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carried out by Nakagawa ez a/. [4], Knol ez a/. [5], Gane

IntrOdUCtipn L . . et al. [6] and Sainte-Laudy ez a/. [7].
The basophil activation test (BAT) is a useful tool in the

in-vitro diagnosis of immediate hypersensitivity reactions
to drugs whether these are caused by IgE-dependent
mechanisms or other mechanisms leading to the release
of histamine and other mediators of immediate hyper-
sensitivity reactions.

Basophils are effector cells in type I (immediate) hyper-
sensitivity reactions. As it is easy to access them in
peripheral blood, they provide an interesting substrate
for the study of IgE-mediated hypersensitivity reac-
tions. Interestingly, this is also true for other non-IgE-
mediated immediate hypersensitivity reactions, such as
hypersensitivity to NSAIDs, in which the mechanisms
involved have not been completely defined. The main
limitation of the low numbers of basophils in peripheral

Different cellular markers capable of providing infor-
mation on the activation processes of effector cells in
immediate reactions following their in-vitro stimulation
with either allergens or drugs exist. Currently, those most

frequently used are CD69 and CD203c. The results ‘Elooj canhb§ ovcrcolr?ehv&fith th(;luscfof flow c'ytomettr%—
obtained in terms of sensitivity and specificity with this ased technmiques, which 1s capable of recovering a suth-

technique are encouraging and allow a diagnosis to be cient number of cellular events to obtain a representative

made in a not negligible number of cases, thus avoiding sample. In recent years, many studies carried out in the
the use of challcngé tests [1°.2°3] - field of the in-vitro diagnosis of drug allergies have been

published with very interesting results. In these studies
[1°,2°,3], basophil activation is evaluated following

Origin and background of the basophil in-vitro-specific antigen stimulation and the subse-
activation test quent quantification of molecules or activation markers
The origin of this technique and its application in the  expressed on the membrane of the basophil, when this
diagnosis of allergies can be traced back to the studies becomes activated.
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2 Drug allergy

Basophil identification

Analysis of the sample with flow cytometry combines data
on both morphologic parameters and those resulting from
the addition of mAbs (as specific markers of these cells)
attached to fluorochromes such as anti-IgE, anti-CD123
(IL-3 receptor) and antihuman leukocyte antigen (HLLA)-
DR or antichemokine (C-C motif) receptor 3 (CCR3)
[8]. Basophils are marked with mAbs directed against
cell activation molecules, which following the in-vitro-
specific antigen activation of the basophil are expressed
on the basophil membrane, as is the case of CD63 [9-11],
or which are upregulated, as is the case of CD203c¢ [12].

Basophil activation test reproducibility
Intra-assay reproducibility assessed by duplicate deter-
minations for different allergens is very high, thus allow-
ing the performance of a single test for each allergen
concentration [13—15]. The reproducibility of BAT has
been found to be quite remarkable in drug allergy with an
intra-assay variation coefficient of 0.89 (P < 0.0001) for
beta-lactams, 0.99 (P < 0.0001) for metamizole and 0.92
(P <0.0001) for selected NSAIDs [8].

Basophil activation test in immediate-type
allergic reactions to beta-lactams

Beta-lactams are the most frequent cause of immediate
allergic reactions (IARs) to drugs and are mediated by
IgE antibodies. These antibiotics are recognized by the
immune system when they bind with carrier molecules
producing hapten-carrier conjugates [16]. From these,
the best studied is the benzylpenicilloyl (BPO) determi-

nant that is formed after the nucleophilic attack of the
beta-lactam ring by the amino group of proteins (Fig. 1)
[17]. 'This determinant conjugated to poly-L-lysine
(PLL) has been included in both in-vivo and in-vitro
tests for evaluating these reactions. Moreover, there are
other penicillin determinants, such as benzylpenicilloic
acid and benzylpenicillin, included in the so-called minor
determinant mixture (MDM) [16,18]. Although several
authors have claimed that penicilloyl polylysine (PPL)
and MDM are sufficient to diagnose beta-lactam reac-
tions [19], it has been demonstrated that there is a
significant percentage of patients with negative skin tests
to those determinants, but positive drug provocation tests
(DPT's) [20], and furthermore, there are patients with
TAR to amoxicillin with good tolerance to benzylpeni-
cillin. This emphasizes the need to include these deter-
minants, especially when penicillins are the suspected
drugs involved in the reaction.

The in-vitro assays are gaining relevance due to the fact
that skin tests can induce systemic reactions [21]. Of
these, the immunoassays, radioimmunoassay or fluoroen-
zyme immunoassay have been the most widely used
methods. Although they have a lower sensitivity com-
pared with in-vivo tests (skin tests and DPT's), there are
patients with positive in-vitro tests but negative skin tests
[21]. However, the main requirement for immunoassays
is the use of appropriate drug-carrier conjugates (includ-
ing beta-lactams) that may be difficult to obtain for other
drugs involved in IAR. Thus, the advantages of BAT are
the ability to work with both conjugated and free drugs
and rapidly incorporate new antigenic determinants as
soon as they are proved to be involved in the IAR
to drugs.

Figure 1 Chemical structures of penicillins and the benzylpenicilloyl group
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There are few studies evaluating the role of BAT in the
diagnosis of beta-lactam allergic reactions with an appro-
priate number of patients. In two of these [13,22], similar
data were obtained with sensitivity ranging from 48.6 to
50% and specificity from 91.3 to 93.3%. These data
demonstrated the reproducibility of the BAT results
when populations with similar clinical characteristics
and patients with TAR to amoxicillin were analyzed.
Moreover, BAT was positive in 14.3% of cases in which
skin tests and immunoassay results were negative [22],
which can be important in order to avoid the use of drug
challenge test.

In a multicenter study performed by the European Net-
work in Drug Allergy (ENDA), results were analyzed
from 181 patients with a history of immediate-type aller-
gic reactions to beta-lactams and 81 controls. In this study
[23°], BAT sensitivity was 50% and specificity ranged
from 89 to 97%.

In another study [24], also in patients allergic to amox-
icillin, differences were found in the BAT sensitivity
depending on the basophil activation markers used: 51%
for CD203¢ and 22% for CD63. Currently, there is no
consensus regarding the best activation marker for eval-
uating these reactions, and further studies need to be
carried out in this respect. Of note, the sensitivity
obtained in this study for CD63 (22.2%) was lower than
previously reported [13,22,23°], although in all cases
patients were allergic to amoxicillin. These differences
in the sensitivity are probably due to the number of
antigenic determinants included in each study, as in
the work by Abuaf ez /. [24], only amoxicillin was tested,
whereas in the others penicillin G, amoxicillin, PPL, and
MDM were also included [13,22,23°] (Fig. 1). This
suggests that the number of antigenic determinants,
including that responsible for the reaction, will influence
the sensitivity of the test. In contrast, there are determi-
nants, such as BPO-PLL or ampicillin, which do not
increase the sensitivity of the test [13,22].

The combination of the results from BAT and immu-
noassay increases sensitivity to 65.7% or even to 85%
when the results of skin tests were also included without
changing the specificity [22,23°]. This indicates that
the performance of the two in-vitro methods could be
a helpful approach to evaluate patients with IAR to beta-
lactams, especially in those with a high risk of developing
a reaction after the skin tests.

Depending on the clinical response, patients can be
classified as selective responders when the patients
respond in in-vivo and/or in-vitro tests to amoxicillin
with negative skin tests and good tolerance to BPO
determinants or cross-reactives when they also react to
benzylpenicillin determinants. In many instances, these
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patterns of responses are also supported by the results
of immunoassays [25-27]. However, with BA'T, it is
possible to find positive results when BPO is used as
the hapten in patients who are selective responders
to amoxicillin [22]. This may limit the use of BAT for
defining selective versus cross-responders in patients
with immediate hypersensitivity to penicillins. This
indicates a certain lack of association between clinical
and BA'T cross-reactivity that limits the usefulness
of applying this method for predicting cross-reactive
responses in beta-lactam reactions.

Basophil activation test in allergic reactions
to muscle relaxants

Muscle relaxants are an important group of drugs involved
in 60% of adverse reactions during anesthesia [28,29].
Although skin test represents an important tool for diag-
nosing these reactions with a good sensitivity and speci-
ficity, they do not answer the clinical questions, probably
because muscle relaxants can induce adverse reactions
by two different mechanisms: IgE-mediated reactions,
mainly to the ammonium group, and nonimmunological
reactions [30]. Moreover, as mast cells can react to muscle
relaxants differentially depending on the tissue [31], a
negative skin test will not confirm a negative reaction of
the patient to this drug. These make the evaluation of
muscle relaxant reactions a complex issue and highlight
the need to use other approaches. There are several early
studies [30,32,33] that validated the BAT in muscle relax-
ant allergy showing a sensitivity ranging from 54 to 64%
with a specificity of 100 and 93% when compared with the
original clinical reaction. These data are very similar to
those obtained for immunoassays that have shown a sen-
sitivity of 62% with a specificity of 100%. Moreover, when
the results of both in-vitro methods are combined, the
sensitivity can increase to 80% [30]. However, in another
study [34], the sensitivity was rather low with a similar
specificity (36.1 and 93.3%, respectively) compared with
other studies. The explanation of these differences could
probably lie in the long time interval elapsed from the
acute reaction (mean of 7.6 + 4 years).

In most of the studies, patients developed IAR to differ-
ent muscle relaxants, with suxamethonium, rocuronium,
mivacurium, vecuronium and pancuronium being those
most frequently implicated (Fig. 2). However, when the
study was limited to patients with TAR only to rocuro-
nium, the sensitivity of BA'T increased to 91.7% with a
very high specificity of 100% [35]. This sensitivity was
achieved after the choice of an accurate cut-off point by
receiver operating characteristic (ROC) analysis was used
to determine positive results [35].

The wusefulness of BAT in defining cross-reactive
responses in patients with muscle relaxant allergy is
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Figure 2 Chemical structures of different muscle relaxants
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incomplete mainly because these drugs can induce both
anaphylactic and anaphylactoid reactions, both of which
can be determined by BAT. In the case of IgE-mediated
reactions, recognition of the ammonium group depends on
different factors related to hydrophobicity and distance
with polar groups [36] that may explain the heterogeneity
in the pattern of cross-reactivity. [tis established that cross-
reactivity is more frequent with aminosteroid-derived
muscle relaxants, including rocuronium, vecuronium,
and pancuronium (Fig. 2), than with benzylisoquinoline-
derived muscle relaxants [35]. Different studies have
shown that cross-reactivity is frequent and can be detected
by both skin tests and BAT. The two techniques are
complementary as BAT can identify some cross-reactions
not detected with skin tests and vice-versa [35].

Basophil activation test in hypersensitivity to
NSAIDs

Hypersensitivity to NSAIDs represents one of the most
frequent immediate hypersensitivity drug reactions. The
majority of these reactions correspond to a pharmacologic
mechanism resulting from the inhibition of cyclooxy-
genase 1 (COX-1) that leads to a decrease in the synthesis

of prostaglandin E2 (PGE;), which in turn hampers
the production of sulphidoleukotrienes. Consequently,
NSAIDs lead to an increase in the synthesis and release
of these and other mediators responsible for the cutaneous
and respiratory manifestations that are characteristic of
these reactions, for example, cutaneous reactions (urticaria
and/or angioedema) and respiratory reactions (rhinitis and/
or bronchospasm) [37,38]. Together with these reactions,
which are generally the most frequent, there is a lower
percentage of reactions to selective NSAIDs of a single
type or family of drugs that are IgE-mediated.

Until recently, no in-vitro diagnostic methods existed
that had been validated for the diagnosis of this type
of allergic reaction to NSAIDs. To date, the BAT is
the only in-vitro method that has been applied for the
evaluation of both IgE-mediated reactions and the
NSAID hypersensitivity reactions, although further
studies are needed.

IgE-mediated selective reactions to NSAIDs
These patients react exclusively to only one NSAID
family of drugs through an IgE-mediated mechanism,
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tolerating other NSAID groups. On the contrary, the
nonselective reactors to NSAIDs react with different
NSAID groups (i.e. salycilates and pyrazolones and aryl
acetics groups) through a non-IgE-mediated mechanism.

Until now, only two studies [14,39°] have been published
on selective NSAID reactors. The individuals in the first
study were 26 patients with exclusive IgE-mediated
allergy to metamizol. In that stcudy, BAT had a sensitivity
of 42.3% and an excellent specificity of 100%. Upon
adding the leukotriene release test, the sensitivity
increases to 52% in the overall patient group with a
specificity of 92% [39°]. In another recent study [14] that
studied 51 patients with immediate reactions also to
metamizol, the sensitivity was 54.9% with a lower speci-
ficity of 85.71%. The differences in the sensitivities
and specificities of both studies may have been due to
differences in the time interval between the in-vitro test
being performed and the reaction (16.9 versus 8 months,
respectively) and the number of cases with anaphylaxis
(57.5 versus 74.5%).

Importantly, the BAT was positive in 38.5% of patients
with negative skin tests, but even more importantly, the
BAT was positive in 75% of patients with anaphylaxis and
negative skin tests. As is the case with other drugs, if the
tests are carried out within 6 months from the initial drug
reaction, the efficacy of the BAT increases to 56% [14].

NSAID hypersensitivity reactions

The BAT could represent an alternative for the evalua-
tion of these patients and allows the potential dangers of
challenge tests to be avoided, although further validation
is needed. In the first study published [15], 60 patients
with this syndrome were studied using BAT with four
NSAIDs: aspirin, metamizol, diclofenac and naproxen.
The sensitivity and specificity values are shown in
Table 1. With regard to its clinical usefulness, the use
of only two drugs (aspirin and diclofenac) allowed a
diagnosis to be reached in 58% of these patients with a
specificity of 90%. In similar studies [40] carried out
in 43 patients with NSAID hypersensitivity, the BAT
achieved a sensitivity of 43% with a specificity of 100%.

Subsequently, the European Network for Drug Allergy
began a multicenter study [41°] to validate the real
usefulness of this technique. It must be stated that a
heterogeneous response in the results from each partici-
pating group in both sensitivity and specificity was
observed. A detailed analysis of these differences is
beyond the scope of this review but can be attributed
to two main reasons: different clinical characteristics in
patients studied and technical variations in the way the
test was carried out among the different groups. One
hundred and forty patients were evaluated with the same
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Table 1 Sensitivity and specificity of basophil activation test in
NSAID hypersensitivity

BAT sensitivity BAT specificity

Ref. 15" Ref. 40 Ref. 15 Ref. 40
(%) (%) (%) (%)
Aspirin 43 39 100 87
Paracetamol 11 9 100 94
Metamizol 15 10 100 90
Diclofenac 43 43 93 79
Naproxen 55 42 74 88

ASA, acetylsalicylic acid; BAT, basophil activation test.

* All the patients selected in the study by Gamboa et al. [15] experienced
acute episodes of urticaria—angioedema or dyspnea within the first 4 h
after NSAID administration. When the symptoms occurred at two or
more occasions after administration of at least two NSAIDs belonging to
different pharmacological families, the diagnosis of hypersensitivity
syndrome to NSAIDs was considered as established. Provocation
was not done in these patients because the diagnosis was considered
as clinically firmly established. Four patients were nevertheless chal-
lenged with ASA in spite of having suffered several adverse reactions
with different NSAIDs.

four NSAIDs as in the previous study as well as naproxen
(data not published). The patients were diagnosed with
NSAID hypersensitivity based on a history of at least two
clinical events with one or more NSAIDs in all and
positive provocation test to acetylsalicylic acid (ASA)
500 mg, in addition, in 107 of 140 (76%) of these patients.
Paracetamol and metamizol added nothing to the diag-
nostic yield. Thus, with the use of aspirin, diclofenac and
naproxen, a sensitivity of 64% was achieved both in
patients with hypersensitivity confirmed by oral chal-
lenge (63%) and in patients presenting with reactions
to multiple NSAIDs (65%) with a specificity of 60%. This
specificity value was notably better in those groups who
used buffy coat than in those using plasma leukocytes.
"T'his fact, together with the positivity index calculated on
baseline activation, following stimulation with the three
NSAIDs mentioned above increased specificity to 96—
98% [1°]. However, lower values in sensitivity and speci-
ficity have been found by others (data not shown). These
increase the need for performing further collaborative
studies using identical laboratory methods.

In conclusion, although technical standardizations of the
BA'T still remain to be performed, this test is the only
technique currently available that allows the evaluation
of patients with NSAID hypersensitivity syndrome or
selective IgE-mediated reactions to metamizol without
the use of challenge tests and their associated dangers for
patients with sufficiently high sensitivity and specificity.

Basophil activation test in allergic reactions
to other drugs

With respect to other drugs, there are few studies and
most have had a limited number of cases. Despite this,
they are nonetheless interesting as they include the
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evaluation of allergy to drugs that cannot be studied by
other in-vitro tests such as immunoassays. Cases invol-
ving TAR to corticosteroids [42], heparins [43,44] and
omeprazole [45] have demonstrated the usefulness of
BAT in evaluating IAR to these drugs. BAT has also
been used to evaluate allergy to cyclosporine [46], gelo-
fusine [47], dexchlorpheniramine [48], chlorhexidine
[49], iodinated povidone [50] hyaluronidase [51] or BSA
[52].

Relationship between basophil activation test
sensitivity and time interval from the acute reaction
The sensitivity of a test for evaluating IAR to drugs can
decrease over time as has been demonstrated in skin tests
sensitivity in beta-lactam allergic patients [53]. This
underlines the importance of carrying out these tests
close after the acute reaction.

The loss of sensitivity in BAT has been observed first
in patients with muscle relaxant allergic reactions [32],
in beta-lactam allergic patients [54°] and recently in
dipyrone allergic reactions [39°]. In the first study [32],
the sensitivity of BA'T to muscle relaxants was shown to
be very high (85.7%) in patients who had the reaction
less than 3 vyears previously. However, it decreased
dramatically to 47.6% when the study was performed
4-8 years after the reaction had occurred. In the other
study [54°], the rates of tests becoming negative for
specific IgE to penicillins were analyzed in both BAT
and the radioallergosorbent test (RAST). Data showed
that 1 year after the reaction, only 12.2% of patients
for BAT and 22% for RAST remained positive, and
the rate of in-vitro tests turning negative was faster for
BAT. The authors also showed that contact with the
antigen, as occurs during the skin tests, can maintain
the in-vitro response in RAST but not in BAT [54°].
The follow-up of patients with positive BAT to meta-
mizol showed that 60% of these patients became nega-
tive after 6 months [39°].

On the basis of these data, it is advisable to evaluate
patients with AR to drugs near the time the reaction
occurs. However, at least 2 weeks should elapse after the
acute phase in order to avoid the presence of a high
percentage of activated basophils in basal conditions
[55]. Moreover, in-vitro tests becoming negative is not
always accompanied by good tolerance to the drugs,
although this is difficult to confirm because a new contact
with the drug could have an influence on resensitization
[56].

All these data suggest that although a full validation of the
test is required, BAT is a useful diagnostic method for
evaluating TAR to drugs, and the combination with other
in-vivo and in-vitro methods will improve the sensitivity
and the knowledge of well tolerated alternatives.

Conclusion

The BAT constitutes a valuable diagnostic tool of inter-
est in the study of immediate hypersensitivity reactions
to drugs. It reproduces in-vitro hypersensitivity mechan-
isms involved in immediate-type allergic reactions. It also
allows the diagnosis of allergic and pseudo-allergic reac-
tions particularly for drugs, which are often not detectable
by serological techniques such as determination of
specific IgE. In addition, several different drugs can be
tested simultaneously with a small amount of blood,
reducing the need for DPT's. International collaboration
would be useful in facilitating a consensus on the use of
BAT in evaluating immediate drug allergies.
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