reaction [15, 21].

Although the mechanism of alpha-gal syndrome remains 
unclear, an understanding of the variable clinical findings 
can provide further insight into the unique allergic response. 
This variability has been shown to depend on environmental 
factors, including exercise and alcohol intake, which alter 
the severity and speed of symptom onset in both conven-
tional allergic response and alpha-gal syndrome [22]. The 
amount of alpha-gal consumed from mammalian meat also 
influences the severity and speed of the allergic response. 
Individuals who consume organ meats with higher amounts 
of alpha-gal may present with higher concentrations of the 
glycan, higher concentrations of IgE antibodies, and faster 
onset of symptoms [23]. Conversely, consumption of mam-
malian meats high in fats, such as steak, may delay symptom 
onset [22]. However, since motilin release is stimulated by 
fats, such fatty meats may move more quickly through the 
small intestine, contributing to a reduced opportunity to gen-
erate an allergic reaction. Other plausible factors mediating 
mammalian meat allergy include the number of tick bites the 
patient has experienced, the timing of these tick bites, and 
whether a local reaction to the tick bite occurred. A doubling 
of alpha-gal IgE levels was noted in subsequent bites from 
the Australian tick, Ixodes australiensis [24].

5 � Implications

Treatment of meat allergy, like that of other food allergens, 
involves avoiding the offending agent. For most in the USA, 
this means avoiding beef, pork, and lamb. Internal organs 
such as the kidneys, liver, heart, and intestines should also 
be avoided as they can induce reactions. Mammalian animals 

that are commonly consumed in the USA and other coun-
tries and should be avoided include rabbit, horse, goat, deer, 
kangaroo, and bear (Table 2). It is important for the patient 
to understand that an allergic reaction to one of these meats 
is an indicator that all mammalian meats should be avoided 
[25]. Patients must be aware of hidden sources of alpha-gal, 
including beef broth, animal fat, and dairy products [25]. 
This usually requires substantial alterations to the diets of 
many who rely on mammalian meat as a significant pro-
tein source, and a nutritionist’s expertise and help may be 
required to develop a new diet [9].

Aside from avoiding the traditional sources of mamma-
lian meat, the patient with alpha-gal syndrome must consider 
other factors that can exacerbate symptoms. Intravenous 
medications with high alpha-gal content, including cetuxi-
mab and gelatin-based colloid agents, may also need to be 
avoided after weighing the risks and benefits. For patients 
with a high risk of mammalian meat consumption following 
alpha-gal syndrome diagnosis, an intramuscular epinephrine 
injection may be required to arrest future reactions and pre-
vent the possibility of an anaphylactic reaction [26]. Cor-
ticosteroids and antihistamines may also be required if the 
reaction is more severe [9]. The requirement for epineph-
rine auto-injectors can have profound medical, social, and 
financial implications for patients with a tendency to develop 
anaphylaxis following mammalian meat ingestion [27]. For 
instance, individuals who may not otherwise carry a back-
pack or purse may need to do so to ensure an epinephrine 
auto-injection is available at all times.

The connection between ticks and mammalian meat 
allergy warrants an emphasis on secondary prevention by 
avoiding ticks and practicing adequate tick-removal tech-
niques, especially in endemic areas [28]. This is becom-
ing more difficult as ticks are spreading to and becoming 
endemic in more regions [11]. Upon tick bite exposure, a 
careful assessment of the risk of anaphylaxis, including sero-
logical analysis for alpha-gal IgE, should be conducted [29]. 
The patient should refrain from consuming mammalian meat 

Table 2   Lifestyle changes required to avoid alpha-gal allergic reactions following meat sensitization and implications of these changes

Lifestyle changes Implications

Avoidance of beef, pork, lamb, rabbit, horse, goat, deer, kangaroo, and 
bear meat

Caution for beef broth, animal fat, and dairy products

Requires novel sources of protein in diet. Emphasis of nonmammalian 
meat in diet (i.e., chicken, seafood)

Avoidance of ticks; adequate tick-removal techniques Avoidance of tick-endemic regions. Education on proper tick-removal 
techniques

Physician and patient efforts to avoid medications known to contain 
alpha-gal and induce allergic reactions

Physicians confined to the use of certain medications. Common 
conditions such as hypothyroidism and hypertension may require 
other therapeutic agents. Patients should check all medications for 
alpha-gal

Possible use of intramuscular epinephrine injections Social and financial adjustments for the patient
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to decrease chances of an adverse reaction until they receive 
the serologic results [25].

Given the unique symptom-onset profile of mammalian 
meat allergy, special considerations must be noted by the 
patient and provider. For instance, mammalian meat is fre-
quently consumed during dinner. The onset of symptoms 
usually starts 2–3 h and sometimes even 4–6 h after meat 
ingestion [30]. As a result, patients are likely to present to 
the emergency department with reactions that occur late at 
night, often awakening them from sleep [30]. Therefore, 
emergency medicine providers are another vital part of the 
care team that should be aware of this allergy in order to 
adequately identify and treat alpha-gal syndrome.

It has long been suspected that allergens can alter immu-
nological responses associated with plaque buildup. Multiple 
studies have suggested a connection between alpha-gal sensi-
tization and coronary artery disease. A study in 118 patients, 
of which 26% had alpha-gal antibodies, found that—after 
adjusting for confounders such as diabetes, hypertension, 
and medications—those with alpha-gal antibodies also had 
30% more plaque buildup in coronary arteries than those 
not sensitized to the allergen [31, 32]. This association was 
stronger in those aged < 65 years. A separate study in 1056 
patients with suspected coronary artery disease concluded 
that alpha-gal sensitization was independently associated 
with noncalcified plaque buildup and occurred at a greater 
frequency in patients with ST-segment elevated myocar-
dial infarction than in those with no coronary artery dis-
ease. Although the exact mechanism remains unclear, one 
possibility is that an interaction between alpha-gal and IgE 
activates mast cells and other inflammatory mediators to the 
coronary artery vessel walls. As confirmed by Vernon et al. 
[33], it may be beneficial for providers to advise against 
consumption of mammalian meat if the patient is alpha-gal 
positive and has established cardiovascular risk factors.

Reports of allergic reactions to drugs and medical devices 
containing the alpha-gal epitope are also increasing. Many 
of these reactions stem from inactive substances, such as 
gelatin or stearic acid, which are often part of the manu-
facturing process for certain drugs [34]. This is particularly 
troublesome for clinicians, who will need to be more vigi-
lant in prescribing medications to patients with sensitized 
alpha-gal antibodies or who have had previous reactions to 
alpha-gal. Magnesium stearate, derived from bovine sources, 
contains the alpha-gal epitope and is implicated in numerous 
drugs, including but not limited to acetaminophen, lisinopril, 
naproxen, ibuprofen, hydrocodone, haloperidol, pregabalin, 
hydromorphone, and clonidine (Table 3) [30].

Alpha-gal allergy is also known to complicate treat-
ment options for postprocedural hypothyroidism. Thyroid 
hormone formulations that involve magnesium stearate 
include synthetic thyroxine, levothyroxine, synthetic trii-
odothyronine, and liothyronine [35]. This allergy can also 

compromise proper ophthalmic care. Hyaluronidase, an 
additive to local ocular anesthetic blocks to accelerate anes-
thesia onset and reduce ocular movements during surgery, 
contains alpha-gal. Finally, suture materials such as catgut 
sutures manufactured from the small intestines of alpha-gal-
containing mammals have been reported to induce allergic 
reactions [36].

Because heparin is derived from porcine sources, it has 
been identified as a possible alpha-gal allergy trigger. The 
widespread use of heparin with minimal reports of allergic 
reactions suggests that clinically significant reactions are 
uncommon. The reported reactions to heparin have mostly 
been related to high-dose heparin in cardiac bypass cases, 
implying that dose, processing technique, and purity are 
factors in an alpha-gal-induced reaction [37]. Bioprosthetic 
heart valves are also constructed with bovine pericardium 
and are of significant concern. Three cases of patients with 
mammalian meat allergy who underwent valve replacement 
with bioprosthetic valves and experienced perioperative 

Table 3   Frequently used medications containing alpha-gal with 
potential contraindications for patients with alpha-gal syndrome sen-
sitized by ticks

Medications and products Alpha-gal-containing ingredient

Medication
 Acetaminophen Magnesium stearate
 Alvimopan Gelatin, bovine and porcine
 Aminocaproic acid Magnesium stearate and stearic acid
 Baclofen Magnesium stearate
 Carbidopa-levodopa Magnesium stearate
 Celecoxib Gelatin, bovine and porcine
 Clonidine Magnesium stearate
 Gabapentin Gelatin, bovine and porcine
 Haloperidol Lactic acid
 Heparin Porcine
 Hydrocodone Magnesium stearate
 Hydromorphone Lactic acid
 Ibuprofen Glycerin
 Levothyroxine Magnesium stearate
 Lidocaine patch Gelatin
 Liothyronine Magnesium stearate
 Lisinopril Magnesium stearate
 Metoclopramide Magnesium stearate
 Naproxen Magnesium stearate
 Oxycodone Stearic acid
 Oxycontin Magnesium stearate
 Synthetic triiodothyronine Magnesium stearate
 Synthetic thyroxine Magnesium stearate

Devices and products
 Bioprosthetic valves Porcine or bovine derived
 Catgut sutures Mammalian derived
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hypersensitivity reactions have been reported. In these 
patients, the use of decellularized valves should be consid-
ered to prevent adverse events perioperatively and premature 
deterioration of these valves [37].

Further complicating the management of patients with 
mammalian meat allergy is the use of stearic acid or gela-
tin as inactive compounds. If derived from animal sources, 
these compounds may contain alpha-gal and can invoke an 
allergic reaction in the sensitized patient following adminis-
tration [30]. However, most manufacturers do not report the 
lineage of such inactive substances and do not test for alpha-
gal content in their drugs. Furthermore, the US FDA does 
not require dissemination of this information [38]. Thus, the 
clinician must be especially astute in identifying possible 
reactions since the same drug from different manufacturers 
might invoke very different responses.

Allergists, dermatologists, primary care physicians, and 
emergency physicians have a crucial role in the manage-
ment of patients with alpha-gal syndrome. First, awareness 
of this unique syndrome and its manifestation as mammalian 
meat allergy will enable better history taking and, subse-
quently, proper diagnostic evaluations. For instance, initial 
skin prick tests for mammalian meat allergy usually produce 
only minimal wheals [2]. However, after a complete history, 
including tick bite status, further testing may show positive 
intradermal skin tests and reveal IgE antibodies directed to 
alpha-gal [2]. Ideally, the provider should ask about previous 
tick bites and note any previous allergic reactions to animal 
products, especially in tick-endemic regions.

Because these physicians are most equipped to make 
the diagnosis of alpha-gal syndrome, they also have the 
responsibility of conveying the extra vigilance needed in 
prescribing certain medications, most of which are drugs 
commonly taken for hypertension, perioperative stability, 
and inflammation. Identification of patients who may be 
sensitized to alpha-gal will facilitate perioperative man-
agement for anesthesiologists and surgeons alike [30]. As 
awareness increases, patients may present for surgery with 
identified alpha-gal allergy, but it may be documented as 
a meat allergy, which could at first appear as an irrelevant 
food allergy. Patients with cancer may report an allergy to 
cetuximab, which should also be documented as a clue to 
prompt further questioning of tick bite history [38]. Standard 
of care in tick-endemic regions is now to check for alpha-gal 
IgE before administering cetuximab [39].

6 � Conclusion

Unlike Lyme disease, alpha-gal syndrome is a much less 
known entity, warranting greater awareness of a rare but 
potentially life-threatening food allergy. It is important 
that the public be educated about this potential hazard in 

restaurants, bakeries, and other venues (Fig. 1). Mamma-
lian meat is a staple in most diets of the world. With the 
increasing numbers of tick bites, coupled with the gradual 
migration of ticks, the prevalence of alpha-gal syndrome is 
projected to increase [40]. Because mammalian meat allergy 
primarily presents cutaneous findings, the dermatologist is 
poised to play an integral part in identifying this allergy 
and advocating for better history taking and vigilance in 
choosing medical treatments. The severe symptoms, perio-
perative contraindications, and expanding research on this 
allergic condition requires a multidisciplinary effort. With 
its delayed symptom onset, driven by IgE antibodies to a 
carbohydrate rather than a protein, along with its unique 
connection to ticks, mammalian meat allergy challenges the 
conventions of food allergy. Further investigation into symp-
tom variability and the specific mechanism by which ticks 
induce mammalian meat allergy will prove critical for future 
diagnostic and therapeutic interventions for this condition.
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