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The basophil activation test (BAT) has been suggested as a complementary method for diagnosing drug allergies. The aim of this study was to eval-
uate the clinical utility of this test in patients with drug-induced anaphylaxis. In total, 19 patients, all of whom had a history of moderate to severe
anaphylaxis, were enrolled. None of the causative drugs had available in vitro tests or reliable skin tests; these drugs included, among others, first
and second-generation cephalosporins, H2 blockers, and muscle relaxants. The BAT yielded positive results in 57.9% of the cases, which was simi-
lar those results of skin prick and intradermal tests (42.1% and 57.9%, respectively). When basophils were double labelled with CD63 and CD203c,
bath of which are basophil activation markers, the positive rate was increased from 57.9% to 73.7%. Therefore, the results of this study confirm

that the BAT is a quick, reliable, and safe diagnostic tool for patients with drug-induced anaphylaxis.
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INTRODUCTION

Anaphylaxis is a severe and life-threatening hypersensitivity
reaction, and its occurrence rate appears to be increasing."* An-
tibiotics, especially B-lactams, nonsteroidal anti-inflammatory
drugs (NSAIDs), and chemotherapeutic agents are often impli-
cated in drug reactions;** however, any medication or biologi-
cal agent can potentially trigger anaphylaxis. For the assess-
ment of drug-induced anaphylaxis, most physicians rely on a
patient’s clinical history and correlate the timing of symptoms
with exposure. In vitro testing for drug allergy is necessary to
determine the exact cause of the reaction, and to reduce the
risk of re-exposure and prevent the unnecessary withdrawal of
medications. Diagnostic tools have primarily focused on IgE-
mediated anaphylaxis, and skin prick tests (SPTs), intradermal
drug tests (IDTs), and drug-specific IgE testing have all been
implemented.* However, with the exception of several B-lactam
antibiotics, pure reagents for in vivo or in vitro tests for most
medications are not commercially available.

The basophil activation test (BAT) is a flow cytometry-based as-
say in which the expression of activation markers on the surface
of basophils is measured following stimulation with an allergen.
The BAT has been validated in IgE-mediated conditions, includ-

© Copyright The Korean Academy of Asthma, Allergy and Clinical Immunology ® The Korean Academy of Pediatric Allergy and Respiratory Disease

ing food allergies, venom hypersensitivity, and pollen allergies.>
In terms of drug allergies, the BAT may be useful for confirming
clinical suspicions without performing dangerous drug chal-
lenge tests in cases where no alternative tests are available.

The aim of this study was to evaluate the usefulness of BATs in
patients with drug-induced anaphylaxis, in whom in vivo tests
were considered highly risky, or when commercial antigens
were not available.

MATERIALS AND METHODS

Study population

Patients who had been referred for diagnostic evaluation after
experiencing a drug-induced hypersensitivity reaction were in-
cluded in the study. In this study, anaphylaxis was defined
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based on the criteria proposed at the second anaphylaxis sym-
posium."” SPTs and IDTs were performed using a culprit drug
in all patients, and all procedures followed the criteria of the Eu-
ropean Network for Drug Allergy.® In certain cases, oral chal-
lenge tests were performed with associated drugs, but not with
the suspected drug to ensure that they were tolerated, thus re-
stricting causality to the suspected drug. Clinical characteristics
and demographic data were collected for each patient. Serum
total IgE was measured, and specific IgE was determined using
immunoCAP assays (Thermo Fisher Scientific Inc., Waltham,
MA, USA) when available. SPTs were performed for common
inhalant allergens (Allergopharma, Germany), and atopy was
defined as a positive SPT result. The study was approved by the
Hallym University Sacred Heart Hospital Ethics Committee,
and written informed consent was obtained from each subject.

BATs

Blood samples were drawn from the patients at least 2 weeks
post-hypersensitivity reaction. BATs were performed as previ-
ously described.’ Blood was collected in an EDTA tube, and red
blood cells were lysed using ammonium chloride lysis buffer
within 3 hours of sampling. After washing and re-suspending
the cells in PBS with 0.1% human serum albumin, the cells (200
pL) were stimulated (30 minutes, 37°C) with buffer containing a
positive control (anti-IgE 1 pg/mL; KPL, Gaithersburd, MD,
USA, A23187 3 uMj; Sigma, St. Louis, MO, USA), a negative con-
trol (without any treatment), or serial dilutions of the drug (ap-
proximately, 8-10 dilution steps). Cells were then stained with 2
pL of a mixture containing anti-human CD123-FITC, anti-hu-
man HLA-DR-APC, anti-human CD63-PE-conjugated antibod-
ies (BD, Biosciences, San Jose, CA, USA), and anti-CD203c-PE-
conjugated antibodies (Beckman Coulter, Marseille Cedex,
France) for 40 minutes at room temperature. Basophil activa-
tion was evaluated by flow cytometric analysis (FACSCalibur;
BD, Immunocytometry Systems, San Jose, CA, USA). Results
are expressed as the percentage of CD63+ or CD203c+ baso-
phils; a stimulation index (SI) =2 and an absolute activated ba-
sophil percentage =5 were considered positive BAT responses.

Statistical analysis

All statistical analyses were performed using SPSS ver. 16.0
(SPSS Inc., Chicago, IL, USA). Because the number of subjects
was small, continuous variables were analyzed using the Mann-
Whitey U test, and categorical variables were analyzed using
Fisher’s exact test. A Spearman’s rank-order correlation test was
used to analyze changes in the basophil surface expression of
CD63 and CD203c. A Pvalue <0.05was considered significant.

RESULTS

Baseline characteristics of study subjects
The demographic and clinical characteristics of the study sub-
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Table 1. Demographic features and clinical characteristics

Characteristic n (%)
Total number of patients 19
Gender, male 9(47.4)
Age, year, mean=+SD 475+11.8(21-70)
Atopy, presence 7/15(46.7)
Past history of allergic diseases 8(42.1)
Symptoms at the time of prior exposure 12(63.2)
None 7(36.8)
Non-anaphylaxis allergic reactions 3(15.8)
Anaphylaxis 9(47.4)
Severity of anaphylaxis™
Severe 5(26.3)
Moderate 14(73.7)

Latency period, minute, mean £ SD 18.4+12.1(10-50)

Values are given as number (%), unless otherwise indicated.

*The severity of anaphylaxis was graded as mild, moderate, or severe, using a
previously established grading system. Mild reactions were defined by presen-
tation of only cutaneous symptoms. Moderate symptoms were exhibited when
respiratory, cardiovascular, or gastrointestinal involvement was apparent;
whereas hypotension, hypoxia, loss of consciousness, or confusion was consid-
ered to reflect severe anaphylaxis (reference 7).

jects are shown in Tables 1 and 2. Nineteen patients, 9 men and
10 women, ranging in age from 21 to 70 years, were enrolled.
Twelve patients (63.2%) had a history of an allergic reaction to
the same culprit drug, and 5 experienced severe anaphylaxis.
Cephalosporin antibiotics were involved in 8 patients, raniti-
dine in 3, eperisone in 2, and streptomycin, insulin, propofol,
paclitaxel, tridol, and glimepiride in 1 patient each. The immu-
noCAP assays of penicilloyl G, penicilloyl V, amoxicilloyl, ampi-
cilloyl, and cefaclor were performed in patients with cephalo-
sporin antibiotics (Patient 1-8), however, only 1 patient (Patient
7) showed a positive result of cefaclor immunoCAP assay (9.96
KU/L, class 3).

Results of skin tests and BATs

Eleven of 19 (57.9%) patients showed an upregulation of ba-
sophil cell surface CD203c and CD63 in response to drug stim-
ulation. The basophils of 14 patients (73.7%) showed an upreg-
ulation of 1 marker (CD63 or CD203c). There was a significant
positive correlation between the degrees of CD63 and CD203c
upregulation (P=0.008); however, the positive rates of the 2
markers were not significantly correlated (P=0.181). Five pa-
tients showed negative responses to both CD63 and CD203c,
and the other 6 patients showed discordant testing results (Ta-
ble 2). Fourteen patients (73.7%) had positive responses to ei-
ther the SPT or the IDT. Eight of 18 patients (42.1%) had posi-
tive responses to the SPT, and 11 of 14 patients (57.9%), exclud-
ing the 5 patients with severe anaphylaxis responses, had posi-
tive IDT responses.
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Table 2. Individual results of basophil activation, skin tests, and anaphylaxis severity

CD63 CD203c
No. Culprit drug Age Gender  BAT 9% of activated 9% ofactivated  SPT IDT Severity
S| basophils S| basophils

1 Cefazedone 56 F 12 278 1.0 29 - + Moderate
2 Cephradine 41 F + 25 8.7 28 105 - + Moderate
3 Cefadroxil 38 F + 42 94 1.3 6.1 + + Moderate
4 Cefuroxime 44 F 1.3 574 1.2 21.6 - + Moderate
5 Cefaclor 70 F + 2.1 10.1 30 6.0 - Moderate
6 Cefaclor 40 M + 18 7.0 30 138 - + Moderate
7 Cefaclor 52 F + 1.7 6.7 22 8.2 - + Moderate
8 Cefaclor 39 M + 32 118 22 47 + + Moderate
9 Streptomycin 66 M + 038 475 22 485 + + Moderate

10 Ranitidine 44 F 1.7 32 18 Bi5 + ND Severe

1 Ranitidine 60 M 19 2.7 19 24 + ND Severe

12 Ranitidine 21 F 15 6.6 1.0 1.1 + ND Severe

13 Eperisone 44 M + 19.7 86.6 26 114 - Moderate

14 Eperisone 83 M + 96 427 36 28.1 + + Moderate

15 Insulin 46 F + 29 114 29 159 + + Moderate

16 Propofol 48 F + 2.1 92 3B 1.8 - Moderate

17 Paciltaxel 60 M + 9.1 376 7.7 456 ND ND Severe

18 Tridol 57 M + 33 17.2 1.1 452 - ND Severe

19 Glimepiride 42 M + 47 n3 1.2 214 - + Moderate

BAT, basophil activation test; SI, stimulation index; F, female; M, male; SPT, skin prick test; IDT, intradermal test; ND, not done.

Comparison of skin tests and BATs

The results of BATs and skin tests were not correlated in this
study (P=0.530). All 3 patients with ranitidine-induced anaphy-
laxis (Patient 10-12 in Table 2) had severe reactions and positive
SPTs results but no response to the BAT. One patient with cefa-
clor hypersensitivity (Patient 5) reacted positively only to the
BAT and not to the SPT or to cefaclor-specific IgE. Each patient
with eperisone- or propofol-induced anaphylaxis (Patient 13,
Patient 16) had a negative response to the SPT, but the basophil
expression of both CD203c and CD63 was upregulated.

DISCUSSION

For the diagnosis of drug-induced anaphylaxis, BATs yielded
positive results in 57.9% of the cases, which was comparable to
SPT and IDT rates (42.1% and 57.9%, respectively). The IDT
was a sensitive diagnostic method in this study; however, 5 pa-
tients were excluded from IDTs due to concerns over systemic
hypersensitivity reactions, and the culprit drug in 2 of these pa-
tients was confirmed by the BAT. Therefore, the BAT is a useful
tool for the diagnosis of drug-induced anaphylaxis, particularly
in cases where anaphylaxis is caused by new or unrecognised
drugs or in situations where physicians are unable to measure
drug-specific IgE or to perform IDTs.

In this study, basophils were double labelled with 2 activation
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markers, CD63 and CD203c. When both markers were com-
bined, the positive testing rate increased to from 57.9% to 73.7%.
When the SI was calculated using either CD63 or CD203c, the
positive rate of each marker was the same in our patients; how-
ever, discordances between the BAT results for the 2 markers
were found in some patients, suggesting that the BAT may yield
false positives or that basophil activation markers of CD63 and
CD203c may have intra-individual variability. Although both
CD63 and CD203c have been validated as acceptable markers
for the BAT, recent studies have reported that these markers are
differentially expressed in various allergic conditions."” In a com-
parative study of the sensitivity of CD63 and CD203c in IgE-me-
diated amoxicillin allergies, CD203c sensitivity is superior to
CD63." In contrast, patients with non-allergic NSAID hypersen-
sitivity upregulate CD63 expression more frequently than
CD203c expression.”* In this study, basophils of patients with ce-
faclor-induced anaphylaxis upregulated CD203c, but not CD63.
However, other drugs, including tridol and glimepiride, resulted
in only CD63 upregulation, suggesting that different drugs regu-
late the expression of different markers.

Three patients (with reactions to cefaclor, eperisone, or pro-
pofol) had positive results only to the BAT; in these cases, both
CD63 and CD203c were upregulated. The skin test results of
these patients may have been false negatives, or another mech-
anism, such as non-IgE mediated or direct basophil activation,
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may have been involved. In contrast, 3 cases had positive re-
sults only to the SPT, but not to the BAT, suggesting that these
patients may react to ranitidine metabolites. Previous case re-
ports have documented the positive results of skin tests to ra-
nitidine and, as was the case with this study, the detection rate
of serum specific IgE was relatively low compared to other skin
tests."*"® Taken together, these results suggest that ranitidine
metabolites conjugated to body proteins may be involved in
IgE-mediated reactions, even though the antigenic determi-
nant of ranitidine remains unknown.

In conclusion, the BAT is particularly useful in patients with
life-threatening anaphylaxis, in whom a drug provocation test is
not advisable, and when other diagnostic tools are not possible.
Although BAT has a false-negative risk due to the type of drug or
drug metabolite, the diagnostic yield was increased in this study
by the simultaneous measurement of CD63 and CD203c. In ac-
tual practice, the BAT can serve as a quick, reliable, and safe di-
agnostic tool.
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