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Abstract: The basophil activation test (BAT) is an ex vivo functional assay that measures 
by flow cytometry the degree of basophil degranulation after stimulation with an allergen. 
In recent years, there has been an increased interest in the diagnostic value of the BAT as it 
has the potential to mimic the clinical phenotype of sIgE sensitized patients, in contrast to 
allergen-specific IgE levels. This diagnostic potential would be of particular interest for 
food allergies present early in life such as peanut, cow’s milk and eggs, which require an 
expensive, time-consuming and patient unfriendly oral food challenge (OFC) for diagnosis. 
However, routine applications of the BAT for clinical use are not yet feasible due to the 
lack of standardized protocols and large clinical validation studies. This review will 
summarize the current data regarding the application of the BAT in food allergy (FA) for 
cow’s milk, egg and peanut, being the most common causes of FA in children. Additionally, 
it will discuss the hurdles for widespread clinical use of the BAT and possible future 
directions for this diagnostic procedure. 
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Introduction
Most food allergies (FA) are diagnosed in early life, nevertheless the diagnosis can 
be made in older children or even adults. Currently there are fourteen foods listed as 
recognized food allergens in the European Union,1 of which eight are responsible 
for approximately 95% of FA cases: cow’s milk, eggs, fish, peanuts, shellfish, soy, 
tree nuts and wheat.2 In the US, approximately 9% of adults have a FA diagnosis;3 

meanwhile, in Europe it stands at about 6% among adults.4 In children below the 
age of five the prevalence of FA ranges between 4% and 10% worldwide.5,6

An oral food challenge (OFC) is the current gold-standard for FA diagnosis; 
however this method is labor intensive, costly and implies the risk of a severe and 
life threatening anaphylaxis. Determination of the prevalence of food allergies is 
dependent on confirmation by this gold standard; however, since OFCs are not only 
time-consuming but carry an inherent risk they might not be acceptable to all study 
participants.7

FA varies in etiology, allergen type and severity which contributes to a challenging 
diagnosis. Adding complexity to this diagnosis there is also the cross-reactivity 
between allergens, the concomitant presence of multiple food allergens and food 
intolerances.8 The symptoms of a FA and a food intolerance can overlap, therefore 
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a proper differential diagnosis is crucial since a FA triggers 
an immune response which can end in a life-threatening 
event known as anaphylaxis. The current cornerstone of 
FA diagnosis is the clinical history aided in most cases by 
specific IgE levels in blood (sIgE) and/or skin prick test 
(SPT). Both tests have a high sensitivity but low specificity; 
both detect sIgE sensitization which is not the same as 
a food allergy; in other words sensitization does not neces-
sarily lead to the development of symptoms. Additionally, 
both assays currently lack reliable threshold values as they 
are dependent on factors like the type of allergen/food and 
study population (eg, age, other diseases). The next step for 
food allergy diagnosis is an OFC; particularly the double- 
blind placebo-controlled food challenge (DBPCFC). 
Because of the drawbacks of these diagnostic challenges, 
FA diagnosis is trending towards the development of screen-
ing tests reducing the indications for OFCs. This approach, 
however, requires the establishment of thresholds values for 
SPT and sIgE that can predict the likelihood of a clinical 
reaction.9 The burden of a FA misdiagnosis manifests in 
increased anxiety and diminished quality of life for patients 
plus potential nutritional deficiencies due to dietary 
restrictions.10 Furthermore, the economic cost of FA mis-
diagnosis to society are not insignificant with many 
resources being dedicated to further medical evaluation, 
additional testing and unnecessary prescriptions.11

Under this scenario, the interest in the basophil activation 
test (BAT) has increased as a potential tool which simulates 
an allergic reaction ex vivo. The BAT is a flow cytometric 

assay that detects the functional ability of IgE to activate 
basophils which are stimulated due to allergen exposure (see 
Figure 1). However, there is still knowledge lacking regard-
ing degranulation metrics and implementation guidelines to 
guarantee universality in the execution of the test and inter-
pretation of the results.12,13 The BAT measures the expres-
sion of activation markers (mainly CD63 or CD203c) on the 
basophil cell membrane following cross-linking of IgE anti-
bodies caused by an allergen.14,15 Even though basophils are 
scarce (they form less than 3% of peripheral white blood 
cells) they are easily accessible cells and their activation is 
quantifiable. Therefore, the BAT is a promising biomarker 
for the diagnosis of a food allergy and can replace the OFC.

The BAT has been validated for different IgE-mediated 
food allergies and showed a high sensitivity and 
specificity.16,17 The accuracy of the BAT has been shown 
to be higher than tests for IgE sensitization (sIgE/SPT)12,17 

and the BAT has been able to differentiate clinically allergic 
patients from those who were sensitized but tolerant, with 
a specificity ranging from 75% to 100% and a sensitivity 
between 77% to 98%.12,15–17 This specificity and sensitivity 
profile has positioned the BAT as a potential tool in reducing 
the number of OFCs12 contributing to the interest in further 
developing this technique for FA diagnosis.

One reason for this improved diagnostic power can be 
attributed to the fact that the BAT is a functional assay, 
therefore the results are not dependent on the amount of 
IgE alone but also on its characteristics such as affinity, 
avidity and even on antibodies of other isotypes (eg, IgG4).18

Figure 1 Basophil activation test principle. At a resting mode, the activation marker CD203c is expressed at low levels, but upon activation it is rapidly up-regulated. In 
addition, when the basophil is in a resting mode the activation marker CD63 is mainly present inside the cell granules. Upon activation, after exposure to an allergen, the 
granules fuse with the cell membrane and CD63 is exposed on the cell surface and can be detected by labelled antibodies with subsequent flow cytometry. Therefore the 
expression of CD63 is closely associated with degranulation.
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Kits for performing the BAT have become more readily 
available for any clinical or research laboratory with 
a flow cytometry facility.19 Nonetheless, standardization 
and harmonization of the BAT technique plus interpreta-
tion of results are still lacking and not yet defined. Many 
questions remain regarding how feasible it is to standar-
dize the BAT and its methodology while adopting 
a protocol that allows for comparison of results between 
different centers. Simultaneously, universal threshold 
values should be established and data for specific allergens 
validated in different allergic populations whilst evaluating 
the cost-effectiveness of this technique. It is important to 
keep in mind when validating the BAT in the context of 
cross-reactivity syndromes that the performance of the test 
will be influenced by the control group, a healthy control 
group will likely overestimate the specificity of the test 
and therefore also the diagnostic accuracy of the reference 
test.13

The BAT and Food Allergy 
Diagnosis
Food allergies that begin at an early age such as cow’s 
milk, egg and peanut, present a higher diagnostic chal-
lenge as performing an OFC in children generates signifi-
cant anxiety in parents and clinical staff. Furthermore an 
OFC in young children can be difficult to perform (eg, 
willingness of the patient to eat) and interpret since the 
majority of the symptoms are subjective and the test is 
often not continued until objective symptoms are 
reached.20,21 Both milk and egg allergies start early in 
life and the majority becomes naturally tolerant over 
time whereas peanut allergy starts later in life and is 
usually lifelong. Therefore, in this subgroup of FA, the 
BAT as a tool would represent a significant diagnostic 
improvement in FA diagnosis in the clinical practice as it 
has the potential to reduce the need for an OFC.22 

Furthermore, most of the clinical validation data currently 
available for the BAT are obtained with egg, milk and 
peanut; therefore, these data are used to deduce and sum 
up the current clinical application of the BAT. Although 
most articles regarding the BAT focus on diagnosis there is 
pertinent data available regarding the role of the BAT in 
monitoring the effect of immunotherapy as well.23

The BAT mimics the clinical phenotype of patients 
while other allergy tests can only detect the presence of 
allergen-specific IgE. Additionally, the BAT can differenti-
ate sensitization from a true food allergy and thus 

segregate between allergy and tolerance, particularly in 
children with peanut or egg allergy.24

Peanut Allergy
Peanut allergy (PA) is one of the most common food 
allergies worldwide accounting for 0.5% to 1.5% of the 
population in Western countries.25 PA usually starts 
around 18 months of age but can begin later in life, either 
as stand-alone allergy or as part of the pollen-food allergy 
syndrome.26 PA, along with tree nut allergies, is the most 
common cause for life threatening anaphylactic reactions. 
Even though only a small percentage of US children are 
clinically allergic to peanut (currently 1.4%), approxi-
mately 10% are sensitized to it; consequently, the proper 
diagnosis in this group is vital for the quality of life of the 
patients and their families.27 In FA diagnosis, it is becom-
ing critical to be able to identify the individual disease 
phenotype to provide the correct individualized treatment; 
thus, techniques that can separate cross-reactivity with 
other allergen families and pollen allergen are gaining 
importance.28 For example; Arachis hypogea 2 (Ara h 2) 
specific IgE (reflecting sensitization) has been shown to be 
a useful predictor of clinical reactivity.29 In children with 
suspected PA, the BAT diagnosed PA with 98% specificity 
and 75% sensitivity. Moreover, the BAT was the best 
biomarker for severity, identifying severe reactions with 
97% specificity and 100% sensitivity.30 Thus, the BAT 
outperformed the level Ara h 2 specific-IgE, level of pea-
nut specific-IgE and IgG4/IgE ratio, only to be surpassed 
by the SPT.30 Therefore, the BAT is capable of predicting 
the allergic clinical status to peanut in children and could 
reduce the need for OFCs.12,30

It has been observed that a higher proportion of acti-
vated basophils is associated with more severe reactions 
and a lower threshold of activation, raising the question if 
severity is linked to threshold. For example; in adults that 
suffer from severe peanut allergy similar associations have 
been identified using the BAT, where basophil reactivity to 
peanut was significantly higher in patients who had 
a history of severe allergy to peanuts when compared to 
patients who were sensitized to peanuts (p<0.001).31 

However, further validation is necessary before applying 
this result more broadly including to other food allergens 
and to other patient populations.28

Moreover, single peanut or tree-nut allergic patients are 
often sensitized to other tree-nuts requiring multiple OFC 
for diagnosis since the main challenge with these patients 
is distinguishing between sensitization and allergy. The 
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BAT has shown to be capable to discriminate between 
allergic and nonallergic children, to the respective nut/ 
seed when tested against peanut, hazelnut, cashew nut, 
sesame, and almond.32 Moreover, this study reported that 
the use of the BAT as a second step in the diagnostic 
process reduced the number of OFC by 5% to 15% after 
equivocal SPT and IgE to extracts and components. This 
notion was later reinforced by further studies showing that 
separately the SPT and the BAT were limited in their 
capacity to distinguish allergy from tolerance; however, 
when used in conjunction as part of the diagnostic kit their 
ability to identify allergic and tolerant patients improved.33 

Moreover, the same study also concluded that this 
approach could potentially reduce the need for OFCs 
with 78.2% in walnut/pecan cases and with 76.6% in 
cashew/pistachio cases.33 Additionally, the BAT has been 
useful to differentiate between the allergenicity of different 
allergen extracts in hazelnut allergic patients. In 132 hazel-
nut allergic patients, sensitization was confirmed by SPT 
and sIgE against hazelnut;34 following a hazelnut free diet, 
a DBPCFC was performed with increasing amounts of 
native and roasted hazelnut. The BAT was measured 
before and after provocation and it showed that signifi-
cantly higher concentrations of the allergen extract were 
needed (roasted>native) to induce 50% basophil activa-
tion. Therefore, the researchers concluded that the BAT 
was useful in determining the reactivity of an allergen 
extract.34

In PA patients, oral immunotherapy (OIT) can signifi-
cantly shift the threshold dose of peanut that can be 
ingested without generating symptoms. Sustained protec-
tion during and after OIT has been reported in association 
with lower levels of basophil activation at 13 weeks after 
active OIT.35 Hence, patients with a low basophil respon-
siveness after OIT were more likely to achieve treatment 
success.36 Using the Ara h 2 as a predictor of clinical 
reactivity, the BAT could provide a functional surrogate 
of efficacy since studies have demonstrated that basophil 
sensitivity to Ara h 2 is a useful biomarker for long time 
efficacy of peanut OIT.37 Therefore there is increasing data 
that the BAT provides additional value in monitoring the 
response to immunotherapy.38

Cow’s Milk Allergy
Cow’s milk allergy (CMA) is the most common childhood 
allergy with a prevalence of approximately 2.5% 
worldwide.20 The onset of this allergy is generally related 
to the introduction of cow’s milk based infant formula and 

currently it affects 1 in every 50 infants under the age of 
one with most of the patients outgrowing their allergy 
during childhood or pre-puberty.39 CMA is highly variable 
with allergens involved in the allergic response. 
Previously, ß-lactoglobulin, the most abundant whey pro-
tein, was thought to be the most important allergen in 
CMA since it is not present in human milk and up to 
76% of the patients react to this protein.40 Nowadays, it 
is known that other proteins, including α-lactalbumin and 
caseins, are critically involved in the disease. Low levels 
of ß-lactoglobulin and casein allergen-specific (known as 
Bos d 8) sIgE concentrations have been described as pre-
dictive for the resolution of CMA.41

The lack of specific clinical manifestations can often 
lead to a misdiagnosis; the current diagnostic tests include 
sIgE (sensitivity 87%, specificity 48%) and SPT (sensitiv-
ity 88%, specificity 68%) while the current gold standard 
for CMA diagnosis is the double-blind placebo-control 
food challenge (DBPCFC).41,42 The difficult diagnostic 
scenario has resulted in an over-diagnosis of CMA, possi-
bly undermining breast feeding rates and leading to unne-
cessary elimination diets with negative nutritional 
impact.43 For example, a meta-analysis showed that the 
self-reported prevalence of CMA was approximately 6%, 
however the prevalence fell to 0.6% when CMA was 
confirmed by DBPCFC.41 The BAT has been described 
as highly efficient in confirming CMA in children44 with 
a sensitivity of 89% and a specificity of 83% for cow’s 
milk extract,45 positive predictive value of 81% and nega-
tive predictive value of 96% in detecting persistently aller-
gic patients.46 For safety and commercial reasons, milk is 
processed by using various treatments (heat and other 
physio-chemical) that can alter the allergenic potency of 
milk proteins. The BAT can help to distinguish between 
patients that can tolerate heated forms of cow’s milk from 
those who are not able to. Therefore, the BAT can provide 
important information which has implications for the prog-
nosis of CMA patients as patients who persistently do not 
tolerate heated milk will have a higher chance to develop 
a more persistent form of CMA allergy.47,48

Even though most patients diagnosed with CMA will 
outgrow this allergy in the first years of life, the prognosis 
for those who do not is worse; with cow milk IgE levels 
reported being highly predictive for this outcome.20

Therefore, in FA that are commonly outgrown with 
time such as CMA, the BAT can be useful in assessing 
the natural resolution of food allergies and in deciding 
when to reintroduce cow’s milk to the patient’s diet. The 
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BAT has been described as highly effective in improving 
the diagnostic accuracy in CMA since it can mimic the 
acute degree of CMA against cow’s milk and human milk 
allergens as well as assist in monitoring the development 
of CMA;49 offering the possibility that the BAT could be 
a reliable and cost effective diagnostic tool when clinicians 
suspect an IgE mediated CMA which could in turn dimin-
ish the need for DBPCFCs.50

In recent years, many studies have demonstrated the 
efficacy of OIT for CMA ranging from 67% tolerance at 
18 weeks51 to 90% showing complete desensitization after 
1 year.52 Nevertheless, follow-up studies have found that 
full milk tolerance decreases dramatically over time, 
which suggests that protection is more difficult to maintain 
than previously described.53 Current recommendations 
suggest treatment of CMA should wait until the child is 
3 years old; however, recent findings suggest that OIT is 
a promising strategy for CMA even in young children. 
OIT has demonstrated to achieve full tolerance in a high 
percentage of children with mild side effects that can be 
easily managed by slowing the desensitization.54 At the 
end of oral food allergy desensitization, a significant 
decrease in specific IgE levels and increase in specific 
IgG4 levels is described in the literature, highly possible 
due to a switch from a Th2 to a Th1 response;55 therefore 
by analyzing the up-regulation of allergen-induced CD63 
with flow cytometry it is possible to monitor the progres-
sion of clinical tolerance by OIT in FA. There is little 
information regarding the use of the BAT for monitoring 
the clinical tolerance induced by OIT in CMA; however, 
a reduction of cow’s milk protein-induced CD63 expres-
sion levels at the end of the desensitization protocol has 
been observed and the BAT has been described as highly 
sensitive and closely correlated with clinical tolerance.56

Egg Allergy
Egg allergies are common IgE mediated food allergies in 
children with a prevalence ranging from 1.3% to 10.1%,20 

with most cases presenting during the first year of life. The 
prognosis is generally good with the majority of children 
outgrowing their allergy at school age. A proper diagnosis 
of egg allergy is crucial for several reasons, which can also 
be valid for other food allergies, (1) it can cause severe 
allergic reactions in sensitized children, (2) unnecessary 
avoidance due to a misdiagnosis leads to significant diet-
ary restrictions and the possibility of nutritional deficien-
cies, (3) early sensitization to egg is a known marker of 
later sensitization to aeroallergens and the possible future 

development of asthma and (4) many vaccines that are 
administered during childhood contain egg therefore an 
egg allergy diagnosis is crucial to determine which vac-
cines are safe to administer.57

Most of the allergenic proteins are found in the egg 
white: ovomucoid (Gal d 1), ovalbumin (Gal d 2), ovo-
transferrin (Gal d 3), egg white lysozyme (Gal d 4) and 
ovomucin; with Gal d 2 ovalbumin being the most abun-
dant protein in egg white.58 Currently the BAT for egg 
allergy is described with a sensitivity of 63% and 
a specificity of 96% for CD203c expression and 
a sensitivity of 77% and a specificity of 100% for CD63 
expression using ovalbumin.17 An important diagnostic 
conundrum for clinicians is the distinction between aller-
gic and sensitized children (clinically tolerant but demon-
strate a positive sIgE and/or SPT). Studies have attempted 
to evaluate if the BAT can play a role in addressing this 
diagnostic problem, which when presented requires further 
evaluation with an OFC. At the moment, the data suggests 
that most egg-sensitized but tolerant children are unable to 
elicit basophil activation upon allergen challenge.59 

Therefore, the BAT might be a handy tool to complement 
conventional tests in this group of patients allowing for 
a better differentiation between allergic and non-allergic 
patients.45

Generally, individuals with egg allergy can tolerate 
cooked products that contain egg which would imply that 
the allergic response is dependent on epitope configura-
tion. The ovalbumin proteins are heat labile while the 
ovomucoid epitopes do not seem to be affected by heating. 
Some heat labile allergenic proteins change their config-
uration during the cooking process and therefore their 
immunogenic potential is either blunted or minimized.60 

Alternatively, partially unfolded proteins could expose 
existing hidden epitopes and increase their allergenic 
activity. So, net effects are hard to predict without pre- 
existing knowledge or careful analysis of epitopes present 
in the allergens and severe allergic reactions can occur 
with a single bite of cooked egg (about 70mg of egg 
protein). Patients that are diagnosed with an egg allergy 
are placed on egg-free diets, but total egg avoidance is 
very challenging both for patients and caregivers. 
Therefore, new treatment strategies are being explored. 
Food oral immunotherapy can induce tolerance or desen-
sitize patients that are allergic to egg and it is associated 
with a median success rate of over 80%.61 The aim of the 
OIT in the treatment for a FA, as previously indicated, is to 
achieve tolerance to the usual or certain doses of the 
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allergenic food to prevent reactions in case of ingestion of 
small quantities of said food. This is mainly attributed to 
several immunological responses, mainly a decrease in 
specific IgE, increase in specific IgG4 antibodies, forma-
tion of specific regulatory T cells and changes in the 
basophil response.62

Research has shown that in OIT in egg allergic children 
produces a reduction in basophil activation after allergen 
stimulation; a significant decrease in percentage of CD203c 
+ cells (p = 0.04) and a lower percentage of CD63+ cells (p 
= 0.07) over time after stimulation with 0.01 µg/mL anti- 
ovomucoid.63 This could be caused by changes in circulat-
ing levels and surface bound IgE on the basophils and in the 
amount of IgE receptors on the basophil surface. Therefore, 
using the BAT to test the safety and efficacy of a new 
immunotherapy such as low allergenic hydrolyzed egg is 
a handy tool for researchers and clinicians to circumvent 
expensive OFCs.

Future Directions of the Basophil 
Activation Test
The BAT is currently not widely used in FA diagnosis, 
although it possess a high diagnostic potential, it lacks 
validation and standardization to allow results compari-
sons between different laboratories and protocols that can 
be universally applied need to be formulated. This process 
should include not only the proper reference test that 
would be used to validate and standardize the BAT, but 
also the considerations of the possible drawbacks of utiliz-
ing such a reference and additionally a protocol for the 
allergens used and their importance in each subgroup of 
patients, as well as which activation markers are better 
suited for a specific patient population. These are among 
the main factors that need to be clearly established before 
the BAT can be universally used for clinical diagnosis or 
research (see Table 1).

BAT Validation and Standardization, the 
Reference Test
Standardization and validation of a new diagnostic test 
starts with the choice of the reference test(s). Currently, 
OFCs outcomes are used as the gold standard for FA 
diagnosis. A DBPCFC would be the best test as it removes 
patient and observer bias;64 therefore, it should be the 
reference test for validation and standardization of 
a newer diagnostic tool such as the BAT. However, even 
this gold standard has limitations as 3% false-positive, 3% 

false-negative results and 10% dubious outcomes occur.65– 

67 In addition, there are several other points of concern like 
differences in dosing scheme and type of food matrices. 
Uniformity concerning these issues has not been obtained 
yet. Furthermore, reproducibility of the OFC has not been 
extensively tested. However, Glaumann et al found that 
that the threshold of the OFC showed a much higher 
variation and lower reproducibility than the sensitivity of 
the BAT (CD-sens).68 Finally, although there are guide-
lines for the stop criteria of an OFC (ie, Practall69) the 
question remains whether subjective symptoms are similar 
to objective symptoms in predicting the degree of severity 
and avoidance of food allergen traces. Thus, even though 
the OFC is the best diagnostic tool currently available, 
uncertainties remain about its value in clinical practice. 
Therefore, when validating the BAT by using the OFC, the 
limitations of the reference test need to be considered. This 
also urges us to rethink the applications of the OFC and 
new diagnostic tools, with their own drawbacks, in the 
optimization of food allergic diagnostics. Nevertheless, 
like the gold standard, a new diagnostic tool should be 
extensively validated in robustness and applicability. For 
the BAT it means that much research is still required 
concerning the source and type of allergens used, the 
optimal readout-parameters and the determination of reli-
able and safe cut-off values.

Allergen Selection
The BAT is a functional assay that evaluates the activation 
state of basophil cells before and after stimulation with 
allergens. The structure and availability of IgE-binding 
epitopes of the allergens in the food is influenced by 
food matrix composition as well as food processing steps 
before exposure to the patient. For food diagnostic pur-
poses, raw allergen preparations are often used while indi-
viduals are mostly exposed to processed foods, eg in the 
case of soy or peanut proteins. Therefore, the use of raw 
extracts can compromise the diagnostic procedure and 
interpretation of the efficacy of tolerance induction; the 
BAT gives the possibility to test various allergen prepara-
tions which gives it a diagnostic advantage over other 
techniques, like the OFC.

The expected response in an allergic patient in a BAT 
test is a bell shape dose-response curve. Nonetheless the 
complexity of antigens and the affinity of different profiles 
of epitope-specific IgE can vary the shape of the dose- 
response curve.70 Several factors have an impact on the 
basophil surface activation markers dose-response curve, 
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amongst them: affinity of the antigen for the cell-bound 
IgE antibodies, density of the epitope-specific IgE antibo-
dies and epitope spreading of the IgE antibody.70 All of 
these factors determine the optimal allergen concentration 
for basophil activation and might vary significantly among 
subjects. To account for this issue it is advised to include 
a broad range of allergen concentrations to better evaluate 
the effect of the allergen in the basophil response.

Currently food allergy diagnostic tools mainly include 
water-soluble allergens and thus lipophilic allergens are 
missing. Using purified mixtures of Ara h 10/11 and Ara 
h 14/15 (ie peanut lipophilic oleosins) the BAT showed 
that the rate of peanut oleosin sensitization among peanut 
allergic patients was 65%.71 This shows that sensitization 

to peanut oleosins is clinically relevant and therefore oleo-
sins are major allergens in peanut allergy. Nevertheless, in 
order to evaluate the predictive value of these results they 
need to be compared with the outcome of the OFC and 
other peanut allergens with additional multicenter 
studies.72

Peanut allergenic proteins are significantly affected by 
thermal processing which is caused by the interaction 
between the proteins and other food compounds such as 
sugars. An example of such interaction is the Maillard 
reaction, which involves the formation of neo-allergens 
by promoting the aggregation and formation of new epi-
topes. These neo-allergens may increase the severity of the 
allergic reaction in some individuals who are sensitized 

Table 1 Technical Considerations for Widespread Use of the BAT

Validation and Standardization

Current 

Challenge

How to use the proper test to validate and standardize a new tool such as the BAT

Proposal DBPCFC best current option 

- Gold standard for FA diagnosis 

- Removes patient and observer bias

Pitfalls DBPCFC has limitations 

- 3% false positives, 3% false negatives and 10% dubious outcomes

Allergen Preparation

Current 

Challenge

Factors impact the basophil surface activation markers dose-response curve: affinity of the antigen for the cell-bound IgE 

antibodies, density of the epitope-specific IgE antibodies and epitope spreading of the IgE antibody

Proposal Include a broad range of allergen concentrations to better evaluate the effect of the allergen in the basophil response

Pitfalls Most FA diagnostic tools include mainly water-soluble allergens, thus lipophilic allergens are missing 
Which processed allergens should be used in the BAT still require research

Basophil Identification/Activation Markers

Current 

Challenge

For a valid interpretation of the results, the precise identification of the basophil population is crucial 

Since several markers can be measured, the BAT is a valuable tool as it can assess various immunological pathways providing 
valuable insights into immune mechanisms of allergic disease

Proposal Studies that compare different identification and activation markers in the same population of patients are needed

Pitfalls Researchers need to be aware that the current data suggests that depending on the allergen and the cohort used, there might be 

variability in the sensitivity and specificity of the basophil activation markers.

Read-out Parameters

Current 

Challenge

Establish the most effective way to measure basophil activity. At the moment, it is advised to measure to first measure basophil 

reactivity and then measure basophil sensitivity.

Proposal The area under the dose-response curve (AUC), a marker of both reactivity and sensitivity is gaining attention since it measures 

at multiple allergen concentrations lowering the risk of false outcomes

Pitfalls “Basophil anergy”, a non-responding basophil to IgE receptor-mediated signalling after stimulation with one or more types of 

allergen remains a problem in approximately 10% of cases.
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against processed and not raw allergens; therefore provid-
ing a need to include processed food in the diagnosis of 
FA, which normally use raw extract for PA diagnosis. 
Moreover, it is known that thermal processing affects the 
degranulation capacity differently, increasing in Ara h 1 
while decreasing in Ara h 2/6;73 granting the BAT an 
important role in the assessment of food processing on 
protein allergenicity. As shown by Vissers et al, it is 
important to include degranulation assays in addition to 
the commonly studied IgE reactivity to have an inside in 
the clinical relevance of an allergen.73 The authors showed 
that the IgE-binding capacity of Ara h 1 roasted in the 
presence of sugar was decreased 9000-fold compared with 
native Ara h 1, while the capacity to elicit mediator release 
was increased. In this area, the BAT has been described as 
helpful to determine the effect of thermal processing on 
the allergenicity of peanut proteins. A study which used 
both IgE immunoblotting and the BAT for raw and roasted 
peanuts did not find a correlation between the two techni-
ques, highlighting the fact that IgE binding studies do not 
predict the potential of an allergen to trigger cell degranu-
lation. The authors explained the discrepancy between 
a positive immunoblotting result and a negative BAT as 
an occurrence due to sensitization to heat-resistant cross- 
reactive carbohydrate determinants, which is a main cause 
of positive IgE results that have no clinical significance.74 

Consequently, the BAT provides important additional 
information to the results yielding from the IgE binding 
techniques.

In addition to providing valuable information regarding 
the allergenicity of peanuts and hazelnut, the BAT has 
yielded meaningful information about the non-specific lipid 
transfer proteins that are involved in allergies to fresh and 
processed fruits. The BAT showed that only severe heat 
treatment of Mal d 3 from apple peel caused significant 
decrease in its allergenicity, suggesting that the sugar in 
fruit may contribute to the thermostability of the allergenic 
activity.75 Hence, the BAT is a suitable diagnostic tool to 
assess the allergenicity of processed allergens. Nonetheless, 
which processed allergens should be used in the BAT to 
reflect the in vivo situation still needs much research.

Determination of the Degree of Basophil 
Activation
Activation Markers
Following allergen stimulation, human basophils exhibit 
different degranulation patterns releasing various 

mediators and expressing particular activation markers. 
The BAT detects phenotype changes of allergen induced 
basophil degranulation; for this different protocols are in 
place using CCR3, CD123, CRTH2, CD203c or anti-IgE 
to identify basophils. All these markers are expressed on 
the basophil membrane but secondary makers are neces-
sary to exclude CRTH2 + T cells or CD123+ plasmacy-
toid dendritic cells. Additionally, it has been suggested 
that CD203c is the marker that reveals the purest baso-
phil cell population when compared to other markers 
(CCR3+, CRTH2+/CD3−, CCR3+/CD3−, IgE+, among 
others) and that anti-IgE should be used when 
a basophil population of very high purity is needed.76 

For a valid interpretation of the results, the precise 
identification of the population of basophils is crucial.15 

As long as these markers are not compared in one 
population it is difficult to determine which markers 
perform best; hence studies that compare different iden-
tification and activation markers in the same population 
are needed.

Moreover, degranulation is detected by surface expres-
sion of CD63, which is only expressed on the inner side of 
the granule membrane of the resting basophil.77 Since the 
development of the BAT, several activation markers have 
been studied and compared. In the mid 1990’s the CD63 
activation marker was discovered and currently is the most 
favored activation marker because it is directly related to 
histamine release and it is easily accessible since it is 
expressed in a distinct positive population.48,76,78 The 
other valuable marker is CD203c;79 however, it does not 
form a distinct positive population and is a more general 
basophil marker which can be used both as an identifica-
tion and as an activation marker.48 CD63 and CD203c are 
upregulated after IgE receptor aggregation but follow par-
tially different metabolic pathways.

Presently, there is no standardization of CD63 or 
CD203c detection and the determination of the positive 
threshold value.24 Furthermore, at several allergen concen-
trations, some studies have shown, that CD63 and CD203c 
expression differed between allergic or sensitized 
patients.76 For example, in hazelnut allergy CD203c 
expression showed a better discrimination capacity when 
compared to CD63 and therefore was more accurately able 
to distinguish between sensitized and allergic patients.79 

This could be explained by the differences in kinetics 
between CD63 and CD203c. While the maximal up- 
regulation for CD63 is between 25–30 minutes, for 
CD203c it is at 10–20 minutes; in this study the 
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stimulation time used averaged 15 minutes to capture both 
markers.79 In general, expression of CD203c reach their 
peak quickly and starts to decline after approximately 20 
minutes and both CD63 and CD203c disappear after 4 to 5 
hours of incubation.

A possible new marker is CD300, a surface receptor on 
basophils. This receptor was shown to increase during IgE 
mediated basophil degranulation but it is not necessarily 
elevated as a result of an allergen-mediated degranulation. 
The CD300 marker is correlated to enhanced degradation 
and its expression levels correlated with the severity of 
symptoms particularly in children with a severe CMA 
symptomatology; thereby suggesting that CD300c has 
a role in the clinical manifestation of CMA by decreasing 
the activation threshold of basophils.80 An additional mar-
ker of interest is CD300a, an inhibitory receptor that is 
rapidly up-regulated in response to IgE/FcεRI (high affi-
nity receptor for IgE) and inhibits anaphylactic basophil 
degranulation.81 Furthermore, the expression of CD300a, 
similar to CD63, remained in a plateau for approximately 
2 hours. CD300a is associated with inhibitory ITIM- 
mediated signaling (immunoreceptor tyrosine-based inhi-
bitory motifs) which may hamper activation processes.81 

Moreover with an inhibitory net observed effect, several 
studies have reported a CD300a dominance over 
CD300c;80,82 thus more precise tools are needed to char-
acterize the functional input from CD300a and CD300c.

The current data suggest that depending on the allergen 
and the cohort used, there might be a variability in the 
sensitivity and specificity of the basophil activation mar-
kers. On the other hand, as several markers can be mea-
sured, the BAT is a valuable tool for researchers as it can 
assess various immunological pathways providing valuable 
insights into immune mechanisms of allergic diseases.22

Result Analysis and Interpretation
Since the analysis and interpretation of the results of the 
BAT can be intensive and laborious, recently a data driven 
programmatic approach has been proposed to analyze the 
flow cytometric results in a more reproducible, unbiased 
and productive way. By using the R Bioconductor pack-
age, flowCore, researchers were able to analyze 269 baso-
phil activation tests from a clinical trial in a quick and 
efficient way, representing a net saving of 1340 minutes of 
labor by a skilled operator and only 2% of the basophil 
activation results differ significantly from manual gating.83 

This data-driven approach could provide a platform for the 
BAT data to be analyzed in a more transparent and 

reproducible way with better quality control and addition-
ally providing an adequate way for data sharing among 
clinicians and researchers.

Commonly there are two ways to measure basophil activ-
ity; by the number of basophil that respond to a stimulus 
(basophil reactivity) or by the allergen concentration at 
which half of all reactive basophils respond (basophil sensi-
tivity); once reactivity is confirmed it may be useful to 
evaluate sensitivity.48 Basophil reactivity can be expressed 
as %CD63+ basophils at a given allergen concentration and it 
refers to the proportion of basophils that express CD63 
compared to the negative control.84 Basophil reactivity can 
also be expressed as the ratio of %CD63+ to allergen IgE- 
mediated positive control (anti-IgE or anti- FcεRI) and 
recently two studies reported an association between baso-
phil reactivity and symptom severity in PA patients.30,84 To 
measure sensitivity the reactivity at 6–8 allergen concentra-
tions is measured, then the graded response is fitted to a curve 
of reactivity vs allergen concentration and the eliciting con-
centration at which 50% of basophils (EC50) is 
determined.70 From this parameter, CD-sens can also be 
determined as 1/EC50 x 100. Basophil sensitivity has been 
reported to be helpful in the diagnosis of food allergy.12,70 

Both basophil reactivity and sensitivity seem to be distinct 
parameters of activation; nonetheless both are regulated by 
Syk and appear to be interdependent.70

Recently, the area under the dose-response curve 
(AUC) is gaining interest since it is a marker of sensitivity 
and reactivity48,70 and it can be calculated in cases where 
responses do not fit well to a typical dose-response 
curve.48 Furthermore, it uses several measuring points, at 
multiple allergen concentrations, which lowers the risk of 
false outcomes.

Therefore basophil reactivity and basophil sensitivity 
plus read-out parameter such as CD-sens, EC50 and AUC 
have been reported as sensitive biomarkers that reflect the 
clinical severity of anaphylactic reactions, the clinical 
thresholds for eliciting symptoms and OIT particularly in 
FA patients.85 A result of increased basophil reactivity and 
sensitivity reported in thresholds of BAT parameters, can 
help a clinician decide whether or not to perform an oral 
provocation test.85

Automation of the Basophil Activation 
Test
Presently, the BAT is regarded as a good ex vivo test that 
holds many diagnostic advantages in FA which include 
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high sensitivity/specificity, low risk profile, potential to 
predict symptom severity and importantly the potential to 
discriminate between sensitized asymptomatic and truly 
allergic patients;17,86 nevertheless, as mentioned before, 
there are still some hurdles to fully embrace the capabil-
ities of this test broadly in the clinical practice.

It is not only the lack of standardization that is cur-
rently a challenge, there are also issues concerning some 
of the procedural limitations such as the needed flow 
cytometry expertise, cost, technical operational and main-
tenance aspects, the challenging pre-processing and pre- 
labelling of samples and the ponderous of existing work-
flows. Difficulties like this mean that currently the BAT 
remains limited to specialized laboratories.

The BAT is performed in a limited number of labora-
tories as blood sampling and storage for this type of test 
requires special conditions to preserve cell viability and 
functionality (eg, sample needs to remain refrigerated) and 
should be used within 8 hours after obtaining the sample, 
although some researchers currently suggest it can be as 
long as 24 hours,87,88 since at room temperature IgE 
mediated reactions decrease faster.59 Currently, there are 
several time limits mentioned in the literature so there is 
no real consensus and this poses a problem because pre-
sently the inclination is to obtain the sample and perform 
the test so quickly that it is a challenge.15

In order to reduce hands-on time, efforts have been 
made to develop a simplified and standardized whole- 
blood based BAT prototype procedure to increase the 
automation of this test. Arif-Lusson et al proposed 
a whole blood based and simplified procedure for the 
BAT which relies on a dry antibody formulation technol-
ogy that can be transposed in a 96 well plate format.89 

Moreover, a novel microfluidic-based immunoaffinity 
BAT (miBAT) has been introduced to simplify the cum-
bersome BAT processes and therefore makes it more 
accessible to clinical practice. This microfluidic device is 
coated with anti-CD203c and designed to capture baso-
phils from whole blood directly which are then activated 
by anti-FcεRI antibody and followed by optical detection 
of CD63 expression.90 Blood collected from allergic 
patients and healthy controls was analyzed with the 
miBAT with the expression of CD63 percentage signifi-
cantly higher after allergen activation when compared to 
the negative control (p < 0.001) and miBAT data were 
comparable to flow cytometry.91 This technique however 
still needs validation in larger patient populations to assess 
its performance.

In addition to the storage time of the sample, there is 
a lack of consensus regarding which of the existing BAT 
protocols should be applied to harmonize results and there-
fore be able to compare them between laboratories. 
Behrends et al recently published a simplified protocol 
with automation of sample preparation, measurement and 
data analysis plus lengthening of the time between blood 
collection and sample processing.86 The researchers created 
a novel gating strategy with 3 antibodies (FcεRIα, CD203c, 
CD63) which was compared to their previous protocol that 
used 12 antibodies; the results found no differences in sen-
sitivity and specificity between the two protocols or between 
the automated and the manually analysed samples, which 
saved 90% of labor time. Moreover, this new protocol by 
Behrends considerably extended the time frame for perform-
ing a BAT after blood donation to 7 days for whole blood 
storage at room temperature and 17 days at 4°C prior to BAT 
preparation and measurement. The researchers confirmed 
their results via a nationwide ring trial that showed 
a robust and applicable BAT protocol in a variety of flow 
cytometers.86 Agyemang et al took a different approach to 
preserve basophil activation stability and therefore expand 
the use of the BAT.92 Agyemang et al evaluated a novel 
peanut-BAT (P-BAT) as a diagnostic method of peanut 
allergy; in this pilot study basophils in whole blood were 
stimulated with six peanut concentrations (0.0001–10 mg/ 
mL) within 3 to 4 hours of sample acquisition and activation 
was measured by CD63+ and CD203c+ expression via flow 
cytometry on days 0, 1, 3 and 5. Findings showed basophil 
activation at each peanut concentration with the P-BAT 
method on day 0, and it was sustained on days 1, 3 and 5 
without further stimulation; therefore by using the P-BAT 
method researchers eliminated the immediate need for sam-
ple processing by a simple activating basophils in a simple 
way using whole blood, which can be easily performed in 
the first 4 hours of sample collection.92

Passive BAT
Directly exposing basophils from fresh whole blood or iso-
lated peripheral blood mononuclear cells to various allergen 
concentrations is a technique known as “direct BAT”.14 This 
technique has certain limitations; for example, the recommen-
dation that the test has to be performed within 8 to 24 hours 
after collection of the blood sample as basophil reactivity 
decreases over time88 and a key problem known as “anergy”, 
which means non-responding basophils to IgE receptor- 
mediated signaling after stimulation with one or more types 
of allergen or anti- FcεRI IgE receptor stimulation, a problem 
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that presents in about 10% of the individuals.15 This “baso-
phil anergy” appears to be associated with a down-regulation 
of basophil Syk expression and function plus an apparent 
reduction in the incidence of allergic rhinitis.93

Research has shown that it is possible to reproduce 
passive sensitization of basophils with IgE ex vivo, this 
technology can be applied to allergic diseases as well. In 
the “passive” (also called “indirect”) BAT (iBAT) isolated 
basophils from pooled healthy donor blood are stripped 
from receptor bound IgE and passively sensitized with 
sIgE from an allergic patient’s serum. Subsequently, 
these basophils can be activated by exposing them to the 
allergens of interest. This allows the storage of large 
amounts of patient serum and to determine the allergic 
status at once at a later point in time, solving one of the 
crucial performance issues with the BAT.14 Moreover, by 
using pooled blood from several donors the risk for “baso-
phil anergy” is reduced. This technique demands more 
time and is more labor intensive when compared to the 
direct BAT, but the advantages it presents for researchers 
and clinicians for exploring immunological allergy 
mechanisms as well as optimizing allergy diagnosis and 
monitoring treatment efficacy should not be overlooked.14 

A different approach to combat the issue of non- 
responding basophils was taken by Santos et al, by 
researching if the ability to elicit peanut-induced cell acti-
vation could be transferred by passive sensitization of 
LAD2 mast cells with patients plasma.84 The mast cell 
activation test (MAT) to peanut strongly correlated with 
the BAT (RS = 0.808, P < 0.001) plus the MAT gave 
a conclusive results for participants with non-responding 
basophils; however, the BAT showed a greater diagnostic 
accuracy due to its higher sensitivity.94

Additionally it is important to note that by using 
a passive BAT the influence of the patient basophils are 
not taken into account which might be an important factor. 
However, a study regarding peanut allergy and the use of 
the iBAT predicted a peanut allergy which is comparable 
to studies that used the direct BAT.17 Nevertheless, it is 
unknown whether intrinsic basophil characteristics can 
play a minor role in some patients.

Conclusions
The current challenge in FA diagnosis is to develop 
a technique which is both accessible and reliable plus could 
replace the expensive, time-consuming and patient-unfriendly 
OFCs. The key messages from this review are summarized in 
Figure 2. Currently, the BAT is a promising ex vivo diagnos-
tic tool in food allergy diagnosis. Nonetheless, several meth-
odological aspects need to be investigated before 
a standardized protocol is available which can be universally 
applied making comparisons between results of different 
studies justified, which are summarized in Table 1. Besides 
the fact that the diagnostic accuracy of the reference test, an 
OFC, is crucial the type of allergen used in the BAT is a main 
point to consider as the BAT does not reflect food processing 
and digestion. In addition, it is also highly necessary to 
standardize the basophil identification and activation markers 
plus procedures for detection of activation basophils. In our 
opinion, the way of conquering these challenges might be 
possible by collaboration between clinicians and laboratory 
technicians in multi-center studies. Furthermore, the role and 
applicability of current diagnostic tools, such as OFC, should 
be discussed in order to be able to determine the diagnostic 
power and place of the BAT in the current diagnostic work-up 
for a food allergy.

Figure 2 Summary of the key messages of the current status of applying BAT in allergy diagnostics and immunotherapy.
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