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Table 2. Changes of HLA types in TA-GVHD patients

No. HLA-A HLA-B HLA-DRB1 HLA-DQBI1 HLA-DPBI1
1 n.t n.t 02 04 n.t n.t
n.t n.t 02 n.t n.t
2 nt n.t 02 12 n.t n.t
n.t n.t 02 n.t n.t
3 n.t n.t 1101 1302 n.t n.t
n.t n.t 1302 n.t ot

4 n.t n.t 08 1502 n.t 0501 0901
n.t n.t 1502 n.t 0901

5 n.t n.t 1501 1502 n.t 0501 0901
n.t n.t 1502 n.t 0901

6 nt n.t 0405 1502 0601 0402 0901
n.t n.t 1502 0601 0901

7 n.t n.t 08032 1502 0601 0201 0901
n.t n.t 1502 0601 0901

8 n.t n.t 1502 1302 0601 0501 0401

n.t n.t 1502 0601 0901 0201

9 n.t n.t 0802 1502 0601 0402 0501 0901
n.t n.t 0802 1502 0601 0402 0901
10 2 11 48 55 9 12 n.t nt
24 31 54 60 2 4 n.t n.t
11 0201 46 39 0803 1501 n.t n.t
0201 46 39 1501 n.t n.t
12 2402 2402 4002 52011 0901 1502 n.t n.t
24 61 38 0901 n.t n.t
13 0201 2402 4601 52011 0901 1502 n.t n.t
2402 52011 1502 n.t n.t
14 2402 3302 40 44 1101 1302 n.t n.t
3302 44 1302 n.t n.t
15 2402 2601 52 39 1502 1201 nt n.t
2402 52 1502 n.t nt

16 24 33 39 52 1501 1502 n.t 0201 0901
24 52 1502 n.t 0901

17 24 33 52 39 1502 n.t 0901 0201
24 52 1502 n.t 0901
18 24 2 52 38 1502 045 0601 0401 n.t
24 52 1502 0601 n.t
19 2402 02 5201 59 1502 0405 0601 0401 n.t
2402 5201 1502 0601 n.t

20 2 24 46 52 0803 1502 0601 0501 0901
24 46 52 0803 1502 0601 0501

n.t, not tested.

The upper stage is a typing result in DNA extracted from the patient’s nail. The lower stage is a typing result in DNA extracted from the patient’s

peripheral blood lymphocyte after developing symptoms of TA-GVHD.

immunocompetence (Linton & Dorshkind, 2004). The majority
of patients underwent surgical operations. It has been reported
that the numbers of natural killer and T cells are decreased
following a surgical operation (Slade et al, 1975).

Although the rate of first-time transfusion among patients
receiving transfusions was not found, almost all the TA-GVHD
patients (84-8%) in this study had no past transfusion history.
Multiply transfused patients have anti-idiotypic antibodies to
T-cell receptors, and this antibody may play a role in resistance to
TA-GVHD (Nishimura et al., 1992). Moreover, an experiment
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on rats indicated that a specific state of resistance to GVH
reactions can be induced in F1 hybrid rats, as a consequence of
inoculation with a small number of parental strain lymphocytes
(Woodland & Wilson, 1977). Our patients included almost no
blood dyscrasia patients; as such patients have received many
transfusions, they may possess resistance to TA-GVHD.

There was no case in which TA-GVHD developed following
the transfusion of only apheresis platelets. In Japan, only
platelets of apheretic origin have been supplied, from the
second half of the 1980s. Such platelets are characterised by

© 2013 The Authors
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little mixing of leucocytes, with less than 10 per bag. The scant
mixing of leucocytes in platelets may be related to potential for
PT-GVHD development.

It was confirmed that RC-MAP stored for 14 days caused
TA-GVHD. Allblood products that contain viable immunocom-
petent lymphocytes, including red cell concentrates, apheresis
platelets and even fresh plasma, have been implicated in TA-
GVHD. However, according to the JRC’s experience (Takahashi
et al., 1994), no case associated with fresh frozen plasma has yet
been documented.

TA-GVHD in immunocompetent patients usually results
from the transfusion of blood from an HLA homozygous donor
to a recipient heterozygous for a haplotype. Because cytotoxic T
cells derived from blood products are not recognised as ‘non-
self’ by the recipient’s immune system in such cases, they are
engrafted and injure the organs of the recipient. Because of this
pathogenesis, TA-GVHD is fatal in most cases. The Japanese
have a higher risk of TA-GVHD than any other population, as
established previously (Takahashi et al., 1991; Ohto et al., 1992).
This applies even when blood from unrelated donors is used,
because the haplotype A24-B52-DRI15 is as frequent as 7-5%.
In this study, not only one-way match cases but also two-way
mismatch cases (Table 2, nos. 8 and 12) were present. Because
some form of immunodeficiency existed in the patients, it is
considered that the donors’ cells were not eliminated by those of
the recipients, even given the presence of a two-way mismatch.
In one patient with SCID, all six sites were different for HLA-
A, B and DR. The SCID patient cannot eliminate a foreign
substance.

There is no effective treatment once TA-GVHD has
developed, and nearly all such patients die. A combination
therapy of anti-CD3 antibodies with Cy A and steroids, which
is used for treating rejection after renal transplantation, has
been reported to be effective in some cases (Yasukawa er al.,
1994); however, recovery could not be achieved when a similar
treatment was performed subsequently, and such reported cases
are considered to be exceptional. The case of survival in this
study involved a transfusion in a caesarean section. Medical
treatment was started in early stages of symptom development,
and the patient’s young age as well as the immune state
under pregnancy may have participated in the survival. On the
other hand, NM administration was associated with a marked
recovery of the patient’s peripheral blood mononuclear cells,
disappearance of body rash, body temperature normalisation,
liver function improvement and an unusually long survival
time (Table 1, NM administration, Yahagi et al., 1997). Thus,
the hope of a radical treatment is emerging by combining
other therapies capable of damaging and eliminating the donor
lymphocytes.

Prophylaxis is important, because no effective treatment
has yet been established. In practice, the following measures
should be taken: (i) strictly define indications for blood
transfusion, and do not perform unnecessary transfusions; (ii)
perform autologous transfusions for scheduled operations; and
(iii) irradiate the blood to be transfused. Prophylaxis using

© 2013 The Authors
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a leucocyte-removing filter is not reliable (Akahoshi et al.,
1992). In our study, TA-GVHD developed in seven patients
despite the use of third-generation leucocyte-removing filters by
bedside filtration. Therefore, WBC-reduced components should
beirradiated to prevent TA-GVHD. TA-GVHD can be prevented
by the irradiation of blood components. In Japan, the use of
irradiated blood components for transfusion was approved in
1998 by the Ministry of Health and Welfare. Since 2000, when
the supply of irradiated blood products became widespread, we
have had no cases of TA-GVHD when blood supplied by JRC
Blood Centers is used. The irradiation dose was determined to
be not less than 15 Gy, and not more than 50 Gy based on in vitro
lymphocyte response tests to allogeneic cells (mixed leucocyte
culture, MLC).

Irradiation of red blood cell bags is associated with an
increased loss of potassium (K1) from the cells. The transfusion
of red blood cell bags with high amounts of K* has caused
concern of an increased risk of cardiac arrest owing to transient
hyperkalaemia. No major problems have yet been encountered
since the implementation of universal irradiation, more than
10 years ago. This irradiation dose was confirmed to be suitable
and safe. In Japan, the potassium adsorption filter is covered
under the health insurance system. It is likely that the spread of
usage of this filter has influenced the prevention of transfusion
side effects.

Guideline V for Irradiation of Blood for the Prophylaxis
of TA-GVHD by the Japan Society of Transfusion Medicine
and Cell Therapy indicated that irradiation should be carried
out for all the blood for transfusion, except for fresh frozen
plasma. In 440 hospitals transfusing blood in the Tokyo
in 2010, it was reported that all transfused blood was
irradiated.

We conducted the analysis of 66 cases of definite TA-GVHD,
and clarified the clinical picture, underlying diseases of patients
and causative blood preparations of TA-GVHD. The irradiation
to the blood products intended for transfusion was effective
in the critical prevention of TA-GVHD, and its safety was
high.
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TRANSFUSTON COMPLICATIONS

Cytomegalovirus (CMV) seroprevalence in Japanese blood donors
and high detection frequency of CMV DNA in elderly donors

Yasumi Furui,’ Masahiro Satake,” Yuji Hoshi,? Shigeharu Uchida,’ Ko Suzuki,® and
Kenji Tadokoro"?

BACKGROUND: The current prevalence of cytomega-
lovirus (CMV) in Japan and the risk of CMV transfusion
transmission are unknown in the era of seronegative
leukoreduced blood components.

STUDY DESIGN AND METHODS: We measured CMV-
specific immunoglobulin (Ig)M and IgG in 2400 samples
of whole blood collected from 12 groups of blood
donors categorized by sex and age at 10-year intervals
from their teens to their 60s. We also tested for CMV
DNA using polymerase chain reaction in the cellular
fractions of all samples.

RESULTS: We found that 76.6% of blood donors were
CMV seropositive. The seroprevalences among donors
in their 20s and 30s were 58.3 and 73.3%, respectively.
We detected CMV DNA in the cellular fraction of 4.3%
of samples from donors in their 60s and in 1.0% of
samples from donors younger than 60 years. None of
the 562 seronegative samples was DNA positive. Fur-
thermore, 14% of DNA-positive samples also contained
DNA in the plasma fraction, and two of five such
samples were derived from donors in their 60s.
Leukoreduced plasma components derived from dona-
tions with CMV DNA in plasma samples also contained
a relevant amount of CMV DNA.

CONCLUSION: The seroprevalence of CMV among
Japanese blood donors of child-bearing age has not
changed over the past 15 years. Latent CMV becomes
reactivated more frequently among elderly donors than
among younger donors. A proportion of them have free
CMV DNA in their plasma fraction, which could not be
diminished by leukoreduction. The risk of transfusion-
transmitted CMV infection in blood with plasma CMV
DNA should be determined.

2190 TRANSFUSION Volume 53, October 2013

uman cytomegalovirus (CMV; Human her-

pesvirus 5) ubiquitously infects humans and

persists in a latent form for long periods. It

can cause asymptomatic infection in the
general population or a mononucleosis-like syndrome or
transient hepatitis in some healthy individuals. However,
it can cause serious morbidity and mortality in
immunocompromised hosts, and congenital or perinatal
CMV infection causes developmental abnormalities in
newborns. Morbidity can arise due to either primary
infection or CMV reactivation. The transfusion of blood
contaminated with CMV could be a source of primary
infection in seronegative patients. Thus, CMV-safe blood
components are typically required for transfusing sero-
negative patients who will undergo marrow or organ
transplantation, patients with immunodeficiency syn-
drome, or premature infants. Blood facilities have imple-
mented serologic screening of donated blood for
CMV-specific immunoglobulin (Ig)G to mitigate the inci-
dence of transfusion-transmitted CMV infection (TT-
CMYV) in such patients. This is conducted universally or in
response to requests from physicians and has largely pre-
vented TT-CMV infection.!

Leukoreduction using white blood cell (WBC) filters
has been widely implemented in blood facilities to help
reduce the side effects of residual WBCs in blood compo-
nents such as febrile reactions or alloimmunization
against WBC antigen. Leukoreduction under good

ABBREVIATION: TT-CMV = transfusion-transmitted
cytomegalovirus infection.
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manufacturing practices could also abrogate the trans-
mission of WBC-associated virus such as CMV, Epstein-
Barr virus, or human T cell leukemia virus. Thus,
leukoreduced blood components have been advocated as
an alternative to transfusion for patients at risk for CMV
when seronegative blood is unavailable, although whether
leukoreduced blood is as safe as seronegative blood in
terms of TT-CMV risk remains a matter of debate.?®

Breakthrough cases have been attributed to transfu-
sion with CMV-seronegative, but CMV DNA-positive
blood that might have been donated during a window
period, namely, the preseroconversion viremic phase of
acute infection.® This could justify using leukoreduced
blood to avoid transfusion with blood obtained during
window periods that serologic screening could miss.”
Thus, seronegative leukoreduced blood components are
currently regarded as the safest strategy to prevent
TT-CMV. However, Ziemann and colleagues® recently
reported that up to 2.9% of plasma derived from donors
during the window period contains CMV DNA. Because
leukofiltration might not efficiently remove free CMV from
the plasma fraction, this would pose another TT-CMV
risk that could not be overcome by combining the two
strategies.

We screened blood samples (n =2400) donated
equally by male and female volunteers of all age categories
using serologic assays and nucleic acid amplification
testing (NAT) to assess the risk of CMV transmission in
Japan, particularly through transfusion with leukoreduced
and seronegative blood components. We established a
national prevalence and demographic trend for CMV
infection over a range of donor ages and found no blood
samples that were both viremic and seronegative. We also
found that the frequency of CMV DNA positivity was
higher in samples from elderly than from younger donors.

MATERIALS AND METHODS

Blood samples

We sequentially selected whole blood samples at the
Japanese Red Cross Tokyo Blood Center in November
2010, where whole blood and blood samples were col-
lected from five prefectures around the greater Tokyo met-
ropolitan area. The samples were allocated to 12 groups
according to donor sex and age at 10-year intervals from
the 20s to the 60s and from age 16 to 19 years. Each of
the 12 categories comprised 200 blood samples. Whole
blood collected into tubes containing ethylenediaminete-
traacetic acid was separated by centrifugation, during
which the separation media rose to the interface between
the plasma and the cellular fraction and formed a hard gel.
We could thus keep them frozen until use without the two
fractions becoming mixed. The plasma fraction was ana-
lyzed by CMV serology and CMV NAT. After removing the
remaining plasma and interface gel, the top portion of the

TT-CMV WITH LEUKOREDUCED BLOOD

cellular fraction was suspended in the same volume of
phosphate-buffered saline for DNA extraction.

CMV serology assays

We tested CMV-specific IgG and IgM antibodies using
automated microparticle enzyme immunoassays (EIAS)
and an immunochemical automated analyzer (AxSYM
CMV-G and CMV-M, Abbott Laboratories, Abbott Japan,
Tokyo, Japan).

DNA exiraction

We extracted DNA from the cellular fraction of blood
samples using the automated DNA purification kits
(QIAsymphony SP and QIAsymphony DNA Midi kits,
Qiagen, Tokyo, Japan) according to the protocol provided
by the manufacturer (DNA Blood 1000). The input and
output sample volumes were 1200 and 200 pL, respec-
tively. Plasma DNA was likewise extracted from samples
that were positive for DNA in the cellular fraction using a
virus and bacteria detection kit (QIAsymphony Midi kit,
Qiagen) with its accompanying protocol (Virus Cellfree
1000). The input and output sample volumes were 1.0 mL
and 60 pL, respectively.

CMV NAT

We detected CMV DNA using TagMan PCR and an
sequence detection system (ABI PRISM7900HT, Applied
Biosystems, Tokyo, Japan) and artus CMV TM PCR kits
(Qiagen) according to the manufacturer’s instructions.

We also prepared an in-house TagMan PCR to detect
CMV DNA. This system amplifies a 58-bp fragment of the
ULB83 gene that encodes phosphorylated 65-kDa proteins
(pp65). The forward and reverse primers were 5'-TGCC
ATACGCCTTCCAATTC-3' and 5'-TGGCTACGGTITCAG
GGTCA-3', respectively. The TagMan probe, 5'-CGGT
AGATGTCGTTGGC-3', was labeled with a reporter dye
(6-carboxyfluorescein, FAM) at the 5' end and a minor
groove binder at the 3' end. The amplification reagent was
supplied with a probe PCR kit (QuantiTect, Qiagen). Each
reaction mixture comprised 30 puL of master mix and 20 uL
of extracted DNA (equivalent to 120 uL. of original
sample). The thermocycling protocol comprised 50°C for
2 minutes and 95°C for 10 minutes, followed by 40 cycles
of 95°C for 15 seconds and 60°C for 60 seconds. The
nucleic acid concentration was calculated by measuring
the absorbance of the extracted DNA at 260 nm.

A validation study for PCR sensitivity included
NATtrol NATCMV-0004 (ZeptoMetrix, Buffalo, NY) as the
external reference CMV for both PCR analyses. The refer-
ence solution was serially diluted in 5% bovine serum
albumin (BSA) and portioned into small tubes for PCR
analysis over a period of 4 days. We tested CMV concen-
trations five times daily for each PCR procedure, for a total
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Fig. 1. Age distribution of CMV-specific IgG prevalences in ()
men and (B) women.

of 20 replicates at each concentration. We then calculated
the 95 and 50% limits of detection for each PCR using
probit analysis. Correlation study between the reference
solution and first World Health Organization international
standard (NIBSC 09/162) revealed that 32.3 genome
equivalents/mL (geq/mL) was equivalent to 1IU/mL.
Samples in which the PCR results were ambiguous were
further analyzed using nested PCR targeting the UL139
sequence as described by Bradley and colleagues® with the
modification for DNA polymerase (KAPA DNA poly-
merase, Nippon Genetics, Tokyo, Japan).

To adjust the amount of CMV DNA for the number of
WBCs in the sample, we estimated the number of Exon 5
sequences of CD81 in specimens using real-time PCR.'
CD81 was chosen as a marker of WBCs as it is present with
two haploids in a cell. Amounts of CMV DNA are
described as geq per 6.0 x 10° WBCs (geq/PBL unit) in this
study. The lowest limit of quantitative CMV DNA detection
was 40 geq/mL before adjustment for WBC numbers.

Statistical analysis

Data were analyzed using computer software (SSRI, Excel
Statistics, Version 8, Social Survey Research Information,
Tokyo, Japan; for Windows, Microsoft Excel 2007, Tokyo,
Japan). Significance was determined using the chi-square
test and t test. p values of less than 0.05 were considered
significant.

RESULTS

We initially examined the prevalence of anti-CMV among
Japanese blood donors. Figure 1 shows the prevalence of
specific IgG among the age categories. The prevalence
exceeded 50% even in male and female teenagers and
steadily increased over time to reach nearly 100% in their

2192 TRANSFUSION Volume 53, October 2013

60s. Although not significant, the prevalence tended to be
higher in females than in males aged from the 20s to the
40s. The increase in the prevalence was the highest
between the 20s and 30s (15%; combined for both sexes)
and gradually decreased with age to 5.8% between the 50s
and 60s. The mean prevalence in the six age categories was
76.3%. The overall CMV prevalence adjusted for an
assumed population with the age distribution of Japanese
blood donors (Japanese Red Cross data, 2010) was 76.6%.
The IgM prevalence was higher among females than
males between the ages of 16 and 39 years (p <0.05,
Table 1). Seven donors were IgM positive and IgG nega-
tive, and four of them were teenagers.

We next examined the presence of CMV DNA in the
cellular fraction of 2400 whole blood samples. A validation
study showed that the 95 and 50% limits of CMV DNA
detection for artus CMV TM PCR were 41.6 and 5.3 geq/
mlL, respectively, and those for the in-house PCR were 29.6
and 5.4 geq/mL, respectively (Table 2). Only samples that
were positive for at least two PCR analyses including
nested PCR targeting the UL139 sequence were defined as
CMV DNA positive. We identified 37 samples that were
positive for CMV DNA in the cellular fraction (Table 3).
Four other samples were positive for only one PCR analy-
sis and were defined as DNA indeterminate. Table 4
shows the relationship between DNA positivity and the
serostatus of the specific antibody. We found DNA positiv-
ity in six (6.6%) of 91 samples that were both IgM and IgG
positive and in 31 (1.8%) of 1740 that were only IgG posi-
tive. Although the samples that were positive only for IgM
did not contain any that were DNA positive, the frequency
of DNA positivity was significantly higher in six (6.12%) of
98 samples that were IgM positive with or without 1gG
than in those that were positive only for IgG (p <0.03).
Viral load was significantly higher in CMV DNA-positive
samples that were both IgM and IgG positive (mean,
670 geq/PBL unit) than in those that were only IgG posi-
tive (170 geq/PBL unit, p < 0.03, t test). Notably, none of
the 562 samples that were both IgM and IgG negative was
also DNA positive.

Table 5 compares the distribution of 37 DNA-positive
samples with age categories. The frequency of DNA posi-
tivity was significantly higher (17/400, 4.3%) among
donors in their 60s than in any other age category (0.8%-
1.3%, p < 0.03) from the teens to the 50s or the combined
age category (1.0%, p <0.03) from 16 to 59 years. The
range of viral load in the 37 DNA-positive samples was
between less than 40 and 3.4 x 10° geq/PBL unit (mean,
250 geq/PBL unit; median, 80 geq/PBL unit). The differ-
ence in viral load in the samples between donors aged less
than 60 years (mean, 310 geq/PBL unit) and those in their
60s (mean, 170 geq/PBL unit) was not significant. The
presence of DNA in the plasma fraction was further inves-
tigated in these 37 samples. Five (13.5%) of them were
plasma DNA positive with a viral load between less than
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the 1.5% rate of increase described

TABLE 1. Prevalence of CMV-specific IgM among blood donors® above. However, care must be taken in

Male Female Total comparing the present results with

Age (years) Positivity Percent Positivity Percent Positivity Percent those of the German study because our

;g;g g 0 gg g “ Sg}t ;g E?g gg results were generated from a cross-

30-39 5 (1) o5+ 13 6.5t 18 (1) 45 sectional study whereas the German

40-49 8 4.0 10 5.0 18 45 findings were obtained through longitu-

50-59 5(1) 2.5 3 1.5 8(1) 2.0 dinal follow-up of seronegative donors.
60-69 6 3.0 9 4.5 15 3.8 Alth h insienifi h al

Total 35 (3) 29 63 (4) 53 98 (7) 41 Although insignificant, the prevalence

* Numbers of donors positive only for specific IgM are shown in parentheses. n fer-nales tended t(? mcreas‘e Soon.er

T IgM prevalence significantly higher among female donors than among male donors than in males, a finding that is consis-

(16-19, 20-29, and 30-39 years); chi-square test (p < 0.05). tent with the higher prevalence of spe-

40 and 5.8 x 10° geq/mL (median, 170 geq/mL). These five
were scattered across age categories with two being in
their 60s. One sample obtained from a teenaged donor
was IgM and IgG positive and the other four were positive
only for IgG. We identified two more samples from donors
in their 60s that were DNA positive with only one PCR
analysis.

We interdicted three components of fresh-frozen
plasma that had CMV DNA in the plasma fraction. All
of them were derived from whole blood that was
leukoreduced before storage. We also detected CMV DNA
in all three plasma components. One component donated
by the IgM- and IgG-positive teenaged male donor con-
tained 9.7 x 10° geq/mL CMV DNA and the other two
components that were positive only for 1gG from donors
in their 60s contained 1.9 x 10? and 1.6 x 10° geq/mL CMV
DNA.

DISCUSSION

We investigated the prevalence of CMV among Japanese
blood donors categorized by sex and age at 10-year inter-
vals. The more than 50% prevalence of CMV infection
among individuals aged between 16 and 19 years is in
contrast with the approximately 30%"! prevalence in other
developed countries. The increase in the prevalence (15%)
between donors aged in their 20s and 30s implies that
young adults become infected with CMV at a rate of 1.5%
per annum. This is similar to the annual rate of 1.69%
observed between 1994 and 1999," implying that the risk
of CMV infection among females of child-bearing age that
is directly related to symptomatic fetal CMV infection has
not changed over the past 15 years. The reason for the
sustained high prevalence in Japan is unclear, but pro-
longed breast-feeding and communal child care practices
in Japan probably influenced the rates in younger donors.
The prevalence in Japan has become almost maximal after
the age of 60 years, which contrasts with the continuous
lifelong primary infection found in other developed coun-
tries.”* The CMV seroconversion rate (1.33%)!* among
German blood donors aged 30 to 35 years is close to

cific IgM in younger females than in
younger males.!>!

We detected CMV DNA in the cellular fraction 0of 1.7%
(41/2400) of all, or 2.2% (41/1831) of the seropositive,
samples with or without specific IgM. This frequency was
comparable to those reported by Greenlee and col-
leagues’® and Roback and colleagues.'® We found CMV
DNA more frequently in samples that were IgM positive
than in these that were only IgG positive (6.12% vs. 2.0%,
p < 0.03), indicating that active CMV replication occurs
more frequently during acute primary infection that is
often accompanied by IgM positivity. None of the samples
from the group of seven donors that was positive only for
IgM was CMV DNA positive. This is reasonable because
Ziemann and coworkers!'” detected CMV DNA only in 10%
of 148 primary seroconverted blood donors. At that rate
we would be unable to identify a single DNA-positive indi-
vidual in our study population. The same authors showed
that CMV DNA levels peak during the late phase of
primary infection in newly seropositive donors.® Although
whether a rationale exists for introducing screening for
specific IgM in addition to IgG remains to be deter-
mined,'® the chemiluminescence tests for CMV currently
applied by the Japanese Red Cross detect only IgG.
Although we have discussed seroprevalence and its rela-
tionship with the presence of DNA by interpreting IgM
positivity as representing primary infection, reactivity for
CMV-specific IgM measured by EIAs must be considered
with caution. Several articles have reported frequent non-
specific reactions'®* and suggest including Western blot
analyses or IgG avidity assays to ensure reactivity. Because
of the small plasma volume of most of the donor samples,
we were unable to apply these analyses. Thus, the above
findings and our interpretations based on categories by
IgM positivity might be inconclusive and require further
investigation.

We found no DNA-positive samples among 562 that
were seronegative, suggesting that the likelihood of donat-
ing DNA-positive blood during the window period” is very
low in Japan. This finding is similar to that described by
Roback and coworkers,'®* who found no CMV DNA positiv-
ity among 514 healthy, seronegative blood donors.
However, these findings do not allow underestimation of
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TABLE 2. Determination of sensitivity of two PCR systems by replicate testing and probit analysis
Ref* 95% LOD 50% LOD
PCR (gea/mL) D1 D2 D3 D4 Total (geg/mL) (geg/mL)
Artus CMV 1 1/5 1/5 1/5 4/20 41.6 5.3
5 5/5 3/5 5/5 15/20
10 5/5 5/5 4/5 4/5 18/20
50 5/5 5/5 5/5 5/5 20/20
In house (UL83) 1 0/5 1/5 0/5 1/5 2/20 29.6 5.4
5 5/5 3/5 5/5 4/5 17/20
10 5/5 5/5 4/5 5/5 19/20
50 5/5 5/5 5/5 20/20
* NATtrol as CMV reference was diluted in 5% BSA.
artus = artus CMV TM PCR kits (Qiagen); D = day; in house (UL83) = in-house PCR targeting CMV UL83 sequence; LOD = limit of detection.

TABLE 3. CMV DNA-positive samples and
PCR procedures

Number of
PCR results samples
UL83 positive and artus positive 29
UL83 repeatedly positive 2
artus repeatedly positive 2
UL83 positive and UL139 positive 3
artus positive and UL139 positive 1
Indeterminate® 4
Negative 2359
Total 2400

* Positive in only one PCR analysis.

artus = artus CMV TM PCR kits (Qiagen); UL139 = PCR target-
ing CMV UL139 sequence; UL83 = in-house PCR targeting CMV
UL83 sequence.

the risk of TT-CMV caused by transfusion with window
period-derived blood components because we did not
focus on blood samples obtained at the time of acute
primary infection when CMV replication is most likely to
be active. In fact, Ziemann and colleagues® found that
two (2.9%) samples were DNA positive among 68 plasma
samples obtained from final seronegative donations
during the course of seroconversion. Collectively, a risk of
TT-CMV related to window period donation exists but the
frequency seems very low.

The frequency of detecting CMV DNA was 4.3%
among donors in their 60s, compared with 1.0% (0.8%-
1.3%) in the population aged from 16 to 59 years. Consid-
ering that the specific IgG prevalence has already peaked
by age 60 years in Japan, the notion that the DNA-positive
individuals in their 60s were nonimmune to CMV and
emitted CMV virions during the course of primary CMV
infection is inconceivable. Latent CMV more likely
became reactivated in those elderly individuals. The reac-
tivation of CMV in elderly persons is thought to represent
“immunosenescence” caused by chronic CMV infec-
tion.?* The current concept of immunosenescence in
relation to CMV infection is that terminally differentiated
memory T cells accumulate with ageing in the limited
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peripheral “immunologic space,” which causes a progres-
sive decline in the generation of naive T cells that protect
against new pathogens. In addition, a considerable
portion of the accumulated memory T cells were specific
for CMV.2-%* Thus, CMV infection is considered a driving
force or risk biomarker for the constitution of a skewed
peripheral T-cell repertoire. Despite conflicting results
and ideas about epidemiology and immunologic mecha-
nisms, the clinical impact of the CMV infection on indi-
viduals who are not immunocompromised has remained
a central question.? Whether or not all persons with CMV
infection acquire skewed T-cell phenotypes with aging,
the kinds of socioeconomic or physical factors that facili-
tate this process, and when this process starts to compro-
mise the immune system should be addressed. We
established statistical evidence of CMV reactivation
occurring in the peripheral blood of voluntary blood
donors in their 60s. Viral load did not significantly differ
between donors in their 60s and those aged less than 60
years. Blood donors in Japan are supposedly healthy indi-
viduals who have all been qualified by questionnaires
and consultation with physicians. Our results therefore
suggest that CMV reactivation is a constitutional event in
CMV carriers and starts to occur during the sixth decade of
life, although the possibility remains that donors positive
for CMV DNA recently might have had specific illnesses or
behaviors that are related to CMV reactivation. The find-
ings of animal experiments suggest that lytic viral reacti-
vation is necessary to establish the peripheral T-cell
repertoire skewed for CMV.* Stowe and colleagues®
detected CMV in 57% of urine samples from elderly indi-
viduals (66 to 83 years) but in none of those from younger
individuals (25 to 55 years). This would also suggest that
CMYV reactivation occurs more frequently among elderly,
than younger, individuals, although they did not detect
CMV in any blood samples from both groups. However,
this might have resulted from the small sample size
studied (11 elderly individuals compared with 400 aged
>60 years in this study). The rather clear cutoff of the reac-
tivation frequency between the 50s and 60s is reminiscent
of a Swedish study?® showing increased 10-year mortality
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TABLE 4. Association between CMV serostatus and CMV DNA positivity

Number of Viral load Mean/median

Serology status samples DNA+ (n) Ratio (%) Range (geg/PBL unit )

lgM~/1gG— 562 0

IgM+/IgG— 7 0*

IgM+/1gG+ 91 6.6* 670/621
<40-3400

IgM—/IgG+ 1740 31 1.8* 170/80%
<40-920

Total 2400 37 15

(p <0.03).

DNA+ = DNA positive.

* DNA positivity ratio significantly higher in IgM+ than in IgM—/IgG+ samples (6 [6.1%] of 98 vs. 31 [1.8%)] of 1740); chi-square test

1 Viral load in IgM+/IgG+ samples significantly higher than that in IgM-/IgG+ samples; t test (p < 0.03).

TABLE 5. Age distribution of CMV DNA positivity
in cellular and plasma fractions®

Cellular fraction Plasma fraction,

Age (years) DNA+ Ratio (%) DNA+
16-19 4(2) 1.0 1(1)
20-29 5 1.3 1
30-39 5(1) 1.3 0
40-49 3(2) 0.8 0
50-59 3 0.8 1
16-59 total 20 (5) 1.0 3(1)
60-69 17 (1) 4.3 2t
Total 37 (6) 1.5 5

* Numbers of donors specifically positive for both IgM and IgG
are shown in parentheses.

1 In addition to these two samples, two others from donors in
their 60s were positive for one PCR analysis.

DNA+ = DNA positive.

rates among individuals with immune risk profiles at the
age of 65 years but not at the age of 55 years.

We identified five (13.5%) samples that were positive
for CMV DNA in the plasma fraction of 37 blood samples
that contained CMV DNA in the cellular fraction. This
result is comparable to the report by Ziemann and
coworkers® in which 44% of blood samples from 82
recently seroconverted donors were CMV DNA positive in
the plasma fraction. Drew and colleagues® also reported
that three of 384 samples obtained from 192 serocon-
verted blood donors contained low plasma levels of CMV
DNA. We quantified CMV DNA levels in three plasma
products derived from donations that had CMV DNA in
plasma samples. The DNA levels (1.9 x 10? to 9.7 x 10°
geq/ml) were comparable to those measured in
the plasma samples. Because all blood components
including apheresis-derived plasma components are
leukoreduced in Japan, this finding indicated that leuko-
filtration cannot reduce levels of free CMV DNA in the
plasma fraction.

The identification of blood donations with plasma
fractions containing CMV DNA raises concerns about the
safety of blood components. The residual risk of TT-CMV

under the current blood program that applies both
seroscreening and universal leukoreduction could be
focused on blood with plasma viremia that is provided
during the window period because plasma viremia might
not be appropriately managed by leukofiltration. This
leads to the notion of Ziemann and colleagues® that
leukoreduced components would be safer when obtained
from seropositive donors at least 1year after
seroconversion. This is also based on the finding that
plasma viremia has barely been detectable among donors
who remain seropositive for more than 1 year. However,
our study showed that a proportion of latently infected
individuals presents with free CMV DNA in plasma frac-
tions. Free CMV DNA in plasma could not be effectively
diminished by prestorage leukoreduction, which was veri-
fied by assays of leukoreduced plasma products. There-
fore, the strategy suggested by Ziemann and colleagues,
while eliminating window period-related risk, might gen-
erate another risk associated with blood containing free
plasma CMV DNA that is provided mainly by elderly
donors. Although we identified only two samples from
donors in their 60s that were plasma DNA positive, one of
them related to a plasma product containing 1.6 x 10°
geq/mL CMV DNA, a viral load that was comparable to
that for window period donation provided by the teenager
(9.7 x 10° geq/mL). Moreover, we found two other samples
with possible plasma DNA among donors in their 60s,
although they were DNA positive only for a single PCR
analysis, suggesting low DNA concentrations. Whereas we
found that whole blood CMV DNA positivity among
donors in their 60s was 4.3%, that identified in an elderly
US population with a mean age of 84.5 years was 42.3%.%
Thus, since the frequency of whole blood CMV increases
dramatically after 60 years, we can speculate that the fre-
quency of plasma CMV also increases with age. In this
context, serious problems could arise in countries that
accept donors over 70 years of age if seropositive dona-
tions are accepted for transfusion into patients at risk.
Although leukoreduced blood components have been
advocated as an alternative when seronegative blood is
not available, they might carry a higher risk of TT-CMV
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than seronegative blood, which might partly explain
higher TT-CMV frequency among patients transfused with
leukoreduced blood compared with seronegative blood.**

Further study is required to compare possible
TT-CMV risks between persistently seropositive blood
that might contain free CMV virions due to reactivation
and seronegative blood that might incidentally contain
such virions due to window period donation. Ziemann
and coworkers concluded from a recent extensive study of
more than 22,000 samples that TT-CMV risk is essentially
comparable between window period donations among
seronegative donors and donations with reactivation
among long-term seropositive donors.* Before assessing
the TT-CMV risk in Japan, the degree to which window
period donation constitutes the blood donor population
will need to be determined. Other basicissues also need to
be resolved. Because we used techniques involving DNA
amplification but not viral culture for plasma study,
whether CMV DNA identified in plasma with this tech-
nique constitutes replication-competent virions remains
unknown.*'® Whether plasma products containing free
CMV virions is infectious through blood transfusion also
needs to be resolved.** Whether blood components con-
taining CMV virions possibly derived from reactivation in
latently infected blood donors are as infectious as those
derived from donations provided during acute primary
infection also requires investigation. The clinical rel-
evance of CMV neutralizing antibody that can be found in
latently infected individuals also must be considered.
Finally, the minimal infectious dose of CMV virions
acquired through blood transfusion should be deter-
mined for each type of blood component.

In conclusion, the seroprevalence of CMV among a
Japanese population of blood donors was 76.6%. The
prevalence among donors in their 20s and 30s has not
changed over the past 15 years. We detected CMV DNA in
1.7% of 2400 samples. None of the 562 seronegative
samples was DNA positive. We detected CMV DNA more
frequently in blood from donors aged in their 60s than
from younger donors. Among DNA-pasitive samples, 14%
contained DNA in the plasma fraction, and this frequency
might be higher among donors in their 60s than younger
donors. CMV DNA persists in a portion of seroposi-
tive blood even after prestorage leukoreduction and
leukoreduced blood without seroscreening might not be
as safe as seronegative blood in terms of TT-CMYV risk. The
risk of TT-CMYV in blood with detectable CMV DNA in the
plasma fraction should be determined.
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EFINATIB D RERFETE, V4N 2ER
$& <, HBV-DNADFENR N TE LT, D
728, BMARSIERTE 2500 3 RICH X 417
HTEEHTRS MR 2 B O THBV-DNADRAR % 47

F1 RIMFRERER
i L7 37H#% 199H % 213H %
ALT(IU/L) 17 14 73 677
HBV-DNA f&rfd: N.T. N.T. 6.8 log copy/mL
HBsPitfk e N.T. N.T. Beik:
HBcHifk etk N.T. N.T. Rt
IgM-HBcHi{R & N.T. N.T. Bt
HBefi bk N.T. N.T. 2}
HBedlifd e N.T. N.T. Fatk
(N.T Bt 1)
T2 MEREEER
. . e s HBcHif% HBs#if%
Hkif B fHRINAT RCC FFP R (C.0L) (mIU/mL)
190 H 81 Rap: R AT 1.3 9.5
E=EAN ] B 5 R ) 1.4 47
106 H% (=35 EF AT 9.6 79
202 4% Patd: B RAHE 8.1 4.6
500 H#% [E4Ed R PCREEHE 5.6 2.0

. HBeHUAfliiZ 1220 L2354, HBsHiARM X200 LA B,
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Occult HBV carrier #» 5 OUHINIZ & 3 S MBI RH < SEbh iz 1H

VY, B2 & RIS FHROHBV-DNA % g U 7=,
T 0% B S M ST HLAR AR S v 4 L X R <,
PreS/SHH I 4 & 40 PRI © B 24 #81,550bp (nt.
2,333-3,215/1-667) IZPCR TR T Z e o 72D
T, SHEKAOD193bp (nt.475-667) 12DV TIRT -
W U7z (B1) . #rifsiis i stsiids 5 mLae
5L AT - SE U SISO IR A & 2
A, 12[4F 5 725 B o 1 [ED & BB 3E 5
N7z, Z OMIROBRINEHISEHBV-DNA & 321
FH3EHBV-DNA®IFESES] (193bp) %R Lz &
Z A, 2 HFFCHRRESRD bidz, 2D 1 A
2 F 1220, Y7 &4 FTEERFEETH - 72,
ZDRIREEEIZ XD, VT a4 AR TR
S TNBED, Y724 THEBESILERST S &
BE XN T BEY, F -, 2T & DI,
T BN A T OEREIMEER U7 8 f Ik
B E I L2 Z A, Bz HSkHBV-DNA L
2 ERABV-DNADTEFE 12 0 KI5y i at
BEA A%, nt.507, nt.547, nt.b54M 3 HFATIZER®
HEitdz, Plb&k 0, MEENRINSE I &k 5 iR
BHFATH 2 Z 8M bl MHED
HBV-DNAIZGenotype CTH -7z, BRILEHRARD
CP/PreCHEBUIPCRTIIETE 22 o 7=, 2
FHHRHBV-DNADCP/PreCHIE OB I EFIT
Wild type Td - 7z,

% B
A OB X, HBAUARFGEMEOHBVIE
RAEE T D 5, W & 5 BEF 9 % 82 7=k

36 :723

IO FRERARDMBINATT, /352 TagManik
TRE TR T OB OHBVE A LT,
ZLC, LEEHRI o500 B4 I HAIn & sz Bt
AL % O THBV-DNAD BT 2 170, 52
% OHBV-DNA & OHIEMEAE W & il & h
720 T D500 H# DB RGHRAIZEHINAT
PIEETH 228206 F, ZHOMESE
ALHEE A iy - WRHE U TR & 4T, TRIMAEHBV -
DNADO—#zHE L&, Mlib, KRIFNL,
HBs#i JE &1, HBV-DNABG ¥ Doccult HBV
carrier VM REBIRTH B Z L < b, Z
NIBUTHRDORITHTE { AbhB/88 —
T, MEMEDOHBYV carrier™, HBsHEEMMLL,
HBceH iR D A5 & 2 - 72 “anti-HBe alone” DR
ETh 39,

Occult HBV carrier? & Ol THB VA &S
T AMHE TR, BUBRITFLEDY 4 v Py D
FRIEERIZ 81 % T, occult HBV carrierd & DRy
BIT19% & T HWMEVDH D9, ZiMHNRERE
RIBIZ D B LBED Y A 7 BENE|E ST Tn
BUM, B TERBERERETE DL 5 7,
WIFT BHBsHIHEIMEMTH - 722 &8, HBV
RO A ICBEE Lz 2 b 59,

AT, M BINATRE 1 o ik i i 7 2 &
HBV-DNADEr BT, ZMHEO % LA
EAEm ez, bbb, [MEIINATE
TH->TE, HBVRFET L Z ERARE N/,
16 & i, HEBINATEM:Doccult HBV carrier#»
5 ORRMLMLTE % 97 L 72 HB VRSB B 5 b B REH

475 codoni22: AZMISE _Lys{d) WRIUE _Arg(y)
iy TiTCCTCTAATT CCAGGAACAT CAACCACCAG TATGGGACCA TGCAINGACCT GCACGACTCC TGLTLAAGGA ACTTCTATGC TTCCCYCTTGE TTGCTGTACA 100
ki 2 - A 100
PO Tievenans Cav cvvsnnannn xunn Teaenn Caluvmvans svaafbonens vaunan Tioe wosnsnnens ae Covenns T oevvnins N 100
codentéb:lys{w) 667

T 101 AAACCTTCGE EGCAAACTG CACTTGTATY CCCATCCCAT CATCCTGGGL TTTCGCAAAA TTCLTATGGG AGTEGGCCTC AGTCCGTTTC TLL 193

1N 11} SR “ ....................................
£

HEHE 10t ;

10175 : Genotype C / Subtype adw
HRILF  Genotype C / Subtype ayw
*IEE ¢ Genotype C / Subtype adr

.............................................. 193

1 SIHAD193EE R O
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36724 MFETHE #5363 3% 2013.11
nt.475 507 . 547 554 574
T 1:TCCTCTARTT CCAGGAACAT CAACCACCAG TANJGGGACCA TGCAAGACCT GCACGACTCC TGCTCAAGGA ACHTCTATG] TTCCCTCTITE TTGLTSETACA 100
fhifsE 1ttt res treeenere arraraaee o A Bevvne taennerens suvamnnnee waleheiia, 3 100
ABO3D508.1 1i....... Cot ieiiiene eairaia, O (P 1 P 100
AB221829.7 11uivvsns AR o O L (o I 11 100
EU660229.1 1:e..en.. Cur vverrennon erreroans o T P 1+ IR 1) I 100
FIS61020.1 Tteenvnrs Coe reinenree hemcanes [0 xR 11 IR 100
FU622482.1 1:evuvnin S O o R 1| P 100
GRETS331.1 T1ouivens Cor tvmrnennns sevananane oalllovannnn seisannnes cuenss Tove cvveonnnny s (i PPN Tl cvvennones seneccaenn 100
GUOTP389.% Ti..eu.nn [ Culll creees verrariane reenes Tevt tieenninnn os (¢ R, 1 IR 100
HH358180.1 1¢...0.u. Lo aenvmenene rrrereneas LN NN Tt eevennnnes v 2 N T creennnees ceinines 100
nt.575 667
it 107:AAACCTTCG6 CCGCAAACTG CACTTGTATT CCCATCLCAT CATCCTGGGC YTTCGCAAAA TTCCTATGGG AGTGGGCCTC AGYCCGTTTC TCL 193
HkifLs Wit iierenens O 193
ABO30508.1 10%:.cvvrnnans At e v iae v vrimeienr rereraeeet arreetraen eaeneen Ba einerienee eerrarese earecrihen oan 193
AB221829.1 10%t..vevinvan. S N B e rrarrain rreraeien eecaraen e 193
EU660229.1 104t .vienvnns BB it ete aeiieenans herraereet eaeaeerare asraanrre tarerireis aeearanes tireverres aas 193
FJ56%020.1 101:...00uunss B eBaneten meerrarinns tarraranat sernraers reaeeen e vrveirriee cetraaanrr vareeeraes aan 193
BI622482.1 10Tt .0 vuuan, L TR - P T 193
6R475351.1 1011enauvnnns. R D e ireerienen eetianceen ehearerenn oas 193
GUOTPE89.1 101t . evenrns. Bt et ettt e e eiiee eeerheeenh teaaereene eaerenas B vevnrrrias heriaeaaes eererrer e 193
HH358180.1 109t evveenvnn Bt Bt et e v et vt heeribecne ceaeareee eerabeenen heheraias srerenenne crnersrees and 193

ABO030508.1~HM358180.1 DDBI ¥ & ~N— X TR AL SR U 2k

2 F—aNX—ATEVHERMEERL - 84 & OSTHIEMN193EE-RE DRSO LK
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Introduction

Patients with haematological diseases occasionally
exhibit liver dysfunction during treatment. This liver
dysfunction can have various causes such as therapy-
related drugs and hepatitis B and C infections, although
the cause is unclear in some cases. It was recently
reported that some patients initially diagnosed with
drug-induced liver dysfunction actually had hepatitis
E'. Several cases of transfusion-transmitted hepatitis E
infections have also been reported'?. In Japan, screening
for hepatitis E does not appear to be performed at the
initial examination of patients with acute hepatitis. This
might be because hepatitis E is believed to be orally
transmitted and to occur mainly in developing countries
and rarely in developed countries. However, hepatitis

-E is a zoonotic infectious disease. Cases of regional
endemic hepatitis E virus (HEV) infection have been
increasing in Europe, the United States, and Japan®.

Although HEV usually causes self-limited acute
hepatitis, it sometimes progresses.to a chronic
infection. Most cases of chronic infection occur in
patients undergoing solid organ or haematopoietic
stem cell transplantation, in those receiving anti-cancer
or immunosuppressant drugs, and.in patients with
human immunodeficiency virus infection, in whom the
condition may progress to liver cirrhosis®>. HEV RNA
persisted for a long period during treatment in a patient
with T-cell lymphoma*. Reactivation of HEV hepatitis
was reported after an allogeneic haematopoietic
stem cell transplant in a patient with Philadelphia
chromosome-positive acute lymphoblastic leukaemia’.
On the other hand, a low risk of HEV reactivation
after haematopoietic stem cell transplantation was also
reported®. More studies on the risk of HEV reactivation
are, therefore, required.

Here, we report the case of a patient with a
myelodysplastic syndrome (MDS) who developed acute
hepatitis due to transfusion-transmitted HEV infection.
We also review the literature on the topic.
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Case report

The patient was a 70-year old Japanese man
who attended our hospital for Parkinson's disease
in June 2001. In July 2001, he was referred to
the Haematological Department because of
thrombocytopenia. Haematological examinations
revealed that he had pancytopenia with a white blood
cell count of 2.9x10%L, haemoglobin level 0f 9.0 g/dL,
and a platelet count of 36x10%L. Bone marrow findings
showed 8.8% myeloblasts and trilineage dysplastic
features. Chromosome abnormalities with [46,XY,
-10, +marker] were detected in 15 of 22 mitotic bone
marrow cells. He was, therefore, diagnosed with MDS.
According to the French-American-British criteria,
he was classified as having refractory anaemia with
excess of blasts (RAEB)-1 and was given a score of
intermediate-2 according to the International Prognostic
Scoring System at that time. Because he was suffering
from Parkinson's disease, he received combination
therapy with oral vitamin K2 (menatetrenone, 45 mg/
day) and vitamin D3 (alfacalcidol, 1 pg/day)’ instead of
chemotherapy. This treatment resulted in no progression
to leukemic transformation over the next 10 years.
However, the pancytopenia gradually worsened, and
protein anabolic steroids (metenolone, 20 mg/day) were
added to the treatment in 2009. Over the next 12 months,
he received repeated red cell and platelet transfusions
because of anaemia and haemorrhagic symptoms.
Bacterial infections often occurred during medical
home care, and his Parkinson's disease worsened. On
April 28", 2011, the patient was admitted to hospital
with a lung abscess and aspiration pneumonia. He had
a gastrointestinal bleed after admission to hospital
and the volume of blood transfusions consequently
increased. Although hepatic function was within the
normal range on admission, serum levels of aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) began to increase from May 18", peaking at 504
and 736 TU/L, respectively, on June 8®. Although these
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levels decreased transiently, they increased again from
June 20" together with a rise in total bilirubin level. On
June 227, the patient died of exacerbation of the lung
abscess (Figure 1).

After the patient had died, the stocked plasma
split from one of the donors of red blood cell (RBC)
products given to our patient was screened for viruses
before utilisation in plasma-fractionated products. The
results revealed HEV RNA in the stocked plasma. We,
therefore, performed complete examinations of the
stocked donated blood and identified the HEV RNA-
positive donor. The RBC product derived from this
donor had been transfused into our patient on May 2.
Serological examinations using the stored sera from
this donor revealed an ALT level of 26 IU/L; the sera
were negative for immunoglobulin (Ig)G anti-HEV
and IgM anti-HEV assayed by enzyme immunoassay
(IgG/1gM anti-HEV, Institute of Immunology, Tokyo,
Japan) as well as hepatitis B virus (HBV) DNA and
hepatitis C virus (HCV) RNA. The HEV RNA copy
number quantitatively assayed with a TagMan reverse
transcription polymerase chain reaction (QIAGEN) was
1.2x103. These findings suggest that the blood had been
donated during the "window period" of HEV infection
in this donor.

We retrospectively investigated HEV RNA in our
patient's stocked sera. As shown in Figure 1, HEV
RNA began to rise on May 23, peaked on June 16",
and started to decrease on June 18". The patient's

Kimura ¥V or

serum from June 10" was found to be positive for IgG
anti-HEV and IgM anti-HEV, whereas the sera stocked
before May 30" were all negative for IgG anti-HEV
and IgM anti-HEV. In addition, the results of viral
examinations conducted when the patient presented
with liver dysfunction were negative for HBV DNA,
HCV RNA, cytomegalovirus and Epstein—Barr virus.
These results strongly suggest that the patient had
acquired transfusion-transmitted hepatitis E.

‘We then compared the sequence of the viral RNA
detected from the stocked sera of the donor and patient
using reverse transcription-polymerase chain reaction
followed by direct sequencing. We also compared the
sequence of the amplification products of open reading
frame 1 (ORF1) (326 bp, nt 123-448) and ORF2 (412
bp, nt 5,987-6,398) of HEV between the patient's and
donor's samples. Many different HEV sequences were
determined among the sequences from the donor's
sample. For precise analysis, the donor's HEV was
cloned and sequenced. A total of 28 polymerase chain
reaction products were obtained and seven HEV strains
were isolated from the donor's stocked sera, all of which
were genotype 3. The phylogenetic tree according to
the ORF2 sequence is shown in Figure 2. Interestingly,
the tree suggests that the donor carried two distinct
phylogenies of HEV. Of these, one strain (isolate-1, in
Figure 2) showed 100% sequence homology with the
strain isolated from the patient's stocked serum with
respect to both ORF1 and ORF2.
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Figure 1 - Clinical course of the patient. (UD: undetectable)
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Figure 2 - Phylogenic analysis of ORF2 region Phylogenetic
tree of HEV constructed by neighbor-joining
method. A 100% homology is observed between the
patient and isolate-1. Isolate-1 to -7: HEV clones
from the blood donor.

Discussion

HEV is an RNA virus comprising approximately
7.2 kb and has four different genotypes!. HEV
genotypes vary regionally. The epidemic form is
related to genotypes 1 and 2, which cause severe
acute disease and are spread via drinking water
in developing countries. The regional endemic or
autochthonous form is related to genotypes 3 and
4, which are zoonotic and cause mild asymptomatic
disease that is spread via food in developed countries?.
Cases of transfusion-transmitted HEV infection were
recently reported in the United Kingdom, France, and
Japan®!°. Among these, five patients including the
present one had haematological diseases*®!1!12, These
cases comprised only male patients and the causative
blood transfusion products were RBC and platelet
products. The HEV genotypes were type 3 in four
cases and type 4 in one case. In developed countries,
most cases are reported to be of genotype 3, like the
present case®. However, these cases are very likely to
be regional endemic diseases rather than infections
imported from developing countries.

Recent studies demonstrate that some cases of
HEYV infection were initially misdiagnosed as drug-
induced liver dysfunction. A British study!® found
acute HEV infection in 13% (6/47 cases) of cases
initially diagnosed as drug-induced liver dysfunction.
Similarly, an American study reported HEV infection
in 3% (9/318 cases) of cases initially diagnosed as
drug-induced liver injury!*. HEV RNA analysis was

performed in four of these nine cases and revealed
that all of the cases were caused by HEV genotype
3. These data suggest that HEV infection should be
included in the differential diagnosis of patients with
liver dysfunction. ‘

The prevalence rates of HEV vary among countries
and even among regions within a country'>'. In
Japan, out of 12,600 samples, 431(3.4%) were
positive for 1gG anti-HEV. The results of that study
showed that the prevalence of IgG anti-HEV was
significantly higher in eastern Japan (5.6%) than in
western Japan (1.8%) (P<0.001), indicating marked
regional variation!®. Indeed, the infected donor
involved in this case report was from Tokyo, which is
in eastern Japan. Furthermore, the Hokkaido area is
reported to have higher incidence of IgG anti-HEV than
other eastern areas including Tokyo. Besides the high
prevalence of HEV RNA!'®, the incidence of HEV
transmission is also high with a predominance of
genotype 4, which is the viral genotype that causes
severe symptoms''?°. Thus, HEV RNA screening
of donated blood was experimentally initiated in
Hokkaido in 2005:

Patients who have received many blood
transfusions are reported to have a significantly
higher incidence of markers of HEV infection (i.e.,
IgG/IgM anti-HEV and HEV RNA) than those
who have received fewer blood transfusions?!.
Since HEV screening is not performed to prevent
haematologically transmitted infections in developed
countries, the frequency of transfusion-transmitted
HEYV infection might be underestimated. The present
and previously reported cases indicate that any blood
product, including RBC products*?, platelet products!!-!?
and fresh-frozen plasma' can transmit HEV. However,
the viral load required to induce transfusion-transmitted
hepatitis E in recipients is unclear. Further investigation
is required to clarify this point. Therefore, HEV
screening for blood transfusion donors should be
considered in areas in which the seroprevalence of
HEV is high. However, the present case revealed
that HEV can be transmitted via blood products from
donors during the "window period". Moreover in two
previous cases'!?, blood products that transmitted
HEV were positive for HEV RNA but negative
for anti-HEV antibody. Thus, HEV RNA should
be investigated at the onset of liver dysfunction
in patients receiving frequent blood transfusions.
Furthermore, HEV RNA screening among blood
donors might be effective for the prevention of
transfusion-transmitted HEV.

Keywords: hepatitis E virus, transfusion-transmitted
infection, myelodysplastic syndromes.
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