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Objective: Flow cytometric quantification of in vitro basophil activation can be quite performant and
reliable tool to measure IgE-dependent allergen-specific responses in allergic patients. Current study
aimed to evaluate the clinical relevance of basophil activation test (BAT) for the diagnosis of pediatric
grass pollen and house dust mite (HDM) allergies.

Methods: Forty-seven patients suffering from allergic rhinitis with HDM and grass pollen co-

I;eywol:fils: tivation test sensitization with clinical history of allergic rhinitis and/or asthma and 15 non-allergic healthy sub-
CaDSg; 1 activation tes jects were enrolled. BAT was determined by flow cytometry upon double staining with anti-IgE/anti-
Flow cytometer CD63 mAb. . . . . o

Grass pollen Results: Regarding HDM with cut-off point greater than 12.5% for CD63" basophils sensitivity and
House dust mite specificity of the BAT were 90% and 73%, with positive predictive value (PPV) and negative predictive
Sensitivity value (NPV) as 0.70 and 0.91, respectively. The analysis of concordance of being either allergic or healthy

in comparison to BAT results for HDM revealed a substantial concordance (k index = 0.61, p < 0.001).
Grass pollen with cut-off point greater than 11%, BAT attained a sensitivity, specificity, PPV, and NPV of
96%, 93%, 0.98, and 0.88, respectively. The analysis of concordance of being either allergic or healthy in
comparison to BAT results for grass pollen revealed an almost perfect concordance (k index = 0.87,
p < 0.001).
Conclusion: Our findings concluded that BAT is reliable technique in the diagnosis of sensitization to
grass pollen and HDM. The sensitivity of BAT in pollen allergic children was found to be remarkably
higher in our cohort compared to other studies.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Allergy diagnosis generally relies upon the patient's clinical
history and appropriate confirmatory tests such as skin prick tests
(SPTs), specific immunoglobulin E (IgE) quantification and chal-
lenge tests. However, identification of the causative allergen(s) and
potentially cross-reactive structures is not always straightforward
[1]. The specificities of SPT and specific IgE are nearly 90% in pa-
tients with IgE mediated allergic disorder [2], and the alternative
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tests can be useful when these tests are negative in allergic pa-
tients. Functional in vitro assays detecting release of mediators have
been also used for the allergy diagnosis [3,4]. In general, these as-
says cannot be used routinely in the clinical practice due to cost and
time consuming procedures [5]. Since none of the laboratory tests
have reached adequate diagnostic accuracy, requirement of alter-
native tests are needed to study allergic patients.

Basophils are one of the effector cells involved in immediate
type allergic reactions. These cells bear IgE bound to their mem-
brane Fce type I receptors. On challenge with a specific allergen,
basophils release mediators and change the phenotype due to the
expression of several basophil surface molecules [6]. Following the
discovery of CD63 as an activation marker of basophils in 1991 [7],
the basophil activation test (BAT) was developed for Type-I-allergy
diagnosis by Sainte-Laudy et al. [8]. CD63 (gp53) is a member of the
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transmembrane-4 superfamily, and is expressed in different cell
types, such as basophils, mast cells, macrophages and platelets [9].
In resting basophils, CD63 is anchored in basophilic intra-
cytoplasmic granules and is generally weakly expressed on the
surface membrane both in healthy and allergic individuals [10].
In vitro activated human basophils through their high-affinity re-
ceptor for IgE, newly expressed CD63 appears on their membrane
[11].

The BAT allows the in vitro analysis and quantification of acti-
vated basophils by flow cytometry. It is a validated, sensitive and
specific cellular technique and has been applied in investigating
IgE-mediated reactions caused by inhalant allergens, food, latex
and drugs [12]. Compared with the determination of sIgE in serum,
BAT reflects a functional response as basophil activation that can be
induced by cross-linking of FceRI, rather than binding of sIgE to
allergen [13].

The aim of this study was to determine sensitivity, specificity,
positive predictive values (PPV) and negative predictive values
(NPV) of the BAT in HDM and grass pollen co-sensitized pediatric
patients with allergic rhinitis.

2. Methods
2.1. Subjects

Forty-seven children with allergic rhinitis and sensitized to
house dust mite and grass pollens confirmed by positive skin prick
test (SPT) and/or elevated serum specific IgE levels. SPT was per-
formed using a standard set of inhalant allergens (Allergopharma,
Darmstadt, Germany) including Dermatophagoides farina (DF),
Dermatophagoides pteronyssinus (DP) and grass pollen mix (velvet
grass, orchard grass, rye grass, timothy grass, kentucky bue grass,
meadow fescue) in addition to histamine for positive and saline for
negative controls were also included. SPT response with a wheal
diameter of 3 mm or larger was considered positive according to
EAACI guidelines [14]. Serum specific IgE levels to GP3 grass mix
(sweet vernal grass, rye grass, timothy grass oat, velvet grass) and
Hp-1 mites (DP, DF, house dust-greer, cockroach) were measured by
IMMULITE 2000 Systems SPE Spesific IgE Universal Kit (REF L2ZKUNG6)
Siemens®. Results above 0.35 kU/L were assessed as positive ac-
cording to the manufacturer's instructions. There is no worldwide
accepted criterion for the diagnosis of allergic rhinitis [15]. The
diagnosis of allergic rhinitis was made according to Allergic Rhinitis
and its impact on Asthma Guidelines [16]. Allergic rhinitis was
considered when 2 or more of the following symptoms for more
than 1 h on most days were present: 1) watery anterior rhinorrhea,
2) sneezing, especially paroxysmal, 3) nasal obstruction, nasal
pruritis and/or conjunctivitis. Of 47 children, 39 had concomitant
allergic asthma, 4 had atopic dermatitis. The non-allergic healthy
children (n = 15) with no history of allergy and negative skin prick
tests served as controls.

The study protocol was approved by the local ethics committee
of Marmara University with the number of 1400123137 and a
written informed consent was obtained from all parents.

2.2. Basophil activation test

Venous blood was collected in 2 ml heparinized tubes and the
tests were carried out within 24 h of blood sampling.

The BASOTEST kit (Glycotope Biotechnology GmbH, Heidelberg,
Germany) was carried out according to the manufacturer's in-
struction with some changes. Briefly, 100 ul of whole blood was
pre-incubated for 10 min at 37 °C in a water bath with 20 pul of
reagent B. Then the cells were mixed with 100 pul of wash buffer
(negative control), 100 pul of N-formyl-methionyl-leucyl-

phenylalanine (fMLP) (1:200 dilution) (positive control), 100 pl
commercially available mite mix and 7 grass mix solutions (ob-
tained from the kit) diluted 1:100. All tubes were mixed and
incubated for 30 min at 37 °C in a water bath. Degranulation was
stopped by chilling on ice for 5 min. Thereafter 20 pl of reagent F
included PE-conjugated anti-IgE and FITC-conjugated anti-CD63
mADb was added and incubated for 20 min on ice. Finally, the hep-
arinized whole blood samples were lysed and fixed with 2 ml of
pre-warmed reagent G and washed with wash solution. Tubes were
centrifuged at 1500 rpm 5 min and analyzed within 2 h.

Flow cytometric analysis of the cells was performed with
FACScan flow cytometer (BD, Heidelberg, Germany), using Cell-
Quest and Flow]o-V10 softwares. Basophils were identified as IgE*
and activated basophils additionally as CD63", as shown in Fig. 2. In
each assay, at least 300 basophils were assessed. The upregulation
of the activation marker CD63 was calculated by the percentage of
the CD63-positive cells compared with the total identified baso-
philic cells. Anti-CD203cAPC mAb (BD, Heidelberg, Germany) was
also used to define purity of basophils only in our validation
studies.

2.3. Statistics

All statistical analyses were performed with Statistical Package
for the Social Sciences (SPSS) program (Version 16.0; SPSS Inc.,
Chicago, IL, USA). Normality of variables was performed with
Kolmogorov-Smirnov test. Results were presented as means + SD
and median (minimum-maximum) for continuous variables as
needed. Comparison of two groups was analysed by Mann Whitney
U test. P values < 0.05 were considered as significant. Receiver
operating characteristics (ROC) curves were used to assess the
optimal cut-off (percentage of CD63" basophils) for positive BAT in
HDM- and grass-allergic patients. Sensitivity, specificity, PPV and
NPV were calculated according to the instructions [17].

3. Results

Patients' characteristics: The study included 47 patients (35 male,
12 female) with allergy to HDM and grass pollen showing allergic
rhinitis. The demographic and laboratory features of these patients
were shown in Table 1.

Basophil activation test for house dust mite and grass pollen in
allergic rhinitis patients: The test included 47 patients for this group;
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Fig. 1. Representative figure for increase in CD63 expression after stimulation with
fMLP, HDM and grass pollen in a patient with allergic rhinitis patient (A) and healthy
subject (B).
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Fig. 2. Percent of stimulation index (SI) after adding fMLP, HDM and grass pollen in patients (P, n = 47) and healthy controls (HC, n = 15), (*p < 0.05, ***p < 0.001).

Table 1
Demographic and laboratory features of the patients with allergic rhinitis (AR).

Mean + SD Median (Min-Max)
Age (yr) 11+3 11 (5—18)
Age at diagnosis (yr) 7+3 7 (2—17)
Total IgE (IU/ml) 523 + 645 308 (24—3338)
Eosinophils (/ul) 452 + 284 400 (10—1400)
Specific IgE Hp-1 (IU/ml) 28 +30 18 (0.1—100)
Specific IgE GP3 (IU/ml) 27 + 36 8 (0.1-100)
SPT DP (mm) 6.7 +2.6 6.2 (3—15)
SPT DF (mm) 6.6 +2.2 6 (3.5-14)
SPT Grass mix (mm) 69 +25 6.5 (3.5-13)

42 patients (89%) were reactive to HDM and 45 patients (96%) were
reactive to grass pollen. The percent of stimulation index (SI) results
of BAT with/without fMLP, HDM and grass pollen stimulations for
patients and healthy controls were represented in Fig. 1. A low level
of basophil activation to the positive control (fMLP) was seen in
healthy controls as compared with the allergic rhinitis patients
(p < 0.05). Basophils from healthy controls did not respond to HDM
and grass pollen (Fig. 1). The mean percentage of activated baso-
phils in allergic children to HDM was 4.2 + 3% for negative control,
42 + 24% for positive control. The mean percentage of activated
basophils in allergic children to grass pollen was 4.2 + 3% for
negative control, and 41 + 25% for positive control. Accordingly, in
the group of healthy controls, the mean percentage of cells with
CD63 expression was 6 + 4% for negative control and 22 + 15% for
positive control of the test kit. The expression of CD63 on basophils

was resulted as 70 + 21% for HDM and 64.5 + 23% for grass pollen
after incubation with specific allergens at 1:100 dilutions according
to the manufacturer's instruction. However, in the control group
CD63 expression on basophils was 2.3 + 1.6% and 3.7 + 2.3% for
HDM and grass pollen, respectively. Representative increase in
expressions of CD63 on basophils following fMLP, HDM and grass
pollen stimulations and the gating strategy for the flow cytometry
were given in Fig. 2.

Positive technical cut-off in BAT to HDM and grass pollen al-
lergens were recommended as increase more than 15% in CD63
expression of basophils in the manufacturer's instructions of the kit
and obtained from ROC curve for inhalant allergens [18]. According
to our results, positive technical cut-off in BAT to HDM was greater
than 12.5% and to grass pollen was greater than 11% according to
ROC curve of our data.

Cut-off value for BAT test with HDM was considered as greater
than 12.5% for a positive result with an area under the curve 0.94.
Using this cut-off point, we obtained a sensitivity of 90% and a
specificity of 73%. PPV for this value was 0.70 and NPV as 0.91. The
analysis of concordance of BAT results for HDM allergic patients and
healthy controls revealed a substantial concordance (k index = 0.61,
P < 0.001) (Table 2).

Cut-off value for BAT test with grass pollen was considered as
greater than 11% for a positive result with an area under the curve
0.94. Using this cut-off point, BAT sensitivity was 96%, with a
specificity of 93%. PPV for this group was 0.98 and NPV as 0.88. The
analysis of concordance of BAT results for allergic patients and
healthy controls revealed an almost perfect concordance (k
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Table 2
Sensitivity, specificity, PPV and NPV for HDM and grass pollen.

BAT (SI) Sensitivity (%) Specificity (%) PPV NPV P (Chi Sq) Kappa agreement
HDM (12.5%) 89 73 0.70 0.91 <0.001 0.61
Grass pollen (11%) 96 93 0.98 0.88 <0.001 0.87

index = 0.87, P < 0.001) (Table 2).

4. Discussion

Our study demonstrated that the analysis of allergen-induced
CD63 up-regulation by flow cytometry is a reliable tool for diag-
nosis of HDM and grass pollen sensitization in pediatric patients,
with high specificity and sensitivity. As far as we know, the highest
sensitivity value compared to others using CD63 in pollen allergic
patients was obtained in current study with a cut-off value of 11%.

Basophil activation with specific allergens has proven to be
useful diagnostic test for mite, pollen, food, latex, venom, and drug
allergies [1,4]. Several studies have evaluated the application of
flow cytometry in the diagnosis of inhalant allergens, such as HDM
and grass pollen [5,18—25]. Overall, flow cytometric quantification
of CD63 and/or CD203c on basophils exposed to natural and/or
recombinant pollen allergens demonstrated a highly reliable
approach for pollen allergy [22—25]. However, the CD203c protocol
is not always straightforward due to low spontaneous expression of
CD203c at resting, less prominent upregulation of CD203c by
activated basophils, and false-negative results [1]. For these rea-
sons, CD203c marker was also used to define purity of basophils in
our validation studies as previously reported [26].

In the current study, sensitivity and specificity of the flow
cytometric detection of basophil CD63 surface expression for grass
pollen were 96% and 93%, respectively. Michova et al. using CD63 as
an activation marker reported a sensitivity of 85% and a specificity
of 100% to determine grass pollen allergic patients [23]. The highest
sensitivity value compared to other studies in the literature using
CD63 in pollen allergic patients was obtained in this study; more-
over the specificity value (93%) was relatively high. Whereas,
Ozdemir et al. using CD203c as an activation marker demonstrated
a sensitivity and specificity of 95% to find out pollen allergic pa-
tients [24| which was very similar to our results. Additionally,
corresponding PPV and NPV to determine grass pollen sensitization
in children with allergic rhinitis were resulted as 0.98 and 0.88,
respectively.

Two studies investigating the flow cytometric analysis of
in vitro-activated basophils in the diagnosis of HDM allergy resulted
that the overall sensitivity and specificity equaled or exceeded 90%
[18,21]. Additionally, Cozon et al. also determined sensitivity and
specificity of basophil CD63 surface expression with IL-3 pre-in-
cubation induced by HDM and concluded as 78% and 81%, respec-
tively for the diagnosis of atopic patients [19]. In current study,
sensitivity and specificity for HDM were 90% and 73% to determine
the sensitization in children with allergic rhinitis. Our results
driven from evaluation of CD63 as an activation marker of basophils
were in accordance with Paris-Kohler et al. [21] and Sanz et al. [18].
However, our specificity result for HDM was slightly lower than
these studies above. The corresponding PPV and NPV for HDM, in
current study, were found to be 0.70 and 0.91, respectively.

A relatively large proportion of the healthy controls showed
significantly low level of basophil activation to the positive control
(fMLP) as compared with the allergic rhinitis patients. This obser-
vation is in line with previous data shown in the literature
[11,27,28]. This situation may be related to less sensitization in
basophils of healthy controls in response to a stimulation with a

cross-linking antibody to IgE and fMLP [27].

All patients with allergic rhinitis symptoms in our cohort had
SPT and specific IgE positivity for both grass pollen and HDM. Two
of the grass pollen allergic and five of the HDM allergic patients did
not respond to activation upon the relevant allergens. Positive SPT
and detectable IgE concentrations to grass pollen and HDM aller-
gens, but a negative outcome for CD63 expression may be
explained by disturbed intracellular signaling commonly observed
in around 5% of the general population (non-responders) [29].

In conclusion, our results were consistent with the description
of BAT as highly reliable and easily applicable method to detect
in vitro sensitization to grass pollen and HDM as a complementary
tool to specific IgE and SPT. The obtained specificity, sensitivity, PPV
and NPV values for these allergens were also found to be compa-
rable with the levels in the literature.
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