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Quantitation of HEV RNA

Quantitation of HEV RNA was performed following a pre-
viously reported method with minor modifications.®
Briefly, RT-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 pl. 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 HEV 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 pL of
HEV-positive blood specimens or from 200 pL 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 ymol/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 PLIs.

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°% copies
in 2.5 mL) and then inoculated into A549 cells (Fig. 1).
Consequently, only two HEV strains (JRC-HE3 for G3 and
UAL for G4) were found to be infectious. The HEV load of
JRC-HE3 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 cultivation 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 (1052 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 10°2 copies/mL (1072 copies in 10 mL) (*2) and 10%*
copies/mL (10*2 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/PRF/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 10°° copies/mL (105 copies in

2.5 mL; *1). The load of JRC-HE3 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-HE3 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 1057
copies/mL (10%! 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
spécimens at 70 days (10 weeks) postinoculation was
diluted to 10%7 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 108%
copies/2.5 mL) were serially diluted 10-fold and inocu-
lated into A549 cells and PLC/PRF/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 103-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
F1124S [UUC(F) = UCC(8)]
ORF 3 and ORF 2 (duplicative two bases) ORF3 ORF2, Capsid
C20C [UGU(C) =» UGC(C)] L8L [UUG(L) = CUG(L)]
ORF3 ORF2, Capsid

P8P [CCG(P) = CCA(P)]

Methyl transferase

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

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

respectively. This indicates that 105 and 10%° copies of
JRC-HES3 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% 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 (UA1) in PLTs were performed thrice. The mean con-
centration of each strain in PLTs was consequently 10%¢
and 107® 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/mL; 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 10%* to 10%* copies in 2.5 mL. Since the PLC/
PRF/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 load 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 1084
PLC/PRF/5 1058
A549 HEV UA1 G4 1058
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-HES in PLT's by the Mirasol PRT system. The change in the HEV Joad 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-HES3 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 PLTs 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 107 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 log (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 syst'em cient than that for HAV. VR-1402 has frequently been used

HEV and HAV strain (;)ng'f;%‘;"ct!‘%?q‘ﬂti) fc?r inactivation assays of HAV and is the usual m(?del
DEV JRO-HES 63 More than 3 log (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 occured
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 is, 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 (Patient 2) were determined to be
24.2ng/mL and 10.5 mg/mlL, 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 pug/L
(normal range in healthy individuals, 2.1-9.0 ug/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 5x 10° cells per well in a 96-well plate with
80 pg/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 uL. 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 (hIgE;
16-16-090705, Athens Research & Technology, Athens, GA)
or human IgG from serum (hlgG; 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 hIgE 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,
higE 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), higE
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
1gG 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 pL 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, [J). 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
FceRl on the CBMC surface and is not removed by
washing.’® 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.

1gG 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%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.”? 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)
CBMC:s 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 pL 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 IgG 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. IgG anti-IgE in index donor sera collected on various dates
1gG 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 98 313 1.1
September 1, 2003 + 3000 230 308 2.4
April 17, 2004 (Case 1) + 2300 130 233 2.1
September 17, 2004 + 2800 180 25.9 3.8
Qctober 26, 2004 {Case 2) + 2200 220 22.4 16
January 26, 2005 + 2500 250 21.1 3.0
July 11, 2008 + 8900 560 29.9 3.1
*. The concentration of the 1gG anti-IgE was measured by ELISA.

1 For the degranulation assay, higE-sensitized CBMCs were activated with 10 uL. of each of the index donor sera collected on the indicated

dates.
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1. BEHBIBRELCLBRIU-—Z2T

B BIF4 1 LA (HBV), CHEFXT-TIVA (HCV),
b hEERE T IVA (HIV) 13, MEHEERE (-
cleic acid amplification testing, NAT) IC&k2 2/ —=
TR ERDTVS, BARTFRMEE>Y—T
W, BRI R —MmiEE 20K 7=V LishiEEANWT
BEET-> TV, TR26E8BLD, T—EL
RWEGIRETORESEBE N, BEEoMmbRE -
HEOBRERIZERBOEKICHD, ZNULORED
FREBREOERICEKET D LIRS, ZORBETT
BBEINSDIAINVAILBZBEENBI501E, Wi
5% 4 > RIS Bk Ol mEIc L 5 DA%E
ENETHD, Thbbd, BIENREEZTTHS,
ZFORMMAZF DT N AJBREMN NAT OBEICET 5
FTOHMICHm I NZMETH D, TAIVAFESY
AN T DHENRHENDZDEFFDOH ELRS,
® HBV

HBV BERMEMNIEEICHEVL D A, BEROHOER
EHFENoY, TSIKHEMFTOHY FIZHBED
HDNHYD, INETOHMBERNBZIEMRTIDOT
Hok?, HBV 7 / L0 KM O EMERIZH 2.6
AY &3EEICEL, TRETY s > FUHBEbEN, L
Ao TEFOMIZHMENIEEDES L3, #ET
i3, AR NAT RO+ > Ry Siomil ik 1 €1
OO KIS BEADEFEALGNZY, TN A
BRFI 1Ny ZIZHBV M1 BEUEA S TNEHD0H

BAEFR+F P R i #E AT
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THD, TOIBDIL —HHNERIEREZRITHO
EBEDLNBY, ERICAEY >4 —SIiTBT 5 %R
FHIEIZ 2,3 TH B, b D —DOERYIEIE, HBV®
REAEOMIETH D, 4HTIR, PEMUZOKTRE
RTRBER HBV 3NN SER2ICHEEINDI 0D
% ZIMEWTH D, FIlEZ &I2id HBV A% 5 Tl
T, FABRMIC S B WISFREEAN R M A I KRB DD 1
WABBHEEND EEZBNTNBRYS?, EETR, &
O TEKPEERNS NS MBEEA & & - i mk R EE
o4 2 RMMKIC K BB L0 bEho7 (Fig. DY,
2012 4, A T7HEBELKRETRTHRLEZI ST
0, T TOBRREIIIEEAERIBoEEELDS
NB, =7, BITOITHEOBENT ORREEED
MIEEFES 519 T, TS QMR & SR o
HiZFE-> T3,

NAT o@EREE/IcE D, HESN S Mk HBV
PRALEZELTHENRZED TRBREOHDIE SN
b, TOLXVIZIEBE, BHOBRBEEREA 12y
NPOETAINABIKET D EMRINTNSEY,
UZei> TUE OBSE, FmEEFL0d, nERo
ZVITEHE PR M/MRICEFTETHS D L
FEENZY, ZNETH HRBVOFWEREDEDIC,
7—)b NAT QR ENBREOFTEE TS L ULITE
LTB5Y, TOEMOEENLERIERREEELT
WiEBbhs,

MERMAF R IZEA L HBV OBIBIEF OB RS
7o, HMESO% HBV v —H—MBE LD EBIC
FRERETDHETIRINETTIVBEMAINE EE
bind, BRAETA RS O THBENTWSED
BINATRBEOFEEZFMETERWAREENS
5. ULizMoTamFEL D E<BRo BRI FLzH
ETDHIENELRYD, 70— 5EHEHOEHE:
g, INETULKSHENEOBEDO 7+ 0—IZEEE L
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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/ml, for 50 pool-NAT, 20 pool-
NAT, and Improved 20 pool-NAT, respectively.
Vertical axis indicates the number of established
transfusion-transmitted HBV infection cases per year.

BT 5,

o B B4 EHEEDNPLTVHOIZ, HBV O
B S 2, P TFENEORSPRENHZTO B
FRLEUESBLHZITHWH0T, BMicEEs0
FRTCHoTHINEENH D, FEEELICL B4
HETHIIEANTHEOT, E55THnERAR
U LERRFEERE RTINS,
® HCV

HCV DRl T O ML, fSInkEHA%% 11 8
MEMDTELY, FEAFHCY N1 aE—/mi»5
A% NAT ORI EICETAE T2 AEMANSR
W, FEEEIOEVY 1 2 RUMICH - EAHNHNI
95 ENIERIED TEY, BELSFEHMO 20 77—
JU NAT Oz, NAT 0BG iRkt oy
Mokl 37 Fl T o 7z, BRYED NAT BB HED
BMUNOEZ290HETAE, 2HMOY 1 > Rolic

B B it ¥ 55:10

H B A BER T 5 B AERM 0.2 ENCi/ziny, 7—
Jb NAT QBP9 Tz HCV O3 id & A K1
MNTWwEEHEATEL, BESEMITHMIZLS
HCV B3 1 oA THodz. AR NAT FTIEE 510
Pl ablEMMEENS, LrbRICAESLDI,
NAT @ &Mt ok (R s A5pk i B 2L s
OEEZEFLEIEEZRT) WEAHPLLTETHS
(Fig. 2, YAZE#HTHZ & & UL A%
Lizwkdlclaoih, HHEWIRMERZ SO TREM
AIERE - JEATIZ A 5 BESTHN, B0 REE W
IEIBVWTHESNTEEIERENEALSND (1
EOMESHEWIRTRAEOERR L),

® HIV

HIV O 3 H 1f b o & InER 1L 205 IRl & 2 h 512,
20 =)V NAT FCOD 1 > B iilid# 2 BE T - 7=
2 (A NAT FTCRE 11 A &5, AETREREEIC
T, ki o HIV FiEB R oBE B~ A D
TOZIUTI R TEHWIRIES RN TE W, B L Th
5B I R - NAT B Ok id 2 2 14 48
22T ATdhol. Thehe#ETS &, 5 NAT
[tk HIV B e ofkifld 1 EIC 20 $H 5 2 &8
HEE SN D, W 2013 AEFENICIE & /- hiln i &k % HIV
BEWHNT, HIV OfmERR ) 2 7 KRR > Tns
ZEERLTVBRY, ZoflicBWTR, fikin#ht HIV
WHutn 1L 2 AT E U, FomiEichiged 5 FFP o
WIc L > TOE D OBRBFITERATES /=, RilEOH
EREDOHBETIHESI DO NAT S AFADD BL—D0DH
TRINT 2 ZENTEE RELEDS BO—DIER
), AT, A5 NAT B0 Mikic & 5 HIV &
O|ERFERVE, SEOFILET NAT THHHT
ERW, BREOHHEMMAHVES T EERLTO
5, UMl d 2 R i ER A TR &
Molz, T THEBMENEBIE YA N ARITIKGET S Z
EDRBEND, BB IOWHN, HEimEN 2 EE
DK ZETT - 7B, HIVHENBEREL TR0, @it
> & — CHTE O f i e O A ik % 1851 NAT CTH~
J=i58, HIVRNAZSHOENCHBIETH D, 8T 5Mm
BeBMEN-BF2FREAEL THBHLAEHOT
»5,

PlE, NATTRZ U ==L TWB3D091)L
ZRXD0TIR, BHEINERET-I0oREIA %
HETHZENTED®Y, ZNET- A EETHIM
OEELLTHEDEN, LEOLDICHBY R HIVIC
BL TR E L TKRERETH S, L LEROBSR
HIRREEJOFETHD, WHOWE PC, #HEHTH
% FFP, FRMERBAIOZE Y, mEROENWR E), #ilm
FEOBPAT—, BEORGINE - £ERIER E0H
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MBS LTL %, ZOMBBEMAE, HBV Y1 > Ry
HiI o ifn 1 D B #E T 50%, ERHBETE D HBV NAT (54
MR DOBPRIS 3% & LFHINLY, Wold DEERE
DHEIBTIZ, BzZBFORET 1 EDRIEE
LTHED, 2N50BRENRMERILEZ T ENE SN
FEAEFRBTHD, 51, RMEIMEEZT74D0—T
ETVWBDEFLETII~0%LELNTEH?, &b
¥5&, EFEEMmikt sy —atRL T ARRRD
5, 6 S DREEAERITITERETWEOTIERWM EHE
=hs.

2. £ FTHRALBYAIIATE (human T-cell
leukemia virus type 1, HTLV-1)

A THMAMFE (Adult T-cell Leukemia, ATL) %
HTLV-1 P8 7 it 5 (HTLV-1-Associated Myelopathy,
HAM/TSP) OEBEEERZ L MO N ATH 5, BRA
BICHBDEEDK BB L > TRERELEALS
ATLARETHIEIBEDTERETNTND®H,
HAM/TSP (iM% bbizd9 48 W THREL 5 5192,
Mk Iz L TR E H A Tl CLEIA iz L 55k
AH) =T fFhbhTns, ATV 7o9 1)L
A ELTHEE CDAFEET U S NERO S 7 ATHAA
FN, HMICELTRY ERESICBBERPICAS T
EITIx B8, 2007 £E 2 A LRI X T O A fn ik
I EEFHRMERGBEENEINTED, FOHn5 HEIMm
L BEBEOMREERED., TRBZRIETORET
W, F#EX7 Y- B TH 508 #EXhkES
T A>T 0y MEREDHRBENEEDSE NS
D, BEAOREAMEELZ> TWAY, #ilnmiko R
YT THRKTH DM, AT Y—ZJBiED
MR T RTEREREB>TNS,
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Fig. 2 Number of blood donors positive for NAT but
negative for HCV-Ab in relation to year.
Number of donors is shown- separately with
each HCV genotype indicated with different
color. Vertical axis shows the number of
donors by year.

3. ErNIKRDAILZAB19 (PB19)

PB19 iZ B IT/MNEDRREYE TH D RRELH DOFEEY
AIWNATHD, EFEIRLET D ERBKEEZEITER
N D, FEWIERNIHRL, WLFEZ 1 ERFTEE
=9, BHMEOIAIAIZEL, ToNO—Tdhk<
F T RASEET, HEEFENICEL WERETOYREE
UKW, Lizhio T, miEoEsAosbETETHRE
BETHHEELEINTICERD, RRUSJIICREEZh2ZL
1%, ZORY, MEFEHAOESICKLS PB19 &
B DTN S THEINTNAY, MESEMHIOE
BHLEE NAT A2 )= 0550, Fhi3F/ 74
NVhL—=2a> T3 EiI2&DERMIZPBI OREAZ
B<ZEMTERBY,

R A ICBIT S PB19 BRI O T A )V Z D i D Bhig
FEDDTHHUMTH P, [EH»S OBRPEHI0H
T PR TE <D, 10PaF—/mlicHiET
B0, ZOEENS IgM/IgC BEHAAHEL TAY
ICMAPRERZTFMNS, LAL 103 —/ml fhEMSIZ
EINTND ESRWHINEL, ERICDE- Thd
WA AT ) AMBDONBE T EMNE N, L Las
SRR IgG BRI, T NVAY ) ABKRIBENT
BEMMEIRIF A ERNWEEISND, (I AMED
BICH > THERZFERELANIEHEL, Likdio
TEOHEMEkmET 2 A7 HEW, EBRY AT
E—#M 1053 —/ml P EZRTEUMIEAA2ET 1
2,000 A EH D (RFT—F). BRTRIOEK
EAFTAPERELZEITLTEY, BEMSICET T
ZMIEDRE M Z PR L TWBHD, ZRNE D BIELERE
THHRMERZRITIEMH B2,

PBIO DL 7 —idfrsk/ ORy RTHD, HK¥F
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FEAIR IR I ER DS —RFA I T 4 D TRt A
WM Ko TERMO Hb LAV EL DL HRLTWHS
LD IBF TR, BT o TR AT s b
FEDF M, HHWIE—Ba iRk s J—E&ik
5%, AL ORG-S, [LEEiREn S ORIEM OB
FIRETY ALY MG, WEEOSEIN Tz & 5 Bk
WHeT B &, BRI HE A SR W BT AT R
L, HREFHD &0 5, MR DICELILEES H
2%,

BRI A OB 54T Lo T IS OFfiE % 5 il
ZYHREE S I WA, JER OISR TS 20
iz /av, ZOESLULEAENSDHDOTHS
(Table D®, AAOEEKEEDBRHFOBENED THE
BOTWAHOTEBWNERDNS, B —FEETH
IEFAASEN TSNS H 5, fob, il fhilmigic
DWTPBLY #N—F—2TCAIY =T LTHHD
WHAKERAY - F—ZA MU T OOt > —7
TH B,

4. EbYA RAAOTAILA (CMV)

CMV IZF DA SR I IHMEDEB IS, &
ZOIEII A 2 D IBAESHIN L TW 2B DERICE
WTRZERMEAIBET 5. CMV IZEMER & ot
e <, MIMOBEEE MR EIITEBEFELPITASD
T, EMERE RS U ik R s iatEm o m & U
THETEDZOTIEH AWM EVI RS INTE
723 2, EROMTO CMV OBESBAE WA,
CMV etz AT e UK LIEEBTH S 2 &n
LEETWAHMBTH S, OATIIRAEREONEE
12 CMV DIERRN T TETWHSDOTIRRBVWNAED
HEZ S H D5, BHOWHMEBEONKLE DRETIE 20
ERTDRBPREFEAERUT, 20 #AE 58%, 30 #
I 73%, 60 BT 98% (EH77%) DEHETH-
7= (Fig. 3)¥, &5, MiEME D04t TREISHE
BB MiEERIRT A EMMOEmE/AE <Y, MK
Ty —ICRERAENMNNDE, RSP T, BEEROEE
AR TR HENS D WA A Y T 1 HIEFT &
NTEED, FEAZ Y —Z 272 L TWRLEmERE
£z kb CMV Bz biAREnoBEL 0bhT
MIZEOD, HDOIWEFEEIRY, &0 ONEER
RIERTH DS,
BHEICITHIERISIE & A EHNTW SO Tl
mEEhhan, FRENOFEICIERNLREND
5, FikBRELNBEDEEDOLIICEDLNS M, CMV
D4 ROMENSIHONHB, LELDEIITCMY
ERPLEOER TRMICERIEREN LR T 5, Mgk
THBRAICHRBRSEI > TWARTTHS, CMV
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Table 1 Clinical course of parvovirus B19 infection caused
by the transfusion of parvovirus-contaminated blood
products. Day 0; implicated transfusion.

61y Male,
AML

Day 22; high fever

Day 24; Systemic erythema, Low reticulocyte

Pure red cell aplasia on bone marrow
puncture

Day 25; PB19 DNA+

7 weeks; Anemia recovered

57y Male,
AML

Recovered leukocyte and platelet but low
erythropoiesis

Day 21; pure red cell aplasia and complete
remission of AML on bone marrow
puncture

Day 24; PB19 DNA+, aPB19-IgM +, aPB19-
IgG+

Day 35; aPB19-IgM —, erythropoiesis
recovered

41y Male,
Hairy cell
leukemia

Day 10; ret. 0.3%

Day 11; PB19 DNA 1:X 10% copies/mi

Red cell aplasia sustained

3 months; Complete recovery from anemia

Day 6; fever (39°C)

Day 9; WBC 1530, CRP 0.6 mg, high fever
sustained

Day 19; aPB19-IgM +, aPB19-1gG -+, ret.
0.2%

Day 22; ret. 8.9%

Day 31; PB19 DNA 4.8 X 10* copies/mi

30y Female,
Caesarean section

35y Female,
Placenta previa

Day 7; high fever (38°C)
Day 11; systemic eruption
Day 12; aPB19-1gM +

1 month; all recovered

59y Male, Day 6-11; high fever (38-407C)

Rectal cancer Day 22; PB19 DNA+, aPB19-1gM +, aPB19-
1gG+

50s Female, High fever, general malaise, pancytopenia (1

Paroxysmal M), sustained anemia

nocturnal

hematuria

20s Female, Reticulocytopenia (1 m), sustained severe

Hemolytic anemia

anemia

70s Male, Reticulocytopenia (1 w), asymptomatic

Pelvis tumor

MRS L Th S PRI & 25 £ CITis 6 22
THEENTHBOY, ZOMOIRMITFREETHE R
BFEOUA N ZMIEERTAGEENH D, chbDT &
SRRt L D S EMBRRFELO S NERTHDET
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Fig. 3 Yearly change of CMV seroprevalence:

Horizontal axis indicates age range of blood donors
examined. For each group of donors categorized by
age and sex, 200 randomly selected blood samples
were investigated for IgG CMV-specific antibody. A
total of 2,400 samples were collected in Tokyo
metropolitan area. Vertical axis indicates ratio of CMV
seroprevalence.

BHFALHBY, LOLENSTLY ORI TD, filkk
# T high viremia Q& NS SOEFEDHTENTH
B33 o lF S BinEkbREMIE, AmEES YR
BEASEMIRIRE 7 1 Ny — OBRERE I ERBAEEIC
F—N—=70—-LUTULESERE, AMIKICEALTY
BNT7Y—D CMV BEBENBNI RTINS B, 7277
LEDEDET7Y—0O CMV DSt & DhENEFR
HTH5, £Milit>y—0DABTRTORMOTEE
HdHH5H, BHETIREEORROFLNSERY T
YU THMEREEAT > RLTHED, HEERRI
HIZ 99.9% HETH B4,

WolES, CMV HiEBEEMOBERICONWTIE, &t
B P BRSO H T CMV Bit0oT =4
U A AR IR ICE D TH 57207,
BT CMV Fifk AR E L S D Z ehidind
o, BADEMAMBHGITA K1 >0 CMV Bif
ST AR TH, BHiEZD CMVEBEEOZ < IS
FICERBREL TS CMV OFEEILICE2DDTH
BEL, BELRF—AEDICCMY FiEREDOBEIC
D&, CMVEHmMiEHAZERTIESEEL S
LTWwaed 2L T CMV FifBEniEdazmnT
H, CMVHIREEO ) A 7B EWELTNS, BdbR#E
DA F AT, 2012 FED M - AR VRSB OK
2HICHT3RMERSL (SaBTO) 0T, CMV
PR M OB 2 FE NN, HER - BREAOHMm
DHEL., FOMOBEIE, BE - RF—HITCMV R
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HOHEHLEH T, BMEBRERTHITH S &g
FTnaY, 7 MLOBHYE >y —TiE3 TicHikE
oA emmicdibInTns,
HATOCMV OMBEEBFEEHEREROLEFICH
5. AROMmifit % —I2, SmOEHERBEELTE
PER - HRBEIHAEREIEAND CMV BRI E < 5
HoNBLSITRok, FHENEDIRIZEAEDES
B ERFEEM TS H 24 CMV HiEEMEm Tidiswn, 2
NET, U TI2HMEFOREREDHET CMV-
DNA % 1gM B CMV HifEsii S h =5k v, &
MERERZR ML L0 ZEZMTREIE, Ikt 512
CMV ikt zH 5N UDKETI I ENEEh
5. i, WHETHNUIRMATORERE, BEOME
EFAA R EOmEERBICRETNIES N E DEE
BFREzHOMITHFEMTERS,

5  ERFRVAINA (HEV)

HEV S HA 280 L EBOMTEFEOTANILAT
HDHTERTTICHIY IR, BERTEDSNDIHEET
Biz3&4THBd. BETIRTIY, 1/, YhHRE
DELHAEETABLBBIYETH 559, Thoo
PEPIR E Il N L B WEFERTS2ET
e s, MRINTUARABRRICOEIIZEALT
WBZ EMNH D7, FNICHHEFRERZRITIENDSD
AORH IS REMN SR AR LY, EREO 3.4%2HikE
HTHD HHAET56%, FHAET18%)?, thso
SEROANBRBE M OBRENERL LZB8I. Fon
PSR 2 FE DA REMEDS B B, 2005 4E & D JbisEm
Wy —TNATICEL DAY —Z 2 T &5 ITHICE
L TWaELY, ZOF—-InoifETSHE, G42E
T 14EMIC 300 A5 400 AATY 4 VR MED £ ikl
ZLTWSEEDNS. LBETORITHR Y~
TR MR A —H—n S DERP L EM S HEV
RMEOmmASHIBAT 5 Z &Md5, TNEDELToR
AR MEC LU, HEV BEOmikEF 285m L8
BOBYtEIL 30% EHEEEIND GREET—4). HF
B L TWAEINIC X 5 HEV BREFIE8E 15 56
KHRTHS, LERSNHIFRITDONTIE, ALT
DEREEE, 2HREOENERFITBNT 2,000 ITiEH
LAV THD, <13 100H05 1,000 DRSS, 2D
PCEREED 5 O B BRI EEREIT I 12 FEMTD
THIFATHO?, ZOMBITRTOEEF—n5D
IS D<HETHIHLEZDDTHS. BEHEEOHT
HEV O#ileE:, H35WE HEVIFRZOHDIZDNT
DREFMEFENEEDNS, ERFREZE~OBH
NURE A FEREYETH D, SmBoFEiEoTNg
Frzys®, A B CEFL£OZEARETIEHEV



FEMICANDBLENS S, REEICRESNTNRAE
RN O FREFEITEM 100 il D> UBASRETH
5. HEV O EM IgA HFEI 2012 FICHRBIGR S 0T
W5,

6. I - BERLLE

® DxARFIINTAIA (WNV) BT 1999 I
FAUNERETHD THRE SN, 0% 2002
2003 4EIC KT 2 B2, A U7 OICE S35
WENT & o 7=, 2012 4RI OB SR 45 5 A8 KR i 39
Az (RE5%5674). TOREIR I <bhoTWwix
WP 2013 SEICIHIFIERE U 7z, N THIETHNT 114
FlEf A TEOEBERERS > TS, WNV 2R
HO M P TIE WY A )V ABEITEE T, ok
h—i—b s OBHBRIE AL L2, @ LA
FEERRTEEEWM U206 b MIEREZT 5, L
1eio CTREOE_Y —DEHICEETH 5,

EHOMEE Y —TIENATICELS WNVDRI Y

Y2 EFoTHO®, 2013 iTld 420 £ 0 WNV
TAINWAMGED BF—2 L TWwa, #tie NAT 2
I )= ORETICE D, T ZEEE ISR —
HIPHEIN TRV, BETEINETIHBEATO
BHRAHEEINTYWERWL, BRULED BMNAsEL T
b, FORNCEE NNV EBbhs0, H
AADF D TWD AERH DA )V A FiEH B HgI
WNVICKZERG L TSRS H 5% %, HiRo
W > & —CEENERHEN AR B LT, BESHh
2R T OBMIMIED NAT A7 U —= 2 T % {7 T&
BRI EEATNWD,
@ FoTUANAGREEG SO E PO, B
ZHRTESFHANS LEABERT S LD TH
5, E MM OBENI0°IE—/ml LXIVIZETEY
HOTP, b h—i—kt N OBYEBRARILT 27,
HEOIAINAEEBEDLDNNETHZMN BETHE R
HAKEPICTHAAETH20 FARBEBLAEZ E05H
59, FhLUBIEERNTOBRYRE A<, H4E 200
ZHASRPREITNTHAD S OFBAKRICLD D
DEINTNVSD, LhLLENSG, BESETCHEEDL
SITFHEBADT T4 W ABENHEIN®, B
AITBEM (e hATYITH) H0BHOT, EHRNTSD
BN DREZ > THFRBHE TR, 7AUAOTDO
1 & CLEE A BRE T WEIR T ORI D R & A3
KINTWLBS,

ZNFETT 7 ROGMEROHEREIZED THhi
WA, FOEBO—DII, BmEST5H8HDTTICH]
BRTHBEDRBELRBRNERD T ENRBTSN TN
59, ZOENSHDHE, HEDQLIKKINETHTL
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TP o 72 M8 C IS R DTETEL T 5 TR At 3
B. TLNMUITRT AU DHFOBRYE 2T
NAT 12 & B LS OIRB 5 2 7 ) — = > 7 23
HTWBD,

@ FUITZVYANABEHIT B, THE TR
MEDHEBABGITH DA, T2 JBITIEHT B

ANAMIE®, XY & —OFE (c hAP3 YD), i

SCOBIDIEA D13 E/m5, AATHBIET 5 Thlk

BB, WL KBTS DRI T b /58

SNTWRWL, BHEMERE S U To—RisERIcn
X, BT EDRMINIEIRTH B,

NRUTIER, YYZICk > TR Eh 5 Fdigks
T, v T EXWER, BMEFREET S, Bk
B, e, ARDSICETELEULRBKREZEL
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559, FAYLTIRINET 150 FILLEO#MmIZ LD
IR FEERBH Y, Hla &b 12 ADHTHIHE
INTWBY, HERTIE 2000 4F 125k M ERBANC X 5 K
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croti) V& ACIZBFE SN RMERWAIAF T 35 ARERF
L>5™,

BETCOL v —H X FOMMIEHRY) 27 &fET 57z
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A, 1 BRI BT Tripanosoma cruzi FeEBBUEHEE,
PCR btk & a5/, Mkl O@EOMKM 9 A0 >
B 6 ADFEARIC PCRIBIETH /2. ZDLDIT, FHAk
BN TH I+ —HAFOHMBHRD ) X7 EHEET
5P, FBNZOFTR, WRTE5 AOZhEZT
TR L TWiahofz. BEmit >4 — TRz
T, MATEENLLHSNWEFOHEAERTEESN
7oRRmEE 2 S D gk, i D A% o M4 I o BB
ELTHOWTWAS,

FOED, HRBRBRIMES L TE, v 35U 70HE
stk /NMERAEREE (SFTS, SFTS Y=v o)L Al
EB)VRENEETH S,

7. HEBRE

MRl DR, /Ny 7Oz 1 HOMEBEBRBAL TS
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Tidra<, BRlF DR OME WA DEROKE /LR
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FaLIEE S (Bacillus cereus, Staphylococcus aureus 13 &),
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