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INTRODUCTION

Galactose-alpha-1,3-galactose (alpha-gal) has been identi-
fied as a novel food allergen causing delayed reactions 1–4 

hours after ingestion of non-primate mammalian meat products.1 
Bites by ticks of specific, region-dependent species have widely 
been held responsible as the initial sensitising event to alpha-
gal. 

Cross-reactivity between tests for IgE specific to meat and to 
alpha-gal itself is postulated to occur because of the content of 
alpha-gal-containing epitopes in the mammalian meat reagents 
used.2–4 Primary sensitisation to alpha-gal-containing epitopes 
in some cat-allergic individuals is postulated to result in the low-
level detection of alpha-gal antibodies, not associated with meat 
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ABSTRACT
Background: Severe meat allergy with anaphylaxis may be caused by sensitisation to alpha-gal. Although a wide range 
of variation in alpha-gal-specific IgE is found in both subjects with and without alpha-gal-induced meat anaphylaxis, the 
level of alpha-gal sensitisation correlates with the likelihood of meat allergy. Other laboratory tests have been implicated 
to be affected by alpha-gal sensitisation. Correlations between alpha-gal sensitisation and sensitisation to certain animals 
or parasites may provide further clues about potential sensitisers, apart from ticks, in alpha-gal allergy. 

Methods: In this study we assessed 131 participants who reported adverse reactions to meat, and 26 control subjects, by 
means of questionnaires, IgE sensitisation to alpha-gal and oral food challenge to beef sausage. Specific IgE to alpha-
gal, beef, pork, lamb, cat, cat serum albumin and ascaris in those participants with challenge-proven meat allergy were 
compared with control subjects from the same environment.

Results: 84 participants were diagnosed with alpha-gal allergy. Alpha-gal IgE ranged between 0.7 and 344.5 kU/L. Beef, 
pork and lamb IgE were strongly correlated with alpha-gal IgE in both cases and controls. Cat IgE was significantly 
associated with alpha-gal sIgE, with a strong correlation in cases but a moderate correlation in controls. There was no 
association between cat serum albumin and alpha-gal IgE. Ascaris sIgE was significantly associated with alpha-gal sIgE. 

Conclusion: Cross-sensitisation between alpha-gal and beef, pork, lamb and cat can be explained by the presence of 
alpha-gal-containing epitopes on the ImmunoCAP reagents. The absence of cross-sensitisation to cat serum albumin is 
due to the pure nature of the reagent used. Cross-sensitisation between alpha-gal and ascaris could be explained by the 
presence of significant amounts of alpha-gal-containing epitopes within the helminth. However, the absence of binding to 
ascaris IgE in some patients with significant levels of alpha-gal IgE argues against this being the sole or main factor, thus 
the possibility of a causative role in helminths causing sensitisation to alpha-gal.
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allergy.5,6 Laboratory evidence of sensitisation to cat dander can 
be primary or through cross-reacting with alpha-gal-containing 
epitopes present in helminths and schistosome.7 Sera from 
patients with documented helminth infections, however, do not 
consistently contain IgE antibodies to alpha-gal.8

METHODS
PARTICIPANTS AND CONTROLS
Subjects with alpha-gal allergy and controls were identified in the 
Mqanduli district of the Eastern Cape province of South Africa, 
as previously described.9 In brief, participants with a history of 
symptoms of adverse reaction to red meat were enrolled along 
with participants with no history of adverse reaction to red meat 
and who were regularly consuming meat. A questionnaire was 
completed assessing the demographics of the participants, 
clinical symptoms, and a history of exposure to tick bite, scabies 
or parasite infection. Blood samples were collected from all 
the participants to test total IgE and specific IgE antibodies 
(ImmunoCAP® Phadia) to alpha-gal, beef, pork, lamb, cat, cat 
serum albumin (CSA) and ascaris. Serum was analysed using 
the ImmunoCAP100 instrument (Thermo Fisher) and the results 
were expressed as kilounits per litre. Participants with a history 
of adverse reactions to meat and who were sensitised to alpha-
gal were invited for an open food challenge (OFC) to cooked beef 
sausage, performed as described previously.9 Both subjective 
and objective symptoms were recorded as the participants were 
observed for at least eight hours from ingestion and, if a reaction 
occurred, for at least two hours after the reaction resolved. The 
study was approved by the Human Research Ethics Committee 
of the University of Cape Town (174/2017) and informed 
consent, parental consent and assent were obtained from all 
the participants.

STATISTICAL ANALYSIS
Data were entered in Microsoft Access and exported for 
statistical analysis using R Core Team (2020). Graphical 
presentation of the serum IgE levels between alpha-gal and the 

different meats and organisms was done using R Core Team 
(2020) and by using a log base 10 transformation to exclude 
all the zero values. Kendall’s Tau coefficients were used to 
measure the linear correlation between the specific and the 
total serum IgE values of alpha-gal, beef, pork, lamb, cat, CSA 
and ascaris. All the comparisons were stratified by cases and 
controls and a p-value of less than or equal to 0.05 eliminated 
chance correlation between the reported values. Kendall’s Tau 
correlations were interpreted as follows: between 0 and + or 
-0.10: very weak; + or -0.10 to 0.19: weak; + or -0.20 to 0.29:
moderate, and + or -0.30 or above: strong.

RESULTS
Of the subjects, 84 were diagnosed with alpha-gal allergy, 81 
with positive OFC and three with extremely high levels of alpha-
gal-specific IgE  >  150  kU/L, with a history of recent severe 
reaction. Alpha-gal IgE ranged between 0.7 and 344.5 kU/L. Of 
26 control participants who were regularly consuming red meat, 
half had no alpha-gal sensitisation and did not undergo an OFC. 
Half of them had a positive alpha-gal IgE and underwent an oral 
food challenge, showing no reaction.

Beef, pork and lamb IgE were strongly correlated with alpha-gal 
IgE (and each other) in both cases and controls. Although beef, 
pork and lamb IgE were also raised in subjects with alpha-gal 
allergy, the values were lower than that of alpha-gal IgE. Beef 
IgE typically achieved values of 50–60% of that of alpha-gal IgE, 
with the others being lower. Cat IgE was significantly associated 
with alpha-gal specific IgE (sIgE), with a strong correlation in 
cases (τ = 0.62) but only a moderate correlation in controls  
(τ = 0.21). There was no association between CSA and alpha-
gal IgE. Ascaris sIgE was significantly associated with alpha-
gal sIgE, with a strong correlation in cases (τ  =  0.32) but a
weak correlation in controls (τ = 0.16). There was no binding to
ascaris IgE in some meat allergic patients with significant levels
of alpha-gal sensitisation.

Figure 1: Correlations between alpha-gal IgE and IgE to mammalian meats in cases (red) and controls (blue)
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DISCUSSION
This study confirmed the close association seen in the literature 
between levels of sIgE to beef, pork and lamb with sIgE to 
alpha-gal; this is presumably due to the presence of alpha-gal-
containing epitopes in the mammalian meat laboratory reagents. 
A similar explanation can be attributed to the correlation between 
IgE to cat (dander) and sIgE to alpha-gal. This would explain 
why individuals without cat allergy in areas with high alpha-
gal sensitisation may test falsely positive to IgE against cat on 
ImmunoCAP testing. Because the purified CSA reagent used in 
ImmunoCAP tests does not contain alpha-gal epitopes, there 
is no cross-sensitisation between CSA and alpha-gal. There 
could be two different explanations for the relationship between 
sensitisation to ascaris and alpha-gal, different explanations 
which require further investigation. First, if there are alpha-gal-
containing epitopes in the ascaris ImmunoCAP, it implies that 
ascaris contains significant amounts of alpha-gal. If this is the 
case, then the presence of those epitopes in the ImmunoCAP 
might be solely responsible for the correlation seen. This 
could account for the correlation in both cases and controls, 
but does not explain why the correlation is stronger in cases 
than controls, nor does it explain the presence of subjects with 
high-level alpha-gal sensitisation who do not have raised anti-

ascaris IgE.  Second, there is a possibility that infestation with 
ascaris could in turn induce IgE sensitisation to alpha-gal, with 
or without clinical reactivity. In this cohort there was high self-
reported exposure to scabies and worm infestation, and some 
exposure to bilharzia in both alpha-gal and control participants, 
with no significant differences noted in cases and controls. 

CONCLUSION
The relationship between sensitisation to ascaris and alpha-gal 
remains unclear and the importance of helminthic exposures as 
possible sensitising vectors for alpha-gal allergy is unknown. 
The stronger correlation between alpha-gal IgE and ascaris IgE 
in cases than in controls raises the possibility of a causative role 
in helminths causing sensitisation to alpha-gal.
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Figure 2: Correlations between alpha-gal IgE and IgE to cat (dander and CSA) and ascaris in cases (red) and controls (blue)
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