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Recent advances in laboratory assays for nonhemolytic
transfusion reactions

Fumiya Hirayama

Nonhemolytic transfusion reactions (NHTRs) are the
most common transfusion reactions and include
transfusion-related acute lung injury (TRALI) and aller-
gic and febrile reactions. White blood cell (WBC) anti-
bodies (Abs) against human leukocyte antigen (HLA)
and human neutrophil antigen (HNA) in blood compo-
nents are frequently implicated in NHTRs, especially in
TRALI. Recently, we established a five-cell-lineage
immunofluorescence test, a modified granulocyte
immunofluorescence test, and a panel of cell lines
stably expressing HNAs for efficient detection of Abs
against well-known HNA-1 to HNA-5, and also Abs
against

neutrophil antigens other than HNA-1 to HNA-5. Using
these techniques, we found that most of the non-HLA
WBC Abs detected in NHTR cases were against anti-
gens other than HNA-1 to HNA-5. In addition, using our
newly established neutrophil activation test, which
assesses neutrophil activation elicited by immunologic
stimuli such as WBC Abs and immune complex, we
found that heparin-binding protein is a potential final
effector molecule that induces NHTRs, including TRALI.
More recently, we reported that the basophil activation
test, which was originally developed to identify allergens
in the field of allergic diseases, might be useful in trans-
fusion medicine. In this review, we summarize these
new techniques and other related tests.

NONHEMOLYTIC TRANSFUSION
REACTIONS AND THEIR POSTULATED
MECHANISMS

Nonhemolytic transfusion reactions (NHTRs) are
the most common transfusion reactions and include
transfusion-related acute lung injury (TRALI), allergic
reactions, febrile reactions, hypotension, bacterial sepsis,
circulatory overload, and metabolic complications. TRALI
is one of the most serious NHTRs and is reported as
approximately 0.02%, and the mortality rate ranges from
5% to 10%.'* Blood components used for transfusion typi-
cally implicated in TRALI include whole blood, red blood
cells (RBCs), fresh-frozen plasma (FFP), cryoprecipitates,
and platelet concentrates (PCs)."? Even a small amount of
plasma in RBCs may induce TRALL'*** In most cases of
TRALI, antibodies (Abs) or neutrophil-priming antigens
present in the blood components induce the pulmonary
reactions.” Donor human leukocyte antigen (HLA) Abs
have been widely reported, dating back to the first TRALI
case series in 1985.5 In fact, HLA Class I Ab is most fre-
quently associated with fatal cases of TRALL.” Nishimura
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and colleagues® reported that immune complexes are
mediators in the development of TRALI, while other
studies have focused on the potential contributions of lip-
ids®™° or soluble CD40 ligand (sCD40L)!! accumulated in
stored blood components that may prime and activate
neutrophils.

Activated white blood cells (WBCs) release several
bioactive factors that may be important in the mecha-
nism of TRALI. Nishimura and coworkers treated neutro-
phils with granulocyte-macrophage—colony-stimulating
factor (GM-CSF) and found that the neutrophils pro-
duced tumor necrosis factor (TNF)-o, interferon-y, and
interleukin (IL)-18 after a challenge with anti-HLA Class
II Ab.!? Furthermore, treatment of neutrophils with
immune complexes resulted in the acceleration of the
production of TNF-o and Fas ligand.? Similarly, Kopko
and coworkers' treated whole blood with serum from
donors implicated in TRALI and found increased cyto-
plasmic expression of IL-1f and TNF-o in monocytes.
Although it is assumed that the harmful effects of these
factors, alone or in combination, are critical in the devel-
opment of TRALI, the precise mechanisms remain to be
clarified.

Anaphylactic reactions are reported in recipients
with immunoglobulin (Ig)A deficiency who developed
IgA Abs and in whom the transfused blood compo-
nent contained donor plasma with a normal amount of
IgA."*!¢ Similar reactions in C4 deficiency''® and hapto-
globin deficiency'*" have been reported. In those cases,
the IgG class of Ab is usually observed, while in recipi-
ents with haptoglobin deficiency, the IgE class of Ab is
frequently observed in addition to IgG Abs.?! In such
cases, IgE-dependent Type I allergy may be the main
pathway of anaphylactic reactions. The clinical presenta-
tion of allergic reactions such as rash, pruritus, and/or
urticaria observed in patients with normal levels of
plasma proteins suggests that the recipient was exposed
to a foreign substance in the blood component to which
the recipient was sensitized. Although causes of allergic
reactions may include food (e.g., nuts and tomatoes) and
medications (e.g., penicillin) that the donor ingested
immediately before collection of the implicated blood
component, a specific allergen is usually not identified.
The only definite identified cause of a Type I allergy is
the IgE class haptoglobin Ab in haptoglobin-deficient
patients.?!

PCs are the most common blood components that
elicit NHTRs.?**® Since washed PCs often effectively
reduce NHTRs,**% it is likely bioactive substances
present or accumulated in PCs play important roles in
the onset of NHTRs. Early studies initially demonstrated
that some NHTRs were caused by inflammatory cytok-
ines released from WBCs in PCs during storage,*”! but
allergic transfusion reactions to WBC-reduced PCs still
occurred.?®*> More recently, platelet (PLT)-derived bioac-

2 TRANSFUSION Volume **, ** **

tive substances have emerged as potential candidates
responsible for NHTRs to PC transfusions. For instance,
CD40L is expressed on the PLT surface and expelled after
activation, and as such, a substantial amount of sCD40L
is present in PCs.!'* sCD40L has been shown to be
associated with NHTRs, especially febrile reactions.®3*
However, the association with allergic reactions remains
unclear®* RANTES, a proinflammatory CC chemokine
stored in alpha granules of PLTs and which is released
after stimulation,®>® is another candidate because it is a
chemoattractant for basophils®*® and activates them to
release histamine.*® However, although the accumulated
levels of RANTES in PCs are high enough for basophils to
migrate, they are insufficient to elicit histamine release.*
Thus, the precise mechanisms for the high incidence of
NHTRs in PC transfusion remain largely unknown.
Finally, febrile reactions are often associated with the
HLA Class I Ab in patients.*"*> However, the association of
HLA Class I Abs in patients to other NHTRs has not been
established.

Recently, we developed several new laboratory
assays that may help in the understanding of NHTRs,
especially TRALI, hypotension, and allergic reactions.
Below, we summarize these new techniques and other
related tests.

DETECTION SYSTEMS FOR
NON-HLA WBC ABS

Five-cell-lineage immunofluorescence test
for Ab screening

HLA Class ;5434 HLA Class II;'2%6® and human neutrophil
antigen (HNA)-1a," -1b,* -2a,%! and -3a°**® Abs have been
associated with TRALI. Furthermore, monocyte Abs have
been reported to be involved in a few cases of TRALL** The
recent introduction of new bead-based technologies such
as Luminex has enabled easier detection of HLA Class I
and Class II Abs. However, a similarly effective technology
does not exist for detection of non-HLA WBC Abs.
Although flow cytometric (FCM) analysis, such as the
granulocyte immunofluorescence test (G-IFT), is a widely
used approach for screening for non-HLAWBC Abs,** neu-
trophils exhibit high background reactivity, often making
it difficult to examine the presence of Abs. Furthermore, to
reduce the high background reactivity of monocytes, Fc
gamma receptor Type I needs to be down regulated,*>°
which is a complicated procedure. In addition to WBC
Abs, PLT Abs are implicated in NHTRs. It was shown that
human PLT antigen (HPA)-la Abs induced the release
of RANTES from human PLTs in vitro.*® Further, a case of
life-threatening adverse effects and thrombocytopenia
caused by passive transfused CD36 Ab (also known as
Nak® Ab),*”%® and a case of TRALI induced by transfused
CD36 Ab,* were reported. CD36, also known as GPIV,% is
a major glycoprotein of PLTs and is expressed by mono-



cytes. CD36-deficient individuals can be immunized
to CD36 through blood transfusion or pregnancy and
develop the CD36 Ab. Thus, it is important to develop the
technology to examine PLT Abs.

To screen non-HLAWBC Abs, we recently developed a
new FCM analysis system, termed the five-cell-lineage
immunofluorescence test (IFT), in which four lineages of
WBCs and PLTs were simultaneously tested (Fig. 1).5' To
reduce background signals, whole blood was utilized as a
cell source. A summary of the expression of representative
WBC antigens, including HLA and HNA, of blood cells on
their cell surfaces as determined by the five-cell-lineage
IFT can be seen in Table 1. For example, both HNA-1 and
HNA-2a are present only on neutrophils, HNA-4 is present
on neutrophils and monocytes, HNA-5 is expressed by all
the lineages except PLTs, and CD36 is present on PLTs and
monocytes. These expression differences can aid in the
identification of Ab specificity. It is worth noting that the
expression of HNA-3a is controversial. In our preliminary
experiments, HNA-3a was expressed on all the lineages
of blood cells, which is in contrast to a previous report
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showing only expression by neutrophils, lymphocytes,
and potentially PLTs.®> The reason for these conflicting
data is likely because the HNA-3a gene has not been iden-
tified, and its chemical properties are largely unknown.
At present, we have no data on the sensitivity and
specificity of the five-cell-lineage IFT, since we have
neither compared five-cell-lineage IFT with G-IFT, a gold
standard assay, nor examined samples from patients
without reactions. When we performed G-IFT, neutrophils
exhibited high background reactivity; thus, no data were
obtained. In the future, samples from patients without
reactions are required to assess the specificity of this assay.

Panel cell lines stably expressing HNA-1a, -1b, -1c,
-2a, -4a, -4b, -5a, and -5b and a cell line expressing
CD36 (termed HP-Nak cell) for determining Ab
specificity

To unambiguously determine the specificity of non-HLA
WBC Abs, we established panel cell lines expressing HNAs
and CD36. To ensure stable expression of the antigens over
a long period of time, we applied a ret-
rovirus vector for the transduction of
HNA and CD36, by which the genes

FITC-GAHu Lysing Mouse EEIEB‘Z‘O were integrated into the host DNA and

Sample 19G (1) solution serum PerCP-CD14 long-lasting expression of the genes was
wash with { achieved.®*% Additionally, puromycin
PES/BSAEDTA 9/10 and/or neomycin selection is expected

' t i \'_ ' t T _ﬁ FCM to rescue the cells from transgene

silencing because of the cotranscription

Wh(‘:sleo 'T°;S°d for WBCs of both the drug-resistant gene.ar.ld eac.h
HNA and CD36 gene as a bicistronic

mRNA, mediated via the internal ribo-

some entry site in the vector.®% The

1/10 whole schematic structure of the vector

- _ﬁ' FCM can be seen in Fig. 2. Next, to ensure a

low background reactivity of the panel

for PLTs cell lines, we chose the human erythro-

Fig. 1. Schematic presentation of staining procedure in five-cell-lineage IFT.
BSA = bovine serum albumin; EDTA = ethylenediaminetetraacetic acid; FITC-GAHu
IgG (y) = FITC-conjugated goat anti-human IgG (y-chain-specific); PBS = phosphate-

leukemic cell line K562 as a parental cell
line, because it does not express HLA,
HNA, or HPA and exhibits very low
background reactivity to normal human

buffered saline. serum samples®” (and unpublished
TABLE 1. Expression of WBC antigens on five lineages of blood cells

WBC antigen Allotype Neutrophil Monocyte CD20+ B cell CD4+ T cell PLT
HNA-1 a,b,c +
HNA-2 a +
HNA-3* a + + + + +
HNA-4 ab + +
HNA-5 ab + + + +
HLA Class | Numerous + + + + +
HLA Class Il Numerous + +
CD36 (Nak) + +
* The expression pettern of HNA-3 is controversial.
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Step 1: Packaging

HNA IRES PuroR

Retrovirus vector

Step 2: Infection

is approximately 1 of 10 to 20, and we
have already found HNA-3a-negative
people in our blood center. We recently
retrospectively examined 85 cases of
severe NHTRs reported in our blood
center during August 2003 to October
2007 with respect to the samples from
patients and blood components im-
plicated in those cases.”” The cases
included TRALI (n=9), possible TRALI

pol

integration N (n=6), and other severe NHTRs (n=

Packaging cell:GP293T l - ﬂ?Tf 70), including dyspnea only (n=37),
it ?)1 / '\}1;_/,5" dyspnea and hypotension (n=18),

/ f;,,#\\ {2\ 5_/_‘-3\\? hypotension (n=9), and anaphylactic

) 7 (& P—— (@) reactions n=6). We found that 26%

R N~ /Selectionby == of the patients’ sera and 6% of the

KSG; c . =< Puromycin ’of'“\. blood components contained HLA

a\}";‘g'/ Class I and/or Class II Abs, while unex-

Fig. 2. Schematic presentation of retrovirus vector transfection.

data). Using these methods we established panel cell lines
that stably expressed HNA-1a, -1b, -1c, -2a, -4a, -4b, -5a,
and -5b antigens (termed KY-1a, -1b, -1c, -2a, -4a, -4b, -5a,
and -5b cells, respectively);*”®® the cell line expressing
HNA-3a has not been established because its gene has not
been identified. In addition to the KY cells, we recently
established a cell line expressing CD36 (termed HP-Nak
cell).® HNA-1 and -2 and CD36 are single-chain glycopro-
teins, while HNA-4 and HNA-5 are integrins that consist of
two transmembrane glycoprotein subunits, alpha and
beta. Thus, a technique to establish cell lines expressing
single-chain or heterodimer glycoproteins is now avail-
able and ready to be applied to establish cell lines express-
ing HPAs. However, although these panel cell lines are
useful, a flow cytometer is required, which is only avail-
able in a limited number of laboratories. Therefore, bead-
based technology, ELISA, or microarray technology needs
to be introduced in future.

Non-HLA WBC Abs found in NHTRs

In our blood center, to screen for WBC Abs, we now detect
HLA Abs by first using the microbead test (LABScreen,
One Lambda, Inc., Canoga Park, CA). When HLA Abs are
present, we then determine their specificity. Next, we
screen for non-HLA Abs by five-cell-lineage IFT and finally
determine their specificity using KY cells. Using this pro-
tocol, the only HNA Ab we are unable to detect with KY
cells is that against HNA-3a. However, it is not difficult
to identify HNA-3a Ab with five-cell-lineage IFT as the
HNA-3a Ab reacts to neutrophils, lymphocytes, and
potentially to all the rest of blood cells (as described
above), while the frequency of a HNA-3a-negative person
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pectedly, 36% of patients’ sera and 18%
blood components contained non-HLA
WBC Abs. Most non-HLA Ab-positive
samples with reactions reacted to neu-
trophils only or to neutrophils and other cell lineage(s).
FCM analysis using five-cell-lineage IFT and KY cells
revealed that specificity was determined in only one of the
non-HLA Ab-positive samples, but that the rest of the
samples were not the well-characterized HNA-1a, -1b, -1c,
-2a, -3a -4a, -4b, -5a, or -5b. These data suggest that there
may be additional neutrophil antigens that evoke immune
responses and potentially cause NHTRs. Thus, it is very
important to clarify these neutrophil antigens.

NEUTROPHIL ACTIVATION TEST

Neutrophil activation test

Although the mechanisms by which TRALI is induced are
poorly understood, a number of studies have demon-
strated the importance of neutrophil activation.!*6810
To examine the involvement of neutrophils we recently
developed a neutrophil activation test (NeuAT), a simple
in vitro whole blood cell culture assay. In NeuAT, heparin-
ized whole blood was stimulated by test reagents or
blood components, and the activation of neutrophils was
monitored by a cell surface marker, Mac-1, which is a
plasma membrane protein with a function as adhesion
molecule and also an activation marker of neutro-
phils.”"”2 The most important reservoir of Mac-1 that is
incorporated into the plasma membrane during stimula-
tion with inflammatory mediators is secretory vesicles.”
Using this assay system, we demonstrated that HLA
MoAb (Clone W6/32), HLA antisera, and immune com-
plexes evoke rapid (within 30 min) neutrophil activation
via Fcy receptors, CD16, and CD32 expressed on neutro-
phils.” Thus, neutrophil degranulation can be assessed
using this test, although it does not detect other types of



neutrophil activation, such as reactive oxygen species. In
this assay system, 200 puL of whole blood was mixed with
10 uL. of serum or plasma sample. This mixture mimics
the clinical situation in which a patient having 5L of
blood receives a transfusion of 250 mL of FFP or PCs
possessing WBC Abs.

Possible involvement of heparin-binding protein

in NHTRs, particularly TRALI

Heparin-binding protein (HBP) is stored in azurophilic
granules and secretory vesicles of neutrophils”™™ and
has recently been shown to have an exclusive role in
mediating the blood vessel wall permeability evoked
by PB2-integrin-mediated neutrophil activation.”””® B2-
Integrin is the key integrin that mediates chemotaxis of
neutrophils to endothelial cells. The neutrophils adhere
to endothelial cells, and Ab cross-linking of the common
B2-integrin subunit CD18 mimics adhesion-dependent
receptor engagement.”” Herwald and colleagues™ " dem-
onstrated that B2-integrin-mediated neutrophil activa-
tion increases blood vessel wall permeability via release
of HBP. More recently, they described a similar role for
HBP in streptococcal toxic shock syndrome characterized
by excessive plasma leakage and multiorgan failure.”
These reports led us to examine whether HLA Ab or
immune complex can evoke HBP release from neutro-
phils in NeuAT described above.™ In parallel with Mac-1

A

Other stimuli

Allergen
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stimulation

Release of

allergic mediators Upregulation of

Histamine CD63
PAF CD203c
Eicosanoid
Granzyme B
IL-4

IL-13

up regulation, HBP was released from neutrophils within
30 minutes after stimulation of immune complexes and
HLA MoAb and also patients’ clinical serum and plasma
containing HLA Class I Abs. These data indicate that,
as for Mac-1, HBP can be used as an indicator in NeuAT
and that NeuAT may be utilized to verify neutrophil
activation. However, further conformation is required
from clinical studies. In addition, Mac-1 up regulation
and HBP release are not the only events that occur
upon neutrophil activation, and HBP is not the only
neutrophil-derived biologic response modifier that could
be implemented in TRALI. Other biologic response modi-
fiers such as oxygen species'' and leukotriene B4*° should
be simultaneously examined to improve the reliability
of NeuAT.

TESTS FOR MAST
CELL/BASOPHIL-MEDIATED NHTRs

Allergen-dependent and -independent pathways

of allergic transfusion reactions

The activation of mast cells and basophils and their
subsequent histamine release are mediated via the
allergen-dependent and -independent pathways (Fig. 3A).
In the allergen-independent pathway, bioactive sub-
stances such as activated complement components,
cytokines, and chemokines directly activate mast cells/
basophils. Although allergens in blood components may

B

O
00

allergen or
other stimuli

*FITC-HLA-DR
*PerCP-CD123
*PE-CD203c or
PE-CD63

no stimulation

SSC(lin)

+ stimulation

.4

CD123(PerCP)

e .
HLA-DR(FITC)

PE-CD203c or -CD63

Fig. 3. Principle of the basophil activation and BAT. (A) Allergen and nonallergen extracellular stimuli, surface receptors, and
events that occurred upon basophil activation are presented. (B) Basophils are identified on the basis of forward scatter versus side
scatter location and the expression of HLA-DR and CD123. The increase in CD203c expression before and after the stimulation
challenge reflects the basophil activation/degranulation in response to the challenge.
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include food or medications ingested by the donor imme-
diately before blood collection, such specific allergens
have not been identified. The only allergens identified in
blood components that can induce transfusion allergic
reactions are plasma proteins including IgA, haptoglobin,
and C4; transfusion to patients who are deficient in those
plasma proteins reportedly causes serious allergic reac-
tions. Considering that allergic transfusion reactions are
the most common adverse effects associated with use
of PCs, allergic reactions after PC transfusion are likely
elicited mainly via the allergen-independent pathway,
although the roles of bioactive substances in this pathway
remain largely unknown.34408!

Tests used in the field of allergic diseases

In allergic diseases such as asthma and atopic dermatitis,
mast cells and basophils are generally considered to be
involved. Skin tests and detection of specific IgE are tests
widely used to diagnose allergic diseases. The tryptase
test is also useful because tryptase is the most abundant
secretory granule-derived serine proteinase contained
in mast cells, and elevated levels of tryptase in serum,
plasma, and other biologic fluids are consistent with
mast cell activation in systemic anaphylaxis and
other immediate hypersensitivity allergic reactions.®2%
Recently, numerous studies have demonstrated that FCM
is a reliable tool for monitoring basophil activation upon
allergen challenge by detecting surface expression of
the degranulation/activation markers, CD63 or CD203c,
both of which are almost equally used in the basophil
activation test (BAT)* (Fig.3). In brief, small aliquots
of heparinized whole blood are incubated with test
samples. The cells are then stained with anti-HLA-DR,
anti-CD123, and anti-CD63 or anti-CD203c. HLA-DR-
negative CD123-positive cells in the blast cell window are
identified as basophils, and the expression of CD63 or
CD203c is determined. Some of these techniques might
be applied to assess allergic transfusion reactions, as
described below.

Application of tryptase in transfusion medicine

Serum tryptase levels in patients suffering from NHTRs
are occasionally measured in Japan using the Immu-
noCAP tryptase kit (Phadia, Uppsala

of anaphylactic shock cases, and 12% (8/69) of hypoten-
sion cases. As no serum samples from patients without
reactions were available, those from nonallergic reaction
cases were examined as negative controls. In those con-
trols, tryptase elevation was scarcely observed, with posi-
tive results in only 0.6% (1/154) of febrile reaction cases
and 2.4% (1/41) of TRALI cases (personal communication
with Dr T. Mazda, of Department of Research and Devel-
opment, Central Blood Institute, Japanese Red Cross
Society, Tokyo, Japan), indicating the involvement of mast
cells in a significant part of allergic reactions. However, it
is often difficult to obtain patient serum samples for a
tryptase test because the half-life time of tryptase, once
released into the circulation, is only 2 hours.®* Further-
more, only a small amount of tryptase is produced by
basophils.®*®” Fortunately, BAT has no restriction on the
timing of patient sample collection and assesses basophil
activation. As such the tryptase test and BAT would be
complementary to each other.

Application of BAT in transfusion medicine

Recently, we assessed whether the BAT could be applied to
transfusion medicine using PC supernatants (PC-SNs)
from nine cases with allergic transfusion and 12 cases
without transfusion reaction as test samples (Table 2):%
the PC-SNs were the same as those used in the previous
study,*® which were kept frozen. As basophil sources, we
used whole blood samples from healthy people instead of
those from the patients as no Abs against plasma proteins
were detected in any of the patients by in-house ELISA
and PHA systems,* and therefore, it is likely that the
allergic reactions were elicited mainly via the allergen-
independent pathway, as described above. Furthermore, if
the reactions were caused via the allergen-independent
pathway, it is likely that blood samples from healthy
people can be used as a basophil source, because differ-
ences in the responsiveness of basophils between the spe-
cific patients and healthy persons would be minimal. Five
microliters of PC-SNs was incubated with 100 uL of whole
blood (sample : blood, 1:20). This mimics a clinical setting
in which 250 mL of PCis transfused to a patient with 5 L of
blood. Next, HLA-DR-negative CD123-positive blast cells
were identified as basophils, and their CD203c expression
was determined. To calculate CD203c-positive basophils,

Sweden; http://www.phadia.se/). When
serum tryptase was elevated by more

TABLE 2. Summarized data of BAT performed on supernatants of PCs
with and without allergic transfusion reactions*

than 5pug/L after transfusion when

compared with before transfusion, the reactions

Allergic transfusion

Number of Number of BAT-positive
PC-SNs tested PC-SNs

serum tryptase test was considered +

9 3 (5/5,3/5,1/5)
12 1 (1/5)

positive. The results of 1165 cases 7
included positive tests in 11% (50/438)
of urticaria cases, 13% (23/177) of ana-
phylactic reaction cases, 48% (137/286)

* In parentheses, the number of BAT-positive panel blood per total of five panel blood
tested is presented with respect to each of BAT-positive PC-SNs. Adapted from
Matsuyama et al.®
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TRALI hypotension

allergic
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BAT can be applied to diagnose and
predict allergic transfusion reaction.

!

Screening for HLA Abs by Screening for

CONCLUSION

Measurement of serum level of

‘ microbead test ‘ plasma protein deficiency —»‘

We described several recently developed

l plasma protein Abs

Screening for non-HLA

leukocyte Abs by

‘

tryptase
assay systems useful for developing a
greater understanding of the etiology of
NHTRs. However, there are several
BAT ‘ potential limitations, and, thus, at

Five-cell-lineage IFT
KY-cells

|

When Abs are detected in
transfused blood components

!

| NeuAT |

using healthy person’s blood or,
if possible, patient’s blood

Fig. 4. Flow chart indicating the order in which assays should be performed upon

clinical suspicion of TRALI, hypotension, and allergic reaction.

the cursor was set so that 5% of basophils were CD203c-
positive after incubation without a stimulus. When the
percentage of CD203c-positive basophils after stimulation
by each PC-SN exceeded the mean + 3 SDs of 12 PC-SNs
without reactions, the PC-SN was categorized
as BAT-positive.

Three of the nine PC-SNs with allergic reactions acti-
vated basophils in at least one of five blood samples. One
PC-SN activated basophils in all the blood samples, while
the other two activated basophils in three or one of the
five blood samples, respectively. Although the PC-SN
positive to all the blood samples elicited the largest up
regulation of CD203c among the three BAT-positive
PC-SNs, while the PC-SN positive to only one blood
sample exhibited only a slight up regulation of CD203c, it
is unclear as to why the two PC-SNs were BAT-positive
only to a limited number of blood samples. It is also
unknown why six of the nine PC-SNs with allergic reac-
tion were BAT-negative. In contrast to these data, one of
the 12 PC-SNs without allergic reaction unexpectedly
elicited basophil activation. However, because that
PC-SN was BAT-positive only to one of the five blood
samples, and because the extent of CD203c up regulation
was very small and close to the cutoff point, this is likely
a false BAT-positive result.

Taken together, these data suggest that BAT may be a
useful research tool for examining allergic transfusion
reactions, although many issues such as the sensitivity
and specificity and the significance remained to be clari-
fied. To resolve these issues, a similar, but larger-scale
study is required. Simultaneously, a study using patient
blood needs to be performed to examine whether

8 TRANSFUSION Volume **, ** **

using healthy person’s blood or,
if possible, patient’s blood

present the assay systems should only be
used as research tools in reference labo-
ratories. First, although the tryptase test
is an established test with detailed
information regarding its sensitivity/
specificity and clinical results, the other
assay systems are all handmade, and the
fundamental information including the
sensitivity/specificity and clinical data
are lacking. Furthermore, the other assay
systems cannot to be performed rou-
tinely because of the requirement for
panel cell preparation, cell line mainte-
nance, a flow cytometer, and an in-house ELISA system for
HBP. Key information about each assay is summarized in
Table 3. A flow chart (Fig. 4) is also presented in which we
recommend which assays should be performed in which
order on clinical suspicion of TRALI, hypotension, and
allergic reaction. When TRALI is suspected, HLA and non-
HLA WBC Abs should be screened for. When Abs are
detected in transfused blood components, NeuAT should
be performed using the transfused blood components and
the patient blood to assess the involvement of neutrophil
activation. If the patient blood is unavailable, blood from a
healthy person can be used. When allergic reactions are
suspected, patient serum tryptase level should be mea-
sured and compared between before and after the transfu-
sion. Simultaneously, BAT should be conducted using the
transfused blood components and the patient blood.
Again, if the patient blood is unavailable, blood from
a healthy person can be used. When hypotension is
observed, all the assays for TRALI and allergic reactions
should be performed. In addition, patients should be
examined for plasma protein level and plasma protein Abs.
Further studies are required for a better understanding of
the etiology of NHTRs, which will help to develop novel
strategies aimed at lowering the risk for developing NHTRs
among transfusion patients.
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