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Introductory paragraph 

IgE-mediated food allergy constitutes an important health issue affecting about 17.000.000 

Europeans. Although double blind placebo controlled food challenges remain the gold standard 

for correct diagnosis, the technique has not entered mainstream use for obvious ethical, practical 

and economic reasons. Therefore, in clinical practise most physicians will rely upon quantification 

of sIgE antibodies and skin test to confirm their clinical suspicion. However, correct diagnosis of 

food allergy is not always straightforward, as these tests are not absolutely predictive for the 

clinical outcome. Therefore, basophil activation tests, that closely mirror the in vivo reaction, 

might constitute a significant diagnostic aid. This review focusses on the potential and limitations 

of basophil activation tests in IgE-mediated food allergy. 
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Abstract  

IgE-mediated food allergy constitutes an important and increasing health issue with significant 

impairment of quality of life and significant morbidity and mortality. It affects children, as well as 

adolescents and adults. Correct diagnosis of food allergy relies upon history supplemented by 

quantification of specific IgE (sIgE) antibodies and/or skin tests. Unfortunately, as these tests do 

not demonstrate absolute predictive values, controlled oral provocation tests might be needed to 

confirm/exclude diagnosis. However, it is unlikely oral challenges to enter mainstream application, 

mainly because of obvious ethical reasons. Therefore, correct diagnosis of food allergy might 

benefit from novel in vitro diagnostics such as allergen component-based sIgE assays and flow 

cytometric quantification of in vitro activated basophils. As a matter of fact, these tests might 

prove to be particularly helpful in discriminating genuine allergy from merely sensitization. 

Furthermore, they might be useful in establishing individual risk profiles, predicting persistence of 

allergy, and facilitating therapeutic approach. This review focuses on the applications and 

limitations of the basophil activation test in IgE-mediated food allergy. Anno 2016 we believe that 

the utility and usefulness of basophil activation experiments need to be reevaluated thoroughly, in 

view of difficulties inherent to the correct preparation and storage of allergen extracts, optimizing 

and standardizing stimulation conditions and also the potential of alternative diagnostics such as 

component resolved diagnosis that are becoming more readily accessible. 

 

 

Keywords: food allergy, basophil activation test, food allergy diagnosis 

 

 



4 
 

Basophil activation tests: a historical perspective 

Basophils represent the most important effector cells for IgE-mediated allergy in the circulation. 

Functional in vitro basophil activation assays have initially focused on histamine and/or 

sulphidoleukotriene release (review: (1, 2)). However, the time- and cost-consuming two-step 

methods with cell incubation and quantification of mediators, have seriously impeded their 

application in general clinical practice. Actually, from these reviews it appears that with respect to 

IgE-mediated food allergy only a very limited number of papers on release of histamine and/or 

sulphidoleukotriene have been published. In these rather small and heterogeneous studies 

sensitivity and specificity of mediator release tests varied between 53%-85% and 78-100%, 

respectively. In the early 1990ies, the discovery of the tetraspanin CD63 (gp53) as a basophil 

activation marker has induced the development of a flow cytometric technique to analyze and 

quantify allergen-specific in vitro activation of basophils (3). Briefly, as shown in figure 1, upon 

activation with specific allergen, along with the release of histamine, basophils also up-regulate 

the expression of particular activation (CD203c) and degranulation (CD63) markers that can be 

analyzed by multi-color flow cytometry using specific monoclonal antibodies (4). During recent 

years, the technique, designated as basophil activation test (BAT), appeared to be an accessible, 

rapid and reliable diagnostic method allowing simultaneous testing of several putative allergens 

such as aeroallergens, latex, hymenoptera venom and particularly drugs (for review: (5-7)).  

Basophil activation tests in IgE-mediated food allergy 

In IgE-mediated food allergy the BAT was first adopted in the late 1990ies by Moneret-Vautrin et 

al. (8), who demonstrated the technique to be as sensitive and specific as the sulphidoleukotriene 

release assay and clearly more efficient than the traditional histamine release test.  

Table 1-4, display the current applications of the BAT in IgE-mediated food allergy including 

studies regarding diagnosis with native foods and purified or recombinant food allergen 
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components, cross-reactivity, allergy outgrowing and risk stratification of patients, follow-up 

during immunotherapy and oral tolerance induction, allergen detection (traces), and effect of food 

processing (9).   

In general, the technique proved useful when traditional diagnostic tests such as quantification of 

sIgE and skin tests are unavailable or yield equivocal or false negative results. In general, sensitivity 

and specificity of the BAT in IgE-mediated food allergy varies between 75 and 95%. In some 

studies it was also demonstrated that (to some extent) the BAT can discriminate between 

sensitisation and genuine allergy (10-13). Furthermore, in individual cases the BAT was useful to 

diagnose allergy to coriander, mandarin, pumpkin and the natural dye annatto (14-17).  

Basophil activation tests have also been applied as biomarkers to study the natural evolution of 

food allergies and to predict the occurrence of tolerance to milk (18-21) or eggs (20), or to 

evaluate the therapeutic effect of Chinese herbal medicine (Food Allergy Herbal Formula-2, FAFH-

2) (22).  

Finally, other studies suggest that the BAT can be applied to study the (residual) allergenicity of 

food (by detecting traces of allergens) (23) and allows to study the effects of various means of 

processing (e.g., heating (24), Maillard reactions (25)). 

Particular considerations and perspectives  

It is clear that the BAT creates new and unique opportunities in the diagnostic management and 

follow-up of IgE-mediated food allergies, mainly as it closely mirrors the in vivo situation. 

However, we believe that the utility and usefulness of basophil activation experiments need to be 

reevaluated thoroughly, mainly in view of difficulties inherent to the correct preparation and 

storage of allergen extracts, optimizing and standardizing stimulation conditions and also the 

venue of easier alternative diagnostics such as component resolved diagnosis (26). For example, 

we demonstrated that the outcome of the BAT in peanut allergy is significantly affected by the 
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applied cultivar and the processing of the source material (24). Actually, Sabato et al showed that 

various methods of (thermal) food processing can significantly alter the capacity of particular 

peanut cultivars to trigger basophils in patients with established severe peanut allergy. Moreover, 

effects appeared to be individually divergent and absolutely unpredictable by protein staining 

using SDS-Page nor IgE-immunoblotting. To a certain extent, similar observations were recently 

described by Cabanillas et al (27), demonstrating that heat and pressure of 3 varieties of 

commonly consumed peanuts significantly decreases IgE binding capacities, diminishes activation 

of passively sensitized basophils and reduces wheal sizes in skin prick tests. From these 

observations the conclusion is inevitable, like for other allergy diagnostics, reliability of the BAT is 

highly dependent on the stimulation conditions, particularly the (residual) composition, 

preparation and storage of the allergen extracts. Therefore, observations from different studies 

might not readily be interchangeable. In addition, the predictive value of basophil activation 

experiments might also exhibit significant geographical and age-dependent variations, mainly as a 

result of differences in sensitization profiles and nutritional habits. For example, in our regions, the 

absence of the labile Cor a 1.04 in a hazelnut (Corylus avellana) extract could significantly affect 

the outcome of BAT in adults with a birch-pollen related hazelnut allergy but have almost no effect 

on the reliability of BAT in hazelnut allergic children, as the latter are predominantly sensitized to 

Cor a 9 and/or Cor a 14 (28). Taken together, it is clear that further validation of the diagnostic 

utility of BAT in IgE-mediated food allergy is absolutely warranted to allow a more universal clinical 

use. As with any study of this nature, the major challenges will be to accurately identify the 

patients and control individuals and to apply well-defined and controllable stimulation conditions. 

In this context, it is our believe that the different applications of BAT in IgE-mediated food allergy 

will benefit from the increasing availability of purified and recombinant food components, as 

these will allow to compose better characterized and harmonized stimulation mixtures.  
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General conclusions 

It is clear that the BAT is a valuable and safe diagnostic method in IgE-mediated food allergy, 

mainly as the technique more closely resembles the in vivo reaction than IgE quantification. 

However, utility of the BAT should be reassessed regarding difficulties with the preparation and 

proper storage of allergen extracts and the fact that results might not readily be interchangeable 

between different study populations. It seems theoretically justified to anticipate that the 

application of well-characterized single components, or mixtures thereof, might further improve 

reliability and utility of the technique in diagnosis and follow-up of IgE-mediated food allergy.    
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BAT in diagnosis of IgE-mediated food allergy  

BAT with native food: diagnosis 

Stimulus Reference test Sensitivity (%) Specificity (%) N Marker Reference 

Carrot, celery, hazelnut H  85-90 80-90 20 CD63 (29) 

Apple H 100
1 

88 

100 

75
2 

59 CD63 (10) 

Macrobrachium rosenbergii H + SPT + sIgE 100 100
 

45 CD63 (30) 

Peanut H + SPT + sIgE 81.3 

89.5 

95.4 

97.2 

75 CD63 

CD203c 

(31) 

Egg  

 

H + SPT + sIgE 

  

77.4 

57.4 

100 

96.4 

67 

 

CD63 

CD203c 

(31) 

 

Anisakis simplex H  97 100 88 CD63 (32) 

Wheat  H + sIgE + PT 85 77 58 CD203c (33) 

Peanut  H or sIgE or PT 97.6 

95.2 

96 

96 

65 CD63 

CD203c 

(13) 

Peanut, soy, birch pollen H + sIgE or PT 79 86 91 CD63 

CD203c 

(34) 

Hazelnut H + sIgE or SPT + PT 100 97 40 CD63 

CD203c 

(35) 

BAT with food components: diagnosis 

Stimulus Reference test Sensitivity (%) Specificity (%) N Marker Reference 

Apple (Mal d 1)  H  75 68 54 CD63 (36) 

Celery (Api g 1 ) H 75 77 54 CD63 (36) 

Carrot (Dau c 1) H 65 100 54 CD63 (36) 

Peach (Pru p 3) H + SPT or PT  77 97 30 CD63 (37) 

Peach (Pru p 2) H + SPT or PT 50-80 -  31 CD63 (38) 

BAT for examination of cross-reactivity 

Description Outcome N Marker Reference 

Peanut and tree nut 
allergens 

In vitro cross-reactivity of peanut-specific IgE antibodies 
with tree nuts causes effector cell activation, which is 
demonstrated by a stripped basophil activation assay.  

2 CD63 (11) 

Sesame (Ses i 6) and walnut A modified BAT might help to distinguish between clinically - CD63 (12) 
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Table 1.  Basophil Activation Test (BAT) in diagnosis of IgE-mediated food allergy. H; History, PT; 

Provocation Test, sIgE; specific Immunoglobulin E measurement, SPT; Skin Prick Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

relevant and irrelevant in vitro IgE cross-reactivity of seed 
storage proteins in nuts and seeds. However data not 
validated by challenge.  

CD203c 

1Taken in to account the non-responders sensitivity is 90% 

2 In an additional comparison between birch pollen allergic patients with and without apple-induced OAS 
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Table 2. BAT for evaluation of allergy outgrowing and risk stratification 

BAT for evaluation of allergy outgrowing and risk stratification 

Description Outcome N Marker Reference 

Risk stratification in children with a 
cow’s milk allergy 

BAT can discriminate between children tolerating  
heat denatured milk, which have less severe 
reactions and commonly show an earlier outgrow, 
and children with allergic reactions upon heat 
denatured milk.  
 

55 CD63 

CD203c 

(18) 

Risk stratification in children with a 
cow’s milk allergy  

BAT is a valuable tool in helping to decide if an oral 
challenge can be safely undertaken in children with 
cow’s milk allergy.  

112 CD63 (19) 

Risk stratification and evaluation of 
the outgrow of hen’s egg and/ or 
cow’s milk allergy 

BAT is useful  in decision making regarding 
whether or not to perform oral food challenges 
and to determine if children will outgrow hen’s 
egg and/ or cow’s milk allergy   

71 CD203c (20) 

Risk stratification in children with 
allergy towards cow’s milk. 

Spontaneous basophil activation as well as milk 
specific basophil reactivity is greater in patients 
with more severe clinical milk reactivity.  

132 CD63 

CD203c 

(21) 

Basophil allergen threshold 
sensitivity (CD-sens) to peanut and 
Ara h 2 in relation to DBPCFC  

CD-sens is an useful tool in the evaluation of peanut 
allergy. Negative CD-sens with peanut and Ara h 2 is 
predictive for negative DBPCFC to peanut  

38 CD63 (39) 

Prediction of the severity and 
threshold of reactivity to peanut 
during oral food challenges.  

 BAT is a marker for severity of allergic reactions 
and can be used to estimate the threshold of  
allergic reactions to peanut.  

49 CD63 

CD203c 

(40) 

Prediction of outcome and severity 
of reactions at DBPCFC to various 
foods: peanut, tree nut, shrimp, 
fish, sesame  

BAT discriminates between allergic and non-allergic 
individuals and can act as a predictor of clinical 
severity of food allergy 

67 CD63 (41) 

Evaluation of the allergenic activity 
of 2 mutants of the profilin of 
Melon (Cuc m 2) 

One of the mutants (Mut 2) displayed reduction of 
basophil activation 

10 CD63 (42) 

Evaluation of basophil allergen 
threshold sensitivity (CD-sens) to 
peanut and Ara h 8 in relation to an 
oral peanut challenge 

CD-sens to Ara h 8 was positive in 85 % of children 
with peanut and Ara h 8 sensitization 

20 CD63 (43) 

Risk stratification of peanut allergy 
in children 

Severe peanut allergy is significantly associated with 
higher basophil allergen sensitivity 

27 CD63 (44) 

Evaluation of basophil response to 
peanut allergens in Mediterranean 
patients. 

BAT with Ara h 2 is able to discriminate peanut 
allergic subjects from peanut tolerating but peach 
allergic subjects (Pru p 3).  

60 CD63 (45) 
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Table 3. BAT for follow up during immunotherapy and oral tolerance induction 

BAT for follow up during immunotherapy and oral tolerance induction 

Description Outcome N Marker Reference 

Immunotherapy for milk allergy  BAT did show a significant decrease in constitutive 
expression of CD63 and CD203c with 
immunotherapy, potentially due to a reduced 
extrinsic basophil activation in vivo. 

30 CD63 

CD203c 

(46) 

Sublingual immunotherapy for 
peanut allergy  

After 12 months of peanut sublingual 
immunotherapy, a significantly lower percent of 
activated basophils after stimulation with peanut 
extract was observed. 

18 CD63 (47) 

Sublingual immunotherapy for 
peanut allergy 

The percentage CD63 positive values are 
significantly lower in subjects receiving peanut 
sublingual immunotherapy compared with placebo 
subjects. 

40 CD63 (48) 

Oral immunotherapy for peanut 
allergy 

Basophil activation was significantly reduced within 
4 months, in contrast to basophil reactivity in 
subjects in an observational study of peanut allergy.  
 

39 CD63 (49) 

Oral immunotherapy for peanut 
allergy  

BAT shows evidence supporting the 
hypothesis that peanut oral immunotherapy 
induces pathway-specific basophil anergy.  

28 CD63 

CD203c 

(50) 

Milk oral immunotherapy Basophil activation decreases over time with oral 
tolerance induction 

142 CD63 

CD203c 

(51) 

Evaluation of the inhibitory effect 
of IgG4 

Peanut induced basophil activation was inhibited in 
the presence of plasma from non-allergic, peanut 
sensitized children and children submitted to 
peanut oral immunotherapy. Basophil activation 
was not inhibited 
 

228 CD63 

CD203c 

(52) 

Evaluation of the outcome of 
peanut sublingual immunotherapy  

Patients responding to SLIT showed significant 
decrease in peanut induced basophil activation 
compared to non-responders (high rate of patients 
discontinued therapy)   

40 CD63 (53) 

Evaluation of sublingual 
immunotherapy with a Pru p 3 
quantified peach extract  

Basophil activation with peach peel and 
recombinant Pru p 3, in contradiction to other 
studies, increased during the first 6 months of 
treatment 

31 CD63 (54) 

Evaluation of BAT in patients with 
specific oral tolerance induction 
with egg 

A significant decrease of antigen specific basophil 
responsiveness was observed in patients after oral 
tolerance induction with egg  

10 CD63 (55) 

Evaluation of BAT in patients with 
birch-pollen-associated apple 
allergy after an oral tolerance 
induction  

 

Basophil reactivity and sensitivity to Bet v 1 and Mal 
d 1 did not significantly change after regular apple 
consumption, although clinical tolerance was 
obtained in the majority of patients.  

40 CD63 (56) 
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Table 4. BAT for food allergen risk management 

 
 

 
 
 
 
 
 
 
 
 
 
 

BAT for food allergen risk management  

BAT for detection of hidden allergens 

Description Outcome N Marker Reference 

Detection of trace amounts of 
peanut in biscuits and chocolates 

BAT is a highly sensitive and specific tool to detect 
traces of functionally active food allergens.  

10 CD63 (23) 

Detection of biologically active 
peanut protein in household dust  

Peanut proteins in household dust are able to 
activate basophils from children with peanut allergy 

6 CD63 (57) 

BAT for measuring variety and potential allergenicity of processed food 

Description Outcome N Marker Reference 

Allergenicity of thermally 

processed peanut  

BAT, rather than SDS-PAGE or IgE binding, can 
predict the impact of thermal processing on the 
allergenicity of peanuts. 

10 CD63 (24) 

Allergenicity of thermally 
processed or Maillard reacted 
hazelnuts 

BAT can help to assess the allergenicity of hazelnut 
extracts after modification of constituent 
proteins/allergens through thermal processing and 
the Maillard reaction 

11 CD63 (25) 

Evaluation of the allergic potential 

of two different tomato cultivars  

BAT underpinned the clinical differences evoked by 
the different tomato cultivars 

9 CD203c (58) 

Diagnosis of different subtypes of 
Wheat-dependent exercise 
induced anaphylaxis (WDEIA) 

BAT with various preparations of wheat proteins is 
highly useful in predicting causative allergens in 
patients with WDEIA. 

10 CD203c (59) 

Allergenicity of thermally 
processed peanut 

Basophils, passively sensitized with IgE from peanut 
allergic patients, showed lower activation upon 
exposure to heat/pressure-treated peanut  

8 CD203c (27) 
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Legends  
 
Figure 1. Principle of flow cytometric analysis of basophils: immunophenotyping and histamine 
release at a single cell level 
 

Top: Upon cross-linking of membrane-bound IgE, basophils up-regulate the expression of specific 

activation and degranulation markers such as CD203c, CD63 and expression of the inhibitory 

receptor CD300a. 

Bottom: In the left quadrant co-expression analysis of CD63 and CD203c up-regulation in activated 

basophils is shown and 3 different subpopulations are demonstrated: CD203cbright+CD63− (R1, 

green), CD203cbright+CD63dim+ (R2, blue) and CD203cbright+CD63bright+ (R3, red). In the central and 

right quadrant the histamine intracellular staining by meaning of DAO coupled fluorochrome is 

displayed. Histamine release is revealed by reduction of DAO positive cells. Of note the complete 

release of histamine can be observed only in CD203cbright+CD63bright+ basophils (red). 
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