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Introduction

Non-haemolytic transfusion reactions (NHTRs) com-
prise the most common type of transfusion reactions and 
include transfusion-related acute lung injuries, transfusion-
associated circulatory overloads, allergic reactions, febrile 
reactions, post-transfusion purpura and graft versus host 
disease [1, 2]. Allergic transfusion reactions (ATRs) are the 
most common adverse events associated with the transfu-
sion of plasma and particularly platelet concentrate (PC) 
and occur at a similar incidence as febrile reactions among 
patients receiving red blood cell transfusions [3–5]. ATRs 
most commonly manifest as urticaria, pruritus, erythema-
tous rash, angioedema, bronchospasm and/or hypotension. 
These manifestations occur on a spectrum of severity and 
are most commonly mild and involve only localised pruri-
tus and/or urticaria. More severe reactions involving angi-
oedema, bronchospasm or hypotension occur in <1 % of all 
ATRs [4, 6, 7].

ATRs are mediated by mast cells and/or basophils. In 
general, the activation of mast cells/basophils and subse-
quent histamine release are mediated via 2 pathways, the 
allergen/IgE-dependent and independent pathways [5, 7].  
The allergen/IgE-dependent pathway typically occurs 
after high-affinity FcεRI on the cell surface aggregates in 
response to the cell surface binding of IgE in complex with 
specific allergens [8–10]; but the only reported allergens in 
blood components are plasma proteins such as haptoglobin 
[11, 12], IgA [13, 14], and C4 [15, 16]. Transfusion recipi-
ents who are deficient in and possess antibodies against 

Abstract  On transfusion, several plasma proteins can 
cause anaphylaxis in patients deficient in the correspond-
ing plasma proteins. However, little is known about other 
allergens, which are encountered much more infrequently. 
Although it has been speculated that an allergen-inde-
pendent pathway underlying allergic transfusion reactions 
(ATRs) is elicited by biological response modifiers accu-
mulated in blood components during storage, the exact 
mechanisms remain unresolved. Furthermore, it is difficult 
even to determine whether ATRs are induced via allergen-
dependent or allergen-independent pathways. To distin-
guish these two pathways in ATR cases, we established a 
basophil activation test, in which the basophil-activating 
ability of supernatants of residual transfused blood of ATR 
cases to whole blood basophils was assessed in the pres-
ence or absence of dasatinib, an inhibitor of IgE-medi-
ated basophil activation. Three of 37 supernatants from 
the platelet concentrates with ATRs activated panel blood 
basophils in the absence, but not in the presence, of dasat-
inib. The basophil activation was inhibited by treatment 
of anti-fish collagen I MoAb in one case, suggesting that 
the involvement of fish allergens may have been present 
in donor plasma. We concluded that unknown non-plasma 
proteins, some of which had epitopes similar to fish anti-
gens, in blood component may be involved in ATRs via an 
allergen/IgE-dependent pathway.
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these plasma proteins may develop serious ATRs. However, 
plasma protein deficiencies and specific IgE levels are not 
always evaluated in ATR cases and even when such fac-
tors are evaluated, they are rarely identified [7, 17, 18]. The 
alternative allergen/IgE-independent pathway that underlies 
ATRs is largely unknown, and its activation via biological 
response modifiers (BRMs) such as accumulated inflamma-
tory cytokines and chemokines in stored blood components 
has only been speculated [7, 19–23].

Recently, an interesting case report was published, sug-
gesting that transfusion-related anaphylaxis occurred after 
the passive transfer of peanut allergens to a sensitised per-
son [24]. In brief, the patient had a history of serious pea-
nut allergy and his serum contained specific IgE antibodies 
against the major peanut allergen Ara h2. In addition, three-
fifths of the blood donors recalled having eaten several hand-
fuls of peanuts on the evening before they donated blood. 
Lingbao et  al. also reported a case of ATR that was likely 
caused by the passive transfer of shrimp antigens to a shrimp-
allergic patient [25]. However, these reports are limited by 
the lack of direct data to demonstrate that the food allergens 
were present in the blood components, although several other 
studies have shown that substantial amounts of food allergens 
are absorbed into the blood circulation in a digested form but 
retain certain molecular sizes and antigenicities [26, 27].

In the present study, we initially screened for PC trans-
fusion-induced ATR cases in which the residual transfused 
blood supernatants exhibited basophil-activating abilities; 
subsequently assessed the basophilic activation pathway and 
finally, if the pathway was allergen/IgE-dependent, explored 
the possible involvement of antigen(s) present in donor blood 
other than plasma proteins. The PC supernatants of 3 anaphy-
lactic shock cases activated basophils via the Fcε receptor in 
a basophil activation test (BAT). None of the patients in these 
3 cases exhibited plasma protein deficiency or possessed 
antibodies against plasma proteins. In one case, in addition 
to the PC supernatant, the corresponding plasma collected at 
the same time as the PC revealed similar basophil activation 
activity. Furthermore, basophil activation could be inhibited 
via treatment with an anti-fish collagen I antibody. These 
results suggested that non-plasma protein antigen(s) present 
in the donor plasma, including food-derived antigens such as 
fish antigens, were possibly involved in ATRs.

Materials and methods

PCs associated with or not associated with ATRs 
and their corresponding plasma collected at the same 
time as PCs

From July 2008 to September 2009, 37 cases of ATR caused 
by PC transfusion were reported to the Japanese Red Cross 

Kinki Block Blood Center. All of these residual products 
were collected between 3 and 7 days of ATR occurrence, 
and the cell-free PC supernatants were separated from the 
platelets via centrifugation at 18,600×g for 10 min at room 
temperature and stored at −40 °C. The clinical symptoms 
of the 37 cases are summarised in Table  1. No antibod-
ies against plasma proteins, including IgA, haptoglobin, 
C4, C9, α2-macroglobulin and ceruloplasmin, HLA class 
I, HLA class II or human platelet antigens (HPAs), were 
detected in the patients’ sera. In addition, IgA, haptoglobin, 
C4, α2-macroglobulin and ceruloplasmin deficiencies were 
ruled out in all patients. Two patients with “anaphylactic 
shock” and another two patients with “other ATRs” had 
allergic histories to drug. In Japan, all PCs are collected 
via apheresis, and plasma is simultaneously collected and 
placed on an inventory hold for 6 months. This collection 
method allowed us to analyse the plasma products that cor-
responded with the ATR-associated PCs in some cases. PCs 
that were not released because of alanine aminotransferase 
levels >60  U/L were used as control PCs without ATRs. 
The PC supernatants of control PCs were also used in some 
experiments.

Preparation of peripheral whole blood

Heparinised peripheral whole blood was collected from our 
healthy laboratory personnel and used as a source of baso-
phils for the in vitro basophil activation assay.

This research project was approved by the Ethics Com-
mittee of the Japanese Red Cross Society Blood Service 
Headquarters.

Reagents

Purified mouse anti-human IgE monoclonal antibody 
(MoAb) was obtained from Beckman Coulter (Fullerton, 
CA, USA). FITC-conjugated mouse anti-HLA-DR MoAb 
and PE-conjugated mouse anti-CD203c MoAb were also 
purchased from Beckman Coulter. PE-Cy5-conjugated 

Table 1   Summary of ATR cases

a  All histories were against drug and observed in patients of BAT-
negative cases

Symptoms Number of cases

Total BAT-positive Allergic historiesa

Anaphylactic shock 11 3 2

Anaphylaxis 1 0 0

Hypotension 7 0 0

Allergic 11 0 0

Others 7 0 2

Total 37 3 4
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mouse anti-CD123 MoAb and FACS lysing solution were 
purchased from BD Biosciences (San Jose, CA, USA). 
Purified mouse anti-HLA class I MoAb (clone: W6/32) was 
purchased from Cedarlane (Hornby, ON, Canada). Anti-fish 
collagen I MoAb was purchased from Alpha Diagnostic 
International (San Antonio, TX, USA). Anti-fish collagen I 
polyclonal antibody was purchased from Acris Antibodies 
(San Diego, CA, USA). Mackerel extract was purchased 
from Torii Pharmaceutical (Tokyo, Japan). N-Formyl-l-me-
thionyl-l-leucyl-l-phenylalanine (fMLP) and lipopolysac-
charide (LPS) were obtained from Sigma-Aldrich (Deisen-
hofen, Germany). Recombinant human (rh) IL-3 and IL-33 
were purchased from AbD Serotec (Oxford, UK) and R&D 
Systems (Minneapolis, MN, USA), respectively. Dasatinib 
was obtained from Trout Research Chemicals (Toronto, 
ON, Canada).

In vitro BAT

Aliquots of whole blood (100  µL) collected from healthy 
laboratory personnel were incubated with 5  µL of PC 
supernatants derived from PCs with or without ATRs at 
37 °C for 30 min; the blood/sample ratio was 20:1 to mimic 
a clinical setting in which a patient with 5  L of blood 
receives 250 mL of PC. After the incubation, the mixtures 
were washed twice with phosphate-buffered saline (PBS) 
containing 0.5 % bovine serum albumin (BSA) and 10 mM 
ethylenediaminetetraacetic acid (EDTA; PBS/BSA/EDTA). 
The extent of CD203c expression on basophils from the 
whole blood samples was analysed via flow cytometry 
(FCM) as described below. In some experiments, whole 
blood was incubated with several concentrations of stimu-
latory agents such as anti-human IgE MoAb, anti-HLA 
class I MoAb, fMLP, LPS, rh IL-3 or rh IL-33 at 37  °C 
for 30 min. To inhibit IgE/IgE receptor-triggered basophil 
activation, whole blood was incubated in the presence or 
absence of dasatinib (1, 3 or 5 μM) at 37 °C for 30 min and 
subsequently, incubated with PC supernatants with or with-
out ATRs, the corresponding plasma products of PCs with 
ATRs or several concentrations of stimulatory agents at 
37 °C for an additional 30 min. To confirm the involvement 
of mackerel protein as an allergen, the anti-fish collagen I 
MoAb or polyclonal Ab was used. Each Ab was pre-incu-
bated with the ATR-associated PC-SNs at 37 °C for 60 min 
and subsequently incubated with whole blood at 37 °C for 
an additional 30 min.

FCM

Following agent-mediated activation as described above, 
the whole blood samples were incubated on ice for 15 min 
with 10 μL of FITC-conjugated anti-HLA-DR MoAb, PE-
conjugated anti-CD203c MoAb and PE-Cy5-conjugated 

anti-CD123 MoAb. After washing with PBS/BSA/EDTA, 
the cells were treated with FACS lysing solution and sub-
jected to FCM. HLA-DR-negative and CD123-positive 
cells in the FSC versus SSC blast cell window were identi-
fied as basophils. CD203c was used as a basophil activation 
marker.

To calculate the percentage of CD203c-positive baso-
phils in each panel whole blood sample, a cursor was 
placed on the CD203c histograms at the point at which 5 % 
of the basophils were CD203c-positive without stimulation. 
When the percentage of CD203c-positive basophils follow-
ing stimulation by each PC supernatant with ATR exceeded 
the mean ± 3 standard deviations (SDs) of 3 PC superna-
tants without ATRs and the percentage of CD203c-positive 
basophils exceeded 20 %, the specific PC supernatant with 
ATR was categorised as BAT-positive.

Allergen‑specific IgE

Some whole blood collected from healthy laboratory per-
sonnel were tested for reactions against 85 food allergens 
via CAP RAST (Mitsubishi Diagnostic, Tokyo Japan). 
Only results exceeding 0.70  IU/mL were considered 
positive.

Statistical analysis

The Wilcoxon t test with the Bonferroni correction was 
used to determine any statistical significance in the data. A 
p value of <0.05 was considered statistically significant.

Results

Three PC supernatants from ATR cases activated 
basophils in vitro

Because patient blood was unavailable, 5 peripheral 
whole blood samples from healthy volunteers were used 
as sources of basophils for BAT. We first screened 37 PC-
SNs with ATRs to determine whether they could activate 
whole blood panel basophils. Three PC supernatants with 
ATRs each activated the basophils from only 1 whole blood 
sample; particularly, the Case 1, Case 2 and Case 3 PC 
supernatants activated basophils from panel 3, panel 1 and 
panel 3 whole blood, respectively (Fig. 1). All 3 PCs were 
reported to have been associated with anaphylactic shock 
(Table  1). Plasma proteins, including IgA, haptoglobin, 
C4, α2-macroglobin and ceruloplasmin, were detected in 
all 3 ATR patients, and no antibodies were detected against 
these representative plasma proteins, C9, HLA class I, 
HLA class II and HPA. None of the patients were recorded 
having allergy history including food allergy. However, this 
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study was retrospective, and, hence, we only checked the 
records of reported by the doctors. Therefore, it is undeni-
able that their accurate allergic histories, especially food 
allergy, were largely unknown, although no allergic prepo-
sition was described with the patients in the records. None 
of the 34 remaining PC supernatants activated basophils 
from any of the 5 whole blood samples. These results sug-
gested 2 possibilities; in the first, the 3 PC supernatants 
included unknown but specific allergens other than the 
above-described representative plasma proteins and in the 
second, BRMs that had possibly accumulated in PCs were 
involved in basophil activation. However, the latter pos-
sibility seemed unlikely because BRMs would have been 
able to activate basophils in most of the 5 panel bloods; 
furthermore, the basophils from panel 3 whole blood were 
activated not only by the Case 1 PC-SN but also by the cor-
responding plasma product from the Case 1 PC (data not 
shown). To explore the first possibility, we performed an 
inhibition experiment as described below.

Dasatinib inhibited the basophil activation elicited 
by ART PC supernatants

As the phosphorylation of tyrosines in several kinases 
comprises an early event in the IgE-dependent pathway 
[28–32], we utilised dasatinib [33–36], a multitargeted 
tyrosine kinase inhibitor, to inhibit IgE-mediated basophil 
activation [37]. To determine the dasatinib concentration 
that would provide suitable inhibition, we pretreated whole 
blood samples with different concentrations of dasatinib 

and performed BAT using anti-IgE MoAb, which is known 
to activate basophils via the IgE-dependent pathway, as a 
positive control (Fig. 2). We found that a dasatinib concen-
tration of ≥3 μM completely inhibited basophil activation 
at all concentrations of anti-IgE MoAb (Fig.  2). Several 
soluble bioactive molecules, including LPS, IL-3, fMLP, 

%
 o

f C
D

20
3c

  p
os

iti
ve

 b
as

op
hi

ls

Negative control PC-SNs,  mean +3SDs 20 (CD203 positive basophil)

0

20

40

60

80

100

1 2 3 4 5
WB panel

1 2 3 4 5
WB panel

1 2 3 4 5
WB panel

Case 1 Case 2 Case 3

Fig. 1   The basophil activation ability of three PC supernatants of 
patients with ATR. The panels whole blood 1–5 show incubation 
with negative control PC supernatants from three control individu-
als (square) and PC supernatants (black square) of Case 1, Case 2 
and Case 3 at 37 °C for 30 min. The whole blood samples were then 
stained with anti-HLA-DR, anti-CD123 and anti-CD203c MoAbs. 
HLA-DR-negative CD123-positive cells in the FSC versus SSC blast 
cell window were identified as basophils, and CD203c expression 

was determined. The results are representative of two experiments. 
Bars show the mean percentage of CD203c-positive basophils. The 
percentage of CD203c-positive basophils after stimulation in each PC 
supernatant of patients with ATR exceeds the mean +3SDs of three 
control PC supernatants (dotted line), and the percentage of CD203c-
positive basophils exceeds 20  % (solid line); the PC supernatants 
were categorised as BAT-positive

Fig. 2   Inhibitory effects of dasatinib on basophil activation via the 
IgE-dependent pathway. Five panels of whole blood show pretreat-
ment with various concentrations of dasatinib (0, 1, 3 or 5 μM). Then 
the whole blood samples were stimulated with several concentrations 
of a mouse anti-human IgE MoAb (0, 0.5, 5 or 50 μg/mL). The per-
centage of CD203c-positive basophils was measured using FCM. The 
results show the average percentage of CD203c-positive basophils 
among five healthy volunteers. The results are representative of two 
experiments
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IL-33 and anti-HLA class I antibody, activate basophils via 
the IgE-independent pathway [2, 5, 7]. Therefore, 3  μM 
dasatinib failed to inhibit basophil activation in response to 
IL-3 and fMLP (Fig. 3). Dasatinib pretreatment also failed 
to inhibit basophil activation in response to LPS, IL-33 and 
anti-HLA class I antibody (data not shown).

Having confirmed that dasatinib inhibited only IgE-
dependent basophil activation in our BAT system, we then 
determined which basophil activation was elicited by the 
PC supernatants. In the absence of dasatinib pretreatment, 
panel 3 whole blood basophil activation was observed upon 
stimulation with Case 1 PC supernatant at dilution rates of 
1:10–1:100, but was completely inhibited by dasatinib pre-
treatment (Fig. 4a). Similar inhibition was observed when 
panel 1 and 3 whole blood were stimulated with Case 2 and 

3 PC-SNs, respectively (Fig. 4b, c). These results indicated 
that PC supernatants from the 3 ATR cases activated baso-
phils in the corresponding whole blood panels via the aller-
gen/IgE-dependent pathway.

Allergen identification in the blood components 
from ATRs

Given the recent case of suggested passive peanut aller-
gen transfer via transfusion [24], we investigated the pos-
sible involvement of food allergens in our 3 ATR cases. 
To explore this possibility, we first examined whether the 
panel 1 and 3 whole blood, from which basophils were acti-
vated by PC supernatants, contained specific IgE against 
food allergens using CAP RAST, which screens for IgE 

Fig. 3   Selective inhibition 
of IgE-dependent basophil 
activation by dasatinib. Whole 
blood cells were pretreated with 
3 μM dasatinib (black square) 
or DMSO (square) at 37 °C for 
30 min. Then, the cells were 
exposed to various concentra-
tions of a IL-3 (0, 0.01, 0.1 or 
1 μg/mL) or b fMLP (0, 0.1, 1 
or 10 μM) at 37 °C for 30 min. 
The percentage of CD203c-
positive basophils was meas-
ured using FCM. The results 
show the average percentage 
of CD203c-positive basophils 
among six healthy volunteers 
*p < 0.05. The results are repre-
sentative of two experiments
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Fig. 4   Dasatinib inhibited the basophil activation elicited by PC 
supernatants of patients with ATRs. Whole blood cells were pre-
treated with 3 μM dasatinib (black square) or DMSO (square), and 
then the cells were stimulated with PC supernatants of patients with 
ATR at several dilution ratios (1:10, 1:20 or 1:100). a Panel whole 
blood 3 stimulated with PC supernatants of Case 1, b panel whole 

blood 1 stimulated with PC supernatant of Case 2 and c panel whole 
blood 3 stimulated with PC supernatant of Case 3. The percentage 
of CD203c-positive basophils was measured by means of FCM. The 
results show the percentage of CD203c-positive basophils and are 
representative of two experiments
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antibodies against 85 food allergens. Specific anti-mackerel 
IgE was identified in the panel 3 whole blood, the basophils 
of which were activated by Case 1 and Case 3 PC super-
natant. No specific IgE were detected in the panel 1 whole 
blood. Because the stimulation ability of Case 3 PC super-
natant was low, we focused on the Case 1 PC supernatant 
in the following experiments.

Mackerel hypersensitivity has been extensively studied 
worldwide and a major allergen has been found to be col-
lagen I [38], but no previous report has addressed the rela-
tionship between mackerel hypersensitivity and transfusion 
reaction. We then performed stimulation experiments to 
confirm the presence of mackerel-specific IgE in the panel 
3 whole blood. First, we incubated panel 3 whole blood 
with mackerel extract and assessed the extent of basophil 
activation. The addition of mackerel extract elicited the 
activation of basophils from panel 3 whole blood, and this 
activation was completely inhibited by dasatinib (Fig. 5a). 
To test for the presence of mackerel allergens in Case 1 PC 
supernatant, we then incubated the panel 3 whole blood 
with Case 1 PC supernatant after pretreating the latter with 
an anti-fish collagen I antibody. Basophil activation was 
clearly inhibited by anti-fish collagen I antibody pretreat-
ment in a dose-dependent manner, regardless of whether 
the antibody was polyclonal (data not shown) or monoclo-
nal (Fig.  5b). Taken together, these results strongly sug-
gested that Case 1 PC supernatant contained a fish allergen 
that activated the basophils in panel 3 whole blood, which 
contained specific anti-mackerel IgE. Because we could not 

obtain patient blood in this case, in the future, another study 
involving patient blood from similar cases will be needed 
to assess whether fish allergen-containing PCs induce ATR 
in patients harbouring specific anti-mackerel IgE.

Discussion

In our previous study, we showed that BAT could be used as 
a functional test in the transfusion medicine field to exam-
ine whether observed transfusion reactions were allergic 
in nature [39]. However, we could not distinguish whether 
the allergen/IgE-dependent or independent pathway was 
involved in individual ATRs. In this study, in order to deter-
mine by which pathway ATRs were elicited, we used a 
healthy volunteer whole blood based BAT in combination 
with dasatinib pretreatment [33–37]. The screening of 37 
ATR cases revealed 3 BAT-positive cases. In each case, 
the PC supernatant exhibited basophil-activating activity 
against only 1 of the 5 whole blood panels; particularly, 
Case 1 PC supernatant reacted with panel 3 whole blood, 
Case 2 PC supernatant with panel 1 whole blood and Case 
3 PC supernatant with panel 3 whole blood. In all cases, 
basophil activation was inhibited by dasatinib, suggest-
ing that the activation was mediated through the allergen/
IgE-dependent pathway. No antibodies against representa-
tive plasma proteins or deficiencies in any representative 
plasma proteins were found in any of the patients. These 
results raised the possibility that the 3 PC supernatant 
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Fig. 5   Involvement of a fish antigen in basophil activation. a Panel 
whole blood 3 shows pretreatment with 3  μM dasatinib (black 
square) or DMSO (square) and then stimulation with either mackerel 
extract or vehicle at several concentrations (1, 2 or 5 mg/mL). b PC 
supernatant of Case 1 was pretreated with a mouse anti-fish collagen 

polyclonal antibody (black square) or mouse IgG (square) at various 
concentrations (100, 200 or 500 μg/mL). Panel whole blood 3 shows 
stimulation with the pretreated PC supernatant of Case 1. The results 
show the percentage of CD203c-positive basophils and are represent-
ative of two experiments
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included unknown but specific allergens other than plasma 
proteins, and thus elicited basophil activation in an aller-
gen/IgE-dependent manner. To screen for candidate aller-
gens [24, 25], we first examined the panel whole blood that 
reacted with Cases 1 and 3 for food allergen-specific IgE 
via CAP RAST and found specific anti-mackerel IgE in 
the panel 3 whole blood. Subsequently, we demonstrated 
that panel 3 whole blood basophil activation by Case 1 PC 
supernatant was inhibited by pretreating the PC superna-
tant with anti-fish collagen I antibodies (Fig.  5b). Taken 
together, these results indicate the possible involvement 
of non-plasma protein antigens, some of which may have 
been fish (mackerel) allergens, in our ATR cases.

However, this study has several limitations. First, 
although we considered fish antigen as a candidate aller-
gen that was present in the transfused PC and induced ATR 
in 1 case, we could not clearly demonstrate its presence. 
In addition, we could not identify a candidate allergen in 
the other 2 cases. In a future study, the allergen present in 
transfused blood should be unambiguously identified via 
more definitive methods.

Second, we utilised whole blood from healthy volunteers 
rather than the patients as the basophil source. This study 
was retrospective, and hence, patient whole blood was not 
available. However, patient blood would be indispensable 
for drawing a definitive conclusion. Considering that fresh 
whole blood is required to perform BAT, we would need to 
establish close communications with hospitals in order to 
obtain patient whole blood. However, fresh patient whole 
blood may not be always available. In this regard, it is less 
difficult to obtain patient serum/plasma than fresh whole 
blood. Therefore, it could be useful to set up a passive ana-
phylaxis reaction system in which patient serum/plasma is 
used as the patient IgE source, residual transfused blood as 
the allergen source and cultured basophils or mast cells as 
the responder cell source.

Third, we used only a 5-panel whole blood, although we 
successfully observed allergen-dependent pathway activation 
in 3 ATR cases, and the possible involvement of fish antigen 
in 1 case. Despite considering the high prevalence of IgE Abs 
among healthy volunteers [4], the number of panel whole 
blood that we used was too low to screen for all candidate 
allergens in the transfused blood. Therefore, it is conceivable 
that we may have overlooked some allergen-dependent ATR 
cases in this study. We have 3 options to overcome this limi-
tation. First is to increase the number of panel whole blood; 
however, this is impractical. Second is to use patient whole 
blood instead of panel whole blood. Third is to use a pas-
sive anaphylaxis reaction system. As mentioned earlier, we 
should select the second and third options.

Fourth, we previously reported that 3 of 9 PC superna-
tants with ATRs could activate basophils in at least 1 of 5 
whole blood from healthy laboratory personnel [39]. One 

of the biggest differences in the 2 studies was that in the 
previous study, 1 PC supernatant elicited basophil activa-
tion in all panel whole blood, suggesting the involvement 
of an allergen-independent pathway. In contrast, there were 
no such cases in the present study. The reason for this dis-
crepancy is currently unknown. However, it is possible that 
some allergen-independent but BRM-dependent cases were 
included in this study. However, given that the PCs used in 
this study were collected between 3 and 7  days from the 
ATR occurrence versus the collection within 24  h in the 
previous study, the potential BRMs, particularly cytokines 
and active lipids, in the PCs from this study may have lost 
their activity. Again, close communication and cooperation 
with medical institutions will be very important.
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