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Nonsteroidal anti-inflammatory drugs (NSAIDs) are the drugs most frequently
involved in allergic reactions of which two main types exist: IgE-mediated and crossin-
tolerance. The diagnosis of crossintolerance reactions is often based on the drug provo-
cation test. The potential value of the basophil activation test (BAT) was evaluated
using different basophil markers in the diagnosis of patients with crossintolerance to
NSAIDs and cutaneous symptoms. We studied 46 patients with crossintolerance to
NSAIDs and 45 tolerant controls. BAT was performed with acetyl salicylic acid, parace-
tamol, diclofenac, dipyrone, naproxen, and ibuprofen at four different concentrations
using CD193 and CD203c¢ as basophil markers and CD63 as activation marker. We
compared BAT results using CD193" or CD193"CD203c™ for basophil selection and
found a significant increase in the stimulation index when using CD193*CD203¢" in
both patients and controls (P = 0.004 and P = 0.017, respectively). Selection of living
cells only produced an increase in basophil stimulation in patients for both CD193™
and CD193"CD203¢* (P<0.001 for both), whereas in controls there was no change
with CD193" and a decrease with CD1937CD203c” (P=0.001). We found that
CD1937CD203c¢™ increased the percentage of positive cases in patients and controls
when compared with CD193". When excluding dead cells, there was an increase of
21.7% in patients and 10% in controls. These results indicate that using
CD1937CD203", excluding dead cells, is the best approach for BAT although this test
is not recommended for the diagnosis of patients with crossintolerance to NSAIDs
owing to its low sensitivity and specificity. © 2014 International Society for Advancement of
Cytometry
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NONSTEROIDAL anti-inflammatory drugs (NSAIDs) are the drugs most frequently
involved in immediate or acute hypersensitivity reactions, accounting for 20-25% of
patients evaluated in allergy units, with two main mechanisms involved (1-3). One
is mediated by drug-specific-IgE antibodies and reactions occur with one NSAID but
there is tolerance to other nonchemically related drugs (4,5). These reactions are
known as single NSAID induced hypersensitivity reactions and involve NSAIDs such
as paracetamol (6), acetyl salicylic acid (ASA) (7), diclofenac (8), ketorolac (9),
dipyrone (10,11), and cyclooxygenase-2 selective inhibitors (COX-2) (12). The other
type of reaction is mediated by a pharmacological mechanism in which the inhibi-
tion of cyclooxygenase-1 enzyme (COX-1) leads to a decrease in the synthesis of
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prostaglandin E 2, which in turn hampers the production of sulphidoleukotrienes

Cytometry Part A ¢ 00A: 00—00, 2014



ORIGINAL ARTICLE

(13,14) and increases other mediators responsible for the
cutaneous and respiratory manifestations (14,15). These
patients react to NSAIDs from different chemical groups and
are therefore classified as crossreactive hypersensitivity reac-
tions to NSAID (3).

As no well-validated tests yet exist, the diagnosis of both
types of reaction is mainly based on the clinical history and/or
a drug provocation test (DPT) (16,17). Over the last 10 years,
an in vitro test, the basophil activation test (BAT) using flow
cytometry technology, has been used to evaluate IgE-mediated
hypersensitivity to different drugs such as betalactams (18,19),
corticosteroids (20), quinolones (21), and muscle relaxants
(22,23). Regarding NSAIDs, in IgE-mediated reactions to
dipyrone, BAT has shown a sensitivity of 42.3-54.9% and a
specificity ranging from 85.7 to 92% (24,25). Notably, BAT
was positive in 38.5% of patients with negative skin tests but
even more importantly, BAT was positive in 75% of patients
with anaphylaxis and negative skin tests.

As basophils can be activated by both IgE and non-IgE-
mediated mechanisms (14,24,25), the BAT could be used to
evaluate NIUA; indeed, it has already been used though with
contradictory results (26-29). Although some studies have
reported successful results (sensitivity from 43 to 58% with
specificity from 90 to 100%) (27,28), others have found a sen-
sitivity of 30% with a specificity of 40% (29); differences were
also found in a European multicenter study (30). These differ-
ences can be attributed to the patients included with appa-
rently better results obtained in those cases with skin
symptoms and clearly no response in those with respiratory
manifestations (27-30). As it has recently been shown that the
most frequent manifestations appearing in hypersensitivity to
NSAIDs are cutaneous (without underlying chronic diseases)
classified as NSAID-induced urticaria/angioedema (NIUA)
(2,4,31), we considered it important to analyze the role of
BAT in this group of patients.

On the other hand, controversy exists about the efficacy
of the different markers that can be used to select basophils in
the BAT. IgE has been classically used as the main marker
(32), but high interindividual variations in cell surface expres-
sion of the IgE-receptor (FceRI) (33,34), a downregulation
upon IgE-mediated activation (35), and major contamination
with monocytes (36) lead to difficulties in basophil gating
which could decrease the sensitivity of the test. Other marker
is CD193 (CCR3), which has been identified as a stably
expressed marker that allows a robust and accurate selection
of basophils though it is also expressed on eosinophils (37),
and CD203c, which is selectively expressed on basophils (38)
and although it is constitutively present on resting basophils it
shows upregulation after activation (39,40). The new basophil
selection strategies using these markers or their combination
could improve the BAT results.

In this study, we performed BAT using two different
markers, CD193 and CD203c, for basophil selection, a dead
cell marker and CD63 for the determination of basophil acti-
vation. We included a wide panel of NSAIDs in a large num-
ber of well-characterized patients with NIUA as compared
with tolerant subjects.

MATERIALS AND METHODS

Patients and Controls

The study included patients with NIUA including the fol-
lowing symptoms: urticaria, angioedema, urticaria and angio-
edema (UA), or urticaria and systemic symptoms (USS)
diagnosed over a 3-year period (2010-2013). The classification
criteria for NIUA included the presence of at least three epi-
sodes with three or more different NSAIDs as described earlier
(41). If fewer than three NSAIDs were involved, a positive
DPT with a different NSAID was required.

Exclusion criteria included patients with chronic urti-
caria or acute recurrent urticaria not attributed to NSAID
intake; pregnant or breastfeeding women; treatment with
beta-blockers or angiotensin-converting enzyme inhibitors;
contraindications for epinephrine administration; acute infec-
tions and/or underlying cardiac, hepatic, or renal disease that
contraindicated DPT; psychosomatic disorders. A control
group was composed of subjects without chronic or acute
recurrent urticaria and with confirmed good tolerance to
NSAIDs.

The study was conducted according to the principles of
the Declaration of Helsinki and approved by the Ethics Com-
mittees of each participating hospital. All the patients and
controls were informed orally about the study and signed the
corresponding informed consent.

Drug Provocation Test

We performed a single-blind placebo-controlled DPT
beginning with the NSAID with the lowest COX-1 inhibiting
capacity, and if negative we continued by administering others
with a higher COX-1 inhibiting capacity as follows: etoricoxib,
paracetamol, piroxicam, ibuprofen, indomethacin, and ASA.
In patients reporting three or more episodes to different non-
chemically related NSAIDs and classified as having NIUA
from their clinical history, alternative drugs such as paraceta-
mol or COX-2 inhibitors were tested, provided they them-
selves were not involved in the reactions (2). NSAIDs were
administered orally at increasing doses at 90 min intervals as
described earlier (2). If cutaneous or respiratory symptoms or
hypotension appeared, the procedure was stopped and the
symptoms were evaluated and treated.

Basophil Activation by Flow Cytometry

One hundred microliters of heparinized whole blood was
aliquoted per test and 20 pL of stimulation buffer and 3 uL of
monoclonal antibody CD193-APC (Caltag Laboratories, Bur-
lingame, CA) were added and incubated for 10 min at 37°C in
a water bath. After this, 100 uL of the washing solution was
added to the negative control tube and 100 pL of fMLP (che-
motactic peptide N-Formyl-Met-Leu-Phe) or anti-IgE (BD
Pharmingen, NJ) to the positive control tube. One hundred
microliters of different NSAIDs were added to the different
samples. ASA at 1, 0.5, 0.2, and 0.1 mg/mL, diclofenac at 0.3,
0.15, 0.06, and 0.03 mg/mL, naproxen at 1, 0.5, 0.2, and 0.1
mg/mL, dipyrone at 5, 2.5, 0.25, and 0.1 mg/mL, and ibupro-
fen at 5, 1.5, 0.75, and 0.15 mg/mL (all from Sigma-Aldrich,
Saint Louis, MO), and paracetamol (Novartis Farmaceutica

Basophil Activation After NSAID Stimulation



ORIGINAL ARTICLE

Table 1. Clinical characteristics of the patients included in the study

INTERVAL REACTION-  INTERVAL DRUG INTAKE—
PAT. AGE  SEX DRUG INVOLVED EVALUATION (MONTHS) REACTION (MIN) REACTION  POSITIVE DPT NEGATIVE DPT
1 33 F ASA 108 <60 USS Ibu Etori, Parac, Pirox
2 49 M ASA, Dipy, Parac 120 <60 UA Etori
3 40 F  Ibup 36 <60 UsSS Pirox Etori, Parac
4 75 M  Didl, Ketor, Dipy 24 <60 URT Etori, Parac
5 27 M ASA, Ibup 18 60 ANG Pirox Etori, Parac
6 29 M ASA 5 48 USS Indom Etori, Parac
7 38 F Parac 4 90 USS Pirox Etori
8 55 M Ibup, Dipy 2 90 URT ASA Etori, Parac, Pirox
9 31 M Ibup 36 90 URT ASA Etori, Parac, Pirox
10 38 F Dicl, Ibup 8 120 URT ASA Etori, Parac, Pirox
11 50 M  ASA, Ibup, Dicl, Dipy 12 <60 ANG Parac Etori
12 34 M Dipy 2 <60 UsSsS Parac Etori
13 20 F Dicl, Ibup 13 <60 URT ASA Etori
14 49 M  Parac 2 90 URT Pirox Etori, Parac,
15 33 M ASA, Ibup 120 <60 URT Pirox Etori, Parac,
16 67 F Dicl, Ibup, Parac 6 <60 URT Etori
17 32 F ASA, Dicl, Ibup 3 <60 USS Parac Etori
18 55 F ASA, Dicl, Ibup 6 30 USS Parac
19 79 M Did 12 <60 USS ASA Etori, Parac, Pirox
20 33 F Ibup, Dipy 12 <60 URT Pirox Etori, Parac
21 33 F  Dipy 60 5 [OAN] ASA Etori, Parac
22 41 F Dipy 12 60-120 URT Ibup Etori, Parac, Pirox
23 20 F Ibup, Dipy, Ketor, Parac 12 10 ANG Etori
24 34 M  ASA, Ibup, Parac 2 <60 URT Etori
25 27 F  Dipy, Nap 8 5 UsSS Pirox Etori, Parac
26 49 M ASA, Ketor 7 <60 URT Pirox Etori, Parac
27 46 F  Dipy 4 <60 URT Etori
28 46 F  Dipy 4 <60 URT Etori
29 44 M ASA, Ibup 84 <60 URT Pirox Etori, Parac
30 25 M ASA, Ibup, Dipy 24 120 ANG Etori, Parac, Pirox
31 22 F Did 8 120 URT Ibup Etori
32 42 M ASA 25 <60 URT Ibup Etori, Parac, Pirox
33 30 F Dipy 4 <60 URT Pirox Etori, Parac
34 19 F Ibup, Nap 4 60-120 URT ASA Etori, Parac, Pirox
35 51 M  ASA, Parac 36 60-120 URT Pirox Etori
36 27 F  ASA, Dipy 16 <60 [ORN] Ibup Etori, Parac, Pirox
37 28 F Dipy 96 5 UsSS Ibup Etori, Parac, Pirox
38 45 F Ibup 117 <60 URT Pirox Etori, Parac
39 45 F Ibup 32 90 URT Pirox Etori, Parac
40 67 F ASA, Dipy 36 <60 URT Ibup Etori, Parac, Pirox
41 44 M TIbup 12 90 ANG Pirox Etori, Parac
42 48 F ASA, Dipy 4 90 URT Ibup Etori, Parac, Pirox
43 66 F  Did, Dipy 21 90 URT Pirox Etori, Parac
44 44 F Ibup, Pirox 48 80 URT ASA Etori, Parac
45 24 M Did, Dipy 5 60-120 URT Ibup Etori, Parac
46 32 M ASA 2 90 UA Indom Etori, Parac, Pirox

Abbreviations: ASA, acetyl salicylic acid; Dicl, diclofenac; Napr, naproxen; Parac, paracetamol; Dipy, dipyrone; Ibup, ibuprofen;
Pirox, piroxicam; Ketor, ketorolac; Etori, Etoricoxib; Melox, meloxicam; Celec, Celecoxib; Indom, indomethacin; URT, urticaria; ANG,

angioedema; UA, urticaria plus angioedema; USS, urticaria plus systemic symptoms.

SA, Barcelona, Spain) at 5, 1, 0.5, and 0.1 mg/mL. Concentra-
tions higher than those described above are cytotoxic and
lower concentrations decrease sensitivity. The samples were
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incubated for 30 min at 37°C in a water bath. The degranula-
tion was stopped by incubating the samples on ice for 5 min
and then 3 pL of monoclonal antibodies, anti-CD63-FITC,
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Figure 1. Percentage of basophils recovered (A), percentage of CD63 expressing cells (B), and Sl value (C) using two different selection
strategies, CD193 alone or with CD203c in NIUA and control group. (Bars represent the mean of 20 determinations and the SEM in 46 CI

patients and 45 tolerant subjects).

CD203c-PE (Caltag Laboratories, Burlingame, CA), and Live/
Dead Fixable FarRed Dead Cell Stain Kit (Invitrogen, Paisley,
United Kingdom), respectively, were added to each tube. After
this, 2 mL of prewarmed lysing solution was added and incu-
bated for 10 min at room temperature. After centrifuging and
washing, the cells were analyzed in a FACSCalibur flow cytom-
eter (Becton-Dickinson Bioscience, San Jose, CA) by acquiring
at least 500-1,000 basophils per sample. Basophils were
selected using two different strategies, taking into considera-
tion all the CD193™ cells or only the CD1937CD203c™ cells.
In both cases, the results were analyzed with and without the
dead cells (Supplemental Figure 1). Results were expressed as
the percentage of CD63 and as the stimulation index (SI), cal-
culated as the ratio between the percentage of degranulated
basophils (CD63™ cells) with different haptens and the nega-
tive control. The percentage of basophils activated after con-
tact with the antigen was required to be >5% as described
previously (25).

Statistical Analysis
Comparisons of quantitative variables without a normal
distribution were done by the Mann—Whitney and Kruskall-

1 1 <0.001
p<0.00 p<0.00 P

NIUA NIUA CONTROL coNTROL [ taua CONTROL CONTROL
ALV AUVE

Wallis tests. Comparisons of qualitative variables were done
by means of the y*-test. All reported P-values represent two-
tailed tests, with values of <0.05 which were considered statis-
tically significant.

REsurrs

Patients and Controls

The study finally included 46 patients with NIUA, 26
women and 20 men (mean age, 40.5 * 14.4 years) and 45 sub-
jects who tolerated these drugs. The diagnosis was established
by clinical history in five cases that had at least three episodes
to three or more NSAIDs belonging to different chemical
groups, and by DPT in 41 patients. The time between the
drug intake and the appearance of the symptoms was <60
min in 29 out of the 46 cases (63.1%) and between 60 and 120
min in 17 cases (36.9%). The mean time between the NSAID
reaction and obtaining the sample was 27.2 * 34.8 months.
Data are summarized in Table 1.

The drug inducing the reaction was ibuprofen in 21 cases
(45.6%) and dipyrone in 20 cases (43.5%), followed by diclo-
fenac in 11 cases (10.8%), and ASA and paracetamol in 8 cases
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Figure 2. Influence of the elimination of dead cells on the analysis for both selection strategies in percentage of CD63 expressing cells (A)
and Sl value (B). Results are expressed for 20 individual determinations in 46 NIUA patients and 45 tolerant subjects. Positive and negative

controls were eliminated from the analysis.
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Figure 3. Percentage of positive cases in both strategies without (A) or with (B) exclusion of dead cells using a cut-off of 2 or 3 for the Sl in
46 NIUA patients and 45 tolerant subjects. We considered a case as positive when the BAT Sl was higher than the cut-off for at least one

of the NSAIDs tested (NS, not significant differences using Xz-test).

(17.4%), with ketorolac in 3 cases (6.5%), naproxen in 2 cases
(4.3%), and piroxicam in just 1 case (2.2%). Regarding the
clinical manifestations, 12 cases (26.1%) had USS, 27 (58.7%)
urticaria, 5 (10.8%) angioedema, and 2 (4.3%) UA. In the 12
cases with USS, the drugs involved were dipyrone and/or ASA
in five (41.6%), followed by diclofenac in three (25%). In the
34 cases having exclusively cutaneous symptoms, ibuprofen
was the drug most frequently involved in 19 cases (55.9%).

In all the patients and controls, we first analyzed the per-
centage of nonactivation when samples were stimulated with
anti-IgE (nonresponders); these were then eliminated for the
subsequent analysis. We found a higher level of nonresponders
in the group of patients (54.5%) compared to controls (9.1%)
(P<0.001).

We compared the BAT results using CDI193" or
CD193"CD203c" for basophil selection and found a signifi-
cant increase in the percentage of basophils recovered using
CD193" in patients and controls (P=0.004 and P = 0.002,
respectively) (Fig. 1A), no differences in the percentage of
CD63 " -activated basophils (Fig. 1B), and significant increases
in the SI when using CD1937CD203c” in both patients and
controls (P =0.004 and P=0.017, respectively) (Fig. 1C).
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The influence of excluding or including dead cells in the
BAT analysis using CD193" or CD1937CD203c" was also
analyzed. In terms of percentage of activation, we found that
the selection of living cells produced a significant increase in
both patients and controls when using CD193" cells
(P<0.001 in both cases) but only in patients when using
CD1937CD203c* cells (P < 0.001) (Fig. 2A). In terms of SI,
there was an increase in patients for both CD193% and
CD1937CD203¢™ (P<0.001 for both), whereas in controls
there was no change with CD193" and a decrease with
CD193"CD203c" (P=0.001) (Fig. 2B).

We then analyzed the influence of the two basophil
characterization strategies and the presence of dead cells on
BAT sensitivity at two different cut-off points (SI>2 or
SI>3). We found that using CD1937CD203c" increased
the percentage of positive cases in patients and controls at
SI>2 (78.2 vs. 100% for patients and 70 vs. 80% for con-
trols) and at SI>3 (67.4 vs. 78.2% for NIUA and 51.1 vs.
60% for controls) when compared with CD193" (Fig. 3A).
When excluding dead cells, no changes were detected at
SI> 2, whereas at SI >3 there was an increase of 21.7% in
patients and of 10% in controls (Fig. 3B). These results
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Table 2. Sensitivity (percentage of positive cases in NIUA group) and specificity (percentage of negative cases in control group) of BAT
with different NSAIDs considering positivity to at least one concentration for individual NSAID and to at least one NSAID for the total

SENSITIVITY SPECIFICITY SENSITIVITY SPECIFICITY
SI>2 DRUG CD193* CD193" ALIVE
ASA 43.5% 60% 43.5% 51.1%
DICLOFENAC 21.7% 91.1% 21.7% 80%
NAPROXEN 45.6% 51.1% 45.6% 31.1%
PARACETAMOL 34.8% 60% 55.5% 20%
DIPYRONE 32.6% 68.8% 78.2% 60%
IBUPROFEN 55.5% 48.8% 67.4% 48.8%
TOTAL 78.2% 31.1% 100% 20%
CD193" CD203c* CD193" CD203¢* ALIVE
ASA 89.1% 20% 78.2% 40%
DICLOFENAC 32.6% 68.8% 55.5% 60%
NAPROXEN 67.4% 31.1% 76.1% 42.2%
PARACETAMOL 43.5% 20% 43.5% 31.1%
DIPYRONE 45.6% 68.8% 55.5% 80%
IBUPROFEN 67.4% 68.8% 89.1% 68.8%
TOTAL 100% 20% 100% 20%
SI>3 DRUG CD193" CD193" ALIVE
ASA 21.7% 91.1% 10.8% 91.1%
DICLOFENAC 10.8% 91.1% 21.7% 100%
NAPROXEN 10.8% 80% 10.8% 100%
PARACETAMOL 21.7% 60% 21.7% 60%
DIPYRONE 32.6% 91.1% 55.5% 91.1%
IBUPROFEN 45.6% 80% 55.5% 60%
TOTAL 67.4% 51.1% 89.1% 40%
CD193" CD203c* CD193" CD203c¢” ALIVE
ASA 43.5% 68.8% 32.6% 60%
DICLOFENAC 21.7% 80% 21.7% 68.8%
NAPROXEN 45.6% 60% 43.5% 80%
PARACETAMOL 21.7% 68.8% 45.6% 51.1%
DIPYRONE 32.6% 80% 43.5% 68.8%
IBUPROFEN 55.5% 60% 89.1% 51.1%
TOTAL 78.2% 40% 100% 31.1%

Results were presented using a Sl cut-off of 2 or 3.

indicate that using CD193"CD203", excluding dead cells, is
the best approach.

The results of the BAT sensitivity (percentage of positive
cases into the NIUA patients) and specificity (percentage of
negative cases into the control group) for each NSAID (Table
2) showed that the best results were found with dipyrone
when dead cells were excluded and the worst with paracetamol
followed by diclofenac. Considering the results for total sensi-
tivity and specificity, the sensitivity could reach 100%,
whereas the specificity fell to 20%.

Discussion

Over recent years, NSAIDs have become the drugs most
frequently involved in hypersensitivity reactions, with NIUA
being the most common diagnosis (2,31). The evaluation of
possibly affected patients is difficult, and diagnosis is based on
the clinical history, though in many cases DPT is also neces-

sary (14,15), with the BAT being used for diagnoses but with
variable results (24). In this study, we evaluated an important
number of well-characterized patients with NIUA and con-
trols, taking into account different technical approaches and
using a wide panel of NSAIDs. Even considering all these vari-
ables, we were unable to obtain an optimal sensitivity/specific-
ity ratio that could recommend this method for diagnosing
this group of patients. This is probably related with the mech-
anism underlying NIUA where IgE is not implicated.

In this study, we found a significantly higher number of
nonresponders in the patients (54.5%) compared to the con-
trols (9.1%) and compared to the previous reports where no
more than 20% of all donors completely fail to release hista-
mine in response to anti-IgE (42). Although a translational or
post-translational alteration in the expression of the tyrosine
kinases lyn and syk has been described in nonreleasing human
basophils (43), the reason for the increase in NSAID hypersen-
sitivity patients is unknown and needs further investigations.

Basophil Activation After NSAID Stimulation
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The different approaches for performing BAT may influ-
ence the results, i.e. the type of sample, such as whole blood,
buffy coat, or total leukocytes. In this study, we used whole
blood which, although easily manageable, could have the
inconvenience of giving false-positive results owing to the
CD63 expression in dendritic cells and platelets (28). How-
ever, we avoided this by using two specific markers for baso-
phil selection as CD193, highly expressed in basophils and
eosinophils but also in Th2 and Treg lymphocytes (44) and
CD203c expressed only in basophils (37,38). The CD203c
increased its expression after basophil activation and for this
reason it has been widely used as basophil activation marker;
however, its usefulness is a matter of debate owing to its
constitutive expression (40). As it is not known whether the
two markers are equivalent, we compared CD193" with
CD193"CD203c" combination for selecting basophils and
found that although there was a decrease of the percentage of
basophils recovered when using the combination, technically
the selection of the cells was easier and more specific than
using CD193 alone. This can be explained because CD193 can
be present in other cell subtypes (44) and is downregulated
with basophil activation (45), unlike CD203c¢ which is
upregulated (40). Moreover, the basophils selection strategy
used also influences the basophil activation results, as an
increase in the SI using the CD193%CD203c™ strategy was
found. Although no data have yet been published, we con-
sidered it important to analyze the influence of the presence
of dead cells on the BAT results. We found that exclusion of
dead cells increases the percentage of basophil activation as
measured by the percentage of cells expressing CD63 and by
the SI. These results indicate that a better sensitivity and
specificity were obtained with CD1937CD203¢c* and dead
cell exclusion. This is important, and not only for NSAID
hypersensitivity, and it needs to be explored in other drug
hypersensitivity reactions.

However, taking into account all these technical consider-
ations and considering BAT positivity to all NSAIDs (taking
as positive case when BAT was positive at least with one
NSAID), we found that although 100% sensitivity could be
obtained in the NIUA group, the specificity dramatically
decreased to 31.1%, in the control group, when using both
markers and excluding dead cells. These results, although bet-
ter than those obtained by others concerning sensitivity (42.8
or 54.8%), showed important differences regarding specificity
(100 or 88.9%) (27,30). However, in the particular case of
ASA, our results are in agreement with another study that
detected 30% ASA-induced CD63 expression in patients with
aspirin-exacerbated respiratory disease (29). Nevertheless, all
these data indicate that the main pitfall of BAT to evaluate
NSAIDs hypersensitivity is the false-positive results, reflected
in the low specificity obtained, which may be explained by
their capacity to interact pharmacologically with basophils,
inducing their activation in both NSAID-intolerant and
NSAID-tolerant subjects (46).

Analyzing the BAT results for each NSAID, we consider it
important to mention the lower sensitivity obtained with
diclofenac (21.7%), a result that differs from other studies
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detecting a sensitivity of 43.3% (28). This low sensitivity could
be related to the capacity of diclofenac to induce basophil
degranulation without CD63 expression (47). The fact
whether this phenomenon happens with other NSAIDs is at
present unknown.

CONCLUSIONS

Summarizing, BAT does not appear useful for the evalua-
tion of patients with NIUA and although the sensitivity can be
high the low specificity makes this method unsound. How-
ever, the results of this study show promising methodological
possibilities, such as the use of the combination of CD193 and
CD203c¢ as basophil selection markers and the exclusion of
dead cells from the cytometry analysis. These incorporations
may well improve the BAT for the evaluation of IgE hypersen-
sitivity reactions to drugs.
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1.7. Conclusions
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intolerance to NSAIDs due to its low sensitivity and specificity.
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