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Abstract: The application of flowcytometry in the study of basophil activation for the diagnosis of allergic diseases has 
given interesting results in recent years. The quantification of basophil activation by flowcytometry has been proven to be 
a useful tool for the assessment of the immediate-type response to allergens mediated by IgE or by other mechanisms in 
drug allergic patients. 

Up to now, most basophil activation test studies reported in the literature have used CD69 or CD203c as markers to quan-
tify basophil activation after antigen-specific stimulation. Some technical variations such as the use of whole blood or iso-
lated leukocytes, the addition of IL-3, the conditions of storage of the blood sample, the time of incubation with allergens 
and their concentration can affect the results of the basophil activation tests. 

The basophil activation test is more sensitive and specific than other in vitro diagnostic techniques in drug allergy. In 
various studies, its sensitivity in allergy to muscle relaxant drugs ranges between 36 and 97.7%, with a specificity around 
95%. For betalactam antibiotics, basophil activation test sensitivity is 50% and its specificity 90%. For NSAIDs, sensitiv-
ity varies between 66% and 75%; specificity is about 93%. 

Basophil activation test reproduces in vitro hypersensitivity mechanisms involved in immediate-type allergic reactions, al-
lows the diagnosis of allergic and pseudo-allergic reactions particularly for drugs, which are often not detectable by sero-
logical techniques, such as determination of specific IgE. 

Key Words: Drug allergy diagnosis, cellular tests, basophil activation test, CD63, sulphidoleukotrienes, betalactam allergy, 
NSAID hypersensitivity. 

INTRODUCTION 

 The in vitro diagnostic of allergic diseases has changed 
completely with the use of some technologies such as flow-
cytometry, that allows analysis of different cellular lineages 
even when they are poorly represented in peripheral blood, 
as it happens with basophils that together with the mast cells, 
are the primary effector cells of IgE- and non-IgE mediated 
diseases [1]. 

 The application of flowcytometry in the study of basophil 
activation (basophil activation test: BAT) for the diagnosis 
of the allergic diseases has given interesting results in recent 
years [2-10]. 

 The basis of these assays is in a first step the identifica-
tion of basophils by specific fluorescent antibodies such as 
anti-IgE, anti-CD123 (IL-3 receptor) and anti-HLA-DR or 
anti-CCR3 and in a second step the demonstration of certain 
membrane phenotypes that appear after exposition to aller-
gen. Up-regulation has been described for expression of the 
CD45 [11], CD11b and CD11c molecules but down-
regulation in the CD62L expression [12], as well as decrease 
in the mean fluorescent intensity of IgE-carrying basophils 
after in vitro stimulus with the allergen [13]. 

 It has been recently shown that up-regulation of CD63 
expression is closely accompanied by and dependent on p38 
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MAPK phosphorilation [14]. Although some studies show 
the usefulness of the expression marker CD203c [7], most 
studies use CD63 [15-17]. There are other potential markers 
of basophil activation, such as the novel basophil identifica-
tion antigen, CRTH2 (DP2) and the activation markers 
CD13, CD164 and CD107a the application of which is being 
developed [8]. 

 After the binding of a bi- or polyvalent antigen to the 
high affinity IgE-receptors on the basophil surface, and after 
an activation process of the cellular membrane, the mediators 
release and the CD63 expression on its cytoplasmatic mem-
brane are activated. 

 The basophils release the content of their granules after 
an activation process dependent on the antigenic stimulus; 
among the mediators released in this process, the histamine 
and the antigen-specific sulphidoleukotriene (sLT) produc-
tion can be quantified simultaneously. 

 The CD63 molecule is a tetraspan, 53 kDa granular pro-
tein that is expressed not only on basophil granules but also 
on monocytes, macrophages and platelets. The expression of 
this marker correlates with degranulation and histamine re-
lease, which makes it an ideal marker of basophil activation 
[18]. For in vitro stimulation with allergen, the peripheral 
blood cells are incubated with the suspected allergen for 15-
40 minutes at 37ºC. After stopping the reaction, the cells are 
labelled with anti-CD63-PE and anti-IgE-FITC monoclonal 
antibodies. Two controls are used: a negative control in 
which the cells are incubated with the stimulation buffer 
used in the assay and that often contains IL3 (negative con-
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trol alias basal stimulation); as a positive control, an anti-IgE 
or an anti-IgE receptor antibody can be used. 

 The interpretation of the results requires the use of some 
positivity criteria that include both the basophil response to 
the allergen and its response in basal conditions, without 
stimulus. The cut-off must be established by the assessment 
of the optimal values of sensitivity and specificity for each 
allergen by means of ROC curves [18]. 

 Different studies confirm the diagnostic usefulness of this 
tool for the in vitro allergologic diagnosis [2, 6, 19] and has 
been validated clinically for various allergens: such as inha-
lants [17, 20, 21], hymenoptera venoms [16, 22], latex [23-
25], muscle relaxants [26, 27], betalactam antibiotics [28-
30], pyrazolones [31, 32], and non steroidal anti-inflamma- 
tory drugs (NSAIDs) [32, 33]. 

 The application of this technique to the molecular diag-
nosis, using purified natural or recombinant allergens, that 
cannot be tested by in vivo tests due to safety reasons, gives 
a new interest dimension to this technique [34, 35]. 

 Its application to the monitoring of antigen-specific im-
munotherapy [36], in food allergy diagnosis [15, 37, 38] and 
in chronic urticaria [39, 40-45] is also of interest. 

 This technique also offers a good correlation with other 
in vitro diagnostic techniques such as histamine release 
and/or sLT determinations [4, 5, 17, 46-50], but BAT seems 
more sensitive and specific than the other tests [5, 15]. Any-
way we must be cautious in believing that the same rules 
apply strictly to all outcomes of basophil activation. Even if 
the initial molecular trigger may be the same, there are 
enough complex regulation steps along the various different 
activation cascades, to explain different outcomes, as has 
been well documented [51-58]. In a number of cases and 
according to the mode of activation expression of CD63, 
LTC4 production and histamine release may be entirely dis-
sociated [10]. These differences, sometimes due to a differ-
ent sensitivity to the external calcium concentration, provoke 
the paradoxical response observed occasionally among the 
results obtained by the different techniques [18]. 

 Regarding the possible correlation with the specific IgE 
determination, the basophil activation can be relatively inde-
pendent from the IgE extracellular concentration [55]. 

 It is precisely in the field of drug allergy where this test 
opens an important diagnostic via, either on its own or com-
bined with other techniques [10, 50], allowing avoidance of 
challenge test in an important number of cases. 

 Nevertheless, this technique should be considered com-
plementary to skin tests and allergen specific IgE determina-
tion, being particularly useful in those situations when these 
conventional techniques cannot be used or give us doubtful 
results in comparison with the clinical history of the patient. 

BAT IN DRUG ALLERGY 

Hypersensitivity Reactions to Neuromuscular Blocking 

Agents 

 In the chapter of hypersensitivity reactions to muscle 
relaxants we can find some studies that prove a high speci-
ficity of the technique reaching up to 100% with a sensitivity 

between 54% and 91% for CD63 expression [26, 27, 59-62]. 
This sensitivity is lower (36%) when the marker CD203c is 
used [60]. 

 Abuaf et al. [26] studied basophil activation to muscle 
relaxants, such as suxamethonium, gallamine, vecuronium, 
and pancuronium. In a series of 41 patients, they observed a 
characteristic dose-response curve, but indicate that high 
drug concentrations can act as unspecific basophil activators. 
The sensitivity of the technique reported by them is 64% and 
the specificity 93%. 

 In another study by Monneret et al. [27], a sensitivity of 
BAT of 54 % was observed with a specificity of 100%. Sud-
heer et al. [60] compared the CD63 and CD203c expressions 
and measured histamine release in 21 patients who were re-
ferred with possible peri-operative anaphylaxis. The sensitiv-
ity of CD63, CD203c, basophil histamine release and skin 
prick test for the muscle relaxants was found to be 79%, 
36%, 36% and 64%, respectively. 

 Kvedarine et al. [61] observed in 47 patients a sensitivity 
of 36% and a specificity of 93% performing BAT (CD63 in 
whole blood). On the other hand, Ebo et al. [62] reported the 
sensitivity of a similar BAT technique to be 91.7% and the 
specificity of 100% for rocuronium in a study including 14 
patients with anaphylaxis reaction to drug and with positive 
skin test to rocuronium. 

 Sensitivity apparently increases up to 80% when BAT is 
performed shortly after the clinical reaction [61]; this tech-
nique allows evaluation of the cross-reactivity between dif-
ferent muscle relaxants [62]. 

Hypersensitivity to Betalactam Antibiotics 

 The sensitivity of BAT in the diagnosis of betalactam 
hypersensitivity immediate reactions is situated in 50% [28, 
29, 48], although there are some differences depending on 
the technique applied (eg. use of total blood or isolated cells) 
[18]. 

 Our group studied the diagnostic reliability of the BAT 
and Cellular Antigen Stimulation Test (CAST) techniques in 
a series of 81 patients with immediate allergy to betalactams 
(58 patients with positive and 23 with negative skin tests) 
and in 30 healthy controls [29, 48]. BAT and sLT by CAST 
ELISA (Bühlmann Laboratories, Allschwill, Switzerland), as 
well as specific IgE determination (CAP-FEIA, Phadia, 
Uppsala, Sweden) were performed. 

 In betalactam allergic patients with positive skin tests the 
overall sensitivity of BAT was 50.7% and its specificity 
93.3%. Amoxicillin (AX) shows the highest sensitivity and 
specificity values of all the betalactams tested, with signifi-
cant differences compared with benzyl-penicillin (BP), am-
picillin (AM) and minor determinant mixture (MDM). The 
best predictive values are obtained with BAT, in comparison 
with sIgE or CAST. The positive predictive value of BAT 
was 6.4% and the negative predictive value 97.7%, being 
AX the antibiotic with the highest predictive values. 

 Specific IgE determination by CAP (Pharmacia) sensitiv-
ity was 36.7% and specificity 83.3%. CAST presented a sen-
sitivity of 47.7% and a specificity of 83.3%. The joint use of 
CAP (Pharmacia) and BAT allows identification of 65.2% of 
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the betalactam allergic patients with a specificity of 83.3% 
[29]. 

 In betalactam allergic patients with negative skin tests 
BAT was positive in 39.1% with a specificity of 93.3%. 
CAST was positive in 22.7% with a specificity of 83.3%, 
and CAP showed a sensitivity of 21.7% with a specificity of 
83.3%. The association of the three techniques allows diag-
nosis in 60.9% of the patients of this group, with a specific-
ity of 70% [63]. 

 Torres et al. [28] using BAT found similar results. In 
their study, BAT with different betalactam allergens was 
performed in 70 patients with immediate allergic reactions. 
Sensitivity of BAT was 48.6%, sensitivity of sIgE determi-
nation 44.3%. Specificity was 91.3%. Positivity to the beta-
lactam allergens was 28.6% to AX, 21.7% to BP, 20% to 
penicilloyl polylysine (PPL), 12.5% to AM and 2.2% to 
MDM. In patients with cephalosporin reactions, BAT to the 
culprit cephalosporin was positive in 77.7%. 

 These results have been recently confirmed by a multi-
centric study involving 10 European groups, 181 betalactam 
allergic patients and 80 controls [10]. In that study it was 
also shown that the combination with CAST increases the 
sensitivity to 62%. The combined use of skin tests, sIgE and 
BAT increases sensitivity to 85% and the addition of CAST 
to 95%. 

Pyrazolone Hypersensitivity 

 In a study by our group [50], we assessed the diagnostic 
reliability of BAT in a group of 26 metamizol allergic pa-
tients and in 30 controls compared with other in vitro tech-
niques (CAST, CAP). These patients were strictly and only 
reacting to metamizol and not to other NSAIDs; they also 
had positive skin tests. It is therefore assumed that they be-
long to the IgE-mediated group of allergies due to analgesics 
and not to the NSAID hypersensitivity syndrome. Assuming 
a prevalence in the general population similar to that of the 
betalactam antibiotics (1%), the positive predictive value of 
BAT is 100% and the negative predictive value 99.4%. CAP 
was negative in the 17 cases tested and CAST offered a sen-
sitivity of 52% with a specificity of 90%. 

 The joint use of BAT and CAST allows detection of 76% 
of the cases, whereas the association of BAT, CAST and 
skin tests only increases slightly the reliability of diagnosis 
(76.9%). 

NSAID Hypersensitivity  

 Some studies performed in patients diagnosed of NSAID 
hypersensitivity prove that their leukocytes in peripheral 
blood are able to induce sLT detectable by CAST [64]. 

 Our group [32, 33] studied 60 patients diagnosed with 
NSAID hypersensitivity and 30 controls. BAT was per-
formed in all and the production of sLTs by CAST (Bühl-
mann Laboratories, Switzerland) was determined concomi-
tantly with different NSAIDs: aspirin (ASA), paracetamol, 
metamizol, diclofenac and naproxen at different concentra-
tions. 

 In this group of patients, BAT with ASA showed a sensi-
tivity of 43.3% and a specificity of 100%, a positive predic-

tive value of 100% and a negative predictive value of 99.4%. 
The sensitivity and specificity values were 11.7% and 100% 
for paracetamol, 15% and 100% for metamizol, 43.3% and 
93.3% for diclofenac. 

 The overall sensitivity for the four NSAIDs combined 
was 63.3% and the specificity 93.3%. If we limit the drugs 
tested to ASA and diclofenac for practical reasons, the sensi-
tivity of BAT is 58.3% and the specificity 93.3%. In that 
study, CAST showed a sensitivity of 38.3% and a specificity 
of 76.7%. 

 The joint use of BAT and CAST in this group did not 
increase significantly the diagnostic reliability of BAT. 

 These results have been recently confirmed by a large 
multicentric study including 12 European groups, 150 
NSAID hypersensitive patients and 163 controls [10]. In that 
study, sensitivity of BAT when combining ASA, diclofenac 
and naproxen was found to be 75% and specificity around 
90%. However, it was also observed that the mode of isola-
tion of leukocytes may influence the reactions in ASA-
tolerant controls: some normal individuals may also show 
dose-dependent basophil activation to various NSAIDs, 
which appears related to their pharmacological COX-1 inhib-
iting effect. The NSAID hypersensitivity syndrome appears 
therefore related to a shift in the normal pharmacological 
dose response. An optimal differentiation in vitro by BAT is 
obtained by testing two concentrations each of ASA, di-
clofenac and naproxen (so called aspirin/diclofenac/naproxen 
index). 

 There is some evidence that the mode of cell preparation 
(eg. whole blood, buffy coat or isolated plasma leukocytes) 
may play some role in BAT reactivity to NSAID [65, 66]. 

 In some cases of anaphylactic shock to ASA, an IgE-
related mechanism has been suggested as the cause of posi-
tive BAT [67]. Diclofenac can cause microscopic basophil 
degranulation but not CD63 expression [68] although in 
these studies 8 to 10 fold lower concentrations than the ones 
required for a positive response in BAT were used. 

Hypersensitivity to Different Drugs 

 The basophil activation test has been found to be useful 
for the diagnostic confirmation in different hypersensitivity 
reactions to drugs, such as povidone [69], omeprazol [70], 
hyaluronidase [71], Viscum album [72], gelofusine [73, 74], 
chlorhexidine [75, 76], hyroxyethyl starch [77], patent blue 
[78, 79], dexchlopheniramine [80], bovine serum albumin 
[81], or recombinant hepatitis B vaccine [82]. The main in-
terest of BAT in such cases is to confirm the diagnosis, par-
ticularly when skin testing and/or determination of drug-
specific IgE are not available. 

 The usefulness of this technique has also been proven in 
the cross-reactivity by carbohydrate determinants [83] and in 
the monitoring of treatment with anti-IgE [84]. 

CONCLUSIONS 

 According to the results published up to now, the baso-
phil activation test (BAT) constitutes a diagnostic tool of 
interest in the study of immediate-type hypersensitivity reac-
tions to drugs. It reproduces in vitro hypersensitivity mecha-
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nisms involved in an immediate-type allergic reactions, al-
lows the diagnosis of allergic and pseudo-allergic reactions 
particularly for drugs, which are often not detectable by sero-
logical techniques, such as determination of specific IgE. 

 The positive experience accumulated through the studies 
performed by different authors [10] about the different aller-
gens allows stating that this technique will have an important 
development particularly in the field of drug hypersensitivity 
reactions, where it allows avoidance of challenge test in an 
important number of cases. Nevertheless more standardiza-
tion studies are needed and especial effort is under way in 
Europe, between the different groups using this technique 
(First International Allergy Flow Cytometry Workshop, 
Pamplona, October 19-20 2007). 

ABBREVIATIONS 

AM = Ampicillin 

ASA = Aspirin 

AX = Amoxicillin 

BAT = Basophil Activation Test 

BP = Benzylpenicillin 

CAST = Cellular Antigen Stimulation Test 

MDM = Minor determinant mixture 

NSAID = Non steroidal anti-inflammatory drug 

PPL = Penicilloyl polylysine 

sLT = Sulphidoleukotriene 

REFERENCES 

References 85-87 are related articles recently published. 

[1] Schleimer RP, Fox CC, Togias A, Norman P, Lichtenstein LM. 

Role of human basophils and mast cells in the pathogenesis of al-
lergic diseases. J Allergy Clin Immunol 1985; 76: 369-74. 

[2] Ebo DG, Sainte-Laudy J, Bridts CH, Mertens CH, Hagendorens 
MM, Schuerwegh AJ, et al. Flow-assisted allergy diagnosis: 

current applications and future perspectives. Allergy 2006; 61: 
1028-39. 

[3] Crockard AD, Ennis M. Laboratory-based allergy diagnosis: should 
we go with the flow? Clin Exp Allergy 2001; 31: 975-7. 

[4] Sanz ML, Maselli JP, Gamboa PM, Garcia-Aviles MC, Oehling A, 
Diéguez I, et al. Flow-cytometric basophil activation test: a review. 

J Investig Allergol Clin Immunol 2002; 12: 143-54. 
[5] De Weck AL, Sanz ML. Flow cytometric Cellular Allergen Stimu-

lation Test (FAST/Flow CAST): technical and clinical evaluation 
of a new diagnostic test in allergy and pseudo-allergy. ACI Interna-

tional 2002; 14: 204-15. 
[6] Ebo DG, Hagendorens MM, Bridts CH, Schuerwegh AJ, De Clerk 

LD, Stevens WJ. In vitro allergy diagnosis: should we follow the 
flow? Clin Exp Allergy 2004; 34: 332-9. 

[7] Boumiza R, Monneret G, Forissier MF, Savoye J, Gutowski MC, 
Powell WS, et al. Marked improvement of the basophil activation 

test by detecting CD203c instead of CD63. Clin Exp Allergy 2003; 
33: 849-52. 

[8] Boumiza R, Debard AL, Monneret G. The basophil activation test 
by flow cytometry: recent developments in clinical studies, stan-

dardization and emerging perspectives. Clin Mol Allergy 2005; 3: 
9. 

[9] Sanz ML, Gamboa PM. De Weck AL. In vitro tests: Basophil acti-
vation tests. In Pichler W, Ed. Drug Hypersensitivity. Karger: Basel 

2007: 389-400. 
[10] De Weck AL, Sanz ML, Gamboa PM, Aberer W, Bienvenu J, 

Blanca M, et al. Diagnostic tests based on human basophils: more 

potentials and perspectives than pitfalls. Int Arch Allergy Immunol 

2008; 146: 177-89. 
[11] Gane P, Pecquet C, Lambin P, Abuaf N, Leynadier F. Flow cy-

tometry evaluation of human basophils. Cytometry 1993; 14: 344-
8. 

[12] Bochner BS, Sterbinski SA. Altered surface expression of CD11 
and Leu 8 during human basophil degranulation. J Immunol 1991; 

146: 2367-73. 
[13] Stallman PJ, Aalberse RC. Estimation of basophil-bound IgE by 

quantitative immunofluorescence microscopy. Int Arch Allergy 
Appl Immunol 1977; 54: 9-18. 

[14] Ebo DG, Dombrecht EJ, Bridts CH, Aerts NE, de Clerck LS, Ste-
vens WJ. Combined analysis of intracellular signalling and im-

munophenotype of human peripheral blood basophils by flow cy-
tometry: a proof of concept. Clin Exp Allergy 2007; 37: 1668-75. 

[15] Moneret-Vautrin DA, Sainte Laudy J, Kanny J, Fremont S. Human 
basophil activation measured by CD63 expresion and LTC4 release 

in IgE-mediated food allergy. Ann Allergy Asthma Immmunol 
1999; 82: 33-40. 

[16] Sabbah A, Plassais R, Grenapin S, Drouet M, Lauret MG, Loiry M, 
Sainte-Laudy J. Testing basophil activation by flow cytometry in 

the diagnosis of allergy to hymenopteran venom. Allerg Immunol 
(Paris) 1998; 30: 44-8. 

[17] Sanz ML, Sánchez G, Vila L, Uasuf C, Chazot M, Diéguez I, et al. 
Ag-induced basophil activation: CD63 cell expression detected by 

flow cytometry in patients allergic to Dermatophagoides ptero-
nyssinus and Lolium perenne. Clin Exp Allergy 2001; 31: 1-8. 

[18] De Weck AL, Sanz ML, Gamboa PM, Aberer W, Bienvenu J, 
Blanca M, et al. Diagnostic tests based on human basophils: more 

potentials and perspectives than pitfalls. II. Technical issues. J In-
vestig Allergol Clin Immunol 2008; 18: 143-55. 

[19] Kleine-Tebbe J, Erdmann S, Knol EF, Macglashan DW Jr, Poulsen 
KL, Gibbs BF. Diagnostic tests based on human basophils: poten-

tials, pitfalls and perspectives. Int Arch Allergy Immunol 2006; 
141: 79-90. 

[20] Pâris-Köhler A, Demoly P, Persi L, Lebel B, Bousquet J, Arnoux 
B. In vitro diagnosis of cypress pollen allergy by using cytofluoro-

metric analysis of basophils (Basotest). J Allergy Clin Immunol 
2000; 105: 339-45. 

[21] Saporta M, Kamei S, Persi L, Bousquet J, Arnoux B. Basophil 
activation during pollen season in patients monosensitized to grass 

pollens. Allergy 2001; 56: 442-5. 
[22] Sainte-Laudy J, Sabbah A, Drouet M, Lauret MG, Loiri M. Diag-

nosis of venom allergy by flow cytometry. Correlation with clinical 
history, skin tests, specific IgE, histamine and leukotriene C4 re-

lease. Clin Exp Allergy 2000; 30: 1166-71. 
[23] Sanz ML, Gamboa PM, Garcia-Aviles C, Vila L, Dieguez I, Ante-

para I, et al. Flow-cytometric cellular allergen stimulation test in la-
tex allergy. Int Arch Allergy Immunol 2003; 130: 33-9. 

[24] Sanz ML, García-Avilés MC, Gamboa PM, Maselli JP, Diéguez I, 
De Weck AL. The use of a Flowcytometric basophil activation test 

(FAST) for the in vitro diagnosis of latex allergy. J Allergy Clin 
Immunol 2002; 109: (abstr 869). 

[25] Ebo DG, Lechkar B, Schuerwegh AJ, Bridts CH, De Clerck LS, 
Stevens WJ. Validation of a two-color flow cytometric assay de-

tecting in vitro basophil activation for the diagnosis of IgE-
mediated natural rubber latex allergy. Allergy 2002; 57: 706-12. 

[26] Abuaf N, Rajoely B, Ghazouani E, Levy DA, Pecquet C, Chabane 
H, et al. Validation of flow cytometry assay detecting in vitro ba-

sophil activation for the diagnosis of muscle relaxant allergy. J Al-
lergy Clin Immunol 1999; 104: 411-8. 

[27] Monneret G, Benoit Y, Debard AL, Gutowski MC, Topenot I, 
Bienvenu J. Monitoring of basophil activation using CD63 and 

CCR3 in allergy to muscle relaxant drugs. Clin Immunol 2002; 102 
:192-9. 

[28] Torres MJ, Padial, Mayorga C, Fernandez T, Sanchez-Sebate E, 
Cornejo-Garcia JA, et al. The diagnostic interpretation of basophil 

activation test in immediate allergic reactions to betalactams. Clin 
Exp Allergy 2004; 34: 1768-75. 

[29] Sanz ML, Gamboa PM, Antépara I, Uasuf C, Vila L, Garcia-Aviles 
C, et al. Flow-cytometric basophil activation test by detection of 

CD63 expression in patients with immedate type reactions to Beta-
lactam antibiotics. Clin Exp Allergy 2002; 32: 277-86. 

[30] Sanz ML, De Weck AL, Uasuf C, Gamboa PM, Chazot M. Use of 
flow cytometry to assess basophil activation in patients allergic to 

betalactam antibiotics. Correlation between Flow cytometric Aler-



Cellular Tests in the Diagnosis of Drug Hypersensitivity Current Pharmaceutical Design, 2008, Vol. 14, No. 27    2807 

gen Stimulation Test (FAST) and other in vivo and in vitro tests. Int 

Arch Allergy Immunol 2001, 124: 307-8. 
[31] Sabbah A, Sainte-Laudy J, Drouet M, Lauret MG, Loiry M. Ana-

phylactic or anaphylactoid reactions to paracetamol. Report of 3 
cases. Allerg Immunol (Paris) 1997; 29: 60-2. 

[32] Sanz ML, Gamboa PM, De Weck AL. A new combined test with 
flowcytometric basophil activation and determination of sulfi-

doleukotrienes is useful for in vitro diagnosis of hypersensitivity to 
aspirin and other nonsteroidal anti-inflammatory drugs. Int Arch 

Allergy Immunol 2005; 136: 58-72. 
[33] Gamboa PM, Sanz ML, Caballero MR, Urrutia I, Antépara I, Es-

parza R, et al. The flow-cytometric determination of basophil acti-
vation induced by aspirin and other non-steroidal anti-

inflammatory drugs (NSAIDs) is useful for in vitro diagnosis of the 
NSAID hypersensitivity syndrome. Clin Exp Allergy 2004; 34: 

1448-57. 
[34] Sanz ML, García-Avilés MC, Tabar AI, Anda M, García BE, Bar-

ber D, et al. Basophil Activation Test and specific IgE measure-
ments using a panel of recombinant natural rubber latex allergens 

to determine the latex allergen sensitization profile in children. 
Pediatr Allergy Immunol 2006; 17: 148-56. 

[35] Gamboa PM, Cáceres O, Antépara I, Sánchez-Monge R, Ahrazem 
O, Salcedo G, et al. Two different profiles of peach allergy in the 

north of Spain. Allergy 2007; 62: 408-14. 
[36] Erdmann SM, Sachs B, Kwiecien R, Moll-Slodowy S, Sauer I, 

Merk HF. The basophil activation test in wasp venom allergy: sen-
sitivity, specificity and monitoring specific immunotherapy. Al-

lergy 2004; 59: 1102-9. 
[37] Ebo DG, Hagendorens MM, Bridts CH, Schuerwegh AJ, De Clerck 

LS, Stevens WJ. Flow cytometric analysis of in vitro activated ba-
sophils, specific IgE and skin tests in the diagnosis of pollen-

associated food allergy. Cytometry B Clin Cytom 2005; 64: 28-33. 
[38] Garcia-Aviles C, Sanchez-Lopez G, Sanz ML, Uasuf C, Dieguez I, 

Chazot M, et al. Flow cytometric Allergen Stimulation Test 
(FAST) in the in vitro diagnosis of food allergy. Allergy 2000; 55 

(Suppl.63): 128. 
[39] Wedi B, Novacovic V, Koerner M, Kapp A. Chronic urticaria 

serum induces histamine release, leukotriene production, and baso-
phil CD63 surface expression-inhibitory effects of anti-

inflammatory drugs. J Allergy Clin Immunol 2000; 105: 552-60. 
[40] Gyimesi E, Sipka S, Danko K, Kiss E, Hidvegi B, Gal M, et al. 

Basophil CD63 expression assay on highly sensitized atopic donor 
leucocytes. A useful method in chronic autoimmune urticaria. Br J 

Dermatol 2004; 151: 288-96. 
[41] De Swerdt A, Van Den Keybus C, Kasran A, Cadot P, Neyens K, 

Coorevits L, et al. Detection of basophil-activating IgG autoanti-
bodies in chronic idiopathic urticaria by induction of CD63. J Al-

lergy Clin Immunol 2005; 116: 662-7. 
[42] Frezzolini A, Provini A, Teofoli P, Pomponi D, De Pita O. Serum-

induced basophil CD63 expression by means of a tricolour flow cy-
tometric method for the in vitro diagnosis of chronic urticaria. Al-

lergy 2006; 61: 1071-7. 
[43] Grattan CEH, Walpole D, Francis DM, Niimi DM, Dooston G, 

Edler S, et al. Flow cytometric analysis of basophil numbers in 
chronic urticaria: basopenia is related to serum histamine releasing 

activity. Clin Exp Allergy 1997; 27: 1417-24. 
[44] Szegedi A, Irinyi B, Gal M, Hunyadi J, Danko K, Kiss E, et al. 

Significant correlation between the CD63 assay and the histamine 
release assay in chronic urticaria. Br J Dermatol 2006; 155: 67-75. 

[45] Vasagar K, Vonakis BM, Gober LM, Viksman A, Gibbons SP Jr, 
Saini SS. Evidence of in vivo basophil activation in chronic urti-

caria. Clin Exp Allergy 2006; 36: 770-6. 
[46] Sainte-Laudy J, Vallon C, Guérin JC. Analysis of membrane ex-

pression of the CD63 human basophil activation marker. Applica-
tions to allergologic diagnosis. Allerg Immunol (Paris) 1994; 26: 

211-4. 
[47] Sanz ML, Gamboa PM, Uasuf C, Vila L, Garcia-Aviles C, Chazot 

M, et al. Flow-cytometric basophil activation test by detection of 
CD63 expression in patients with immedate type reactions to beta-

lactam antibiotics. Clin Exp Allergy 2002; 32: 277-86. 
[48] De Weck AL, Gamboa PM, Sanz ML. Clinical evaluation of in 

vitro tests in diagnosis of immediate allergic reactions to Betalac-
tam antibiotics. ACI Int 2002; 14: 185-92. 

[49] Sainte-Laudy J, Le Provost A, André C, Vallon C. Comparison of 
four methods for human basophil activation measurement: alcian 

blue staining, histamine and LTC4 release and flow cytometry. In: 

Basomba A, Hernadez MD, De Rojas F Eds, Proceedings of the 

16th EAACI Congress 1995; 257-60. 
[50] Gamboa PM, Sanz ML, Caballero MR, Antepara I, Urrutia I, Jau-

regui I, et al. Use of CD63 expression as a marker of in vitro baso-
phil activation and leukotriene determination in metamizol allergic 

patients. Allergy 2003; 58: 312-7. 
[51] MacGlashan DW Jr, Peters SP, Warner J, Lichtenstein LM. Char-

acteristics of human basophil sulfidoleukotriene release: releasabil-
ity defined as the ability of the basophil to respond to dimeric 

cross-links. J Immunol 1986; 136: 2231-9. 
[52] MacGlashan DW Jr, Warner J. Stimulus-dependent leukotriene 

release from human basophils: a comparative study of C5a and 
Fmet-leu-phe. J Leukoc Biol 1991; 49: 20-40. 

[53] Miura K, Schroeder JT, Hubbard WC, MacGlashan DW Jr. Ex-
tracellular signal-regulated kinases regulate leukotriene C4 genera-

tion, but no histamine release or IL-4 production from human ba-
sophils. J Immunol 1999; 162: 4198-206. 

[54] Miura K, Lavens-Philipps S, MacGlashan DW Jr. Localizing a 
control region in the pathway to leukotriene C(4) secreetion follow-

ing stimulation of human basophils with anti-IgE antibody. J Im-
munol 2001; 167: 7027-37. 

[55] MacGlashan DW Jr. IgE and Fcepsilon R1 regulation. NY Acad 
Sci 2005; 1050: 73-88. 

[56] Knol EF, Koendeman L, Mul FP, Verhoeven AJ, Roos D. Differen-
tial activation of human basophils by anti-IgE and formyl-

methionyl-leucyl-phenylalanine. Indications for protein kinase C-
dependent and independent activation pathways. Eur J Immunol 

1991; 21: 881-5. 
[57] Dahinden CA, Kurimoto J, Baggiolini M, Dewald B, Walz A. 

Histamine and sulfidoleukotriene release from human basophils: 
Different effects of antigen, anti-IgE, C5a, f-Met-Leu-Phe and the 

novel neutrophil-activating peptide NAF. Int Arch Allergy Appl 
Immunol 1989; 90: 113-8. 

[58] Kurimoto Y, De Weck AL, Dahinden CA. The effect of interleukin 
3 upon IgE-dependent and IgE-independent basophil degranulation 

and leukotriene generation. Eur J Immunol 1991; 21: 361-8. 
[59] Leynadier F, Rajoely B, Ghazouani E, Pecquet, C, Abuaf N. The 

diagnosis of anaphylactic reactions to muscle relaxants by flow cy-
tometry. J Allergy Clin Immunol 1996; 97: 344. 

[60] Sudheer PS, Hall JE, Read GF, Rowbottom AW, Williams PE. 
Flow cytometric investigation of peri-anaesthetic anaphylaxis using 

CD63 and CD203c. Anaesthesia 2005; 60: 251-6. 
[61] Kvedariene V, Kamey S, Ryckwaert Y, Rongier M, Bousquet J, 

Demoly P, et al. Diagnosis of neuromuscular blocking agent hyper-
sensitivity reactions using cytofluorimetric analysis of basophils. 

Allergy 2006; 61: 311-5. 
[62] Ebo DG, Bridts CH, Hagendorens MM, Mertens CH, De Clerck 

LS, Stevens WJ. Flow-assisted diagnostic management of anaphy-
laxis from rocuronium bromide. Allergy 2006; 61: 935-9. 

[63] Gamboa PM, García-Avilés MC, Urrutia I, Antepara I, Esparza R, 
Sanz ML. Basophil activation and sulfidoleukotriene production in 

patients with immediate allergy to betalactam antibiotics and nega-
tive skin tests. J Investig Allergol Clin Immunol 2004; 14: 278-83. 

[64] De Weck AL, Sanz ML. Cellular allergen stimulation test (CAST) 
2003, a review. J Investig Allergol Clin Immunol 2004; 14: 253-73. 

[65] De Weck AL, Sanz ML, Gamboa PM. Further considerations on 
the mechanism of NSAID hypersensitivity. In: Ring J, Holgate S, 

Kay B, Eds. Cellular and molecular targets in allergy and clinical 
immunology. Proceeding of the 26th symposium of the CIA Sym-

posium. Göttingen: Hogrefe & Huber 297-300. 
[66] De Weck AL, Gamboa PM, Esparza B, Sanz ML. Hypersensitivity 

to aspirin and other nonsteroidal anti-inflammatory drugs 
(NSAIDs). Curr Pharm Des 2006; 12: 3347-58. 

[67] Sainte-Laudy J. Nine cases of suspected IgE-mediated anaphylaxis 
induced by aspirin. Allergy Clin Immunol Int 2002; 14: 220-2. 

[68] Malbran A, Yeyati E, Rey GL, Galassi N. Diclofenac induces ba-
sophil degranulation without increasing CD63 expression in sensi-

tive patients. Clin Exp Immunol 2007; 147: 99-105. 
[69] Le Pabic F, Sainte Laudy J, Blanchard N, Moneret-Vautrin DA. 

First case of anaphylaxis to iodinated povidone. Allergy 2003; 58: 
826-7. 

[70] Gamboa PM, Sanz ML, Urrutia I, Jauregui I, Antepara I, Dieguez I, 
et al. CD63 expression by flow cytometry in the in vitro diagnosis 

of allergy to omeprazole. Allergy 2003; 58: 538-9. 



2808    Current Pharmaceutical Design, 2008, Vol. 14, No. 27 Sanz et al. 

[71] Ebo DG, Goossens S, Opsomer F, Bridts CH, Stevens WJ. Flow-

assisted diagnosis of anaphylaxis to hyaluronidase. Allergy 2005; 
60: 1333-4. 

[72] Bauer C, Opple T, Rueff F, Przybilla B. Anaphylaxis to viscotoxins 
of mistletoe (Viscum album) extracts. Ann Allergy Asthma Immu-

nol 2005; 94: 86-9. 
[73] Apostolou E, Deckert K, Puy R, Sandrini A, de Leon MP, Douglass 

JA, et al. Anaphylaxis to Gelofusine confirmed by in vitro basophil 
activation test: a case series. Anaesthesia 2006; 61: 264-8. 

[74] Shields MD, Mirakhur RK, Crockard AD, Edfar GD. The use of 
basophil activation to diagnose allergy to Gelofusine. Anesthesia 

2006; 61: 716-7. 
[75] Ebo DG, Bridts CH, Stevens WJ. Anaphylaxis to an urethral lubri-

cant: chlorhexidin as the “hidden” allergen. Acta Clin Belg 2004; 
59: 358-60. 

[76] Ebo DG, Bridts CH, Stevens WJ. IgE-mediated anaphylaxis from 
chlorhexidine: diagnostic possibilities. Contact Dermatitis 2006; 

55: 301-2. 
[77] Ebo DG, Schuerwegh A, Stevens WJ. Anaphylaxis to starch. Al-

lergy 2005; 55: 1098-9. 
[78] Ebo DG, Wets RD, Spiessen TK, Bridts CH, Stevens WJ. Flow-

assisted diagnosis of anaphylaxis to patent blue. Allergy 2005; 60: 
703-4. 

[79] Scherer K, Studer W, Figueiredo V, Bircher AJ. Anaphylaxis to 
isosulfan blue and cross-reactivity to patent blue V: a case report 

and review of the nomenclature of vital blue dyes. Ann Allergy 
Asthma Immunol 2006; 96: 497-500. 

[80] Caceres Calle O, Fernandez-Benitez M. Allergy to dexchlor-

pheniramine. Study of a case. Allergol Immunopathol (Madr) 2004; 
32: 306-9. 

[81] Orta M, Ordoqui E, Aranzabal A, Fernandez C, Bartolomé B, Sanz 
ML. Anaphylactic reaction after artificial insemination. Ann Al-

lergy Asthma Immunol 2003; 90: 446-51. 
[82] Ebo DG, Bridts CH, Stevens WJ. IgE-mediated large local reaction 

from recombinant hepatitis B vaccine. Allergy 2008; 63: 483-4. 
[83] Mari A. IgE to cross-reactive carbohydrate determinants: analysis 

of the distribution and appraisal of the in vivo and in vitro reactiv-
ity. Int Arch Allergy Immunol 2002; 129: 286-95. 

[84] Nopp A, Johansson SG, Ankerst J, Bylin G, Cardell LO, Gronne-
berg R, et al. Basophil allergen threshold sensitivity, a useful ap-

proach to anti-IgE treatment efficacy evaluation. Allergy 2006; 61: 
298-302. 

[85] Fylaktakidou KC, Hadjipavlou-Litina DJ, Litinas KE, Varella EA, 
Nicolaides DN. Recent developments in the chemistry and in the 

biological applications of amidoximes. Curr Pharm Des 2008; 
14(10): 1001-47. 

[86] Isolauri E, Kalliomaki M, Laitinen K, Salminen S. Modulation of 
the maturing gut barrier and microbiota: a novel target in allergic 

disease. Curr Pharm Des 2008; 14(14): 1368-75. 
[87] Kanduc D. Correlating low-similarity peptide sequences and aller-

genic epitopes. Curr Pharm Des 2008; 14(3): 289-95. 
 

 

 

 

 



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


