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Basophil Activation Test by Flow Cytometry:
Present and Future Applications in Allergology

D. G. Ebo, C. H. Bridts, M. M. Hagendorens, N. E. Aerts, L. S. De Clerck, and W. J. Stevens*

Faculty of Medicine, Immunology—Allergology—Rheumatology, University Hospital of Antwerp,
University of Antwerp, Belgium

The diagnosis of allergic reactions in clinical practice rests upon both clinical history and the dem-
onstration of specific immunoglobulin E (sIgE), either in the serum or via skin tests. However, for various
reasons, identification of the offending allergen(s) is not always possible. Moreover, not all allergies are
IgE-mediated. In an attempt to find reliable methods to investigate hypersensitivity reactions, histamine
and sulfidoleukotriene release tests have long been introduced. However, relatively few comprehensive
quality reports have been published so far. Upon challenge with a specific allergen, basophils not only
secrete quantifiable bioactive mediators but also upregulate the expression of different markers which
can be detected efficiently by flow cytometry using specific monoclonal antibodies. This review
addresses the principals, particular technical aspects and pitfalls as well as the clinical and research
applications of flow-assisted analysis of in vitro activated basophils q 2008 Clinical Cytometry Society
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INTRODUCTION

Allergy diagnoses generally rely upon an evocative
clinical history and appropriate confirmatory in vitro
and/or in vivo tests such as quantification of specific IgE
(sIgE) antibodies, skin tests, and eventually challenge
tests. However, for different reasons, correct identifica-
tion of the precipitating agent(s) is not always straight-
forward with equivocal, contradictory, or false negative
test results. In an attempt to find more sensitive and spe-
cific tests to investigate the cause of allergic reactions,
functional in vitro tests have been developed. Tradition-
ally, those functional in vitro tests have focused on baso-
phil-mediator release assays such as histamine and leuko-
triene release tests (1,2). However, as addressed in these
reviews, several technical and practical shortcomings
and pitfalls have restricted their validation and hampered
entrance in mainstream diagnostic use.

With the discovery of the 53 kDa tetraspanin CD63
(3,4), also known as lysosomal-associated membrane gly-
coprotein-3 (LAMP-3), and the observation that this se-
cretory granule-associated protein is upregulated con-
comitantly with basophilic degranulation (5), the start
was set for the development of a flow-assisted technique

for the detection of the plasma membrane expression of
CD63 to quantify basophil activation, because numerous
papers on the different clinical applications of the test
have been published. In the search for optimalization of
the technique, other cellular markers with interesting
potential in the identification of basophils or detection
of their activation have been described. More recently,
the attention was drawn to the intracellular mechanisms
of basophil activation, and a proof of concept was pro-
vided flow cytometry to constitute a unique tool to
study signal transduction in the basophil at a single cell
level (6).
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This review will summarize on some general princi-
ples, technical issues, and mostly focus on the current
and future clinical and research applications of the baso-
phil activation test (BAT).

PRINCIPLES

Basophils are granulocytes that develop from CD341
pluripotent progenitor stem cells, differentiate, and
mature in the bone marrow, and circulate in the periph-
ery where they represent less than 1% of the leukocytes.
Basophils exhibit a segmented nucleus and are identified
by means of metachromatic staining with basic dyes,
such as toluidine blue. Human basophils express a vari-
ety of cytokine receptors for interleukins, chemokines,
complement, prostaglandins, and immunoglobulin Fc
receptors (FceRI and FcgRII) [for review, see (7)].

The basophil can be activated by a number of stimuli,
which are mediated by the high-affinity IgE receptor
(FceRI) or not and give rise to distinct activation path-
ways. The conditions required for effective FceRI cross-
linking and subsequent degranulation are explained else-
where (8). It is clear that both cellular (FceRI-IgE) and
allergen characteristics determine the final outcome.
Electron microscopic studies have revealed that basophil
activation may follow two main pathways: (1) the so-
called anaphylactic degranulation (AND), which is char-
acterized by fast morphological changes, exocytosis of
the intracellular granules and release of preformed medi-
ators and (2) the piecemeal degranulation (PMD), charac-
terized by morphological changes and secretion of gran-
ule content without exocytosis (9).

Anyhow, upon challenge with specific allergens that
cross-link FceRI, basophils not only secrete and generate
a broad variety of quantifiable bioactive mediators, but
also upregulate the expression of distinct activation
markers. These alterations can be immunophenotyped on
a single cell level by flow cytometry using specific mono-
clonal antibodies. At present, the most commonly applied
activation markers are CD63 and CD203c [Table 1].

CD63 (gp53, LAMP-3) is a member of the transmem-
brane-4 superfamily (tetraspanins) and is expressed by
different cell types such as basophils, mast cells, plate-
lets, and macrophages (3,4). In resting basophils, CD63
is anchored to the intracellular granules and only barely
expressed on the surface membrane, both in healthy
subjects as well as in patients with allergies. In contrast,
as a result of fusion between the granule and the mem-
brane during exocytosis, CD63 is expressed with a high
density on activated basophils (5).
CD203c (neural cell surface differentiation antigen, E-

NPP3) is a glycosylated type II transmembrane molecule
that belongs to the family of ectonucleotide pyrophos-
phatase/phosphodiesterases (E-NPPs) enzymes that cata-
lyze the hydrolysis of oligonucleotides, nucleoside phos-
phates, and NAD (10). In haematopoietic cells, surface E-
NPP3 is exclusively and constitutively expressed by baso-
phils (11,12).
The upregulation of CD63 and CD203c in response to

specific activators and inhibitors appears to follow differ-
ent kinetics and seems to be directed through alternative
signal transduction pathways (13–16). The expression of
CD63 seems to be more closely related to AND than
CD203c (15).
P38 MAPK (mitogen-activated protein kinase) is an

archetypical member of the third MAPK-related pathway
that relays a variety of environmental stresses and inflam-
matory cytokines to intracellular responses. The MAPKs
co-ordinately regulate cell proliferation, differentiation,
motility, and survival [for review, see (17,18)]. In baso-
phils, p38 MAPK has been repetitively demonstrated to
be a pivotal regulator of cell activation following stimula-
tion with different secretagogues (6,19–21).

TECHNICAL ASPECTS AND PITFALLS

Sampling and Preservation

Correct sampling and preservation of the blood is of
critical importance to obtain optimal cellular viability
and functionality especially with basophils. Ideally, analy-

Table 1
Characteristics of the Activation Markers CD63, CD203c and Phosphorylated p38 MAPK

CD63 CD203c Phosphorylated p38 MAPK

Synonym Gp53 (LAMP-3) E-NPP3
Family Tetraspanins NPPs MAPK
Resting basophils Barely detectable (need for

additional marker(s) to
identify cells)

Constitutively expressed Barely detectable

IgE-activated cells Upregulation �3 min Expressed
at high density (> 1 log
scale) Bimodal expressiona

Upregulation �5 min
Expression less prominent
Unimodal expressionb

Upregulation �3 min
Expressed at high density
(> 1 log scale) Unimodal
expressionb

Sensitive to IL-3 priming No Yes Yes
Parallel expression CD107a (LAMP-1), CD107b

(LAMP-2)
CD13, CD164

LAMP, lysosyme-associated membrane protein; E-NPP, Ectonucleotide phyrophosphatase/phosphodiesterases; MAPK, mitogen
activated protein kinase.

aExpression only on subpopulation of cells.
bExpression in almost all cells.
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sis should be performed within 3 h after sampling in
preservative and endotoxin-free tubes. Under such con-
ditions, tubes (heparin or EDTA) can be kept at room
temperature. For longer preservation (recommended
maximum 24 h), EDTA and storage at 48C could be of
use, but currently comprehensive data on this topic are
lacking. When cell-isolation techniques are used, blood
is normally anticoagulated with EDTA or ACD.

Whole Blood or Isolated Basophils

Flow-assisted analysis of in vitro-activated basophils
can be applied either on whole blood or on isolated
cells. White bloods cells can be easily isolated using cen-
trifugation techniques or density gradient techniques.

The use of whole blood has the advantage of being
more practical with simpler manipulation (less centrifu-
gation steps), and the presence of all blood components
might better mirror the physiological or pathological
in vivo conditions. Additionally, interference with other
serum components (anti-IgE, antireceptor antibodies,
circulating immune complexes, complement factors, and
drugs) cannot be ruled out entirely. When pure baso-
phils are needed, more advanced techniques such as
magnetic bead isolation and cell sorting will be needed,
as basophils could have different densities. However, cell
separation is generally accompanied by loss of basophils
and in vitro activation of cells might occur.

Stimulation Conditions

Basophils react immediately upon stimulation, and this
is highly dependent on the conditions, requiring optimal
temperature, optimal incubation times, as well as appro-
priate composition of buffer in which reagents have to
be diluted. We have demonstrated that prewarming of
blood as well as reagents for 15 min at 378C to markedly
enhance onset (within 3 min) and magnitude of anti-IgE
mediated CD63 upregulation but not to alter the kinetics
of phosphorylation of signaling molecule p38 MAPK (6).

Priming with IL-3

Some authors have shown short preincubation with
IL-3 might increase sensitivity of CD63-based assays
(22,23), but this seems to be not crucial for potent pro-
teinaceous allergens (24) and stimulation with serum of
patients with autoimmune urticaria (25). Alternatively,
when investigating allergens that elicit relative little baso-
phil activation such as drugs, increase of assay sensitivity
might be relevant. Priming with IL-3 might allow to
widen the sometimes narrow gap between specific stim-
ulation and unspecific activation or cytotoxicity as IL-3
primed basophils may react to allergen concentrations a
10–100-fold lower than those for nonprimed cells (26).
However, in CD203c (23) and p38 MAPK-based (6)
assays, priming with IL-3 causes a nonspecific increase
in the test result. The differential influence of IL-3 pri-
ming on CD63 and CD203c might (to some extent)
explain contradictory results and contribute to the con-

troversy in the literature regarding which is the ‘‘best’’
marker for measuring basophil activation.

Negative and Positive Control Stimulation

Negative control stimulation to assess spontaneous
expression of the activation markers, generally implies
incubation of the cells with stimulation buffer at the
same volume as for the allergen stimulation.
Correct interpretation of the BAT needs relevant nega-

tive and positive control stimulation to be included. Tra-
ditionally, the positive control is a polyclonal or mono-
clonal anti-IgE antibody. An alternative positive stimulant
is monoclonal anti-FceRI antibody. In the absence of pos-
itive control stimulation, it becomes impossible to cor-
rectly interpret negative results of allergen challenges.
For these ‘‘non-responders,’’ the BAT is lost as a diagnos-
tic instrument, whereas, for study purposes, patients
with unresponsive basophils should be recorded as false
negatives. Approximately 5–10% of the individuals tested
fail to upregulate CD63 and CD203c with regard to
IgE-mediated basophilic activation. False-negative results
might also be explained by other causes such as recent
exposure to the allergen with temporary refractoriness
of the cells and/or transiently reduced levels of allergen-
specific circulating and membrane-bound IgE. On the
other hand, sensitivity of the assay might significantly
decrease over time (27). Therefore, it is recommended
to perform analysis between 6 weeks and 12 months
after the acute event.
False negative results can also have technical causes

such as improper handling and storage, inappropriate
challenge of the cells with poorly identified allergens
that contain cytotoxic or inhibitory components, appli-
cation of cytotoxic stimulation concentrations.
As formyl-methionylleucylphenylalanine (fMLP) acts

via a G-protein-coupled receptor (FPR-1) that activates
MAPK pathways and phospholipase C and does not
mimic an IgE-mediated activation of the basophil, it can-
not be recommended as an appropriate positive control.
However, fMLP can eventually be applied as a tool to
assess viability of the cells.

Allergen Stimulation

Proper selection of allergen is a prerequisite that can-
not be overemphasized. Currently, flow-assisted analysis
and quantification of in vitro activated basophils gener-
ally relies upon the use of natural allergen extracts that
have proven to be rather satisfactory. Nevertheless, it
should be kept in mind that extracts prepared from nat-
ural source material might be heterogeneous with vary-
ing composition, presence of nonspecific stimulatory
and/or inhibitory components such as preservatives, en-
dotoxins, and lectins. Potency of extracts might signifi-
cantly decrease over time, due to spontaneous degrada-
tion of the constituent proteins. Therefore, extreme care
must be taken in preparing and conserving allergen
extracts. It is mandatory that these extracts should be
properly and repeatedly characterized.
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To some extent, applying isolated or recombinant
allergens can circumvent these issues. Flow-assisted
allergy diagnosis, using isolated and/or recombinant aller-
gens, might be a highly reliable assay for component-
resolved allergy diagnosis (23,28–31).

Commercially available skin test extracts are rarely
suitable for basophil activation experiments, as they con-
tain cytotoxic and/or inhibitory preservatives. To some
extent, dialyzing the extract might solve this problem.

For drugs, the injectable (intravenous and/or intramus-
cular) formulation is recommended.

It is of note that although some companies provide
numerous allergen extracts for basophil activation
experiments, these are rarely clinically validated on suffi-
cient numbers of well-characterized patients and appro-
priate control individuals.

Dose-Finding Experiments

As addressed recently by Kleine-Tebbe (32), basophil
responses can be extremely heterogeneous between dif-
ferent individuals. However, allergen-specific phosphoryl-
ation of p38 MAPK and upregulation of CD63 and
CD203c is generally not restricted to a single stimulation
concentration but implies different stimulation concen-
trations that span several log scales (6,28,29,33–36).
This provides the opportunity to restrict basophil act-
ivation experiments to an ‘‘optimal’’ concentration that
discriminates between patients and control individuals.
Unfortunately, this might not apply to all allergens.
Drugs might show a considerably smaller range of baso-
phil activation concentrations (37).

Another important reason to perform dose-response
experiments is to establish the challenge concentrations
that elicit submaximal and maximal stimulation. As dem-
onstrated in Figure 1, and already published in this Jour-
nal, the BAT can monitor venom immunotherapy, pro-
vided the cells are stimulated submaximally (36).

Identification Markers

Most studies have currently applied an anti-IgE anti-
body to identify basophils in peripheral blood. It has
been argued that other cells (e.g., monocytes) that also
express FceRI might interfere with the test and that ex-
posure of basophils to anti-IgE before allergen stimula-
tion may alter their responsiveness. Compared with
basophils, the average cell-surface FceRI expression on
monocytes is low. In difficult cases, an additional stain-
ing with anti-HLADR can help to discriminate between
HLA-DR2 basophils and HLA-DR1 monocytes. Alterna-
tively, anti-IgE antibodies applied for basophil characteri-
zation do not elicit cell activation. In classical basophil
activation assays, cells are exposed to an anti-IgE for
flow cytometric identification only after the stimulation
phase and presumed additional activation by anti-IgE is
avoided by fixing, cooling, or adding EDTA containing
buffer.

In peripheral blood, CD203c expression is exclusively
and constitutionally expressed on the surface of resting

basophils. Therefore, it can be applied as an alternative
marker for basophil identification. However, spontaneous
expression of CD203c by resting basophils can be weak,
hampering clear identification of the cells (23). Alterna-
tively, as CD203c expression is quickly upregulated
upon encounter of the basophil with specific allergen
(see below); it offers the advantage to study basophil
activation without additional staining in a so-called single
color BAT.
Prostaglandin D2 (PGD2), a product of the arachidonic

acid/cyclo-oxygenase pathway, is generated at sites of
inflammation and is believed to exert a key regulatory
function in inflammatory and immune responses. PGD2

is predominantly released by resident mast cells and has
a prominent role in allergic reactions due to its ability to
induce extravasation of leukocytes and by acting as a
chemoattractant for Th2 cells, eosinophils, and baso-
phils. To date, two distinct G-protein-coupled receptors
for PGD2 have been described; the D prostanoid recep-
tor (DP or PD1) (38) and the chemoattractant receptor-
homologous molecule expressed by Th2 lymphocytes
(CRTH2, PD2, CD294) (39,40). PGD2 favors Th2 func-

FIG. 1. Effect of venom immunotherapy on a longitudinal survey of
36 months. Percentages of CD63-positive basophils in 21 wasp venom
allergic patients before treatment (day 0), after semirush hyposensiti-
sation (day 5) and after 6 months (month 6) as well as 36 months
(month 36) of maintenance therapy. Upper and lower panel represent
the data for stimulation at 10 and 0.01 lg/mL, respectively. The bold
lines denote the medians. From this figure, it emerges that prolonged
maintenance venom-specific immunotherapy (over 6 and 36 months)
to inhibit basophil responsiveness (assessed flow cytometrically by
quantification of CD63 expression), provided the cells are challenged
submaximally.
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tions via CRTH2 while restraining Th1 functions via DP
(41,42). Basophils can readily be discriminated from
CRTH2 carrying eosinophils and TH2 lymphocytes on
the basis of light scattering and an additional staining
with anti-CD3, respectively (43).

Another potential basophil characterization marker is
the eotaxin CC chemokine receptor-3 (CCR3) (44). How-
ever, CCR3 is not lineage specific and is expressed on a
variety of inflammatory cells associated with allergic
responses such basophils, mast cells, and TH2 lympho-
cytes, and resident tissue cells such as airway epithe-
lium. Subsequently, as for CRTH2, it is best to apply an
additional marker such as anti-CD3 to differentiate with
TH2 lymphocytes, particularly in atopic patients.

Finally, some groups (35,37,45–48) have applied the
combination of anti-CD123 and anti-HLADR to character-
ize basophils in peripheral blood. CD123 is a glycosyla-
ted type I transmembrane molecule that belongs to the
cytokine receptor superfamily. CD123 is the primary
low-affinity subunit of the IL-3 receptor that associates
with CD131, the common b-chain of the IL-3, IL-5, and
GM-CSF receptor, to form the high-affinity IL-3 receptor.
The IL-3 receptor is involved in cell signaling for cell
growth and differentiation. In peripheral human blood,
the CD123 antigen is expressed at high levels only on
plasmacytoid dendritic cells and basophilic granulocytes
but at low levels also on monocytes, eosinophilic granu-
locytes, myeloid dendritic cells, and subsets of haemato-
poietic progenitor cells. However, in contrast to baso-
phils, these cells stain positive with an anti-HLA-DR anti-
body. CD123 expression appears to be less variable than
expression of IgE and is independent of the allergy sta-
tus of the donor. For a review on CD123, the reader is
referred elsewhere (49).

Activation Markers

At present, the most commonly used markers in baso-
phil activation experiments are CD63 and CD203c. The
major characteristics of CD63 and CD203c are summar-
ized earlier and in Table 1.

The few comparative studies, that have been done,
show that CD63 and CD203c are clearly different in
their upregulation profile. Upregulation of CD63 is gen-
erally bimodal with a subpopulation of cells that express
CD63 with a high intensity versus a population with
lower CD63 expression (Fig. 2). Upregulation of CD203c
is generally less prominent but often occurs in almost all
cells. Consequently, results for CD63 expression are gen-
erally expressed as net percentage CD631 basophils,
whereas results for CD203c are mainly expressed as
stimulation indices (SI) of mean fluorescence intensity
(MFI) (14,15,23).

It has been argued that a fraction of CD63 might
come from contaminating activated platelets that adhere
to basophils. However, platelets from patients do not
upregulate CD63 expression in response to stimulation
with allergen or anti-IgE and a vast majority of anti-IgE1/
anti-CD631 cells have been phenotyped as CD451,

CD142, CD162, and CD412 (CD41 is gpIIB antigen
expressed by platelets and megakaryocytes.)
Hennersdorf et al. (15) identified four additional

markers of basophil activation (CD13, CD107a, CD107b,
and CD164) and demonstrated that the lysosyme-associ-
ated membrane proteins CD107a (LAMP-1), CD107b
(LAMP-2), and CD63 (LAMP-3) are concomitantly upregu-
lated, according to their localization on the membrane
of intracellular granules. These granules contain the pre-
synthesized bioactive mediators that are released upon
FceRI cross-linking, and AND is distinct from the small
vesicles associated with PMD. PMD is associated with
upregulation of the transmembrane glycoprotein sialo-
mucin endolyn (CD164) and the ecto-enzymes CD13
(gp150) and CD203c.
The mechanisms that govern basophil activation and

culminate in degranulation are complex and remain
incompletely disentangled. Nevertheless, the different
pathways involved in basophil activation and mediator
release are propagated by consecutive phosphorylation
cascades. Traditionally, analysis of signaling is based
upon western blot and ELISA assay, but recently we pro-
vided the proof of concept flow cytometry to constitute
a reliable tool to quantify phosphorylated p38 MAPK
(6). Moreover, from this study, it appears phosphorylated
p38 MAPK that is highly linked to the upregulation of
CD63 to constitute a novel marker for flow-assisted
allergy diagnosis.

CLINICAL APPLICATIONS

Analysis of Patient Basophils

Currently, flow-assisted analysis and quantification of
in vitro activated basophils proved sensitive and specific
for the diagnosis of several IgE-mediated allergies includ-
ing classical inhalant allergens (house dust mite, cat epi-
thelium, and pollen), hymenoptera venom allergy, natu-
ral rubber latex allergy, primary and secondary food
allergies, and drugs (Table 2).
In individual patients, the BAT confirmed diagnosis of

different food (68,69) and drug (70–72) allergies. More-
over, in some of the patients with drug allergy, the BAT
contributed to establish the individual therapeutic alter-
native and/or allowed identification of potentially cross-
reactive structures.
In venom allergy, it was demonstrated the BAT to take

the sting out of difficult cases that yield equivocal or
negative sIgE and/or skin test results (73).
In addition, the BAT allowed component resolved diag-

nosis of pollen allergy (28), venom allergy (74), and nat-
ural rubber latex allergy (30).
Finally, the technique was applied to evaluate passive

IgE sensitization through blood transfusion (75).

Analysis of Nonatopic/Atopic Donor Basophils

Flow-assisted analysis and quantification of in vitro
activated basophils can also be applied on cells obtained
from nonatopic and/or atopic donor individuals. In a
first application, frequently referred as the passive sensi-
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FIG. 2. Differences in distribution of CD63 and CD203c. Top panel: A: Selection of basophils according to side scatter characteristics (SSC) and
IgE labeling. B and C: Show gated basophils (red) on CD203c and SSC (B) and IgE and CD203c plot (C). Bottom panel: triple stain (IgE, CD63, and
CD203c) dot plots: Lane 1 shows a typical CD203c and CD63 plot in a patient allergic to tree and grass pollen with cells nonresponsive to stimula-
tion with anti-IgE and allergen (tree pollen (TP) and grass pollen (GP)). Lanes 2 and 3 show typical CD203c and CD63 plots in two patients allergic
to tree and grass pollen. Note the bimodal dual response of CD63, whereas the CD203c response is homogeneous in patient 1. Lane 4 shows a typi-
cal CD203c and CD63 response in a control individual without tree and grass pollen allergy.
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tization procedure, (previously stripped, i.e., removal
from membrane-bound IgE by acidic buffers) donor baso-
phils, before allergen challenge, are preincubated with
serum of the patient. These passive sensitization proto-
cols are able to detect allergen-specific IgE in the
patients’ serum, however, are quite laborious, difficult to
standardize and highly dependent on the reactivity of
the donor cells. In addition, passive sensitization assays
have been proven to be less sensitive than the direct
basophil activation assays (76).

Apart from the limited diagnostic applications, passive
sensitization protocols have also been applied to assess
functional differences between peanut sIgE antibodies

(77) to functionally analyze cross-reactivity of sIgE anti-
bodies (31,77–79) and to characterize allergens (31).
Given the disappointing results of passive sensitization

protocols with (stripped) donor basophils, the develop-
ment of mast cell lines or stable humanized (rat) baso-
phil leukemia cell lines seems of particular interest.
A second application comprises demonstration of func-

tional autoantibodies against the a-chain of the high-affin-
ity IgE receptor (FceRI), or less commonly, against IgE
itself in patients with autoimmune chronic urticaria
(25,48,67,80–82). These autoantibodies are able to induce
histamine release from basophils and mast cells via direct
cross-linking of adjacent IgE or IgE receptors (83).

Table 2
Clinical Applications (adapted from 50,51)

Stimulus Reference test Sens Spec N Reference

Inhalant allergens
House dust mite H 1 IgE and/or ST 56–78a 91–100 20 22
Dactylis glomerata H 1 IgE and/or ST 73–100 100 20 22
Cypress pollen H 1 ST 1 PT 91 100 75 52
HDM and Lolium perenne H 1 IgE 1 ST 93 98 128 53
Cat epithelium (Fel d 1) H 1 IgE and/or ST 100a 95 39 23

Latex
Latex H 1 IgE 1 ST 93 92 102 54
Latex H 1 ST 93 100 73 55
Latex H 1 IgE and/or ST 80 97 79 56
Latex (Hev b5, Hev b 6.01, Hev b 6.02) H 96 100 33 30

Hymenoptera venom
Wasp H 92 80 70 34
Wasp H 85 83 87 35
Bee H 91 90 87 35
Bee H 100 100 12 57
Wasp H 97 100 39 57
Wasp H 99b 100 94 36

Drugs
NMBA H 64 93 50 58
NMBA H 6 ST 54 100 60 59
NMBA H 79 100 24 60
NMBA H 1 ST 36–86c 93 92 27

Rocuronium (NMBA) H 1 ST 92 100 22 37
b-Lactam H 1 ST 50 93 88 61
b-Lactam H 6 ST 6 IgE 6 PT 49 91 110 62

Metamizol H 6 PT 42 100 55 63
Aspirin and NSAID H 6 PT 15–55 74–100 90 64

Food
Carrot, celery, hazelnut H (OAS) 85–90 80–90 20 65
Apple H (OAS) 100d 100 59 33

Apple H (OAS) 88 75e 59 33
Apple (Mal d 1) H (OAS) 75 68 54 66
Celery (Api g 1) H (OAS) 75 77 54 66

Carrot (Dau c 1) H (OAS) 65 100 54 66
Carrot (Dau c 1) H (OAS) 65 100 54 66

Autoimmune urticaria
Serum of patients with AIU H 1 ASST 20 70 65 67

H 1 ASST 96 91 64 48

Fel d 1, major allergen from cat (Felis domesticus); Sens, sensitivity; spec, specificity; N, total number of patients and control
individuals; NMBA, neuromuscular blocking agent; OAS, oral allergy syndrome; AIU, auto-immune urticaria; H, history; ST, skin
test; PT, provocation tests; ASST, autologous serum skin test.

aIn the study by Cozon et al. (22) and Ocmant et al. (23) there is some evidence for IL-3 to increase sensitivity of the CD63-
based BAT.

bTaken into account the non-responders to anti-IgE control stimulation and allergen, the sensitivity of BAT is 84%.
cIn the study by Kvedariene et al. (27) it is demonstrated sensitivity of the BAT to decrease over time.
dTaken into account the non-responders sensitivity of the BAT is 90%.
eIn an additional comparison between birch pollen allergic patients with and without apple-induced OAS.
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RESEARCH APPLICATIONS

The mechanisms that govern basophil activation and
finally culminate in mediator release are complex and
remain incompletely elucidated. Analysis of signaling in
basophils has been performed using Western-blot techni-
ques that have provided fundamental insights into the dif-
ferent transduction pathways and regulatory mechanisms
involved (19,20,84). We have recently demonstrated that
flow cytometry can provide results concerning dose
responses and kinetics of p38 MAPK phosphorylation
qualitatively similar to the data obtained with the West-
ern-blot techniques (6). However, the flow cytometric
approach offers different opportunities that make it more
suitable for clinical application. First, the technique
allows to reduce the sampling volume considerably and
to perform repetitive drawings in the same individual,
thereby creating the opportunity to study the pharmaco-
logical effects of drugs or follow-up of treatment as for to
the effect of venom-specific immunotherapy. Second, the
flow cytometric technique does not require an a priori
separation and purification of the basophils to ensure reli-
able measurements with negligible contribution from
other cell contaminants. Flow cytometry enables to study
the cells in their ‘‘natural’’ environment and to avoid
potential interference from additional manipulations.
Alternatively, the technique also significantly shortens the
analysis time (3 h instead of 1–2 days) and thus renders it
more accessible for clinical and research applications.
Last but not the least, flow cytometry allows identifica-
tion of cells with heterogeneity in responsiveness rather
than providing data that represent a mean value for the
total-isolated cell population.

The technique was also repeatedly applied to study
and to compare the (residual) allergenicity of natural
allergen extracts, chemically modified allergoids, and
recombinant allergens (14,28,29,85–88).

CONCLUSION, PERSPECTIVES, AND
SPECULATIVE VIEWPOINTS

After several improvements, the BAT has become a
sensitive and specific instrument for in vitro diagnosis of
immediate allergy, complementary to traditional quantifi-
cation of specific IgE, and skin tests. The technique has
been validated for several IgE-mediated allergies includ-
ing indoor and outdoor allergens, primary and secondary
food allergies, latex allergy, hymenoptera venom allergy,
and some drug allergies. The present challenge is to har-
monize and improve protocols in multicentre studies to
allow entrance of the BAT in mainstream diagnostic
application, at least in cases where routine allergy test-
ing has lead to equivocal results.

Until recently, due to the very low number of basophils
in human peripheral blood, assessment of intracellular
signaling in these cells and pharmacological studies on
these cells were difficult to perform. With the advent of
novel monoclonal antibodies directed against phosphoryl-
ated epitopes and new intracellular staining techniques,
it is anticipated that flow cytometry might constitute an

additional instrument to investigate intracellular signaling
in basophils. Moreover, as the technique allows integrat-
ing immunophenotyping of individual cells, it might cap-
ture data that are inaccessible for techniques that are per-
formed on homogenous cell populations and from which
results represent an average of isolated cells analyzed.
Finally, as the BAT closely resembles the in vivo path-

way leading to symptoms, we believe that the technique
might further be adopted to differentiate between clini-
cally relevant and irrelevant IgE antibodies, to study
cross-reactivity, quantitative evaluation of (residual) aller-
genicity, and component-resolved diagnosis.
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