LETTERS TO THE EDITOR

First report of human immunodeficiency
virus transmission via a blood donation that
tested negative by 20-minipool nucleic acid
amplification in Japan

The Japanese Red Cross (JRC) blood centers screen
donated blood for infectious agents using serologic assays
and nucleic acid amplification testing (NAT). A multiplex
NAT for hepatitis B virus, hepatitis C virus, and human
immunodeficiency virus Type 1 (HIV-1) with a minipool
(MP) format comprising 50 seronegative samples was
started in 2000.! During the implementation of the 50-MP-
NAT in 2003, HIV-1 was transmitted through fresh-frozen
plasma (FFP) from one blood donor during the window
period. To reinforce NAT screening, the pool size was
decreased to 20 in 2004. Since 20-MP-NAT implementa-
tion in 2004, we have found 19 donations that were sero-
negative but positive for HIVin the 20-MP-NAT. The rate of
HIV-infected donations that were positive only in the NAT
was approximately 1 in 2.7 million. No transfusion-
transmitted HIV infection (TT-HIV) has been reported in
Japan since the 20-MP-NAT was introduced.

In November 2013, anti-HIV was detected in a blood
sample from a repeat male blood donor aged in his
40s. Western blotting (New LAV Blot 1, Bio-Rad, Hercules,
CA), real-time reverse transcription-polymerase chain
reaction assay (Cobas TagScreen HIV, Roche, Basel, Swit-
zerland), and transcription-mediated amplification assay
using a kit (Procleix Ultrio ABD, Novartis Diagnostics,
Emeryville, CA) confirmed HIV-1 infection. A qualitative
NAT for HIV-1 (Cobas TagMan, Roche) detected a plasma
HIV-1 viral load of 4.7 x 10* copies/mL. A cryopreserved
sample of plasma from his previous donation in February
2013 was retested in accordance with the Japanese guide-
lines for lookback studies on blood products. Using indi-
vidual donation (ID-) NAT, the Cobas TagScreen HIV
(plasma input volume, 850 uL; 95%
limit of detection [LOD], 24.3 IU/mL)
detected HIV-1 RNA in an archived
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Implicated donation

Screening test:

80s. A pretransfusion sample and a postiransfusion
sample collected 9 months after transfusion were HIV
seronegative, The latter sample was also negative for HIV
RNA. The FFP was transfused 8 months after donation to a
male patient in his 60s, from whom a pretransfusion
sample was seronegative for HIV. Serologic tests and NAT
assay identified HIV-1 infection in this recipient at 34 days
after transfusion, and the plasma HIV-1 viral load was
1.1 % 10° copies/mL (Fig. 1).

The viral sequences determined in blood samples
from both the donor (postseroconversion donation) and
the FFP recipient differed by only one among 341 nucle-
otides in the env region (99.7% identity) and by four of
2800 nucleotides in the pol region (99.9% identity). Such
high genetic similarity among the sequences supported
the notion that HIV had been transferred from the donor
to the FFP recipient. Isolates of HIV-1 from the donor and
recipient were Subtype B, which is the most common
among individuals infected with HIV-1 in Japan. Major
antiretroviral drug-resistant mutations were not detected
in either the donor or the recipient. Sequencing the HIV-1
5’-Jong terminal repeat, which was the target region of our
NAT screen, did not detect HIV-1 mutations that caused
false-negative NAT results.?

To estimate the HIV-1 viral load in the implicated
blood, the sensitivity of both the Cobas TaqScreen HIV
and the Procleix was reassessed by probit analysis using
serial threefold dilutions (four replicates per dilution) of
postseroconverted plasma (4.7 x 10* copies/mL) from the
donor, which revealed that the 95% LOD of both NAT
screens was 10 copies/mL. The archived blood sample
from the implicated donation was reactive in the Cobas,
but not in the Procleix screen; therefore, we speculated
that the viral load in the donor plasma was approximately
at the detection limit of the two NATs. Thus, the estimated
total amount of HIV-1 in the FFP (containing

November 2013

blood sample from his previous HIV antibody negative Post-seroconversion donation
donation, whereas the Procleix 20-minipool NAT negative Screening test:
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Fig. 1. Timeline of blood donations, transfusions, and infections.
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approximately 240 mL of plasma) that caused TT-HIV was
fewer than 2400 copies.

The prevalence of HIV infections detected by NAT or
antibody screening among blood donors during 2012
was 1.3 per 100,000 donations, whereas the prevalence
among first-time blood donors has recently been five to
six per 100,000 donations. This figure exceeded the fre-
quency of individuals who were newly diagnosed with
HIV infection among the general population aged 15 to
64 years in 2012 (1.2 per 100,000).% The donor described
herein was probably in the very early stage of HIV-1
infection at the time of the implicated donation. That
blood donation is being used for testing individuals with
high-risk behaviors for HIV transmission is a concern.
Questions given to blood donors about behaviors that
confer risk for HIV are probably not being answered pre-
cisely. Methods of confirming whether or not donors
understand the questions and the need to answer them
precisely need to be improved.

This report describes the first known case of TT-HIV
through a 20-MP-NAT-negative blood component in
Japan. Our results indicate that ID-NAT using even the
most sensitive methods available today might not detect
HIV-1 in window period donations. Transfusion with FFP,
but not RBC, components resulted in HIV-1 transmission
in the TT-HIV case described herein. Similar cases with
differential HIV transmission via blood components have
been reported in other countries.* However, TT-HIV
arising via an ID-NAT-negative blood component has not
been identified in Japan or in any other couniry where
donated blood is screened by NAT for HIV. We estimated
that the risk of collecting a unit during the ID-NAT-
negative HIV-1 window period is 2.75 per 5.5 million
donations in Japan.® The JRC will introduce ID-NAT
screening in August 2014, which should further reduce
window period transmissions. However, even ID-NAT
might not completely eliminate the window period of
HIV-1 infection.

In the era of very high-sensitive ID-NAT or MP-NAT,
TT-HIV will arise mainly in patients transfused with com-
ponents with larger plasma volumes such as FFP and
apheresis platelets, because these components contain a
larger amount of HIV. Although pathogen inactivation
technologies might help to reduce residual risk, the intro-
duction of pathogen inactivation technology should be
determined after carefully considering the balance among
benefit, risk, and cost.
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N-Acetylcysteine for thrombotic
thrombocytopenic purpura: is a von
Willebrand factor-inhibitory dose feasible
in vivo?

We read with interest the recent report by Li and col-
leagues! describing the first apparent successful use of
N-acetylcysteine (NAC) in refractory thrombotic throm-
bocytopenic purpura (TTP). As we had previously
described a case of NAC failure in a refractory TTP case
that subsequently responded to bortezomib,? we sought to
clarify whether our NAC dosing protocol differed from
that utilized by Li and coworkers.!

As the only precedent for NAC dosing in TTP was pre-
clinical,® we too adapted a clinical acetaminophen over-
dose protocol.* Our patient received 150 mg/kg NAC as a
1-hour bolus, followed by 50 mg/kg over 4 hours and then
100 mg/kg over the next 16 hours for the first day of dosing
(with a cumulative exposure of 15 g in the first 24 hr).
Twice-daily plasma exchange could not be interrupted
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Establishment of culture systems for Genotypes 3 and 4 hepatitis
E virus (HEV) obtained from human blood and application of
HEV inactivation using a pathogen reduction technology system

Takashi Owada," Moe Kaneko," Chieko Matsumoto,’ Rieko Sobata,' Masashi Igarashi,’ Ko Suzuki,?
Keiji Matsubayashi,® Kazuhiro Mio,” Shigeharu Uchida,’ Masahiro Satake,' and Kenji Tadokoro’

BACKGROUND: It has been demonstrated that the
hepatitis E virus (HEV) can be transmitted via blood
transfusion, and the risk of HEV transmission via trans-
fusion has become a major global concern. An HEV
culture system for blood-derived HEV has been sought
to obtain valuable knowledge of the virus and the risk of
HEV infection through blood products.

STUDY DESIGN AND METHODS: We endeavored to
establish an HEV culture system using RNA-positive
blood specimens for Genotypes (G) 3 and 4 and
applied this system to evaluate tissue culture infectious
dose (TCID). We applied this method to investigate the
potential of the Mirasol pathogen reduction technology
(PRT) system (Terumo BCT) to inactivate live HEV in
contaminated platelet samples (PLTs). PLTs were
spiked with cultured HEV G3 or G4 and then treated
with the Mirasol PRT system. PLTs were examined
before and after the treatment for HEV load using
TCID titration.

RESULTS: We successfully established two strains for
HEV production: the JRC-HES3 strain for G3 and the
UA1 strain for G4. The Mirasol PRT system expressed
more than 3 log inactivation for JRC-HE3 and more
than 2 log inactivation for UAT.

CONCLUSION: The Mirasol PRT system inactivated
greater than 2 to 3 logs of live HEV in PLTs and can
potentially be used to lower the possibility of blood-
borne HEV transmission. The G3 and G4 HEV inocula
identified in this study and the hepatoma cell culture
system provide a new means to assess HEV infectious
titer and to evaluate other pathogen reduction
strategies.
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he hepatitis E virus (HEV), the causative agent of

hepatitis E, was once believed to be transmitted

orally and to be particularly localized in develop-

ing countries and regions,'* However, a recent
report demonstrated that HEV is spreading throughout the
world, including industrialized nations.** HEV can also be
transmitted by blood transfusion, and occasionally causes
severe hepatitis,” so the risk of HEV infection via transfu-
sion has become a major global concern.

HEV is roughly classified into four genotypes (G1-G4).
Among these, G3 is the most widely distributed world-
wide, while G4 has a tendency to cause severe hepatitis
and is localized mainly in Asia.”® For these reasons, the
establishment of an HEV culture system, particularly for
G3 and G4, has long been attempted, because it would be
applicable to the assessment of technologies for blood
product safety and as a tool to elucidate the HEV infection
mechanism. Recently, two HEV cultivation systems using
two cell lines—human hepatoma cells (PLC/PRF/5 cells)
and human lung adenocarcinoma cells (A549 cells)—as
the hosts, with HEV specimens derived from the feces or
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technology (-ies); TCID = tissue culture infectious dose.
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serum of HEV-infected individuals, have been estab-
lished.>!® However, recent studies have demonstrated that
the viruses obtained from the blood have an envelope-like
structure that differs from the structure of those obtained
from feces.!! Therefore, in our view, it was reasonable to
establish HEV cultivation systems using G3 and G4 HEV
commonly isolated in Japan, from HEV RNA-positive
blood specimens. Our aim was also to apply this system to
perform an assay of HEV infectious titer, referred to as a
tissue culture infectious dose (TCID), to evaluate the
infection risk of HEV through blood or plasma products.

Although the risk of HEV infection via transfusion is
now being recognized all over the world, an assay for viral
infectivity using HEV proliferated in a cultured cell line
originally isolated from HEV RNA-positive blood speci-
mens did not exist. In addition, an assessment of the
ability of a pathogen reduction technology (PRT) system
to inactivate HEV virus in blood samples had never been
performed before. We investigated the effect of the Mirasol
PRT system on cultured G3 and G4 HEV originally derived
from blood specimens and hereby report it.

MATERIALS AND METHODS
Establishment of HEV culture systems

HEYV specimens

Ten plasma specimens and four serum specimens con-
taining G3 or G4 HEV were employed. Plasma and serum
were obtained from blood donors and patients who had
been confirmed to be HEV RNA positive. The viral concen-
tration of the specimens ranged from 10%¢ (HRC-HE21) to
107% (JRC-HE3) copies/mL. The accession numbers of
some specimens are also described in Table 1.

Cell culture and virus inoculation
The procedure for cell culture, HEV infection, and the
maintenance of HEV-infected cells has been discussed in

INACTIVATION OF CULTURED HEV USING PRT

a previous report by Okamoto.®? Briefly, human hepatoma
cells (PLC/PRF/5 cells) and human lung adenocarcinoma
cells (A549 cells; Health Science Research Resources Bank,
Tokyo, Japan) were used in this assay. The cells were then
infected with 2.5 mL of viral specimens for 2 hours at 37°C
in a 5% CO, incubator. HEV-infected cells were main-
tained in a medium (maintenance medium) consisting of
a 1:1 mixture of Dulbecco’s modified Eagle’s medium
and medium 199 (Invitrogen, Tokyo, Japan), containing
2% heat-inactivated fetal calf serum, 30 mmol/L Mg*
(Wako Pure Chemical Industries, Ltd, Osaka, Japan), and
2.5 ug/mL amphotericin B (Wako Pure Chemical Indus-
tries, Ltd), and were cultured at 37°C in a humidified 5%
CO, atmosphere using 10 mL of maintenance medium.
Whole media were recovered weekly and replaced with
fresh maintenance media. HEV RNA copies in the recov-
ered media were quantified using real-time reverse
transcription—-polymerase chain reaction (RT-PCR) analy-
sis. The method for HEV RNA quantification is summa-
rized below.

Confirmation of HEV infectivity against cells and
method for quantifying HEV TCID

The acquisition of HEV infectivity was confirmed by
detection of the viral progeny in the recovered cell culture
supernatant. Given the establishment of HEV infection,
the total number of viral RNAs existing in the recovered
medium was overwhelmingly larger than the originally
inoculated number. Viral TCID was investigated by limit-
ing dilution analysis. The original viral solution for which
the concentration of viral RNA (copies/mL) was already
determined was serially diluted tenfold. The maximum
dilution ratio against the original viral solution expressing
infectivity on host cells was examined. The number of
copies of HEV RNA required to express infectivity against
host cells was calculated using both the original viral RNA
concentration and the ratio of dilution.

TABLE 1. HEV specimens used for the establishment of the culture system
Log copies/mL (original GenBank Accession Number

HEV strain Source Genotype concentration of specimen) for 412 bp (full genome)
HRC-HE21 5.6 AB670957
HRC-HE22 5.8 AB670858
HRC-HE30 5.6 AB670966
HRC-HES80 6.0 AB671016
HRC-HE104 6.7 ABB02891 (ABB30970)
HRC-HE121 Plasma 8 6.6 AB671054
HRC-HE159 5.7 AB671092
JRC-HE1 6.8 AB434144
JRC-HE3 75 AB434146 (AB630971)
JRC-HE8 5.9 AB434151
UA1 7.2
UA2 6.9 ’
UA3 Serum 4 58 Not determined
SA1 Not determined 6.2
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Quantitation of HEV ANA

Quantitation of HEV RNA was performed following a pre-
viously reported method with minor modifications.”
Briefly, RI-PCR was used to determine the number of
copies of HEV RNA by targeting 75 nucleotides of a highly
conserved sequence in the open reading frame (ORF) 2
region. The conditions for the RNA amplification stage
were as follows: 25 uL of extracted RNA was incubated at
50°C for 30 minutes and at 95°C for 15 minutes, followed
by 50 cycles of 94°C for 15 seconds and 60°C for 1 minute.
Real-time RT-PCR was then performed using PCR and a
Sequence Detection System (TagMan and PRISM 7900,
respectively, Applied Biosystems, Tokyo, Japan). The sen-
sitivity of this system was determined to be 25 copies/mL,
with a 95% confidence interval of 13 to 166 copies/mL by
logistic analysis. The quantitation standard for HEV RNA
was generated by transcribing the HEV complementary
DNA (cDNA) of the HEV ORF2 region cloned into a
plasmid (pCRII-TOPO, Invitrogen).

Full genome sequencing of HEYV RNA

We referred to a previous report by Urayama and col-
leagues'? for the method of full genome sequencing of
HEV RNA. Total RNA was extracted either from 300 uL of
HEV-positive blood specimens or from 200 uL of recov-
ered cell culture supernatant. RT of HEV RNA was per-
formed at 42°C for 1 hour. Consequently, nearly the full
length of the cDNA was constructed. This cDNA was
divided into two fragments: a 3’ fragment (3960 nucle-
otides) and a 5 fragment (3160 nucleotides).

Phylogenetic analysis of HEV isolates

Complete or nearly complete sequences of HEV isolates
were determined as previously described.’? Sequences
were aligned with the reported HEV strains using a
computer program (ClustalW, Version 1.8, http://www
.genome.jp/tools/clustalw/}.

Photochemical inactivation of HEV in
platelet samples

Preparation of platelets

Rejected platelets (PLTs), which are not clinically suitable
to be used as blood derivatives because the alanine ami-
notransferase value exceeds the acceptance criteria, were
used in this assay. All PLTs were collected by apheresis
methods using equipment of the component collection
system of Haemonetics (Braintree, MA), as well as TRIMA
and TERUSYS of Terumo BCT (Lakewood, CO). All proce-
dures were accomplished according to the manufacturers’
protocols. The basic criteria for the volume and concen-
tration of PLTs were 190 to 250 mL/bag and 1.9 x 10" to
4.7 x 10"/bag, respectively.

Treatment of PLTs with the Mirasol PRT system
Mirasol PRT treatment of PLTs was performed as previ-
ously described."® Briefly, 35 mL of riboflavin solution was
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added to a Mirasol PRT system kit to obtain a final con-
centration of 50 pmol/L, the unit was then exposed to a
dose of UVB light (6.24 J/mL) and then left to rest for 30
minutes at an ambient temperature to prevent activation
of the PLTs.

Sampling of HEV specimens from PLTs

Three milliliters of the pre-Mirasol-treated HEV PLT speci-
mens was collected after the PLTs were thoroughly mixed
with the virus in the dedicated bags, and the same volume
of posttreated HEV specimens was likewise acquired.
Titration samples for HEV infectivity were obtained from
the supernatants of PLTs by centrifugation at 3000 rpm
(1750 x g) for 15 minutes under ambient atmosphere.

Confirmation of the noncytotoxicity against a cultured
cell line caused by plasma from both pre- and
post-Mirasol-treated PLTs

A cytotoxicity test against A549 cells was performed using
virus-free control PLTs. This experimental condition was
the same as the HEV infectivity assay, as described in the
paragraph, “Cell culture and virus inoculation.” Both pre-
and post-Mirasol PRT-treated plasma obtained from the
supernatant of PLTs were laid onto A549 cells for 2 hours.
After the plasma was removed, the cells were cultured to
confirm if any positive cell death or expression of a nega-
tive impact on cell growth were seen.

RESULTS
Establishment of the HEV culture systems

Selection of an HEV strain to establish a culture
system using A549 cells

Fourteen G3- and G4-containing HEV specimens from
plasma or serum (Table 1) were examined. All samples
were diluted to 10*® copies/mL (total amount, 10°2 copies
in 2.5 mL) and then inoculated into A549 cells (Fig. 1).
Consequently, only two HEV strains (JRC-HE3 for G3 and
UAL1 for G4) were found to be infectious. The HEV load of
JRC-HES3 reached a plateau at an approximate concentra-
tion of 10° copies/mL (total amount, 107 copies in 10 mL of
recovered medium) at around 42 days (6 weeks) postin-
oculation. On the other hand, UA1 reached a plateau at
1033 copies/mL at 60 days postinoculation.

HEYV cuitivation of JRC-HE3 using PLC/PRF/5 cells to

procure a higher load of viral progeny

JRC-HE3 was diluted to 10%° copies/mL (10%° copies in
2.5 mL) and then inoculated into alternative cells, namely,
PLC/PRF/5 cells (Fig.2). The viral concentration
increased until 91 days (13 weeks) postinoculation and
reached a plateau at an approximate concentration of 10°
copies/mL (10° copies in 10 mL of recovered medium;
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Fig. 1. Selection of HEV strains for the establishment of a
culture system using A549 cells. The initial concentrations of
the HEV strains used were all 10*® copies/mL (10°2 copies in
2.5 mL; *1). The concentrations of JRC-HE3 for G3 and UA1 for
G4 in the recovered culture medium at 112 days postinocula-
tion were 102 copies/mL (1072 copies in 10 mL) (*2) and 10%3
copies/mL (10*® copies in 10 mL; *3), respectively. A549 cells
were utilized as the host for this assay. u.d.L. = under the
detection limit.
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Fig. 2. Confirmation of a higher load of HEV progeny using
PLC/PREF/5 cells. A high concentration of HEV progeny was
obtained when PLC/PRF/5 cells were used. The HEV JRC-HE3
strain was inoculated at 105° copies/mL (10> copies in

2.5 mL; *1). The load of JRC-HES3 in recovered culture medium
at 175 days postinoculation was 107° copies/mL (10*® copies
in 10 mL; *2). No viral progeny were detected in the mock-
infected samples.

Fig. 2). It was possible to obtain a higher load of JRC-HE3
with PLC/PRF/5 cells than with A549 cells for virus
proliferation.

Serial culture passage of JRC-HES3 using

PLC/PRF/5 cells

HEV production resulting from different JRC-HE3 culture
passages was examined using PLC/PRF/5 cells. For the
first cultivation, an original HEV-positive-plasma speci-
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Fig. 3. JRC-HES3 serially passaged using PLC/PRF/5 cells. HEV
samples in recovered culture media were diluted to 10°7
copies/mL (105! copies in 2.5 mL; *1). Each viral sample from
specimens at 70 days (10 weeks) postinoculation was inocu-
lated into PLC/PRF/5 cells for each successive passage. There
were no significant differences between the viral production
curves from each passage. No viral progeny were detected in
the mock-infected samples.

men was used (Fig. 2, Passage 0). This means that the viral
progeny referred to as Passage 1 was obtained from the
result of Passage 0 infection. Each viral progeny from the
specimens at 70 days (10 weeks) postinoculation was
diluted to 1057 copies/mL before the next infection step
(Fig. 3). The growth curves obtained for viral production
were identical for all passages (Passages 1-4).

Genomic analysis of JRC-HE3 associated with culture
passage and longer incubation of the virus

Full genome sequencing of JRC-HE3 was carried out on
the original plasma (Passage 0) and progeny after long-
term incubation (119 days [17 weeks], Passage 4), and
genomic substitutions and amino acid alterations were
investigated (Table 2). Consequently, only point substitu-
tions at five bases in the ORF1 region and duplicate sub-
stitution at two bases in the ORF2 and ORF3 regions were
found, respectively. These substitutions were demon-
strated to result in alterations at four amino acid sites.
Note that, due to triplet code degeneracy, some of the
observed genomic base substitutions did not result in
amino acid alteration.

Infectious titration of JRC-HE3 and UA1 using A549
cells and PLC/PRF/5 cells

Limited dilution assays were performed to determine the
minimum HEV RNA load for infectivity against two cell
lines. High loads of JRC-HE3 (10°* copies/2.5 mL or 1085
copies/2.5 mL) were serially diluted 10-fold and inocu-
lated into A549 cells and PLC/PRE/5 cells, respectively.
Viral progeny were quantitatively investigated at 3, 6, and
9 weeks postinfection. Consequently, JRC-HE3 expressed
its infectivity against A549 cells (Fig. 4A) and PLC/PRF/5
cells (Fig.4B) even at 10*- and 10%-fold dilutions,
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TABLE 2. HEV RNA and amino acid substitution associated with in vitro passaging and the longer incubation of
HEV JRC-HE3 obtained during Passage 4 (Fig. 3)

ORF 1, five bases

Domain X
W741P [UGG(W) = CGG(P)]
Domain X
EB71K [GAG(E) =» AAG(K))
Helicase
F11248 [UUC(F) = UCC(S)]
ORF 3 and ORF 2 (duplicative two bases) ORF3 ORF2, Capsid
C20C [UGU(C) = UGC(C)] L8L [UUG(L) = CUG(L)]
ORF3 ORF2, Capsid

P98P [CCG(P) = CCA(P)]

Methyl transferase

G137G [GGU(G) = GGC(G)]
Papain-like cysteine protease
D452D [GAUD) = GAC(D)]

AT19T [GCU(A) = ACU(T)]

respectively. This indicates that 10°* and 10°* copies of
JRC-HE3 are necessary to achieve infectivity against A549
cells and PLC/PRF/5 cells (Table 3). Thus, for both cell
lines, 1 TCID of JRC-HE3 was estimated to be approxi-
mately 10%5 copies. A similar experiment was performed
using UA1 (107" copies/2.5 mL) along with A549 cells
(Fig. 4C). Consequently, 1 TCID of UA1 was found to be
approximately 10%° copies, although infectivity against
PLC/PRF/5 cells could not be confirmed (data not shown).
Based on the above-mentioned results, A549 cells may
have to be used as the hosts when titration of both JRC-
HE3 and UA1 are performed.

Photochemical inactivation of HEV in PLTs

The assays of HEV inactivation of both G3 (JRC-HE3) and
G4 (UAL) in PLTs were performed thrice. The mean con-
centration of each strain in PLTs was consequently 1098
and 1079 copies per total volume (approx. 200 mL) of PLTs,
respectively. HEV specimens collected from PLTs were
serially diluted 10"-fold (n = 0-6). Consequently, JRC-HE3
was found to express infectivity even if the original speci-
men (10°-fold) was diluted 10°-fold (Fig. 5A). This was
clearly demonstrated by the fact that the viral progeny was
found in the cell culture supernatant when the 10%-fold-
diluted specimens were applied. On the other hand, UA1
showed infectivity to a level of 10*-fold dilution (Fig. 5C).
No infectivity was recognized in any specimens after treat-
ment with the Mirasol PRT system at the ninth or 10th
week postinfection (Figs. 5B and 5D). In some cases, HEV
RNA was detected in the cell culture supernatant in
posttreated samples (Figs. 5B and 5D, white arrows).
However, it would be reasonable to understand that these
HEV RNA samples are derived from originally challenged
HEV, not from virus progeny. All the data described in
Fig. 5 are representative data of the results of each assay
that was performed thrice. There was little difference
between the assays. Based on these results, it was con-
cluded that the Mirasol PRT system lowers the infectivity
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of G3 and G4 of live HEV, by more than 3 log (99.9%) and
more than 2 log (99%), respectively (Table4). In this
experiment, A549 cells were utilized for HEV titration. The
effect of HEV-free plasma treated or not treated with the
Mirasol PRT system on the cells was also investigated.
Consequently, no positive factors for cell death nor a
negative impact on cell growth was observed.

DISCUSSION

Since HEV was recently categorized as a transfusion-
transmittable infectious disease, the risk of HEV infection
via blood transfusion has become a major global concern
in transfusion medicine.*® Hence, there has been a
demand to establish an HEV culture system, especially for
G3 and G4, which are frequently detected in Japan, China,
and southeastern Asia,”® as well as for a method to assay
the HEV infectious titer, TCID. We therefore attempted to
establish a culture system for G3 and G4 HEV and have
successfully obtained two positive systems: the JRC-HE3
strain for G3 and the UA1 strain for G4. The concentrations
of both viral strains in plasma or serum originally
exceeded 107 copies/mlL; thus, it is plausible that the two
strains may easily replicate and grow both in vivo and
in vitro.

Although JRC-HE3 can infect both PLC/PRF/5 cells
and A549 cells, the production efficiencies of the virions
differed. A higher load of JRC-HE3 was inoculated into
PLC/PRF/5 cells, and a higher concentration of approxi-
mately 10° copies/mL of virus progeny was confirmed. In
contrast, A549 cells generated progeny at a concentration
of approximately 10° copies/mL, with inoculations
ranging from 104 to 10% copies in 2.5 mL. Since the PLC/
PRE/5 cells are derived from human hepatoma, this cell
line may be more suitable for HEV production than the
A549 cells.

We examined the genomic alterations and amino acid
substitutions of JRC-HE3 derived from PLC/PRF/5 cells
after long-term culture. Full genome sequencing of JRC-
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Fig. 4. (A) Titration of infectious HEV JRC-HE3 using A549
cells. A high HEV Joad of 10°° copies/mL was obtained by
ultracentrifugation. The original HEV samples were serially
diluted tenfold. Each diluted HEV sample was inoculated into
A549 cells. The viral progeny in the recovered culture medium
were examined every 3 weeks. Even the original HEV samples,
diluted at 10*, were found to be infectious. (B) Titration of
infectious HEV JRC-HE3 using PLC/PRF/5 cells. A high HEV
load of 10*! copies/mL was obtained by ultracentrifugation.
Even the original HEV samples, diluted at 103, were found to
be infectious. (C) Titration of infectious HEV UA1 using A549
cells. A high HEV load of 10™' copies/mL was obtained by
ultracentrifugation. Even the original HEV samples, diluted at
10?, were found to be infectious. u.d.l. = under the detection

limit.
<
TABLE 3. Numerical relationship between two
viral units: copies and TCID

Host cells HEV strain Copies per TCID
A549 HEV JRC-HE3 G3 1054
PLC/PRF/5 1088
A549 HEV UA1 G4 1055
PLC/PRF/5 Could not be determined

HE3 revealed few variations. It may be concluded that
JRC-HES has easily become habituated to in vitro cultiva-
tion. If the sequences of the viral genome would drasti-
cally change under long-term incubation, the efficacy of
HEV production and viral infectiousness (infectious titer)
may be negatively impacted. Based on these data, it could
be concluded that HEV can stably and consistently be pro-
duced by this culture system, and its infectivity may
remain almost the same in all situations. This consider-
ation can be supported by the fact that the obtained
growth curves demonstrating viral production were iden-
tical at a high level up to 120 days postinfection, regardless
of the passage of the virus. Currently, a similar trial is being
performed using UA1 produced by A549 cells.

In the first half of this article, we conclusively estab-
lished an HEV culture system using HEV RNA-positive
plasma or serum sample obtained from G3 or G4 HEV-
infected individuals. Using the system established here,
we attempted to undertake photochemical inactivation of
HEV in PLTs using the Mirasol PRT system.

Log reduction values (LRVs) of more than 3 log for
JRC-HE3 and more than 2log for UAl were achieved
despite the fact that this agent is a nonenveloped virus,
which are traditionally resistant to chemical inactivation.
For the inactivation assay of JRC-HES3, a relatively higher
concentration of the sample was obtained using PLC/
PRF/5 cells as the virus producer. On the other hand, UA1
was not propagated in PLC/PRF/5 cells, but only in A549
cells. Therefore, more than 2-log reduction was marginally
demonstrated due to the lower titer of the applied HEV.
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Fig. 5. (A and B) Inactivation of the live HEV JRC-HES3 in PLTI's by the Mirasol PRT system. The change in the HEV load in the super-
natant of A549 cell culture was investigated. The assayed HEVs were (A) Mirasol pretreated and (B) Mirasol posttreated HEV,
respectively. The establishment of HEV infection was consequently confirmed at 9 and 10 weeks postinfection. The concentration of
JRC-HE3 in PLTs was consequently 10°® copies per total volume of PLTs. JRC-HE3 expressed infectivity even when the original
specimens were 10%-fold diluted (A). No infectivity (viral progeny) was recognized in any Mirasol PRT system posttreated specimens
of (B). HEV-RNAs detected in (B, white arrows) are derived from the originally challenged HEV, because the HEV loads in recovered
medium were gradually decreasing. The Mirasol PRT system lowered the infectivity of JRC-HE3 more than 3 log (99.9%). These are
the representative data of triplicate assays. (C and D) Inactivation of the live HEV UA1 in PLIs by the Mirasol PRT system. The HEVs
assayed were (C) Mirasol pretreated and (D) Mirasol posttreated HEV, respectively. The concentration of UA1 in PLTs was conse-
quently 10™? copies per total volume of PLTs. UA1 expressed infectivity even when the original specimens were 10*-fold diluted (C).
No infectivity (viral progeny) was recognized in any Mirasol PRT system posttreatment specimens (D). The Mirasol PRT system
lowered the infectivity of UA1 more than 2 Jog (99%). These are the representative data of triplicate assays.

obtained in our laboratory and an identical value was also

TABLE 4. Inactivation of the live HEV and HAV in reported by Prowse.! Thus, HEV inactivation is more effi-
PLTs by the Mirasol PRT sys?em cient than that for HAV. VR-1402 has frequently been used

HEV and HAV strain (O/L:'gf 'g%‘:f(::%:\@{:i) fqr inactivation assays of HAV and is the usual model
HEV JRC-HES G3 More than 3 Iog (more than 99.9%) viruses for nonenveloped and relatively smaller-sized
HEV UA1 G4 More than 2 log (more than 99%) RNA viruses including HEV, because it is easy to titrate. We
(Reference data) believe that the system we described here may be applied
HAV VR-1402 GIB 1.8 log (98.4%) widely for infectivity studies of small, nonenveloped

viruses, instead of VR-1402 as a model.
The Intercept blood system, similar to the Mirasol

The limited load of HEV obtained from in vitro cultivation PRT system, is also well known as a photochemical
precluded evaluation of the robustness of the measured method for PRT of blood products. Recently, two cases of
LRV. If higher efficacy of viral infection against the hosts HEV transmission caused by the transfusion of plasma
were attained, it could also be possible to acquire more treated with the Intercept were reported by Hauser and
robust data. coworkers.'® The primary mechanism of viral inactivation

Of note, a 1.8-log (98.4%) reduction of LRV for the by the Intercept process has been described to involve an
hepatitis A virus (HAV) strain of VR-1402 was previously intercalation of amotosalen (the photochemical agent
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employed in this system) into virus genome. This psoralen
derivative is excited by UVA light, and the photochemical
reaction that ensues subsequently induces a covalent
bond between amotosalen and the DNA or RNA of the
pathogen, which disrupts viral replication processes.
Although the viral load in the transfused plasma that
caused HEV infection was not described in the literature,
these cases may prove that this inactivation mechanism
by the Intercept process may be ineffective for HEV inac-
tivation. It is also possible that the Mirasol system might
inhibit certain step(s) essential for the viral life cycle and
eventually induce the reduction of HEV infectious titer by
at least 2 to 3 log. To fully determine which technology is
more efficient for inactivating HEV more information
regarding factors associated with HEV pathogenicity, such
as the maximum HEV RNA concentration found in
donated plasma and the minimum viral load required for
the establishment of transfusion-transmitted HEV infec-
tion, would be needed. In relation to this, a concentration
of more than 107 copies/mL has been detected in plasma
collected for blood screening.!® It is therefore possible that
transmissions with either technology could still occur if
viral titers exceed the capacity of the respective processes
to inactivate all infectious particles that are present.

In conclusion, our results show that the Mirasol
system has a possibility for the reduction of the risk of HEV
transmission caused by blood transfusion. Further studies
to determine the relationship between viral load and the
pathogenesis of hepatitis E are necessary to establish
whether the Mirasol system is indeed effective for pre-
venting HEV transmission under clinical conditions. Since
the concern about HEV transmission by blood transfusion
has been rapidly increasing worldwide, the effect of PRTs
on HEV should be further investigated.
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TRANSFUSION COMPLICATIONS

Antibody against immunoglobulin E contained in blood
components as causative factor for anaphylactic
transfusion reactions

Takaaki Abe,’ Eiko Shimada,' Minoko Takanashi,’ Takeshi Takamura,” Kyosuke Motoji,’
Hitoshi Okazaki," Masahiro Satake,' and Kenji Tadokoro’

BACKGROUND: Determining the mechanism underly-
ing the development of transfusion reactions is impor-
tant in transfusion therapy. Two bags of fresh-frozen
plasma obtained from a donor (index donor) were
implicated in two cases of anaphylactic transfusion
reactions.

STUDY DESIGN AND METHODS: The serum prepared
from the index donor plasma transfused into the second
patient (Patient 2) was evaluated using cord blood-
derived mast cells (CBMCs) incubated with Patient 2
plasma. The component in the serum required for the
degranulation was determined and quantified by chro-
matography in combination with degranulation assay,
Western blot analysis, and enzyme-linked
immunosorbent assay. The component in the plasma
required for CBMC sensitization was determined using
human immunoglobulin (Ig)E or normal plasma in place
of Patient 2 plasma in the assay. Sera collected from
the index donor between 2001 and 2008 were exam-
ined for the CBMC degranulation factor.

RESULTS: The donor serum activated CBMCs incu-
bated with Patient 2 plasma. The IgG fraction of the
donor serum induced degranulation of CBMCs sensi-
tized with IgE or plasma containing a normal IgE con-
centration. The IgG anti-IgE at a concentration higher
than 2200 ng/mL, which showed CBMC degranulation
activity, was detected in the donor sera for at least 7
years.

CONCLUSION: Transfusion of a high concentration of
the anti-IgE in the donor plasma was suggested to
induce mast cell degranulation in the patients leading to
the development of anaphylactic transfusion reactions.
Antibodies existing in not only the patient circulation but
also the transfused blood might cause transfusion-
induced anaphylaxis.
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ransfusion reaction cases that occurred
throughout Japan have been reported volun-
tarily to the Japanese Red Cross Society (JRCS)
since 1993 to improve transfusion safety.!
Among approximately 1500 cases of transfusion reactions
reported each year, more than 200 cases have been classi-
fied as severe anaphylaxis, which is generally termed ana-
phylactic transfusion reactions.” JRCS has also been
collecting patient serum or plasma samples as well as the
remaining blood components implicated in transfusion
reactions to analyze their adverse effects. However, the
cause of the reactions remains unclear in most cases.
Mast cells are considered to play a key role in anaphy-
laxis.* That s, the cross-linking of Fce receptor I (FceRI) via
the complex of an antigen and immunoglobulin (Ig)E
molecules on the cell surface stimulates the release of
several enzymes and chemical mediators such as tryptase
and histamine from the cells. These phenomena are
closely related to the development of anaphylaxis and
increased concentrations of serum or plasma tryptase are
considered as a marker of anaphylaxis.*® The serum or
plasma tryptase concentration in patients who developed
anaphylactic transfusion reactions was observed to

ABBREVIATIONS: CBMC(s) = cord blood—-derived mast cell(s);
FceRI = Fee receptor I; higE = human immunoglobulin E from
plasma; JRCS = Japanese Red Cross Society.
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increase significantly after the onset of the reactions, sug-
gesting that mast cell degranulation is triggered during
these transfusion reactions.® We previously reported two
cases of anaphylactic transfusion reactions associated
with the transfusion of platelet (PLT) concentrates that
contained oligomeric IgE capable of inducing the
degranulation of cord blood-derived mast cells (CBMCs).”

JRCS was notified that another two bags of blood
components obtained from a single donor were involved
in two cases of anaphylactic transfusion reactions. In our
preliminary analysis, the degranulation of CBMCs incu-
bated with plasma from one of these patients upon stimu-
lation with the serum sample prepared from one of the
blood components was observed. In this study, we exam-
ined these samples by an in vitro degranulation assay
using CBMCs and plasma protein purification techniques
similar to those performed in a previous study.’ We
propose a new mechanism by which the adverse reactions
were elicited in these cases.

CASE REPORTS

Two cases of anaphylactic transfusion reactions involving
two bags of fresh-frozen plasma (FFP) obtained from a
donor were reported to JRCS.

Index donor

The index donor was a 64-year-old female in 2004. She
donated more than 100 times between 1994 and 2008 and
at least 18 bags of blood components including FFP pre-
pared from her blood were transfused into recipients. Two
of them were implicated in anaphylactic transfusion reac-
tions that developed in two different patients described
below. She had no history of allergy. The concentrations of
IgE and IgG in her serum prepared from the FFP used for
the second patient (Patient2) were determined to be
24.2 ng/mL and 10.5 mg/mL, respectively, which were
normal concentrations (lower than 415 ng/mL and 8.70-
17.0 mg/mL,%° respectively). We examined retrospectively
the hemovigilance data that had been accumulated in
JRCS since 1993 by searching for reports concerning the
blood component prepared from her blood. However, no
cases were reported except these two cases of anaphylac-
tic transfusion reactions. She had not donated since 2009
and currently she cannot donate owing to the age limita-
tion for blood donation.

Patient 1

Patient 1 was a 53-year-old female suffering from pulmo-
nary hypertension, renal failure, anemia, and thrombocy-
topenia. She had been diagnosed with thrombotic
thrombocytopenic purpura and had been treated with
plasma exchange four times without any transfusion reac-
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tions. She had no history of allergy. She received her fifth
plasma exchange using five sequential bags of FFP in
2004. Within 10 minutes after the start of transfusion of the
fifth bag of FFP, which was donated by the index donor on
April 17, 2004, her systolic blood pressure decreased from
136 to 30 mmHg, and her pulse rate also decreased to
30 beats/min; she then stopped breathing. She was
considered to have developed anaphylactic transfusion
reaction from her clinical manifestation.’®! The IgE con-
centration in the pretransfusion plasma sample of the
patient was 77.9 ng/mL. Her posttransfusion sample was
not available for testing.

Patient 2

Patient 2 was. a 62-year-old female with thrombotic
thrombocytopenic purpura associated with systemic
lupus erythematosus and underwent plasma exchange in
2005 using a bag of FFP obtained from the index donor on
October 26, 2004. She had no history of allergy and she did
not develop any adverse reactions during her transfusion
therapies with four bags of FFP and a bag of PLT concen-
trate before the transfusion of FFP from the index donor.
Ten minutes after the start of transfusion of FFP from the
index donor, she started to feel throat pain and to wheeze,
her forehead turned red, and her blood pressure dropped
from 150/87 to 86/47 mmHg. Her oxygen saturation level
measured by pulse oximetry was 86%. She was considered
to have developed anaphylactic transfusion reaction from
these clinical manifestations.!®!! Her plasma IgE concen-
tration decreased from 177 ng/mL before the transfusion
to 90.7 ng/mL after the transfusion. The tryptase concen-
tration in her plasma increased from 4.0 to 20.5 pg/L
(normal range in healthy individuals, 2.1-9.0 pg/L),’? indi-
cating mast cell activation.

MATERIALS AND METHODS

Plasma and serum

Plasma samples were collected from Patient 1 before the
transfusion and from Patient 2 before and after the trans-
fusion. An aliquot of plasma from the bag of FFP trans-
fused into Patient 2 was incubated with 40 mmol/L CaCl,
at 37°C for 2 hours and then at 4°C overnight to prepare
serum. Seven serum samples were also collected from the
index donor when she donated her blood between 2001
and 2008. Control samples were collected from healthy
donors. All the samples were dialyzed against or buffer
exchanged with saline for the degranulation assay. IgE and
IgG concentrations in the samples were determined by
peak-rate nephelometry using an immunochemistry
system (IMMAGE 800, Beckman Coulter, Tokyo, Japan).

CBMCs

CBMCs, which are generally used for the in vitro study of
mast cells,”® were prepared for degranulation assay.



Umbilical cord blood was obtained from the Japanese
Red Cross Kanto-Koshinetsu Cord Blood Bank. Written
informed consent was obtained from mothers for the use
of the cord blood in transplantation- or transfusion-
related studies in cases when the number of cord blood
cells is not sufficient for transplantation. The differentia-
tion of cord blood cells into mast cells was induced as
previously described.”

CBMC degranulation assay

Mast cell degranulation activity in the test sample was
determined from the percentage of tryptase or histamine
release from activated CBMCs during the degranulation
assay. CBMCs suspended in the culture medium were
plated at 5x10° cells per well in a 96-well plate with
80 ug/mL sodium heparin and 20% (vol/vol) of the
pretransfusion plasma from Patient2, four plasma
samples from healthy donors, or the index donor serum in
a final volume of 50 pL. The cells were then incubated at
37°C in 5% CO, for 6 hours. Subsequently, 60 uL of a
sample solution containing the index donor serum or
a healthy donor serum in 0.18% (wt/vol) dextrose,
2.6 mmol/L CaCl,, 1.8 mmol/L MgCl,, and 0.18% (wt/vol)
bovine serum albumin was added to each well. After incu-
bation at 37°C for 40 minutes, the supernatant of each well
was collected. The tryptase and histamine concentrations
in the supernatant were measured using an allergy and
autoimmunity analyzer (UniCAP 100, Phadia, Tokyo,
Japan) and a histamine enzyme immunoassay kit (A05890,
Bertin Pharma, Yvelines, France), respectively. The per-
centage of tryptase or histamine release was calculated as
described previously.” To examine the effects of IgE and
1gG on mast cell degranulation activity, CBMCs were incu-
bated with 35.4 ng/mL human IgE from plasma (hIgF;
16-16-090705, Athens Research & Technology, Athens, GA)
or human IgG from serum (hIgG; 14506, Sigma-Aldrich
Japan, Tokyo, Japan). The CBMCs were then washed and
incubated in a 96-well plate containing the sample solu-
tion described with or without 10,000 ng/mL hlgE or higG.
The mast cell degranulation activity in the sample was
then assessed.

Fractionation of index donor serum

To separate the components that induce CBMC degranu-
lation from the other components of the serum, the index
donor serum was fractionated by gel filtration and affinity
chromatography. Gel filtration chromatography was
carried out using 2 mL of the index donor serum on an
column packed with prep grade (HR 16/50 and Superose
12, respectively, GE Healthcare Japan, Tokyo, Japan) at 4°C.
The IgG fractions of the index donor serum and healthy
donor serum were obtained using a protein G column (17-
0404-01, GE Healthcare Japan) in accordance with the
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manufacturer’s protocol. The unbound fraction was col-
lected as the pass-through fraction. Chromatographic
fractions were assessed to determine mast cell degranula-
tion activity using CBMCs sensitized with Patient 2
plasma and IgG concentration.

Detection of IgG anti-human IgE

In the Western blot analysis to detect the 1gG anti-IgE,
hlgE was blotted onto a transfer membrane (Immobilon-P,
Nihon Millipore, Tokyo, Japan). The membrane was incu-
bated with the index donor serum, healthy donor serum,
or the IgG fraction of these sera, and then the IgG anti-IgE
was detected using a horseradish peroxidase~conjugated
anti-human IgG antibody (HRP-anti-IgG; 054220, Life
Technologies Japan, Tokyo, Japan) and Western blotting
detection reagents (ECL Plus, GE Healthcare Japan). higi
on the membrane was visualized using a gold staining
kit (Protogold, British BioCell International, Cardiff, UK).
The IgG anti-IgE was quantified by enzyme-linked
immunosorbent assay (ELISA). The test serum samples
from the index donor or healthy donor were incubated in
a 96-well plate (Nunc Immuno Plate PolySorp, Thermo
Fisher Scientific, Kanagawa, Japan) coated with higE. The
IgG anti-IgE in each well was detected using HRP-anti-IgG
with 3,3,5,5'-tetramethylbenzidine (KPL, Gaithersburg,
MD). A humanized monoclonal IgG anti-human IgE,
omalizumab (Novartis Pharma, Tokyo, Japan), was used to
generate a standard curve for quantification (detection
range, 100-40,000 ng/mL)."

Statistical analysis

The percentage of tryptase release and the concentration
of the IgG anti-IgE were determined in two and four inde-
pendent experiments, respectively. The mean percentage
of tryptase release was compared between samples by the
two-tailed t test for independent samples using computer
software (Excel 2010, Microsoft Corp., Redmond, WA). A
p value of less than 0.05 was considered significant.

RESULTS

Index donor serum~-induced degranulation of
CBMCs sensitized with Patient 2 plasma

The index donor serum induced the degranulation of
CBMCs incubated with Patient 2 plasma (Fig. 1). No sig-
nificant difference was observed between the tryptase
concentrations in the culture supernatants of CBMCs
incubated with 20% (vol/vol) Patient 2 plasma only and in
that incubated without it (data not shown). However, the
CBMCs sensitized with Patient 2 plasma released tryptase
when incubated with 2.5 to 40 uL of the index donor
serum in 110 pL of assay solution in a dose-dependent
manner; CBMCs incubated without Patient 2 plasma were
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Fig. 1. Degranulation of CBMCs induced by index donor
serum. CBMCs were incubated with (filled symbols) or
without (open symbols) Patient 2 plasma followed by indi-
cated volumes of index donor serum (®, O) or healthy donor
serum (M, (7). The mean + SD percentage of tryptase release is
plotted.

not activated by the index donor serum. These results
indicate that CBMCs were activated by the combination of
Patient 2 plasma and the index donor serum.

CBMC degranulation induced by IgG fraction of
index donor serum

Chromatographic fractionation was performed to sepa-
rate the components of the index donor serum and iden-
tify those that activated CBMCs. Gel filtration fractions
A37 to A49 induced the histamine release from CBMCs
sensitized with Patient 2 plasma to a greater extent than
the other fractions (Fig. 2A). These fractions contained a
high concentration of IgG, suggesting that IgG is involved
in the activation of CBMCs. The IgG fraction obtained
from the index donor serum, as well as the index donor
serum containing the same amount of IgG (3.56 uL),
induced the degranulation of CBMCs sensitized with
Patient 2 plasma (Fig. 2B). Thus, it is considered that the
factors in the index donor serum that activated Patient 2
plasma-sensitized CBMCs were in the IgG fraction.

Requirement of human IgE for CBMC sensitization

Next, the components in Patient 2 plasma required for
CBMC sensitization were determined. CBMCs washed
after incubation with Patient 2 plasma were activated by
the index donor serum (data not shown). Hence, IgE may
be necessary for CBMC sensitization because IgE binds to
FceRI on the CBMC surface and is not removed by
washing.’s Indeed, CBMCs incubated with hIgE at the
same concentration as that of IgE in Patient 2 plasma and
then washed were activated by the index donor serum and
the IgG fraction of the serum (Figs. 3A and 3B). Besides
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Patient 2 plasma, other plasma samples could also sensi-
tize CBMCs to the index donor serum (Fig. 3C). CBMCs
incubated with plasma with an IgE concentration similar
to that in Patient 2 plasma were activated by the index
donor serum, whereas CBMCs incubated with plasma
containing a low IgE concentration or an extremely high
IgE concentration were not activated by the serum. These
results suggest that normal IgE generally contained in
human plasma could contribute as a factor for CBMC sen-
sitization at suitable concentrations in place of Patient 2
plasma.

IgG anti-IgE in index donor serum activating
IgE-sensitized CBMCs -

As shown in Figure 3C, CBMCs were not activated by the
index donor serum in the presence of a high IgE concen-
tration. Moreover, CBMC degranulation induced by the
IgG fraction of the index donor serum was inhibited by the
addition of an excess amount of hIgE (Fig. 4A), suggesting
that the IgG fraction recognized IgE. Western blot analysis
revealed that IgG in the index donor serum bound to hIgE
(Fig. 4B). Hence, it is considered that the index donor
serum contained the IgG antibody against human IgE and
this antibody triggered CBMC degranulation by the cross-
linking of IgE-bound FceRI on the cells.

1gG anti-IgE in index donor serum detected over

7 years

The IgG anti-IgE in the index donor serum samples col-
lected between 2001 and 2008 was examined to deter-
mine the relationship between the presence of the
antibody and the occurrence of anaphylactic transfusion
reactions (Table 1). The IgG anti-IgE was detected in all
eight samples by Western blot analysis. The concentra-
tion of the antibody was calculated to be in the range
between 2200 and 8900 ng/mL by ELISA. All the test
samples activated hIgE-sensitized CBMCs. These results
indicate that the index donor had continuously pro-
duced the IgG anti-IgE over a long period of at least 7
years. CBMCs incubated with Patient 1 plasma were also
degranulated after incubation with the index donor
serum obtained from FFP that was from the blood
donated on April 17, 2004, and that was transfused to
Patient 1 (data not shown).

DISCUSSION

Mast cells in transfusion recipients are activated and
degranulate during anaphylactic transfusion reactions,®
although the activation mechanism remains unclarified in
most cases. In the cases presented in this study, the sera
from the transfused FFP showed degranulation activity
against CBMCs sensitized with the patient plasma and the
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Fig. 2. Mast cell degranulation activity in fractions separated from index donor serum by chromatography. (A) The index donor
serum was fractionated by gel filtration chromatography. (I) Chromatogram. (II) Elution patterns of mast cell degranulation activ-
ity and IgG. The histogram shows the percentage of histamine release during degranulation assay of 50 pL of each fraction. *The
percentage of histamine release was not higher than 0%. The solid line represents the IgG concentration in each fraction. (B) CBMC
degranulation assay was performed using the indicated samples. The concentrations of IgG from the test samples in the assay solu-
tions are indicated at the bottom of the panel. p values indicating significant differences are shown. The mean + SD percentage of

tryptase release is plotted.

factor responsible for CBMC degranulation was deter-
mined to be the IgG anti-human IgE in the donor plasma.
It was suggested that the antibody was the causative factor
for the anaphylaxis.

Autoantibodies against human IgE are found in
patients with various diseases such as allergic
disorders,'*'%1° gystemic lupus erythematosus,? parasite
infection,* systemic sclerosis, Crohn's disease,® and vis-
ceral leishmaniasis.? The IgG anti-IgE was also detected in
normal individuals in some studies.*® Generally, no
more than 300 ng/mL IgG anti-IgE was observed in
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patient serum samples.'’2 However, another report
showed that the IgG anti-IgE concentrations in two of 96
individuals were more than 4000 ng/mL.* The index
donor was reported to have no history of allergic, autoim-
mune, or other diseases. Despite that, the IgG anti-IgE was
detected in the index donor sera at relatively high concen-
trations ranging from 2200 to 8900 ng/mL. In our prelimi-
nary study to detect the IgG anti-IgE in approximately 250
serum samples prepared from the blood components,
only one serum sample showed a high IgG anti-IgE con-
centration of 1200 ng/mL; however, that serum sample
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Fig. 3. Incubation of CBMCs for degranulation induced by index donor serum. CBMC degranulation assay was performed. (A and B)
CBMCs incubated with 35.4 ng/mL hIgE or higG as the control were washed and then used for the degranulation assay of the indi-
cated serum samples (A) and the IgG fractions of these samples (B). The IgG concentrations in the assay solutions are indicated at
the bottom of the panel. (C) CBMCs were incubated with indicated plasma or serum, and then the degranulation assay was per-
formed using 10 uL of the index donor serum. The IgE concentrations at which CBMCs were incubated are indicated at the bottom
of the panel. p values indicating significant differences are shown. The mean + SD percentage of tryptase release is plotted.

did not activate IgE-sensitized CBMCs. Thus, it is sug-
gested that the blood component with a high concentra-
tion of the IgG anti-IgE possessing mast cell degranulation
activity similarly to the index donor plasma is very rare.
The concentration of IgE that sensitizes the cells
seems to regulate whether CBMCs are induced to
degranulate by the index donor serum. CBMCs were acti-
vated by the index donor serum when incubated with
plasma containing appropriate IgE concentrations, as
shown under Results, and when incubated with higE at
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tens to a thousand of nanograms per milliliter but not at
lower or higher than these concentrations (data not
shown). The results suggest that at a low IgE concentra-
tion, the amount of IgE molecules on CBMCs was not
sufficient to react with the IgG anti-IgE and that at an
excessively high concentration of IgE, by forming an
antigen—antibody complex, the IgE molecules in the assay
solution inhibited the binding of the IgG anti-IgE to IgE on
the CBMC surface to induce degranulation. Indeed, the
IgE concentration in Patient 2 plasma decreased by half
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Fig. 4. Assessment of IgG anti-IgE in index donor serum acti-
vating IgE-sensitized CBMCs. (A) hlgE-sensitized CBMCs were
washed and then used for the degranulation assay of the IgG
fraction of the index donor serum (IgG: 0.34 mg/mL)
coincubated with or without 10,000 ng/mL hIgE or with higG
as the control. p values indicating significant differences are
shown. The mean * SD percentage of tryptase release is
plotted. (B) The IgG antibody against IgE in the index donor
serum was detected by Western blot analysis. The hIgE-
blotted membrane was incubated with the samples indicated
at the bottom of the panels.
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after the occurrence of transfusion reactions. It might be
suggested that the transfused 1gG anti-IgE was consumed
in part during its complexation with circulating IgE in the
patient’s blood.

Inaddition to the concentration of patient plasma IgE,
a rapid transfusion rate might be required in the develop-
ment of anaphylactic transfusion reactions. Both patients
who developed anaphylactic transfusion reactions were
treated by plasma exchange, in which the transfusion rate
was considered to be much higher than that for supple-
mentation of the blood coagulation factor. The rapid infu-
sion of a high concentration of anti-IgE might facilitate the
induction of the degranulation of the patients’ mast cells.
This may explain why no transfusion reaction cases other
than the two cases presented in this study have been
reported, despite the fact that many bags of blood compo-
nents were prepared from the index donor blood.

In summary, the results suggest that the IgG anti-IgE
in the transfused plasma caused anaphylactic transfusion
reactions in these two patients. Thus, we propose a pos-
sible mechanism underlying these transfusion reactions.
That is, the transferred antibody against a recipient’s
antigen causes anaphylactic transfusion reactions. An
existing antibody in the patient blood that recognizes a
substance in the transfused blood component has been
proposed as a causative factor for anaphylactic transfu-
sion reactions. However, concerning transfusion-related
acute lung injury (TRALI), transferred antibodies, such as
antibodies to human leukocyte antigens (HLA) and
human neutrophil alloantigens (HNA) are considered as
causative factors activating various cells in transfusion
recipients.® The concentration of the transferred HLA
antibody is suggested to be related to the development of
TRALL* Similarly, anaphylactic transfusion reactions
could be induced in some patients in the presence of an
adequate concentration of a transfused antibody against a
specific antigen on the patient’s cells, such as the IgG anti-
IgE found in this study. Identification of causative anti-
bodies in blood components would help reduce the risk of
these transfusion reactions.

TABLE 1. lgG anti-lgE in index donor sera collected on various dates

IgG anti-IgE
Concentration* % Tryptase releaset
Collection date Western blot analysis Mean (ng/mL) SEM Mean (%) SD
February 22, 2001 + 3200 210 30.7 2.0
August 23, 2002 + 3200 98 31.3 1.1
September 1, 2003 + 3000 230 30.8 24
April 17, 2004 (Case 1) + 2300 130 23.3 2.1
September 17, 2004 + 2800 180 25.9 3.8
October 26, 2004 (Case 2) + 2200 220 224 16
January 26, 2005 + 2500 250 211 3.0
July 11, 2008 + 8900 560 29.9 3.1

* The concentration of the IgG anti-IgE was measured by ELISA.

dates.

1 For the degranulation assay, higE-sensitized CBMCs were activated with 10 pl of each of the index donor sera collected on the indicated
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Fig. 1 Number of established Transfusion-Transmitted-HBV
infections grouped according to poolbased NAT
screening systems.

Window; Infection cases caused by window period-
derived blood components,

OBI; Infection cases caused by occult HBV infection-
derived components. OBI refers to anamnestic HBV
infection stage typically represented by HBsAg-
negative, HBcAb-positive, and HBV PCR-positive.
Intervals when indicated NAT systems were applied
were Feb. 2000 - Jul. 2004 (4.5y), Aug. 2004 - Jul. 2008
(4.0y), and Aug. 2008 - Mar. 2010 (1.67 y), for 50 pool-
NAT, 20 pool-NAT, and Improved 20 pool-NAT,
respectively. Sensitivities of NAT systems used are
650, 260, and 76 copies/m!, for 50 pool-NAT, 20 pool-
NAT, and Improved 20 poolNAT, respectively.
Vertical axis indicates the number of established
transfusion-transmitted HBV infection cases per year.
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