TECHNICAL NOTE

Cytometry

Journal of the

International Society for
Advancement of Cytometry

MIFlowCyt

Basophil Activation Test: Implementation and
Standardization Between Systems and
Between Instruments

Anne-Emmanuelle Depince-Berger, Khaled Sidi-Yahya, Mohammed Jeraiby, Claude Lambert*

e Abstract

Immunology laboratory/University
Hospital Saint-Etienne, FRE-CNRS 3312,
42055, Saint-Etienne Cedex 2, France

Received 23 August 2016; Revised 16
January 2017; Accepted 30 January 2017

Grant sponsor: Immunology laboratory/
University Hospital Saint-Etienne, France

Additional Supporting Information may be
found in the online version of this article.

*Correspondence to: Claude Lambert;
Laboratoire d'Immunologie, pole de Biol-
ogie, Hop Nord, CHU Saint-Etienne, 42055
Saint-Etienne Cedex 2, France. E-mail:
claude.lambert@chu-st-etienne.fr

Study performed between June 2014 and
July 2016.

The authors declare that they have no con-
flict of interest.

Published online 00 Month 2017 in Wiley
Online Library (wileyonlinelibrary.com)
DOI: 10.1002/cyto.a.23078

© 2017 International Society for
Advancement of Cytometry

The basophil activation test (BAT) is a good ex vivo alternative for measuring hyper-
sensitivity to an allergen in sensitized patients but still lacks standardization. In this
present study, we have implemented one of the systems and proposed inter-systems,
inter-instrument standardization. Our method for basophll actlvanon and labeling on
whole blood: EDTA in one step using BasoflowEx® and FlowCast Setup on Navios
and fluorescence targets converted to set up FACSCanto™ instrument. Our results: 1)
A CD203c/CD63 (BasoflowEx) method was adapted for EDTA samples and simplified.
2) Final washing and concentration and use of time parameter help acquiring as many
basophils as possible, spare acquisition time and noise. 3) The modified method was
validated according to ISO15189 with a precision at 5.1% RCV, linearity between 1 and
1/8 of anti-IgE stimulation. Results were very close with CCR3/CD63 system (Flow-
Cast). 4) Standardization, between systems and even between 1nstruments Mean Fluo-
rescence Intensity targets are proposed using standard beads (Cytocal®) middle peak:
FITC = 19.4; PE =28.8 on Navios® corresponding to FITC 4,966; PE =7,373 for
FACSCanto. Data analyzed on common software (Kaluza®) were very closely correlat-
ed. 5) Co-labeling of B cells (CD20+) gives the possibility to monitor a significant
drop of basophils under stimulation that could explain some underestimation in case
of strong hypersensitivity. In conclusion, BAT would strongly benefit from easy imple-
mentation [EDTA, one step stimulation/labeling, wash, full sample analysis over time
parameter, B cell relative basophil count] and standardization of instrument settings on
MFI targets whatever system or instrument is used.
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INTRODUCTION

Diagnosis of allergy is based on skin tests, but these tests are not always possible
because of skin status or because the risks would be too high to challenge the patients
who have had a previous severe reaction to allergen. The Basophil Activation Test
(BAT) is a good ex vivo alternative for measuring IgE mediated hypersensitivity to
allergens in sensitized patients, without exposing the patient to skin tests risks (1-5).
The BAT is based on detection of phenotype changes of allergen induced basophil
degranulation. Different protocols have been developed, using CCR3, CD123, CRTH2,
CD203c, or anti-IgE to identify basophils (6-9). These markers are basically expressed
on the basophil membrane but not always specifically and secondary markers are need-
ed to exclude CRTH2+ T cells or CD123+ plasmocytoid dendritic cells. Among them
CCR3 and CD203c are exclusively expressed on resting basophils and CD203c¢ is up-
regulated under activation (10). Degranulation is detected by surface expression of
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CD63 that is otherwise only expressed on the inner side of the granule membrane of
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resting basophils (11). The external expression of CD63 is cor-
related with histamine release that gives most allergy symp-
toms, and allergen responses are correlated between BAT and
the historical Histamine Releasing Test (HRT) (4). BAT is more
precise, rapid, and less expensive than HRT.

Basophil activation is triggered by allergens in sensitized
patients only. These patients have specific IgE, most of them
being bound on basophil membrane Fce receptors (12). Baso-
phil activation is dose dependent with possible bell shape dose-
response in case of very high sensitivity. In order to validate the
ex vivo basophil reactivity, antibody anti-IgE or anti-Fce recep-
tors are used as positive controls. These polyclonal stimuli
mimic the capture of allergens by membrane IgE, bridging
membrane receptors required to trigger basophil degranulation.
Basophil degranulation is almost complete within 20 min of
exposure and is calcium and temperature dependent (8). As a
matter of fact, calcium chelator completely inhibits the BAT
while EDTA is preferably used as anticoagulant as it is supposed
to better preserve and keep the sample in resting state prior to
ex vivo activation. Basophils are fragile and BAT system manu-
facturers usually recommend doing the test within 8 hours of
withdrawal but, as the test is performed in few labs, it is not
always possible to receive the sample and perform the test in
less than 24 hours (13). Nevertheless, BAT is closely correlated
with the clinical response to an allergen (2,4,14-17).

Basophils are rare cells in the peripheral blood. This
makes it difficult to acquire a sufficient number of cells for
good test reliability, especially when the test is performed on
whole blood as it is now proposed by most of the systems, for
time and cost efficiencies. Sample washing (not usually rec-
ommended in the manufacturer instructions) before acquisi-
tion gives the possibility to concentrate cells and significantly
shorten the acquisition time while increasing the signal/noise
ratio. In order to acquire maximum of cells, acquisition can
be planned long enough to analyze the entire sample. This
exposes to sample shortage and air aspiration that produces
extra noise and impairs data analysis unless they are excluded
by following data acquisition using time parameter.

In each sample, basophils are activated variably according
to their random distribution of the IgE specific for the allergens
tested. In routine practice, there is always a part of basophils
that is not activated. In case they respond, the degranulation is
usually rapid and massive with very high and homogenous
expression of CD63. It is usually believed that basophils survive
to strong stimulation but this is not necessarily true. In any
case, in BAT, degranulation is only measured on individual
basophils which have maintained their shape and identity. This
could explain some bell shape of the dose-response curves with
progressive response to increasing doses but reduced response
to the highest stimulation. It is difficult to measure cell survival
as basophil absolute count is not possible in BAT because of
their rarity and multiple steps in sample preparation. One pos-
sibility to measure basophil destruction is to compare their
count to another cell lineage which passed the same process
but is not sensitive to the stimulant. In order to compare cells
easy to identify and in the same order of concentration, we
propose to compare Basophil to B cell counts.

For the past few years, lots of clinical studies have validat-
ed the BAT but there is still some controversy on clinical sig-
nificance of thresholds used by different studies (18). Rare
studies have tried to check if basophils selections with the dif-
ferent strategies are equivalent (6). The great majority of clini-
cal studies use CD63 as read out, but again, there is no
attempt to standardize CD63 detection and the determination
of the positive threshold (13). The main limitation of BAT to
be routinely used in diagnosis is its lack of standardization
between systems and between instruments while European
authorities are asking for accreditation of all diagnosis meth-
ods (19). First, there is a need for standardization of sample
preparation (allergen preparation, dilutions used, incubation
time). Progressively, few points have already reached a consen-
sus, such as the use of whole blood, Interleukin 3, short incu-
bation time (15-30 min at 37°C). Most systems recommend a
calcium chelator as anticoagulant and sample stabilizer such
as ethylenediamine tetraacetic acid (EDTA) while few proto-
cols still propose to use heparin. Second, in data analysis, the
gating strategies and positivity thresholds are different among
studies. Finally, instrument settings are rarely addressed while
they represent a strong concern in hematology and immunol-
ogy diagnosis (20). Working groups have proposed the stan-
dardization of instrument settings at least from the same
company to get comparable data for immuno-phenotyping of
acute leukemia and lympho-proliferative disorders (21,22).
Very recently Solly et al. (23), have shown that it was possible
to make FCM results comparable not only on cell counting,
but also on graphic representations even between different
manufacturers. But even in local practice, all diagnostic meth-
ods should progressively fit to Iso15189 recommendation
according to EU rules (19).

The aim of this study was to 1) optimize and adapt to
EDTA anticoagulant, one of the largely used systems that was
developed on heparin; 2) to make proposals on a technical
standardization, independent of the system or the instrument
used; and 3) to implement the tests by taking into consider-
ation the stimulation dependent loss of basophils that can
impair the readout of basophil degranulation.

MATERIAL AND METHODS

Blood Samples and Staining

FlowCast® kit (Buhlmann, Schonenbuch, Switzerland):
peripheral blood samples were collected from healthy volun-
teers on EDTA. Samples were diluted in stimulation buffer,
stimulated or not with a monoclonal anti-IgE receptor (anti-
FceRI mAD), immediately stained with anti-CCR3-PE and
anti-CD63-FITC and incubated for 20 min in the dark at
37°C, according to the manufacturer instructions. Erythrolysis
was done, using the reagents of the kit. At the end, cells were
washed with 4 mL PBS (Eurobio®, France) and re-suspended
in 150 uL PBS with 1% serum albumin (PBS-BSA).

BasoflowEx® kit (Exbio, Praha, Czech Republic): periph-
eral blood samples were collected with either heparin as rec-
ommended by the manufacturer or EDTA. EDTA samples
were then diluted 1/1 with stimulation buffer complemented
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with calcium chloride 20 pmol/mL (Renaudin laboratory,
France) and sodium heparinate 500 Ul/mL (Choay; Sanofi-
Aventis®, France). Basophils were unstimulated or stimulated
with anti-IgE antibody and stained with anti-CD203c-PE
monoclonal antibody (clone NP4D6) and anti-CD63-FITC
(clone MEM-259) for 20 min in the dark in a 37°C water
bath. In later experiments, an anti-CD20 monoclonal anti-
body (clone 2H7, Exbio) was also added. Erythrolysis was per-
formed using reagents included in the kit. At the end, the
sample was washed and re-suspended in PBS-BSA. The
changes of this method were validated for routine analysis
according to is015189 recommendations (7).

Standardization Between the Two Instruments

PMT settings were optimized on a Navios® using
Navios™ software (Beckman-Coulter; Fullerton, CA) and
levels of fluorescence settings were measured using calibra-
tion beads (Cytocal beads, Distrilab® The Netherlands Mul-
tifluor Calibrator, Thermo Scientific, Carlsbad, CA) as
targets to be transferred to a FACSCanto II, using FACS
Diva 6.2 (BD Biosciences®, San Jose, CA) according to Solly
et al. (23). Compensations of spectral overlap were set up
using single labeling and respective software application on
each instrument.

Data from different systems were analyzed on Kaluza®
software (Beckman-Coulter). Cell shape was checked on For-
ward/side scatter dot plots. Bubbles were excluded on basophil
label versus time scatter. Cell doublets were excluded on For-
ward Area/high scatter. Basophils were then selected on their
specific label that were either CCR3 (Buhlmann system) or
CD203c (Exbio system) versus Side Scatter (SSC) and the
fraction of activated basophils (CD63™) was measured among
this population. The fraction of activated basophils as well as
the labeling median fluorescence intensity (MdFI) were mea-
sured. Lately, B cells were measured on singlets, time restricted
dot plot and expression of CD20 versus basophil label (Sup-
porting Information Figure).

Method Validation

Precision was measured on 10 repeated tests on one fresh
sample, on the same day, by the same operator. Dose response
linearity of degranulation (percentage of CD63% cells in
CD203c™) was evaluated by serial 1/» dilutions of stimulant
anti-IgE on EDTA and heparin samples on one donor and was
compared with theoretical values calculated by serial 1/, divi-
sions of results from the full activation. To check sample sta-
bility, BAT was analyzed on fresh samples (<8 hours) and
repeated after one night storage at 4°C. This method valida-
tion was performed only in Navios flow cytometer (CE-IVD;
3 lasers, 10 colors) using Navios software.

Acquisition

Data acquisition was realized on both FACSCanto and
Navios instruments after daily maintenance and quality con-
trols according to the manufacturer instructions. Data were
analyzed using the built-in softwares, respectively, Diva® (on
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FACSCanto II) and Gallios-Navios (on Navios) or from both
instruments using Kaluza (Beckman Coulter).

Statistical Analysis

Correlations were analyzed using linear regressions, with
a Pearson coefficient and the Bland and Altman (B&A) meth-
od. Statistical analysis used either Excel (Microsoft Corpora-
tion, Redmond, WA) or Prism version 5 Software (GraphPad
Prism, San Diego, CA, USA).

This technical study was performed on anonymous blood
samples collected for diagnostic purposes in accordance to
2011-814 bioethical French law.

REsurrs

Protocol Implementation

In order to homogenize and simplify the procedure and
because EDTA sampling is the most used in clinic, we adapted
BasoflowEx™ protocol developed for heparin anticoagulant by
adding calcium chloride to the sample and reducing the stimu-
lation/labeling process in one single step. Results on EDTA
samples and modified protocol (Fig. 1la) were very similar to
results on heparin samples following the manufacturer instruc-
tions (Fig. 1b) in terms of levels of Immunolabeling and
degranulation efficiency as measured by up-expression of mem-
brane CD63 (EDTA: 69.97% vs. Heparin 56.3% of CD203c
basophils). The method validation on 10 activated samples has
shown a precision of 5.1% as a related standard deviation
(RSD) for inducing expression of CD63 (Fig. 1¢), 3.4% for the
levels of CD63 expression (MFI; Fig. 1d), and 1.5% for CD203c
(Fig. 1e).

Activation with an anti-IgE gave similar responses in four
volunteers, between EDTA (plain) and heparin (open labels;
Fig. 1f, squares) although unstimulated controls (noise) have
been frequently higher in heparin samples (Fig. 1f, lozenges).
Serial 1/ dilutions of anti-IgE stimulus has shown a linear
response (EDTA sample 7 = 0.990, slope 0.961; heparin sam-
ple 7> =0.997, slope 0.786; Fig. 1g). When four samples were
stored at 4°C, stimulations were not altered after 24 hours for
EDTA (Fig. 1h) and heparin samples as well (Fig. 1i).

Cross-Calibration of the BAT, Between Systems,
Between Instruments

When the settings were optimized on a Navios, fluores-
cence targets were defined using the intermediate peak of
standard beads (Cytocal) giving FITC=19.4; PE=28.8
(Fig. 2a) that were converted to the FACS Canto scale
(FITC = 4,966; PE = 7,373; Fig. 2a) to get the same levels of
detection on the FACSCanto. Comparative dot plots of one
(EDTA, BasoflowEx, activated) representative sample acquired
on Navios and on FACSCanto and analyzed using Kaluza
software are shown in Figures 2c-2f. Samples prepared with
FlowCast were also similar between the two instruments
(not shown).

Overall, 16 samples were prepared using FlowCast and
modified BasoflowEx protocols and analyzed on the two
instruments. Induction of CD63 out-expression, prepared
with FlowCast protocol was closely correlated when analyzed
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Figure 1. Validation of BasoflowEx® protocol implementation: Basophil identification and stimulation induced CD63 was similarly
detected (EDTA, panel a) as compared with the preparation following the manufacturer’s instructions (heparin, b). The method precision
was measured on 10 repeated activations for CD63% (c), CD63MFI (d) and CD203c MFI (1e). The two methods were compared in four vol-
unteers (f), between EDTA (plain) and heparin open under stimulation (O squares) or not (®#lozenges). The linearity of response according
to the level anti-IgE activation was checked on four serial 1/, dilutions on modified (EDTA, ) or not (heparin, ¢) methods. The effect of
storage over 4 days at 4°C was tested in four samples, EDTA (h) and heparin (i). [Color figure can be viewed at wileyonlinelibrary.com]

on FACSCanto or Navios (r* = 0.958, slope 0.948; Fig. (2)g)
without any bias as shown on Bland-Altman graph (Fig. 2i).
Similarly, induction of CD63 expression prepared with the
modified BasoflowEx protocol was closely correlated when
analyzed on FACSCanto or Navios (r* = 0.938, slope 0.929;
Fig. 2h) without any bias on Bland-Altman graph (Fig. 2j).
The fluorescence intensity to detect basophils with CCR3 on
FlowCast system (¥ = 0.990; Fig. 2k) or CD203c¢ on Basoflo-
wEx (7 =0.887; Fig. 21) as well as the respective levels of
CD63 MFI (= 0.969 Fig. 2m and * = 0.934 Fig. 2n) were
strongly correlated between the two instruments.

Protocol Implementation (that takes in account the
basophil survival under stimulation)

In order to acquire the entire sample but exclude the
noise due to air aspiration, we first gated events on signal over
time dot plot (e.g., CD63 FITC; Fig. 3a). Then doublets were
excluded and basophils were selected on their lineage label
(CCR3, CD203c or others) versus low SSC for further analysis
of eventual up regulation of membrane CD63 with minimal
noise (Fig. 3b). By comparing unstimulated (Fig. 3b) and
stimulated (Fig. 3c) samples, on whatever system (FlowCast
or BasoflowEx) and instrument (FACSCanto and Navios), we

BAT Standardization
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Figure 2. Method standardization: two methods (same stimulation) were compared on two instruments with Settings based on Fluores-
cence targets (Cytocal® peak 4) on Navios® (panel a) and FACSCanto® (b) giving similar dot plots for basophil identification (c and d) and
degranulation (e, f) one representative sample, EDTA, BasoflowEx®, activated) analyzed using Kaluza® software. More generally, induction
of CD63 was compared on 16 samples were prepared using FlowCast® (g, i) and modified BasoflowEx (h, j) protocols and analyzed on the
two instruments. The MFI of CCR3 (k) or CD203c (I) and CD63 MFI (m and n) were also compared. [Color figure can be viewed at

wileyonlinelibrary.com]

could easily observe that the number of basophils that were
identified (e.g., 1.2% in this representative sample, Fig. 3b)
was lower after stimulation (0.85%, Fig. 3c). These numbers
have little significance because the amount of debris and
remaining red blood cells was changing and difficult to
consider.

We thus monitored the number of basophils related to
the number of CD20+ B cells in the same sample. In a repre-
sentative sample, we acquired 1,432 basophils and 7,093 B
cells meaning a ratio of 20.2 basophils for 100 B cells in the
unstimulated sample (Fig. 3d) in which 0.37% of basophils
expressed CD63 (Fig. 3e). Under stimulation, the ratio was
588/5092 meaning 11.6 basophils for 100 B cells (Fig. 3f)
with 78% of basophils that expressed CD63+ (Fig. 3g) while
the expression of CD203c raised from MFI of 10.6 to 47.8.
Looking at 13 consecutive samples, we could observe a
median ratio at 28.7 basophils for 100 B cells (range from 6.2
to 66.5; Fig. 3h, lozenges). After one night storage, the
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median ratio of unstimulated sample was at 30.1 (from 11.3
to 62.6, n=11; Fig. 3h, triangles). Under stimulation, the
median ratio dropped to 5.1 (from 2.0 to 29.5; square labels)
on 11 fresh samples and 5.6 (from 2.4 to 18.2; Fig. 3h,
rounds) after one day of storage. Indeed, Baso/B cell ratios
were significantly correlated between Day 1 and Day 2 (Fig.
31) and we could easily see that all values of stimulated sam-
ples (squares) were severely lower than unstimulated sam-
ples (lozenges). Note that one case had a ratio at 218.3
unstimulated and a ratio at 128.9 after activation but was
not repeated after one night.

Protocol Application on Allergens

This new protocol is now used in routine in our lab with
positive controls (as anti IgE antibodies) and allergens at dif-
ferent doses. As an example: patient X, male, 57years old has
an acute erythema’s reaction under antibiotic amoxicillin-
clavulanic acid. Skin test shows strong reaction (>8 mm) to
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Figure 3. Acquisition protocol implementation: In order to get maximum basophils with little noise, we first selected cells on signal/
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amoxicillin-clavulanic ac and not to amoxicillin only. In baso-
phil activation test with our new protocol, CD63 was
expressed on 6.3% of non-activated basophils. Anti IgE
induced CD63 expression on 91.2% of basophils. Amoxicillin
at 50 mg/mL-clavulanic acid at 5 mg/mL induced CD63
expression on 53.9; 52.3% and 47.4% of basophils stimulated
with antibiotic diluted at 1/100, 1/1000, 1/10,000, respectively,
while Amoxicillin at 50 mg/mL alone induced CD63 out
expression (degranulation) on 8, 12, and 10.2 of basophils.
The test was repeated in the same Patient 1 month later with
similar results.

Discussion

In a first step, the aim of this study was to implement a
CD203c/CD63 system (BasoflowEx; Exbio) from the manu-
facturer instructions which recommend heparin anticoagu-
lant. EDTA anticoagulant is mostly used in routine practice
for cell analysis, as it keeps a better morphological assessment
of cells (24,25). Furthermore, as basophil degranulation is cal-
cium dependent, using EDTA protects the samples against
pre-analytical stress induced activation. So EDTA anticoagu-
lant is recommended in all BAT kit available except Basoflo-
wEx and we intended to adapt this test for EDTA samples.
Calcium needs to be reconstituted for the basophils to be able
to degranulate but calcium restitution will also induce coagu-
lation. This is why we added Ca™ ™" and heparin to the stimu-
lation buffer, at optimal doses we have determined in a way it
was preventing coagulation and making degranulation possi-
ble. We could show that a minimal implementation of the
manufacturer protocol makes it possible to perform this test
on EDTA samples similar to the test on heparin samples as
recommended by the manufacturer.

Because we changed the manufacturer instructions, we
had to validate this method. The performances of the test
show a very good precision (RSD ~5%) although the baso-
phils are rare and fragile. This is in accordance with what the
manufacturer claims to guarantee on his technical data sheets
(between 2.4% and 3.4%). RSD between 5% and 10% is usu-
ally recommended by accreditation bodies in medical biology
but there is no specific report on method validation of func-
tional tests we could refer to yet. The linearity of the dose-
response curve was also very good, using progressive doses of
polyclonal stimulation. Of course, it would be better to test it
with allergens, in sensitized patients. But it was difficult to get
different types of fresh samples of highly sensitized patients at
the time of the experiment. Furthermore, experience with one
allergen in one patient does not necessarily represent other
types of allergens or other patients (difference of epitopes,
avidity...). On the other hand, anti-IgE stimulus strictly
mimics basophil IgE-receptor bridging in the same way as the
allergens induced basophil degranulation. As a matter of fact,
anti-IgE or anti-IgE receptor are usually used as positive con-
trols to check sample reactivity in BAT (6,26,27). The limit of
detection of basophil degranulation depends on the type of
allergen and on the patient sensitization profile. In our data,
we still could get a significant positive response even at 1/
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8 dilution of anti-IgE dose recommended by the manufacturer
for a full basophil degranulation. We saw that 4 1/, dilutions
were not sufficient to get the lowest level of response above
the unstimulating background. Because of the cost of the
experiment in time, reagents and sample consuming, we pro-
pose to use 4-5 times 1/; dilutions instead of 1/ to better
define the dynamic range of the method. In fact, the dynamic
of the test is routinely checked. Indeed, it is highly recom-
mended to test systematically three to six different doses of
allergens in order to exclude the eventual hook effect of high
doses in highly sensitized patients even if this increases the
cost of the test (7,8).

We also propose to standardize fluorescence detection on
time in one instrument and even between systems using CD63
(ex FlowCast and BasoflowEx) and between instruments (ex
FACS Canto, FC500, Navios) in order to better compare posi-
tive thresholds between clinical studies. This is relatively easy
to implement, at limited extra cost as previously described in
hematology (23). We propose fluorescence target values on
Cytocal beads as those which are available worldwide and
guarantied on fluorescence intensity over time (23). Standard-
ization of identification markers (CCR3, CD203c, CD123, and
CRTH2) is not so easy to achieve because of differences in lev-
els of expression or performances of conjugated antibodies
(6). Nevertheless, instruments settings can be standardized on
this parameter with the same fluorescence targets. The levels
of fluorescence then consider each antibody performance to
get the same level of fluorescence on basophils whatever sys-
tem is used. Our data show how good was the comparison we
got between two different instruments was, not only on the
major clinical outcome of BAT that is the level of degranula-
tion (CD63+ basophils) but also on basophil identification
(CCR3/CD302c).

We could show that our protocol adaptation is compati-
ble with Is015189 method validation rules (19) as much as it
is possible for functional tests in allergy. Indeed, most
Is015189 recommended evaluations for quantitative cell
analysis are not possible for BAT because of the lack of inter-
national standard, internal quality controls, External Quality
Assessment program...). In any case, the quantitative value
of basophil degranulation does not directly correlate with
the risk or gravity of allergic crisis. The test should be inter-
preted in light of the clinical situation of the patient consid-
ering the type, severity, delay of the last reaction, allergen
exposition, eventual treatment used at the time of sample
collection, co-morbidity, and medical background such as
mastocytosis, lung, or cardiovascular diseases (28—30). The
type of allergen must also be considered. Drugs for example
are frequently monovalent haptens that cannot bridge mem-
brane IgE without the support of protein carriers. Response
to proteins such as food, pollens, most antibiotics or venom
components is usually good except in some patients who are
refractory ex vivo and qualified as “non-responders”
(15,29,31).

It is usually recommended to do the BAT on fresh sam-
ples, within 8 hours after collection, if stored at room temper-
ature. This is part of the manufacturer’s instruction. But this
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is not always possible in real life practice. As an example, if
samples are collected in the afternoon, it may be possible to
start too late in the lab the test that takes a few hours. Conve-
niently, we could show that even 24 hour preservation gives
good results, especially if the blood is collected in EDTA and
kept in the fridge. This also gives the possibility to check with
confidence the next day in case of unexpected results of the
fresh sample.

Finally, one parameter has always been neglected until
now that is the basophil survival under stimulation. It is fre-
quently admitted that basophils do not die after degranula-
tion. This is very difficult to demonstrate in clinical practice.
So we propose to take this possibility into account by simply
comparing their number to an internal control that should
not be influenced by test conditions in such a short time. We
considered that B cells are most probably not affected by the
stimulation with anti-IgE in the 20 min of sample prepara-
tion. If an effect was possible, it would most probably reduce
the number of B cells. Nevertheless, too rare circulating B
cells express IgE among the total number of B cell to be sig-
nificantly disturbed by the short challenge. We were surprised
to show in our short study, how much the number of baso-
phil decreased under anti-IgE stimulus as compared with B
cells. Santos et al. (26) have previously reported a loss of
CD123 basophils under activation, although the cell counting
was not clearly detailed. This loss was then attributed to a
specific down expression of the receptor as more basophils
could be detected using a different label such as CD203c. In
our test, we identified basophils using CD203c which expres-
sion is known to enhance and not reduce under anti IgE
stimulus.

If the loss of basophils under strong activation is con-
firmed, it could explain some lack of sensitivity of the test
occasionally observed in some patients despite strong clinical
evidence of hypersensitivity. This could also give interesting
input in understanding the mechanism of immunotherapy
that is more and more used with great success in preventing
anaphylaxis in patients who have had a severe allergic reac-
tion. So, we believe this parameter should be taken in consid-
eration in the routine BAT test and we have shown that it is
quite easy to implement the tests with minimal extra cost as
compared with its great biological advantages.

Just to mention that BAT is a functional test like skin
tests. Functional tests consider all the mechanisms involved in
allergy, including cell degranulation threshold while the detec-
tion of serum IgE specific for one allergen reflects previous
sensitization and is necessary but not sufficient to explain
allergic crisis. Furthermore, specific IgE immunodosage is not
available yet for some allergens (especially recent drugs)
despite the very large portfolio made available by companies
nowadays.

In conclusion, BasoflowEx can easily be adapted for
EDTA samples as usually recommended in most if not all
other systems. Sample wash improves data acquisition. The
changes of manufacturer instructions were validated. We
also propose to standardize the acquisition on whatever
instrument that is used, and we propose fluorescence targets

as a start. Finally, the test would benefit from considering
basophilloss during exposure to stimulation with simple
implementation.
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Supplementary Figure: Gating strategy
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Supplementary figure: Representation of the gating strategy of basophils singlets, activated basophils
and B cells.
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