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A

Food allergy to the carbohydrate
galactose-alpha-1,3-galactose (alpha-gal):
four case reports and a review

Until recently, food allergies to mammalian meats have been considered
to be very rare. The observation that patients not previously exposed
to the monoclonal chimeric antibody cetuximab suffered from severe
anaphylaxis upon first exposure, led to the identification of galactose-
alpha-1,3-galactose as a new relevant carbohydrate allergen. These
patients later often suffered from anaphylactic reactions to red meat.
Epidemiological data indicated that bites by the tick Amblyomma amer-
icanum in the USA, later also by Ixodes species in other continents,
resulted in sensitisation to alpha-gal. On the other hand, in African
patients with parasitic disorders, a high prevalence of anti-alpha-gal
IgE, without clinical relevance, has been reported. In our four cases,
one patient with a late onset of meat allergy had a history of a tick bite.
The other three patients had symptoms from childhood or at a juvenile
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age. This indicates that in some patients, other ways of sensitisation may
also take place. However, in patients without atopy, tick bite-induced IgE
to alpha-gal may be more relevant. Diagnosis is based on a history of

delayed onset of anaphylaxis. Skin tests with commercially available
meat test solutions are often equivocal or negative; skin tests with raw
meat and particularly pork kidney are more sensitive. Determination of
specific IgE to alpha-gal is commercially available. The highest sensi-
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tivity is observ
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llergic reactions to foods are common. In particu-
lar, plant-derived food allergies are mostly based
on cross-reactivity to allergens in pollen and fre-

uently result in local reactions, such as the oral allergy
yndrome, and more rarely in systemic allergic reactions
nd anaphylaxis. Allergic reactions to animal-derived food,
uch as milk and eggs, are rarely based on cross-reactive
gE and are particularly common in children and rarer in
dults, whereas allergic reactions to seafood and fish, asso-
iated with systemic allergic reactions, are not uncommon
n adults. They may be based on cross-reactive allergens,
uch as tropomyosine.
ntil recent years, allergic reactions to mammalian meats
ave been considered to be extremely rare. During the
ast ten years, however, an increasing number of adult and
aediatric cases has been reported, mostly from Western
ountries. These severe hypersensitivity reactions to mam-
alian meats have been traced back to a carbohydrate

ntigen, the galactose-alpha-1,3-galactose (alpha-gal) [1].
JD 2016 (epub ahead of print)
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t is expressed in all mammals, except in humans and Old
orld monkeys [2], and also not e.g. in poultry, seafood,

nd fish. First reports of this new clinical entity originate
rom the group of Thomas Platts-Mills and colleagues in
he USA [3, 4].
heir observation that patients who have been exposed for

he first time to the monoclonal antibody cetuximab for
ith skin and basophil activation tests with cetuximab
limited by its high costs.

allergy, red meat, alpha-gal, delayed anaphylaxis

cancer treatment and who reacted upon this first exposure
with severe anaphylaxis led to further investigations. It was
then realised that many of these patients later also reacted to
the ingestion of red meat. The more frequent occurrence of
cases in the Southeastern states and epidemiological anal-
ysis [5] suggested a correlation to tick bites, particularly
if severe and persistent local reactions had occurred. It is
not clear how the tick bites induce specific IgE (sIgE) reac-
tivity to alpha-gal. A correlation with multiple bites and
persistent local reactions has been reported. It appears that
individuals with blood group B are more prone to becoming
sensitized [6]. Finally, in studies on African patients with
parasitic disorders, a high prevalence of alpha-gal IgE and
sensitization to cat allergens without clinical relevance has
been observed [7].

Galactose-alpha-1,3-galactose
1
hydrate galactose-alpha-1,3-galactose (alpha-gal): four case reports and a review.

(alpha-gal)

At the beginning of the last century, Karl Landsteiner
already recognised that a B-like substance was present on
mammalian cells, while working on the investigation of the
human AB0 blood group system [8]. It was later recognised

dx.doi.org/10.1684/ejd.2016.2908
dx.doi.org/10.1684/ejd.2016.2908
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tional modification of the molecule takes place. It was later
recognised that alpha-gal is present in abundance on cetux-
imab at the Fab end, and to a lesser extent on the Fc portion
of the monoclonal antibody [5]. The Fab part of cetuximab,
where alpha-gal is present, is an ideal position to bridge
between pre-existing IgE bound on mast cells and basophils
(figure 2). It was also shown that the same glycosylation
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Galactose

igure 1. Glycan structures of human blood groups and alpha

hat this substance is alpha-gal, which has a similar structure
o blood group B antigen (figure 1). It was later reported that
gG antibodies against alpha-gal are abundant in humans,
ut that also the isotypes IgM and IgA are present [9]. How-
ver, this high concentration of IgG to alpha-gal has been
ecently disputed and a lower quantity of anti-alpha gal
gG has been postulated. Still, these xenoreactive natural
ntibodies represent the major obstacle to xenotransplan-
ation [8, 9]. It is, however, considered that they could be
eneficially used, e.g. in cancer vaccines [9].
n humans and Old World monkeys, the enzyme respon-
ible for the formation of alpha-gal, beta-galactosyl
lpha-1,3-galactosyltransferase, is inactivated, allowing the
roduction of anti-gal IgG and other isotypes to foreign
ntigens, whereas in other mammals it is still active. This
nactivation is estimated to have happened several million
ears ago. Hypothetically, the presence of such anti-alpha-
al antibodies could have been an evolutionary advantage,
ince similar antigens are found on bacteria, viruses, and
arasites [9].
hen comparing blood group antigens A and B with alpha-

al, it is evident that there is a high similarity, particularly
etween the structure of blood group B and alpha-gal
figure 1) [6]. It is therefore interesting that particularly
ndividuals with blood group B, who are most often rhesus
egative, are more prone to sensitization to alpha-gal [10].

etuximab-induced hypersensitivity

eactions

n 2004, the monoclonal chimeric antibody cetuximab
Erbitux®) was studied in clinical trials for the treatment
f metastatic colorectal cancers. In these early studies, a
onsiderable number of patients (up to 15%) reacted upon
Acetylglucosamine

(modified from Platts-Mills et al. [8]).

first exposure with severe and sometimes fatal anaphylaxis.
These occurred mostly in patients living in the southeast of
the USA, but less in patients living on the coast in the USA.
In these former patients, it was later demonstrated that an
IgE antibody to the carbohydrate alpha-gal was present [3].
Glycosylation of proteins is a posttranscriptional modifica-
tion of the molecule and may play a major role in protein
folding, stability, and adhesion. It is therefore critical for
the function of proteins, including half-life and efficacy
of, for example, monoclonal antibodies [11]. Cetuximab
is produced in a murine myeloma cell line which has the
capability to synthesize alpha-gal, where this posttranscrip-
EJD 2016 (epub ahead of print)

Human

Figure 2. Structure of Cetuximab (Erbitux®) (modified from
Platts-Mills et al. [8]).
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tification = EJD Article Identification = 2908 Date: October 31,

attern may occur when Chinese hamster ovary cells are
sed [11]. For other chimeric monoclonal antibodies, such
s rituximab and infliximab, however, this glycosylation
ith alpha-gal on the Fab part is not present.

llergic reactions to red meat

n early study in the French literature reported a so-called
pork-cat-syndrome” or crossed allergy between pork meat
nd sensitization to cat epithelia [12]. Still, allergy to
ed meat has been considered an exceptional rarity until
bout 10 years ago, when more cases were identified, par-
icularly in the midwest states of the USA [3, 4, 13].
owever, it was quite surprising that most of these reac-

ions occurred several hours only after the intake of meat,
s opposed to the common observation of food-related ana-
hylaxis, which occurs usually within the first minutes to
ne to two hours. Symptoms included the whole range of
ymptoms, such as urticaria, angioedema, gastrointestinal
isturbances, bronchospasm, and anaphylactic shock. The
ifferent types of meats included mainly pork, beef, lamb
nd venison, and often innards, such as kidney and liver. In
ome patients, cofactors such as exercise and alcohol were
ontributing.
n the meantime, an increasing number of cases have been
eported, over 1,000 cases from the USA [8], ∼400 from
ustralia [14], but also cases from different European coun-

ries, including Germany, France, and Switzerland [15-17].
lso, in Asian countries, an increasing number of cases
ave been identified [18-20]. In a paediatric cohort of 51
hildren with recurrent allergic symptoms starting with a
elay of several hours after food intake, a high prevalence
88%) of sIgE to alpha-gal has been found. High sIgE was
resent in response to mammalian meat, whole cat and
ilk extract, but not to the specific components Fel d 1,

asein, and other milk allergens, indicating cross-reactivity
o alpha-gal present in the whole extracts but not to specific
omponents [13].

ssociation with tick bites

rom epidemiological data, it was postulated that in
outheastern USA, bites particularly from Amblyomma
mericanum (lone star tick), could be responsible; in a fur-
her study there was an indication that particularly patients
ho had had a severe, persistent local reaction after a tick
ite were more likely to develop IgE antibodies against
lpha-gal [21]. Serological conversion to alpha-gal takes
everal months. In addition IgE reactivity to other mam-
alian meats and milk were also found.
his observation has also been made in patients from Aus-

ralia and Sweden [22], indicating that also other ticks,
JD 2016 (epub ahead of print)

uch as Ixodes ricinus, could be responsible for the induc-
ion of IgE towards alpha-gal. In a Swedish study, there
as evidence of the presence of alpha-gal in the gastroin-

estinal tract of Ixodes ricinus, supporting this hypothesis
22].
n view of the very frequent exposure to ticks, anaphylaxis
rom tick bites itself appears to be extremely rare. The first
ases from Ixodes holocyclus date back to the 1940s and
Time: 1:28 pm

1960, both from Australia, followed by some other cases
[14]. Few reports have been published from other areas;
Ixodes pacificus from California and Ixodes ricinus from
Spain [14, 23, 24].
A recent study from Europe (Denmark and Spain) showed
that the prevalence of sIgE to alpha-gal in the general pop-
ulation (n=2741) is about 2% (n=52) with specific IgE to
alpha-gal (>0.35-0.70 kU/L) in 20, and >0.70 kU/L in 32
individuals (range: 0.72-119 kU/L). An association with
tick bites, atopy, and cat ownership was clearly present
[25]. In high-risk populations for tick exposure, such as
forest workers and hunters, the sensitization rate may be
considerably higher.

Alpha-gal in cat dander extracts
and parasitic infestations

In an early publication, the association between a posi-
tive prick test to cat and anaphylaxis to pork led to the
term “pork-cat syndrome”, and cross-reactivity to cat albu-
min has been postulated [12]. In a study on prevalence
[25], an association between alpha-gal sensitization and cat
ownership was identified. Based on further analysis of the
homes of such patients, the presence of high Fel d 1 lev-
els was found, albeit without asthmatic symptoms. There
was no sensitization to Fel d 1 (cat secretoglobin), but cross-
reactivity among sIgE to alpha-gal and Fel d 5 (cat IgA) was
identified. This antibody is also glycosylated with alpha-gal
and may therefore induce sIgE and cross-react in cat dander
extracts. For example, in children from a Kenyan village
with high prevalence of parasitic disorders where no cat
exposure took place, a high prevalence of sIgE to alpha-gal,
but low prevalence of sIgE to Fel d 1, was identified [26].
This has been further confirmed, with many patients testing
positive for skin tests to cat allergens, but without any res-
piratory symptoms, such as rhinitis or asthma. Alpha-gal is
not airborne or present in house dust, therefore no asthmatic
symptoms occur in sensitized patients [26].
In a study on parasite-infested African patients (Schisto-
soma, helminths) compared to African patients with cat
allergy, a high prevalence of sIgE to alpha-gal (85%) and
Fel d 5 (66%), but low prevalence to Fel d 1, was identified
in the former. The patients did not have any allergic symp-
toms to food, indicating that sensitization to alpha-gal does
not automatically lead to clinical manifestations. However,
in such patients, the diagnosis of parasitic infestations may
also be hampered [7]. In studies from Europe and USA,
where parasitic infestations are rare, sIgE to alpha-gal was
prevalent in tick-infested areas, but not in areas with low
tick prevalence [8, 21, 25].

Occurrence of alpha-gal
3

It has been recently shown that in beef meat, several IgE-
reactive proteins containing alpha-gal are present [27], four
of which are stable to heat treatment. However, IgE to other
non-alpha-gal containing proteins in meat allergic patients
also exists, demonstrating that other IgE-specific moieties
exist.
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Figure 3. Basophil activation tests based on CD203c and
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tification = EJD Article Identification = 2908 Date: October 31,

elatin is an ingredient of some processed foods, as gelatin
olloids [4], as well as a stabilizing agent in some vaccines
28]. It is a potential alpha-gal containing allergen [29]. In
ew patients, reactions to gelatins after ingestion of sweet
ums (e.g. Haribo®), again with a delayed onset, have been
bserved [30]. Also, reactions after vaccines and infusion
f gelatin-containing volume expanders, confirmed by chal-
enge tests, have been reported [29]. Alpha-gal was detected
n gelatin colloids (Gelofusine, Haemaccel), in beef thy-
oglobulin, and in heavy cream. In contrast, no alpha-gal
as detected in cow’s milk (skimmed, or 1% or 2% milk

at) or fish gelatin. Cetuximab, on the other hand, contains
high concentration of alpha-gal epitopes.

iagnosis of allergic reactions
o red meats

ue to the fact that the anaphylactic reactions to red
eat typically occur after a delay of several hours, in the

ast, many of these patients might have been missed and
een wrongly considered as idiopathic anaphylaxis [31].
herefore, taking an extensive history is necessary, and ana-
hylactic reactions after up to six hours after ingestion of
eat have to be taken into account. In patients ingesting

idney or other innards, the reaction may start earlier. The
atients may be atopic, however, non-atopic individuals are
lso affected. Cofactors, such as effort and alcohol, may be
ontributing [16]. Not all patients react at every exposure;
igh sIgE titres and/or cofactors appear to be necessary.
lso, African patients with sIgE to alpha-gal induced by
arasitic infestations appear not to suffer from any allergic
onsequences [7].
he commercially available skin prick tests for meats and
ven with raw meats using the prick-to-prick method are not
ery sensitive. Skin prick and intradermal tests with cetux-
mab (5 �g/ml) [32] are an option and give better results
33], however, costs are high. Positive skin tests to cat may
e due to the presence of IgE to cat IgA, although there is
o associated clinical relevance to respiratory symptoms.
urrently, there are commercial IgE assays available to
easure sIgE to different mammalian meats (beef, pork,

amb, etc.) and alpha-gal (Thermo Fisher Scientific, Wal-
am, MA, USA). Also, sIgE to gelatins can be measured. A
ommercial assay for antidrug antibodies (ADA) to cetux-
mab does not exist, however, as mentioned, skin tests with
etuximab are reliable and sIgE to alpha-gal can be mea-
ured in such patients.
istamine release tests or basophil activation tests can be
erformed with fresh meat or inner organs, e.g. pork kidney
r with cetuximab [33]. They show, for example, positive
est results based on expression of CD63 and CD203c on
asophils (figure 3).
ood challenge with meat in alpha-gal-sensitized patients

as again shown a long delay in the occurrence of symptoms
34]; with pork kidney, a shorter onset and severe reactions
pon small quantities was observed [15]. In some patients,
ryptase increased after around 3-5 hours, and in sequential
asophil activation tests, the greatest expression of CD63
as present at around four hours [34]. This explains, in part,

he long delay in the reactions and their severe nature upon
xposure.
CD63 expression using different innards from goat (Patient
2); (A) CD203c+ activated basophils; (B) CD63+ degranu-
lated basophils. The patient had only eaten and reacted to
goat’s lung, the stimulation with other innards likely represents
cross-reactivity to alpha-gal.

Case reports

We have previously reported four cases in which skin and
basophil activations tests with cetuximab and raw pork kid-
ney were a useful tool to identify sensitization [33]. Here,
we briefly outline another four cases with some different
aspects of the clinical manifestations and sensitization pat-
EJD 2016 (epub ahead of print)

terns (table 1). Two male patients had no atopic background
but food allergy to red meat and innards only, particularly
at night time. The manifestation of severe symptoms was
dependent on cofactors for both, such as alcohol, although
mild gastrointestinal symptoms were often present during
the day time. In Patient 2, a very severe reaction occurred
to goat’s lung and alcohol. In the two young females,
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tification = EJD Article Identification = 2908 Date: October 31,

ongstanding atopic disorders (Patient 3) or celiac disease
nd eosinophilic esophagitis (Patient 4), as well as food
llergy to miscellaneous foods, including poultry, were
resent. Because of additional symptoms to red meat, both
dhered to a strictly vegetarian diet. Only Patient 2 reported
severe and longstanding local reaction to a tick bite (Ixodes
p.), the other three patients had their symptoms already at
oung age, suggesting that other ways of sensitization may
lso be relevant.
iagnosis was made based on history and confirmed by skin

ests (the best results were to raw pork kidney, as previously
uggested, or other innards), as well as measurement of sIgE
o alpha-gal, and skin and basophil activation tests using
etuximab and innards.

ummary

t is now well known that allergic reactions to red meat
xist and that they are mostly dependent on specific IgE
o the carbohydrate alpha-gal, and rarely to other aller-
ens. The sensitization most likely occurs by induction of
gE through tick bites, particularly to Amblyomma amer-
canum in the U.S., but also to Ixodes species in other
ontinents, such as Australia, Europe, Central America,
nd Asia. Clinical diagnosis may be delayed because of the
typical, delayed manifestation of the clinical symptoma-
ology and, on the other hand, by the lack of sensitivity
f skin tests with meats. Skin tests, with e.g. raw pork kid-
ey, are more sensitive. The measurement of specific IgE to
lpha-gal, skin tests, and basophil activation tests, with e.g.
etuximab, are more reliable. A particular clinical feature
s the late onset of anaphylaxis and often the requirement
f cofactors, such as exercise, alcohol, and others, to elicit
he reaction. Other allergenic sources, such as gelatins, are
urrently rare, but have to be taken into account in exposed
atients. �

isclosure. Financial support: none. Conflict of interest:
one.
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