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Flow-assisted allergy diagnosis: current applications and future

perspectives

Allergy diagnosis generally relies upon an evocative
clinical history and appropriate confirmatory tests such
as quantification of serum-specific immunoglobulin E
(IgE) antibodies, skin tests and eventually controlled
challenge tests. However, for several reasons, correct
identification of the causative allergen(s), is not always
straightforward. This review will not address immuno-
logic features, characteristics and general pitfalls of
flow-assisted analysis of in vitro-activated basophils as
summarized elsewhere (1–4).
Functional in vitro tests have generally focused on

basophil mediator release assays such as histamine and
leukotriene release tests (5, 6). However, as addressed in
these reviews, different practical and technical shortcom-
ings have restricted their validation and clinical applica-
tion.
The discovery of CD63 as a basophil activation antigen

constituted the start of the development of a flow
cytometric technique to analyse and quantify allergen-
specific in vitro activation of peripheral blood basophils.
Based upon these observations, Sainte-Laudy et al. (7, 8)
and subsequently Sabbah et al. (9, 10) developed a flow-

assisted basophil activation test (BAT) relying upon anti-
IgE to characterize basophils and anti-CD63 to assess
activation of these cells. Since, clinical and research
applications of the BAT have increased rapidly.

Flow-assisted analysis of in vitro-activated basophils:
principles

Flow cytometric analysis of in vitro-activated peripheral
blood basophils rests upon quantification of phenotypic
alterations, i.e. changes in expression of basophilic
activation markers after challenge with a specific allergen.
Electron microscopic studies have shown that basophil
activation may follow two main pathways: (i) the
anaphylactic degranulation (AND), which is character-
ized by quick morphological changes, exocytosis of the
intracellular granules and release of pre-formed media-
tors and (ii) the piecemeal degranulation (PMD) charac-
terized by slow morphological changes without exocytosis
of the granules (11). Figure 1 summarizes the AND-type
degranulation. Upon stimulation with specific allergens
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that cross-link IgE bound to its high-affinity receptor
(FceRI), basophils not only secrete and generate a variety
of quantifiable bioactive mediators, but also upregulate
the expression of different activation markers [for review,
see Refs (12, 13)]. These changes can be detected on a
single-cell basis by multicolour flow cytometry using
specific monoclonal antibodies. At present, the most
commonly applied antigens in flow cytometric studies for
basophilic activation are CD63 and CD203c.
The major characteristics of both activation markers

are summarized in Table 1. CD63 [gp53 or lysosyme-
associated membrane protein (LAMP)-3] is a member of
the transmembrane-4 superfamily and is expressed by
different cell types, e.g. basophils, tissue mast cells,
macrophages and platelets (14–16). In resting basophils,
CD63 is anchored at the intracytoplasmatic granules and
is barely detectable on the outer surface membrane of

basophils and mast cells, both in healthy subjects and
allergic patients. In contrast, as a result of the fusion of
the granule with the outer cell membrane, CD63 is
expressed with a high density on IgE-activated basophils
(2, 17–28). The exact function of basophilic CD63
remains to be disentangled, but anti-CD63 antibodies
have recently been demonstrated to inhibit adhesion of
mast cells to the extracellular matrix proteins, fibronectin
and vitronectin, and to inhibit IgE-dependent activation
of adherent mast cells (29).

CD203c (neural cell surface differentiation antigen
E-NPP3) (also: PD-Ib, B10, gp130RB13-6) belongs to the
so-called ectonucleotide pyrophosphatase/phosphodiest-
erases (E-NPPs) multigene family that also comprises
E-NPP1 (PC-1, PDNP-1) and E-NPP2 (PD-Ia, PDNP2,
autotoxin) [for review, see (30)]. These type II transmem-
brane metalloenzymes have broad substrate specificity

Figure 1. In resting basophils CD63 is mainly anchored to the intracellular granule and is barely detectable on the surface membrane
(top panel, open histogram). On activated basophils (e.g. by allergen, anti-IgE and anti-FceRI), as a result of the fusion between the
granule and cell membrane, CD63 is expressed with high density (bottom panel, closed histogram). Although CD203c is constitutively
expressed on basophils (top panel, open histogram), it can still be up-regulated in response to allergen-specific, anti-IgE and anti-
FceRI stimulation (bottom panel, closed histogram).

Table 1. CD63 and CD203c: general characteristics

CD63 CD203c

Synonyms Gp53 or lysosyme-associated membrane protein (LAMP)-3 Neural cell surface differentiation antigen E-NPP3 (also: PD-Ib, B10, gp130RB13-6)
(Super)family Transmembrane-4 super family (tetraspanins) Pyrophosphatase/phosphodiesterases (E-NPPs)
Resting basophils Barely detectable Constitutively present (+)
IgE-activated basophils Upregulation starts within 10 min

Expressed with a high density (at least 1 log scale)
Upregulation starts within 5 min and peaks within 10–15 min
Upregulation less prominent when compared with CD63
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and catalyse the cleavage of phosphosulphate and phos-
phodiester bonds of numerous molecules comprising
deoxynucleotides and nucleotide sugars. In peripheral
blood, CD203c is exclusively and constitutively expressed
on the surface of basophils (31, 32). CD203c is upregu-
lated very quickly (<5 min) in response to specific
allergen, anti-IgE and anti-FceRI stimulation (2, 27, 28,
33–38). Upregulation and response to specific activators
and inhibitors of CD63 and CD203c antigens appear to
follow different kinetics and seem to be directed through
alternative signal transduction pathways (2, 28, 39, 40). In
contrast to CD63, CD203c is exclusively expressed on the
outer basophil membrane, and upon activation of the cell
expression of CD203c is less prominent when compared
with CD63. The expression of CD63 seems to be a
pathway closer to the AND degranulation than the
expression of other activation markers such as CD203c
(28).
Whether the novel identified basophil identification

antigen, CRTH2(DP2) (chemoattractant receptor-homol-
ogous molecule expressed on T-helper 2 cells) (41–43),
and the recently described activation antigens CD13,
CD164 (behaving as CD203c) and CD107a (paralleling
CD63 expression) (28) can be applied in flow-assisted
allergy diagnosis and/or improve the technique, remains
to be established.

Flow-assisted analysis of in vitro-activated basophils:
technical aspects and validation

Complete description of the different techniques applied
for in vitro analysis and quantification of flow-assisted
allergy diagnosis is beyond the scope of this review.
This section will rather focus and compare the major
common technical features and issues of the different
assays.

Whole blood vs isolated basophils

Flow-assisted analysis and quantification of in vitro-
activated basophils can be applied either upon whole
blood or upon basophils isolated by buffy coat centrif-
ugation or sedimentation over dextran. The use of whole
blood has the advantage of being very practical with
simple manipulation (less centrifugation steps) mirroring
physiological conditions. However, interference with
serum components (e.g. IgG-blocking antibodies, anti-
IgE and anti-receptor antibodies, circulating drugs)
cannot completely be ruled out. Alternatively, cell separ-
ation is generally accompanied by loss of basophils and
in vitro activation of cells can occur.

Pre-activation with IL-3

There is no general consensus on the need of pre-
activation with interleukin (IL)-3. Nevertheless, it has

been demonstrated that short pre-activation (up to
10 min) of the basophils with IL-3 (2 ng/ml) does not
upregulate CD63 expression by itself but primes the
cells with increased mediator release or CD63 expres-
sion for a given stimulus concentration [e.g. N-formyl-
methionyl-leucyl-phenylalanine (fMLP), specific aller-
gen, C5a]. In addition, priming with IL-3 has been
observed to increase assay sensitivity (19). This
increase of assay sensitivity might be particularly
relevant when investigating allergens causing relative
little specific stimulation, as is often the case for drugs.
For some allergens, priming with IL-3, by shifting
dose–responses to the left, might allow to widen the
sometimes narrow gap between specific allergen stimu-
lation and unspecific activation or cytotoxicity as IL-3-
primed basophils may react to allergen concentrations
10 to 100 times less than those needed for non-IL-3
pre-treated cells (44). Tested in the same technical
conditions, CD63 expression and histamine release
gave similar results for grass pollen-induced basophil
activation (45).

For venom-induced basophil activation, the picture is
slightly different as IL-3 priming increase both the
amount of histamine released and the sensitivity (46).
The mechanism of basophil IL-3 priming remains
unknown. Early events of the biochemical cascade such
as Syk and Shc phosphorylation and calcium flux are not
affected whereas a point of upregulation was found at the
level of Raf-1-Mek-Erk (47).

Interleukin-3 priming has not been used for the
CD203c (2), but it would be interesting to compare the
efficacy of the two activation markers used in the same
technical conditions.

Stimulation with allergen, including positive and negative control

Allergen selection. Obviously, proper selection of aller-
gen is a critical issue. Currently, flow cytometric
analysis of in vitro-activated basophils generally relies
upon the use of natural allergen extracts that have been
proven quite satisfactory (see section: Flow-assisted
Analysis of In Vitro-activated Basophils: Clinical
Applications). It should, however, be kept in mind
that allergens extracted from natural sources may be
heterogeneous with varying composition, presence of
non-specific stimulants and/or inhibitory components
such as preservatives, endotoxins and lectins. To some
extent, these problems might be circumvented by the
use of recombinant allergens which are becoming
available for an increasing number of important
allergens.

Commercially available skin-test extracts are rarely
suitable for basophil activation experiments as they
generally contain toxic and/or inhibitory preservatives.
To some extent, this problem might be circumvented by
dialysing the extract. For drugs, the injectable form is
recommended.

Ebo et al.
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Dose–response experiments. Basophil responses can be
highly heterogeneous between different patients. How-
ever, allergen-induced upregulation of CD63 and CD203c
is generally not restricted to a single stimulation concen-
tration but implies different stimulation concentrations
spanning several log scales (26, 35, 37, 48–50). This offers
the opportunity to restrict basophil activation experi-
ments to an �optimal� concentration that discriminates
between patients and controls. Unfortunately, this might
not apply to all allergens. Drugs, such as neuromuscular
blocking agents, might show a considerably smaller range
of basophil-activating concentrations (51) (D.G. Ebo,
pers. obs.).
At present, allergen stimulation concentrations are

sometimes deduced from former histamine and/or leuko-
triene release experiments. This might not always be
appropriate, as upregulation of CD63 and/or CD203c
appear not simply to reflect the excreting function of the
basophil, i.e. release of mediators, but merely represents a
distinct point in the signalling pathway or a different
functional endpoint (37, 39, 52). In a comparison between
histamine release and upregulation of activation markers,
several studies demonstrated bell-shaped dose–response
curves for histamine release and rather sigmoid dose–
response curves for expression of CD63 (52) and/or
CD203c (4, 37), indicating ongoing upregulation of
activation markers for a challenge concentration where
mediator release has already decreased. In addition,
Kahlert et al. (37) demonstrated CD203c expression to
precede and to be more sensitive than histamine release.
In fact, depending on the allergen tested, the sensitivity
was 5–100-fold higher with the flow cytometric assay of
activation markers.
Another important reason to perform dose-finding

experiments is to establish the allergen stimulation
concentrations that evoke maximal and sub-maximal cell
stimulation, respectively. Own results seem to suggest
that the BAT can monitor successful venom immunother-
apy (VIT), provided the cells are challenged sub-maxi-
mally (see below: section Hymenoptera Venom).
It is also of paramount importance to identify stimu-

lation concentrations that are cytotoxic or result in
unspecific stimulation of the cells, as this might result in
false-negative and false-positive results respectively.
Finally, the optimal allergen concentration may vary
from one protocol to another (isolated basophils vs whole
blood, priming with IL-3, etc.).

Positive and negative control stimulation. It has to be
emphasized that for correct interpretation in each assay,
relevant positive and negative control stimulation has to
be included. In most published papers, the positive
control is a polyclonal or monoclonal anti-IgE antibody.
An attractive alternative positive stimulant is monoclonal
anti-FceRI (53). As activation with fMLP does not mimic
an IgE-mediated activation of the basophil, it cannot be
considered as an appropriate positive control.

Approximately 5–10% of the individuals tested failed to
upregulate CD63 and CD203c with regard to IgE-medi-
ated basophilic activation. Although these non-responders
represent a substantial number of the patients tested and
are capable of influencing sensitivity and specificity of the
test, they are quite often not mentioned in the results of the
published studies. Obviously, in non-responders, basophil
activation assays are lost as a diagnostic tool. Recent
publications indicate a central role for the tyrosine kinases
lyn and syk inFceRI-mediated basophil degranulation (54,
55). Syk was reported to be absent, and levels of lyn to be
reduced in non-releasing basophils but mRNA of both
proteins were detectable at normal levels. Moreover,
maximum histamine release correlated with expression of
both kinases.Whether, pre-activation of the basophilswith
IL-3 might convert the non-releaser status in a releaser
status (2, 56), or a passive sensitization procedure might
help circumvent the problem remains to be established.
Given the rather disappointing results of passive sensitiza-
tion protocols with (stripped) donor basophils, the devel-
opment of novel tools such as mast cell lines or stable
�humanized� rat basophil leukaemia cells lines seem of
particular interest (57).

False-negative results might also be explained by other
causes such as recent exposure to the allergen with
transient refractoriness of the cells and/or temporarily
reduced levels of allergen-specific circulating and mem-
brane-bound IgE. In contrast, false-negative results can
also be observed when analysis is delayed. Therefore,
ideally, testing should be carried out between 6 weeks and
12 months after the acute event. As already addressed
elsewhere, intake/administration of drugs, particularly
glucocorticosteroids, immunomodulators, immunosup-
pressive drugs and anti-IgE might interfere with the tests
(3). Alternatively, false-negative results can also have
technical causes such as poor storage of blood sample
(recommendation: maximum 24 h at 4�C), inappropriate
stimulation of the cells with poorly defined allergens that
contain inhibitory or cytotoxic substances, application of
cytotoxic allergen stimulation concentrations.

Anyhow, in the event of negative findings, one should
always carefully check for all these possible confounders
and it might be worthwhile to redo the test, as it happens
in some patients that non-responder status is temporary.
Negative control stimulation, to assess spontaneous
expression of activation markers, generally implies incu-
bation of the cells with stimulation buffer.

Characterization and activation markers

At present, the most commonly used technique to analyse
and quantify in vitro activated basophils relies upon
characterization of the cells by anti-IgE and assessment
of their activation status by anti-CD63, commercially
available from Bühlmann (washed leucocytes) (Bühlmann
Laboratories AG, Basel, Switzerland) and Orpegen
(Orpegen Pharma GmBH, Heidelberg, Germany) and
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BD (whole blood) (Pharmingen, Biosciences, Erembode-
gen-Aalst, Belgium). At the time of this writing, a
Medline search for �CD63 and allergy and diagnosis�
reveals over 50 citations. For an extensive technical
description of the anti-IgE/anti-CD63 technique as per-
formed in the Department of Immunology Antwerp, the
reader is referred elsewhere (26). It has been argued the
anti-IgE/anti-CD63 technique to suffer from different
drawbacks. First, the need for an additional anti-IgE
antibody to identify basophils. IgE-antibody that could
potentially activate the cells and generate false-positive
results. Secondly, surface-bound IgE being selectively
expressed not only by basophils but also by monocytes
and dendritic cells. Thirdly, CD63 expression in periph-
eral blood not only to be basophil lineage-specific but
also expressed by platelets. Several of these issues have
been commented elsewhere (3).
In the CD63-based assay, recently, an alternative

labelling with anti-CD123 and anti-human leucocyte
antigen (HLA) DR antibodies that characterize the
basophils as CD123+/HLA DR) cells has been des-
cribed (58–61).
As in peripheral blood where CD203c expression is

restricted to basophils, the test offers the advantage not to
require anti-IgE or anti-CD123/HLA DR to identify the
cells and allows to perform a �single colour basophil
activation assay� [for review, see Ref. (2)]. Acquisition of
the basophils and analysis of their activation status can
theoretically be performed with a single labelling proce-
dure. However, the CD203c protocol is not always
straightforward. First, acquisition of resting basophils
upon CD203c is sometimes hampered due to low sponta-
neous expression of the marker. Secondly, upregulation of
CD203c by activated basophils is generally less prominent
than upregulation of CD63 (CD63 stains with greater
fluorescence intensity, see Fig. 1). Thirdly, in patients with
elevated spontaneous expression of CD203c, upregulation
can completely be absent and lead to false-negative results.
In the absence of comprehensive clinical studies, it

remains to be established whether the novel identified
basophil identification antigen CRTH2(DP2) (chemo-
attractant receptor-homologous molecule expressed on
T-helper 2 cells) (41–43), and the recently described
activation antigens CD13 and CD164 (behaving as
CD203c) and CD107a (paralleling CD63 expression)
(28) can be applied in flow-assisted allergy diagnosis
and/or will improve the technique. A CRTH2-CD3-
CD203c method is currently available from Beckman
Coulter (Beckman Coulter, Mijdrecht, The Netherlands).

Flow-assisted analysis of in vitro-activated basophils:
clinical applications

Analysis of in vitro-activated patient basophils

Currently, flow cytometric analysis of in vitro-activated
patient basophils using CD63 and CD203c proved

reliable for the diagnosis of different IgE-mediated
allergies including classical inhalant allergens (pollen,
house dust mite), primary and secondary food allergies,
natural rubber latex allergy, hymenoptera venom allergy,
and drug allergies (Table 2). In addition, the technique
allowed component-resolved diagnosis of pollinosis (35)
and hymenoptera venom allergy (34). Moreover, flow
cytometric analysis of in vitro-activated basophils was
repeatedly demonstrated to constitute a valuable instru-
ment to assess and to compare the (residual) allergenicity
of natural allergen extracts, chemically modified and
recombinant allergens (4, 35, 37, 38, 62–64). Finally, most
recently, flow-assisted analysis of in vitro-activated
basophils has been applied to assess passive IgE-sensiti-
zation by blood transfusion (65).

The efficacy of flow cytometry particularly in terms of
sensitivity is highly dependent on the allergen type
investigated. For proteins (pollen, house dust mite, latex,
venoms, foods) the picture is globally comparable and the
efficacy might increase with the use of recombinants. For
drugs, however, the much lower observed sensitivity of
the test probably reflects a weaker allergenicity of these
molecules. In fact, in order to elicit the IgE receptor
aggregation pathway, allergens must be, at least divalent
(66). Results obtained with the RBL-2H3 cell line
(basophilic leukaemia cell line) have shown that high-
order oligomers (trivalent, tetravalent, etc.) may induce a
stronger signal leading to an increase of the IgE receptor
clustering (67). Other factors are also involved as the
lifetime of the clustering which must exceed 100 s (68)
and the number of receptors clustered (69). The earlier
steps may be also reversible (70). All these factors and the
nature of the microenvironment may lead to selective
basophil responses.

Inhalant allergens. Several studies have evaluated appli-
cation of flow cytometry in the diagnosis of pollinosis
(19–21, 35, 48). Overall, flow cytometric quantification of
CD63 and/or CD203c on peripheral blood basophils
exposed to natural and/or recombinant pollen allergens
demonstrated a highly reliable approach to diagnose
pollen allergy. In the study by Hauswirth et al. (35) a
significant correlation between CD63 and CD203c
expression (R ¼ 0.76) was observed.

Two of the above-mentioned studies also investigated
flow cytometric analysis of in vitro-activated basophils in
the diagnosis of house dust mite allergy (19, 20). The
overall sensitivity and specificity of flow-assisted diagno-
sis in classical inhalant allergy equalled or exceeded 90%.

Latex. Application of the technique in the diagnosis of
latex allergy was first described by Ebo et al. (23). It was
concluded that flow cytometric analysis of in vitro-
activated basophils is not only highly sensitive and
specific for the diagnosis of IgE-mediated allergy, but it
was also demonstrated that the technique might be
helpful to discriminate between clinical relevant and
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irrelevant latex IgE results resulting from sensitization to
cross-reactive carbohydrate determinants (CCD). Cross-
reactive carbohydrate determinants that have been dem-
onstrated, on several occasions, to exhibit pronounced
effects on the specificity of specific IgE quantification and
to mimic allergy (71–73).
Since several independent groups have confirmed these

data with sensitivities and specificities generally exceeding
90% (53, 74). In a study by Boumiza et al. (36) sensitivity
for the CD63-based assay was only 50% when compared
with 75% for the CD203c technique. However, this study
has been commented and the conclusion of the authors
that application of CD203c is a marked improvement
over CD63 has, at least, to be considered as premature
(75, 76).

Food. Flow-assisted diagnosis of IgE-mediated food
allergy was first reported by Moneret-Vautrin et al.
(77). From this study in patients with heterogeneous
primary food allergies, the authors concluded that the
flow cytometric assay gives comparable results to the
leukotriene (LTC4) release test and was more efficient
than the histamine release test. The technique also proved
highly efficient in the diagnosis of IgE-mediated allergy
from the fish parasite Anisakis simplex (60).
In individual patients, the technique confirmed diag-

nosis of primary food allergies such as anaphylaxis from

sesame (Sesame indicum) seed and oil (78), the food
additive guar gum (Cyamopsis tetragenoloba) (79), an oral
allergy syndrome from papaya (Carica papaya) (80).

Finally, the technique has also been assessed in the
diagnosis of secondary food allergies, i.e. food allergies
that result from cross-reactivity to pollen allergens.
According to history and healthy controls, the flow
cytometric assay demonstrated a comparable sensitivity
and specificity with skin tests and specific IgE for several
birch pollen-associated food allergies such as carrot,
celery and hazelnut (81). Almost similar results were
obtained in a study on birch pollen-associated apple
allergy (26). The latter paper, however, also demonstrated
that validation of a diagnostic test is inappropriate when
it failed to identify conditions that could have affected the
outcome of the test. Actually, in a separate comparison
between birch pollen-allergic patients with and without
apple allergy, it was shown that cross-reactivity consid-
erably reduced specificity of IgE quantification and
(albeit to a lesser test) the flow cytometric technique.

Whether application of recombinant allergens will
further improve the technique remains to be established.
In a first experiment, with the Bet v 1 homologues
Mal d 1, Api g 1 and Dau c 1 [the major allergens of birch
(Betula verrucosa), apple (Malus domesticus), celery
(Apium graveolens) and carrot (Daucus carota) respect-
ively] sensitivity and specificity of the test varied between

Table 2. Flow cytometric analysis of in vitro allergen-activated basophils: sensitivity and specificity data

Stimulus Reference test Sensitivity Specificity Numbers Reference

House dust mite (HDM) H + IgE and/or ST 56–78 91–100 20 (19)
Dactylis glomerata H + IgE and/or ST 73–100 100
Cypress pollen H + ST + PT 91 100 75 (48)
HDM and Lolium perenne H + IgE + ST 93 98 128 (20)
Latex H + IgE + ST 93 92 102 (23)
Latex H + ST 93 100 73 (53)
Latex H + IgE and/or ST 80 97 79 (74)
Wasp venom H 92 80 70 (49)
Wasp venom H 85 83 87 (58)
Bee venom H 91 90
b-lactam H + ST 50 93 88 (25)
b-lactam H € ST € IgE € PT 49 91 110 (84)
Metamizol H € PT 42 100 55 (85)
Aspirin and NSAID H € PT 15–55 74–100 90 (86)
Neuromuscular blocking agent H 64 93 50 (51)
Neuromuscular blocking agent H € ST 54 100 60 (24)
Neuromuscular blocking agent H 79 100 24 (27)
Carrot–celery–hazelnut H (OAS) 85–90 80–90 (81)
Apple H (OAS) 90 100 59 (26)

88* 75*
Apple (Mal d 1) H (OAS) 75 64 54 (50)
Celery (Api g 1) 65 86
Carrot (Dau c 1) 75 82
Serum of patients with CIU H + ASST 20 70 65 (102)

Numbers: total number of patients and controls.
H, history; ST, skin test; PT, provocation test; ASST, autologous serum skin test.
In the study by Cozon et al. (19) sensitivity and specificity vary according to different IL-3 pre-activation protocols.
*In an additional comparison between birch pollen-allergic patients with and without oral allergy syndrome (OAS).
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65% and 75%, and 68 and 100% respectively (50). (For a
comparison with natural extracts, see Table 2.)

Hymenoptera venom. Four studies have investigated flow
cytometric analysis of in vitro-activated basophils in the
diagnosis of anaphylaxis from wasp and bee venom. The
first group to publish on the reliability of flow-assisted
diagnosis of venom allergy reported an absolute sensitiv-
ity and specificity of the test with a good correlation
between this method and mediator release tests (46).
Almost similar observations on CD63 expression and
histamine release were found by Lambert et al. (82).
Unfortunately, robust interpretation from the data might
to some extent be hampered by issues such as absence of
clear dose-finding experiments and joint reporting of the
results obtained for different hymenoptera venoms (vesp-
ula, polistes, hornets, bees, etc.).
In more recent series by Sturm et al. (58) and Erdmann

et al. (49), the sensitivity and specificity of flow cytometric
analysis of in vitro venom-activated basophils was com-
parable with or superior to more established diagnostic
tests such as venom skin tests and specific IgE, with a
sensitivity and specificity of 85–90%. Moreover, patients
could be identified even after a long interval to the
relevant sting reaction and despite a low IgE result.
From the Erdmann paper it appears that flow cyto-

metric analysis of in vitro activated basophils failed to
monitor successful venom immunotherapy and to predict
the outcome of a controlled sting challenge (49). How-
ever, comparison between maximal and sub-maximal
stimulation conditions demonstrated a significant de-
crease of basophilic CD63 expression during maintenance
venom immunotherapy. Actually, after prolonged main-
tenance therapy of 3 years, for sub-maximal stimulation
conditions, up to 60% of the patients had a negativation
of their basophil activation test (D.G. Ebo, unpubl. obs.).
However, �refractoriness� in our whole-blood assay might
not really represent a basophil property, but rather
mirror less IgE that is cross-linked on the cell membrane
because of decreased specific IgE and/or induction of
blocking antibodies.
On several occasions, the technique has also been

demonstrated to take the sting out of difficult cases with
inconclusive IgE and skin test results (58, 61, 83) and to
provide a tool for prediction of side effects from venom
immunotherapy (61). A CD203c-based flow assay con-
firmed the diagnosis of hymenoptera venom allergy in 20
of 22 patients and demonstrated expression of this
activation marker to be consistent with expression of
CD63 (33).

Drugs and related compounds. Diagnosis of drug allergy
is difficult, as a broad spectrum of different drugs (or
metabolites) can elicit immune and non-immune-medi-
ated pathologies with distinct and sometimes unclear
pathomechanism. The causative structure (epitope) is
frequently unknown, the result of an in vitro or in vivo test

might not be predictive for the clinical outcome, and the
reference test for diagnosis, the challenge test, is compli-
cated and sometimes dangerous endeavour. Problems are
frequently compounded by the fact that different drugs
are administered simultaneously. Consequently, the avail-
ability of a safe, quick and reliable assay allowing
simultaneous testing of different drugs would be more
than welcome. Ideally, such a test should provide the
physician with a tool that, apart from identification of the
responsible compound(s), might also allow assessment of
cross-reactivity and tailor safe alternatives.

Neuromuscular blocking agents. Evidence has accumu-
lated that flow cytometry can contribute to the diagnosis
of anaphylactic and anaphylactoid reactions from neuro-
muscular blocking agents that bear quaternary ammo-
nium (NHþ

4 ) ions. In a series including 21 patients with
definite anaphylaxis from these drugs, the sensitivity and
specificity of a CD63-based basophil activation assay was
64% and 93%, respectively (51). More recently, compar-
able sensitivity and specificity figures were obtained in a
study byMonneret et al. (24) and Sudheer et al. (27). In an
own comparison between 14 patients suffering from
anaphylaxis with profound hypotension and broncho-
spasm after administration of rocuronium and a positive
skin test for rocuronium and eight individuals who
tolerated administration of rocuronium and demonstrated
a negative skin test for rocuronim, sensitivity and specif-
icity of the test was 91.7% and 100% respectively. But two
patients had to be excluded because of non-responsiveness
to drug and positive control stimulation with anti-IgE. In
line with the series of Refs (24, 27, 51), flow cytometry also
proved helpful to identify cross-reactivity between
rocuronium and other muscle relaxants (particularly with
the other aminosteroid vecuronium) and to tailor a
potentially safe alternative (D.G. Ebo, unpubl. obs.).

Beta-lactam antibiotics. In a comparative analysis
between quantification of specific IgE and basophilic
CD63 expression, in 58 patients suffering from skin-test
proven b-lactam allergy and 30 healthy control individ-
uals, sensitivity and specificity of the assays approximated
38% and 87% for IgE and 50% and 94% for the basophil
activation test respectively (25). As demonstrated in
Table 1 almost similar results were found in the study
by Torres et al. (84).

Aspirin and non-steroidal anti-inflammatory drugs. Two
studies from the same group have evaluated flow cyto-
metric analysis of in vitro activated basophils in the
diagnosis of �hypersensitivity� from aspirin, metamizol
and other non-steroidal anti-inflammatory drugs
(NSAIDs) (85, 86). From the first study, sensitivity and
specificity of the test for metamizol was 42% and 100%
respectively. In the second study, the sensitivity for the
different NSAID varied from 15% for metamizol and
55% for naproxen, whereas specificity generally exceeded
90%. Additional comprehensive studies are eagerly
awaited to confirm these results. Particularly, because
aspirin-induced respiratory as well as cutaneous reactions
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are typical pseudo-allergic manifestations that result from
inhibition of cyclooxygenase-1 (COX-1) with subsequent
depletion of prostaglandin E2 and unrestrained synthesis
of cysteinyl leukotrienes and mediator release from mast
cells and eosinophils (87, 88). Erdmann et al. (89) did not
find the BAT to be reliable for the diagnosis of hyper-
sensitivity from NSAID.

Miscellaneous. In isolated cases, the technique helped to
identify the plasma expander hydroxyl ethyl starch (90),
chemophor (the emulsifier of the intravenous cyclospo-
rine formulation) (91), bovine serum albumin present in a
semen culture medium for artificial insemination (92),
omeprazole (93), different low-molecular-weight heparins
(94, 95), the antiseptics povidone (96) and chlorhexidine
(97), viscotoxins of mistletoe (Viscum album) (98), the dye
patent blue (59) and the enzyme hyaluronidase (99) as the
causative compound in patients with sometimes life-
threatening anaphylactoid reactions. Moreover, in some
of these patients the technique contributed to establish
the individual therapeutic alternative and/or allowed
identification of potentially cross-reactive structures.

Analysis of in vitro-activated donor basophils

Application of flow-assisted analysis and quantification
of in vitro-activated basophils can also be applied on cells
drawn from non-allergic and/or allergic donors. In a first
application, generally referred as a passive sensitization
procedure, basophils (stripped) of non-allergic donors,
prior to allergen challenge, are incubated with serum of
the patient (77, 100). Passive sensitization protocols to
detect allergen-specific IgE in the patients� serum, how-
ever, are laborious and difficult to standardize and to
reproduce as it is highly dependent on the basophil
releasability of the individual donor.
A second application comprises detection of mediator-

releasing antibodies in a typical form of chronic urticaria,
i.e. auto-immune urticaria. The auto-immune subclass of
chronic idiopathic urticaria has been characterized by the
presence of cell-activating IgG autoantibodies against the
IgE molecule or a-chain of the high-affinity FceRI on
basophils and mast cells. Currently, these antibodies are
usually detected by autologous serum skin tests and
confirmed by histamine release studies [for review, see
Ref. (101)]. As already addressed above, a particular
application of the flow cytometer is the autoimmune
basophil activation test. In these settings, basophils of
allergic or non-allergic individuals are stimulated with
patients� serum in order to detect the presence of
basophil-activating autoantibodies. At present, this appli-
cation has been reported in three studies. First, the paper
by Wedi et al. (102) who, with the use of an atopic donor,
demonstrated increased CD63 expression in 70%, 45%
and 35% of the patients with a positive and negative
autologous serum test and controls respectively.
Secondly, the report by Gyimesi et al. (103) who

demonstrated a strong correlation between the ability of
patients� sera to raise a positive autologous serum skin
test and CD63 expression by the basophils of atopic
donors. Recently, these data were confirmed in a third
study by De Swerdt et al. (104), who found positive
basophil activation in 68% of chronic idiopathic urticaria
patients with a positive autologous serum skin test and
41% of the chronic idiopathic urticaria patients with a
negative autologous serum skin test.

Conclusion, future perspectives and speculative viewpoints

Over the last two decades, the development of sophisti-
cated flow cytometric instrumentation has expanded the
application of flow cytometry in several fields of medicine
such as haematology, oncology, immunology. Since the
mid-1990s, it is known that flow-assisted analysis of
in vitro-activated basophils applying CD63 or CD203c
can constitute an efficient and safe instrument and
provides the physician with a novel diagnostic approach
that allows quick and simultaneous multiple allergy
testing. The technique has been clinically validated for
several classical IgE-mediated allergies including indoor
and outdoor inhalant allergies, primary and secondary
food allergies, natural rubber latex allergy, hymenoptera
venom allergy and some drug allergies. However, addi-
tional comprehensive studies are required to further
validate the technique and allow its entrance in routine
diagnostic application. Currently, it seems justified
already to speculate on some particular issues.

First, as flow cytometric analysis of in vitro-activated
basophils more closely resembles the in vivo pathway
leading to symptoms, it is presumed that the technique
could further be adopted to discriminate between clinic-
ally relevant and irrelevant IgE results, to evaluate the
(residual) allergenicity of natural or recombinant allergens
and to select and monitor specific (component-resolved)
immunotherapy. Furthermore, it is anticipated that the
technique might also be applied to demonstrate occur-
rence of natural tolerance, e.g. out-grow of food allergies
in children. It remains to be elaborated whether for some
of these purposes, e.g. follow-up of immunotherapy,
sub-maximal stimulation of the cells might be more
appropriate than maximal stimulation, or vice versa.

In vitro follow-up of provocation tests might be
another application of flow-assisted analysis of basophils.
Actually, the ex vivo measurement of spontaneous CD63
expression may parallel recent in vivo basophil activation
during challenge tests.

Although the technique does not allow differentiating
between IgE-dependent and IgE-independent basophil
activation, even if the CD63 group of activation markers
are closely linked to AND, this should not be interpreted
as a shortcoming. It is anticipated that it might constitute
a unique tool in the diagnosis of IgE-independent
anaphylactoid reactions as well as for the diagnosis of
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IgE-mediated anaphylaxis when a specific IgE assay is
unavailable. Particularly, for drug and occupational
allergy diagnosis, flow cytometric analysis of in vitro-
activated basophils might become an important acquisi-
tion and scale back the need for potentially harmful
provocations.
Whether the introduction of novel activation markers

will broaden and/or improve the applications of the BAT

needs to be established. It is tempting to speculate that
the technique might benefit from combined application of
different activation markers.

Finally, it is anticipated that the development of stable
�humanized� basophil cell lines might further broaden the
application of flow-assisted allergy diagnosis and render
the technique more accessible by rendering superfluous
the need for fresh basophils (57).
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