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Validation of a two-color flow cytometric assay detecting in vitro

basophil activation for the diagnosis of IgE-mediated natural

rubber latex allergy

Background: IgE-dependent triggering of basophils not only elicits the release of
different mediators but also the up-regulation of certain markers, e.g. CD63,
which can be detected by flow cytometry. We intended to investigate if flow
cytometric analysis of basophil activation could be a valuable tool in the
diagnosis of latex allergy, and to evaluate if the basophil activation test (BAT)
could be helpful in determining the clinical significance of a positive latex IgE in
individuals with negative history and negative latex skin test. Additionally we
aimed to determine the role of cross-reactive carbohydrate determinants (CCDs)
in causing positive latex IgE without apparent clinical significance.
Methods: Twelve healthy controls without a history of latex hypersensitivity
with a negative latex IgE and skin test (group 1), 24 individuals without a history
of latex hypersensitivity with a negative latex IgE and skin test but with other
inhalant allergies (group 2), and 29 latex allergic patients with a compelling
history of latex allergy with a positive latex IgE and prick test (group 3) were
enrolled. The diagnostic performances of the BAT were further evaluated in 13
individuals with a history of latex allergy but with negative specific IgE and/or
skin test (group 4). Twenty-four individuals with positive latex IgE without
apparent clinical relevance, i.e. without history of latex hypersensitivity and
negative latex skin tests, were also analyzed (group 5). The putative role of CCDs
causing positive latex IgE results without apparent clinical significance was
evaluated by quantification of IgE for bromelain.
Results: According, to the receiver operating characteristics(ROC)-generated
threshold value of 17% between latex allergic patients and the pooled group of
nonlatex allergic individuals, the sensitivity and specificity of the basophil
activation test was 93.1% and 91.7%, respectively. In healthy controls, allergic
patients without latex hypersensitivity and latex allergic patients the number of
positive BATs was 0/12, 3/24 and 27/29, respectively. In the individuals with an
evocative history of latex allergy but with negative latex IgE and/or skin test the
BAT was positive in all 13 cases. Twenty of 24 individuals without apparent latex
allergy but with positive latex IgE had a negative BAT. IgE for bromelain was
positive in 1/19 sera from group 2, 1/24 sera from group 3, none of the 8 sera from
group 4, but in 16/18 sera from group 5, respectively.
Conclusion: Flow cytometric analysis of activated basophils seems a highly
sensitive and specific tool for diagnosing latex allergy. In addition, the technique
might help to determine the clinical relevance of positive IgE quantification in the
absence of overt latex allergy. CCDs of natural rubber latex allergens were
confirmed to mimic latex sensitization.
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IgE-mediated latex allergy has been recognized as an
increasingly prevalent health problem and correct
diagnosis is a prerequisite for effective management.
Diagnostic methods consist of personal history,
skinprick tests, quantification of latex IgE and,
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eventually, appropriate cutaneous or inhalation chal-
lenge tests (1–3). Functional in vitro assays in latex
allergy have generally focused on T-lymphocyte
transformation (4–8), basophil histamine and sulfi-
doleukotriene release (4, 9, 10). Technical difficulties
(e.g. the small number of circulating basophils, the
necessity of leukocyte isolation and the difficulty of
quantifying very low levels of sometimes labile
mediators), cost and time-cost have limited their
applications, and their clinical benefit remains con-
troversial. As a result, during the last years several
authors have focused on a new approach to study
allergen-dependent basophil activation and to identify
relevant allergic sensitization in vitro (for reviews see
11, 12).
Basophils activated with specific allergen that is

recognized by surface receptor FceRI-bound IgE not
only secrete and generate quantifiable bioactive
mediators but also up-regulate the expression of
certain markers (e.g. CD45 and CD63) which can
easily be detected by multicolor flow cytometry (13).
CD63 (gp53) is member of the transmembrane-4

superfamily that can be detected in a wide variety of
cell types, e.g. leukocytes and platelets (14, 15). In
resting basophils CD63 is anchored in the basophilic
granule membrane and is only weakly expressed on
the surface membrane (generally less than 5% in
healthy controls (16)). In contrast, as a result of
fusion between the granule and plasma membrane,
CD63 is expressed with a high density on activated
basophils and mirrors histamine release (9, 17).
Cross-reactive carbohydrate determinants (CCDs)

are antigenic structures shared by taxonomically
distant allergenic sources such as pollen from
unrelated botanical families, food, latex and arthro-
pods (e.g. Hymenoptera) (18, 19). Since their first
description in the early 1980s (20) IgE antibodies
against these nonmammalian CCDs have been
reported to be very prevalent in atopics, but are
generally believed to be clinically irrelevant as they
fail to induce positive skin tests or elicit clinical
reactions (21, 22).
Bromelain (EC 3.4.22.4) is a thiol protease isolated

from pineapple stem that possesses a single aspar-
agine-linked oligosaccharide that is highly immuno-
genic mainly because it contains a b1p2 xylose (on
the b-linked mannose of the core) and a1p3 fucose
(on the proximal GlcNAc residue) not found in
mammalian glycoproteins (23, 24).
This study was initiated to evaluate the diagnostic

efficiency of the basophil activation test in the
diagnosis of IgE-mediated latex allergy. In addition,
we evaluated whether the BAT could be useful to find
out the clinical relevance of a positive latex IgE
quantification in an individual without overt latex
allergy. Finally, we determined the contribution of
CCDs as a possible cause for latex IgE antibodies

without apparent clinical significance. For this
purpose quantification of IgE for bromelain was
performed (22).

Material and methods

Subjects

As a first step, experiments were performed in order to validate the
basophil activation test (BAT). Twelve healthy volunteers without
latex-induced symptoms with negative latex IgE and latex skin test
served as controls (group 1). Twenty-five individuals without latex
hypersensitivity but with other inhalant allergies were also analyzed
(group 2). Inhalant allergy was defined by the presence of a history
of atopic dermatitis, allergic rhinoconjunctivitis or asthma corro-
borated with a positive specific IgE antibody and skin test for at
least one classical aeroallergen. Thirty-one highly selected latex-
allergic patients (12 monosensitized for latex and 17 suffering from
concomitant inhalant allergies) were included (group 3). All had an
evocative history of latex allergy with urticaria, rhinitis, conjuncti-
vitis, angieodema, bronchospasm, generalized anaphylaxis (25) with
hypotension, or shock, corroborated by positive latex IgE and latex
skin test. Whole blood samples of all of these individuals were
analyzed in the BAT. Three samples were excluded because of
‘‘nonresponsiveness’’ of the basophils to positive control stimula-
tion with N-formyl-Met-Leu-Phe (fMLP) or another relevant
allergen, i.e. grass pollen. As a result, 24/25 samples from group
2 and 29/31 samples from group 3 were eligible for effective
validation of the test.
Sensitivity and specificity of the BAT was calculated between

latex-allergic patients and a group of individuals without latex
hypersensitivity, which was composed of healthy controls as well as
individuals without latex hypersensitivity but with other inhalant
allergies (group 1+2). Sensitivity and specificity was also calculated
including the three nonresponders, i.e. one individual without latex
allergy was considered as positive in the BAT whereas the two latex
allergic patients were considered as negative in the BAT.
Another group (group 4) comprised 13 individuals with a history

of latex allergy but with negative latex IgE and/or latex skin test
were analyzed.
Finally, 24 individuals with a positive latex IgE quantification

but without clinical history of latex allergy and a negative latex skin
test were studied (group 5).

Specific IgE

Quantification of total IgE and specific IgE for Dermatophagoides
pteronyssinus, birch, timothy grass, mugwort, cat, dog,
Cladosporium herbarum, Aspergillus fumigatus, Hevea latex and
bromelain was performed according to the manufacturer’s instruc-
tions (Immuno-CAP, Pharmacia CAP System, Brussels, Belgium).
The assay is a solid-phase immunofluorometric assay in which IgE
antibody is bound to allergen allergosorbent (cellulose sponge
matrix) and detected with rabbit polyclonal antihuman IgE and
4-methylumbelliferyl b-D galactosidase substrate. Because of
insufficient serum quantity, not all samples could be evaluated
for the presence of bromelain IgE. Values of allergen-specific IgE
below 0.35 kUa/l were considered negative.

Skin prick tests

Skin prick tests were done with Dermatophagoides pteronyssinus,
birch, timothy grass, mugwort, cat, dog, Cladosporium herbarum,
Aspergillus fumigatus (Haarlem Allergen Laboratories, Haarlem,
the Netherlands) and Hevea latex (Stallergènes, Fresnes, France).
Skin test responses were considered positive only when the wheal
reaction exceeded a diameter of 3 mm.
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Basophil activation by latex

Three hours after sampling, aliquots of 100 ml endotoxin-free
heparinized (Vacuette, Greiner Labortechnik GmbH,
Kremsmünster, Austria) whole blood were preincubated for
10 min at 37uC with 20 ml stimulation buffer containing IL-3
(10 ng/ml, Pepro Tech, Inc Rocky Hill, NJ). IL-3 leads to a
preactivation of the basophils, and therefore in an increased
mediator release or CD63 expression for a given stimulus
concentration or to significant release of these mediators for much
lower stimulus concentrations (26–32).
Preactivated blood samples were stimulated for 20 min at 37uC in

a water bath with 100 ml nonammoniated latex (10 mg/ml)
purchased by Diagnostic Products Corp. (Brussels, Belgium),
100 ml (2 mmol/l) fMLP (Sigma-Aldrich Chemic GmbH,
Steinheim, Germany) as a positive control, and 100 ml washing
solution to measure spontaneous CD63 expression (negative
control). The optimal stimulation times and concentrations of
IL-3, allergen, fMLP and latex used in this study were determined
in preliminary investigations, and the latex extract was clinically
validated (7). Cooling the samples on ice for 5 min stopped
basophil activation and degranulation.
To estimate activated basophils, cells were stained with 20 ml

monoclonal biotinylated antibodies to human IgE (Sigma-Aldrich
Chemic GmbH, Steinheim, Germany) and 10 ml monoclonal
phycoerythrin(PE)-conjugated antihuman CD63 (PharMingen,
BD Biosciences Erembodegem, Belgium), or PE-conjugated irrele-
vant-control antibody with identical isotype (PharMingen) during
20 min in the dark, on ice. After washing, 20 ml of Streptavidin
Alexa 488 (Molecular Probes, Leiden, the Netherlands) was added
for 15 min at room temperature. Red blood cells were lazed and
white blood cells were fixed (FACS Lysing solution, BD) during
10 min at room temperature. After centrifugation (5 min, 250 g,
4uC) and washing, 200 ml of washing solution was added to the cell
pellets which were used for flow cytometric analysis of basophil
activation (FACScan flow cytometer (BD Immunocytometry
Systems). Green fluorescence (FL1 channel) and side scatter
(SSC) were employed to gate on at least 500 basophils that
expressed a high density of surface IgE (Fig. 1A). Subsequently
within this gate the percentage of activated basophils, i.e. those
coexpressing CD63 (FL2 channel), was measured (Fig. 1B). For
this purpose, the marker (M1) was set on the value obtained with
an irrelevant isotype-control antibody (Fig. 1B). Less than 1% of
basophils were stained with the irrelevant-control antibody.
Percentages of activated basophils were corrected by subtracting
spontaneous CD63 expression (negative control) from the values
obtained with latex stimulation.

Provocation test

Powdered nonsterile natural rubber latex examination gloves
(Conform, Ansell Medical, Bangkok, Thailand, LOT 909007801)
were donned and the patient was than observed for 15–60 min for
skin and respiratory symptoms and signs. For safety reasons, every
glove provocation test was started with a finger-piece provocation.
Spirometry was performed before and 60 min after exposure.
Polyvinyl chloride gloves served as controls.

Statistical analysis

Results were expressed as median (range). The Mann–Whitney U-
test and Spearman’s rank correlation test were applied where
appropriate. Chi-squared analysis was used to compare frequencies.
Differences were considered significant at a P-value of less than
0.05. Receiver operating characteristics (ROC) curve analysis was
performed to calculate the optimal cut-off value that corresponds
to the best specificity and sensitivity (33).

Results

Total serum IgE and latex-specific IgE

Total IgE was 36 kU/l (5–172) in group 1, 204 kU/L
(12–4727) in group 2, 195 kU/L (34–5000) in group 3,
166 kU/L (23–1320) in group 4 and 473 kU/L
(36–4238) in group 5. Latex IgE in group 3 was
7.52 kUa/L (0.51–100.00), in group 4<0.35 kUa/l
(<0.35–7.40) and in group 5 1.28 kUa/L (0.40–21.70).

Basophil activation test

In toto 105 samples were enrolled for analysis in the
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Figure 1. (A) Flow cytometric analysis using a density plot of
side scatter (SSC) and fluorescence (FL1). Alexa 488-conjugated
anti-IgE positive basophils are gated out in an ellipsoid region.
(B) CD63 expression after challenge with washing solution (fine
line) and nonammoniated latex extract (bold line). Marker M1
denotes CD63 positive cells and was set on phycoerythrin-
conjugated irrelevant-control antibody.
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BAT. Basophils could be clearly identified in all the
samples. Fourteen out of the 105 samples (13.3%) were
nonresponders to fMLP (positive control). However, 11
out of these 14 showed stimulation with another
relevant allergen, i.e. Timothy grass pollen (data not
presented), indicating that the basophils in these
samples could not be considered as ‘‘unresponsive’’.
As a result, three samples were classified as not
interpretable (one in group 2 and two in group 3) and
were withdrawn from further analysis.
ROC curve analysis was performed between indivi-

duals without latex hypersensitivity (group 1+2) and
latex allergic patients (group 3) and resulted in a
sensitivity 93.1% and specificity 91.7% for a threshold
value of 17% (P<0.0001) (Fig. 2).
The individual percentages of CD63 up-regulation

and numbers of positive BATs are shown in Fig. 3. In
healthy controls, allergic patients without latex hyper-
sensitivity and latex allergic patients the number of
positive BATs was 0/12, 3/24 and 27/29, respectively.
When the nonresponders were included, the number

of positive BATs was 4/37 in the pooled group of
individuals without latex allergy and 27/31 in the
patients with latex allergy. This resulted in a specificity
of 89% and sensitivity of 87%.
In the individuals with an evocative history of latex

allergy but with negative latex IgE and/or latex skin
test, the BAT could confirm suspected latex allergy in
all 13 individuals of this group.
Finally, 20/24 individuals with positive latex IgE but

with a negative history of latex hypersensitivity and
latex skin test had a negative BAT. To further unravel
the discrepant findings, the four individuals with a
positive BAT underwent a glove provocation test that
turned out to be negative in all cases.

In latex allergy there was no significant correlation
between the results of the BAT and serum latex IgE.

Bromelain IgE

Seventy-one bromelain IgE determinations were avail-
able, and was positive in 1/19 individuals with an
inhalant allergy but without latex hypersensitivity, 1/24
latex allergic patients, none of 8 individuals with a
compelling history of latex allergy but with a negative
latex IgE and/or skin test, and 16/20 individuals with a
positive latex IgE without apparent latex allergy
(Pj0.0001). In this latter group bromelain IgE was
positive in 3/4 individuals with a positive BAT.

Discussion

Activation by relevant allergen, through cross-linking
of FceRI-bound IgE, induces fusion of cytoplasmatic
granules with the plasma membrane and the successive
release of bioactive mediators. This fusion phenom-
enon, however, also alters the cell surface phenotype
with up-regulated expression of different membrane
markers, such as the pan leukocyte antigen CD45 and
the tetraspan molecule CD63. These changes can easily
be demonstrated by multicolor flow cytometry, a
technique that utilizes characteristics of cellular light
scatter and immunofluorescence for analysis of cell
surface phenotype and quantification of cellular
viability and activity (34–36).
Flow cytometric analysis of basophilic up-regulated

expression of CD63 has already been reported in
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Figure 2. Two-graph ROC curve for latex-induced CD63
expression generated between individuals without latex allergy
(group 1+2) and latex-allergic patients (group 3). For a
threshold value of 17% (dotted line) the BAT attains a
sensitivity of 93% and specificity of 92%.
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Figure 3. Latex-induced CD63 expression in healthy volunteers
(group 1); individuals without latex allergy but allergic for at least
one aeroallergen (group 2); patients with latex allergy (group 3);
individuals with a history of latex allergy but with negative latex
IgE and/or skin test (group 4); and individuals with a positive
latex IgE but with a negative history and latex skin test (group 5).
Results are expressed as percentages of CD63 up-regulation (i.e.
percentage latex-induced CD63 expression minus spontaneous
CD63 expression). The dotted line represents the threshold of
17% between latex allergic patients and individuals without latex
allergy. The bold line denotes the median.
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allergies to pollen (17, 27, 37–39), house dust mite (27,
39, 40), Hymenoptera venoms (40, 41), foods (40, 42,
43), and drugs (44–46).
To our knowledge, data on flow cytometric analyses

of basophilic up-regulated expression of CD63 in latex
allergy are restricted to the preliminary results pre-
sented by Sánchez-López et al. (47), an isolated case
described by Monneret et al. (40) and 10 patients
evaluated by passive basophil sensitization (9).
The first aim of this study was to evaluate whether the

BAT could be applied and validated in IgE-mediated
latex allergy. In the absence of a gold standard, as with
any study of this nature, a major difficulty was to
accurately establish a group of patients with clinically
significant allergy and to compose an appropriate
‘‘control’’ group. Patient histories, specific IgE quanti-
fication, skin tests, and provocation tests have been
used in previous studies; although each method can
provide useful information, all methods in se have
limitations. In a recent study, 15% of the 304 adult
individuals studied with a well-documented question-
naire provided a false-positive history of latex allergy
(1). Skin tests performed with different commercially
available extracts or extemporaneous glove extracts
have already been demonstrated to be quite efficient for
confirming latex allergy. At present, to our knowledge,
only one standardized skin test extract is available
commercially (48). In addition, skin tests bear a risk for
anaphylaxis (49). Hamilton and co-workers reported an
immediate systemic reaction rate for latex skin testing
of 16.1% (1). As a result, physicians frequently rely on in
vitro IgE quantification to confirm the diagnosis of latex
allergy. In a recent study comparing three assays for
latex-specific IgE, the CAP System and microplate
AlaSTAT technique showed comparable sensitivity
(respectively 76.3% and 73.3%) and specificity (respec-
tively 96.7% and 97.2%) whereas the HY-TEC assay
produced a sensitivity of 90% and specificity of 67.5%
(2). The glove challenge has been thoroughly described
(50) but the reduced allergenicity of gloves, lack of
uniformity and risk for anaphylaxis diminishes its
usefulness.
In other words, defining sensitivity and specificity for

a new test remains a clinical problem in the sense that
there is no single ‘‘gold standard’’ or reference test. To
circumvent this limitation, in this study, latex-allergy
was defined by the combined presence of a compelling
history of latex-mediated hypersensitivity and positive
latex IgE as well as latex skin test. Results were
compared in individuals with a combined absence of
history of IgE-mediated latex hypersensitivity and
negative latex IgE and latex skin test. The BAT was
observed to be a highly efficient instrument to diagnose
IgE-mediated latex allergy. According to the ROC-
generated threshold limit value of 17% CD63 up-
regulation above spontaneous expression between latex

allergic patients and the composite group of individuals
without latex allergy, a sensitivity and specificity
exceeding 90% was obtained.
From our data it is evident that according to a

maximal latex-induced CD63 expression of 6% in
healthy controls, we would have attained a sensitivity
and specificity of 100%. However, we believe that for
latex allergy, a condition more prevalent in atopics than
in nonatopics (51), an adequate control group should
not be restricted to healthy volunteers (1, 2).
In addition, the BAT was able to confirm the

diagnosis in all the 13 individuals with a compelling
history of latex allergy but who had a negative specific
IgE and or latex skin test (group 4). This observation
suggests that in such patients the BAT could be a useful
additional tool to diagnose IgE-mediated latex allergy,
making potentially hazardous challenge tests less
necessary.
Several authors have shown the possibility of ‘‘false’’

positivity in in vitro IgE assays (1, 7, 52). Of particular
interest was the observation that in 20/24 cases of a
selected group of individuals with positive latex IgE but
without clinical history of latex allergy and a negative
skin test, the BAT remained negative. This might
suggest that the latex IgE antibodies in this group had
no biologic activity. In the remaining four individuals
that displayed a positive BAT, an additional provoca-
tion test was negative. Taken together, these results
suggest that in this group the positive latex IgE could be
considered as clinically irrelevant.
There are several mechanisms resulting in clinically

irrelevant specific serum IgE, e.g. nonspecific absorp-
tion frequently associated with high total serum IgE,
and cross-reactivity due to so-called panallergens and
CCDs. Only two out of the 24 sera from group 5
contained total serum IgE exceeding 3000 kU/l and had
potential to produce irrelevant results because of
nonspecific absorption. Subsequently we sought to
investigate the possible contribution of CCDs in
causing positive latex IgE without apparent clinical
significance. Whereas in allergic individuals without
latex hypersensitivity, latex allergic patients and in
patients with latex allergy but with negative latex IgE
and/or skin test antibodies for bromelain were rare or
even absent, the reverse was seen in individuals that
displayed irrelevant latex IgE (group 5). In these cases,
bromelain IgE was present in 75% of the individuals.
Most of these individuals were polyzensitized to pollen
and some were allergic to Hymenoptera venom. These
results confirm that systems using solid phase-coupled
allergens can detect specific IgE for allergenic extracts
known to bear carbohydrate moieties on their compo-
nents and, as a result, mimic sensitization (22, 53).
Because such misdiagnosis may affect negatively the
patient’s quality of life, the clinical significance of in
vitro assays should always be assessed carefully. Being a
completely safe, rapid and easily performed technique,
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the BAT seems a valuable additional tool to discrimi-
nate between clinically relevant and irrelevant IgE
responses.
In conclusion, the BAT was demonstrated to be a

good and safe in vitro correlate for in vivo latex
hypersensitivity. In addition the BAT was observed to
be an accurate tool to determine the clinical relevance of
a positive IgE quantification in the absence of overt
latex allergy. Cross-reactive carbohydrate determinants

of natural rubber latex allergens, tentatively assessed by
quantification of bromelain-specific IgE, were con-
firmed to mimic latex sensitization.
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4. TURJANMAA K, RÄSÄNEN L, LEHTO M,
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H. IgE antibodies to carbohydrate
mimic sensitization to NRL. J Allergy
Clin Immunol, 2001;107:S118.

Ebo et al.

712


