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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 (geq/mL) D1 D2 D3 D4 Total (geq/mL) (geq/mL)
Artus CMV 1 1/5 15 1/5 1/5 4/20 41.6 5.3
5 5/5 3/5 2/5 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 5/5 20/20
* NATtrol as CMV reference was diluted in 5% BSA.
artus = arfus 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
UL8S3 positive and artus positive 29
ULB8S3 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 eldetly 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.%% 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
CMV 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
260 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 (geq/PBL unit )

IgM-~/IgG— 562 0 0

IgM+/igG- 7 0 o

lgM+/1gG+ 91 6 6.6* 670/621
<40-3400

IgM-/lgG+ 1740 31 1.8* 170/80t
<40-920

Total 2400 37 1.5

(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

t 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 21
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
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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 basic issues 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.?'*2 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-positive 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-CMV risk. The
risk of TT-CMV in blood with detectable CMV DNA in the
plasma fraction should be determined.
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BLOOD DONORS AND BLOOD COLLECTION

Interstitial fluid shifts to plasma compartment during
blood donation

Fumiko Saito, Tomoko Shimazu, Junko Miyamoto, Taisei Maemura, and Masahiro Satake

BACKGROUND: A vasovagal reaction (VVR) occurs in
0.8% to 0.9% of voluntary blood donors in Japan.
However, they generally tolerate the acute loss of

400 mL of whole blood rather well, perhaps because
several circulatory defense mechanisms compensate
for the loss. This study aimed to determine the extent to
which an interstitial fluid shift contributes to the develop-
ment of a VVR.

STUDY DESIGN AND METHODS: Blood hemoglobin
(Hb) was measured upon admission, at venipuncture,
and immediately after collecting 400 mL of whole blood
from 736 donors. Shifted fluid volume was calculated
using a formula that included Hb levels and estimated
total blood volume.

RESULTS: By the end of blood collection, 188 = 80
and 211 = 82 mL of fluid, which is equivalent to aimost
half of the total amount of withdrawn blood, had entered
the intravascular space in male and female donors,
respectively. The difference between the sexes was sig-
nificant despite the lower body weight and circulating
blood volume of the female donors. Body weight
increased, whereas age decreased the volume of
shifted fluid in female donors.

CONCLUSION: Biood loss after donation is quickly
compensated by an interstitial fluid shift into the intra-
vascular space and may not be the only direct cause of
VVR in the setting of a whole blood donation of

400 mL.

2744 TRANSFUSION Volume 53, November 2013

dverse reactions that occur among blood

donors during or shortly after blood donation

seriously impair the motivation of repeat

donors. A vasovagal reaction (VVR) indicated by
light-headedness, dizziness, and weakness is the most fre-
quent reaction, occurring in 0.8% to 0.9% of blood donors
in Japan (Japanese Red Cross Blood Centers data).
Although a VVR in most individuals has a relatively mod-
erate clinical course and spontaneously resolves, a small
proportion (0.015%) of donors might faint, fall, and possi-
bly sustain serious injuries after a donation. From this
perspective, investigation into the mechanisms of VVR
and the development of preventive or relief measures has
been crucial for blood collection institutions."

During the presymptomatic phase of VVR, donors
have a hyperdynamic circulatory status with moderately
elevated blood pressure and increased cardiac output. The
symptoms of VVR coincide with a sudden decrease in
arterial blood pressure and heart rate.”¢ Although a reflex
activation and/or depression of the autonomous nervous
system has been implicated in the pathophysiology of the
abrupt transition from hyper- to hypodynamic status,”®
the time course of symptoms can be explained from the
viewpoint of venous return. Excessive blood pooling in
capacitance vessels results in decreased venous return,
followed by insufficient left ventricle filling and hence
decreased cardiac output. Among the primary factors that
cause blood pooling is fear of needles or pain accompa-
nying venipuncture, which often results in the withdrawal
of the sympathetic tone of blood vessels. Standing shortly

ABBREVIATION: VVR = vasovagal reaction.

From the Japanese Red Cross Tokyo Metropolitan West Blood
Center, Tachikawa, Tokyo, Japan; Japanese Red Cross Aichi
Blood Center, Nagoya, Aichi, Japan; and Jiseikai Bethlehem
Garden Hospital, Kiyose, Tokyo, Japan.

Address correspondence to: Masahiro Satake, MD, Japanese
Red Cross Central Blood Institute, 2-1-67 Tatsumi, Koto-ku,
Tokyo 135-8521, Japan; e-mail: m-satake@jrc.or.jp.

Received for publication August 1, 2012; revision received
December 6, 2012, and accepted December 12, 2012,

doi: 10.1111/trf.12120

TRANSFUSION 2013;53:2744-2750.

147



after blood donation might also contribute to blood
pooling.”** In the setting of blood donation in Japan,
400 mL of whole blood takes less than 10 minutes to with-
draw, and this corresponds to a moderate grade of hem-
orrhage. Thus, routine blood donation presents a possibly
problematic series of events that could facilitate insuffi-
cient venous return to the ventricles of a proportion of
blood donors. A recent study has elucidated the extent
to which primary vasodilation, blood volume loss, and
standing posture contributes to the development of
syncope.*

Several physiologic mechanisms could compensate
for acute blood loss.'*' The mobilization of interstitial
body fluid from organs that have a large tissue mass and
fluid reservoir, such as skeletal muscle and skin, contrib-
utes to the restoration of plasma volume,'®!” By measuring
hemoglobin (Hb) concentrations before and after collect-
ing blood from 736 blood donors, we calculated plasma
volume recovery after a short period of blood collection
and investigated the role of the refilling mechanism in the
restoration of blood volume.

MATERIALS AND METHODS

Blood donor criteria

Individuals ranging in age from 16 to 69 years are eligible
to donate blood in Japan, where 200 and 400 mL of whole
blood may be collected. Males aged 17 years and all indi-
viduals aged at least 18 years are permitted to donate
400 mL of whole blood. The standard Hb concentrations
in donations of 400 and 200 mL from males and females
are at least 13.0 and at least 12.5 and at least 12.5 and
at least 12.0 g/dL, respectively. Body weight should be at
least 50 kg for 400-ml. donations and at least 45 and at
least 40 kg for 200-mL donations from males and females,
respectively. The total volumes of whole blood withdrawn
at one donation, including that for initial flow diversion,
are 425 and 225 mL for 400- and 206-mL donations,
respectively. Males and females may donate an annual
maximum volume of 1200 and 800 mL, respectively. Only
donors with systolic blood pressure of at least 90 mmHg
are eligible for blood donation.

Blood donors and blood donation in this study
We analyzed data obtained only from those who donated
400 mL of whole blood between July 2008 and May 2009.
All such donors who presented at the Tachikawa (a suburb
of Tokyo) blood donation facility in the morning between
Monday and Friday were included in this study. Changes
in peripheral blood volume during the collection of
400 mL of whole blood were estimated on the basis of the
Hb concentration measured at three time points during
the donation process.

After an interview with a physician was completed,
venous blood samples were collected from donors to

INTERSTITIAL FLUID SHIFT DURING DONATION

determine Hb and count blood cells. Donors judged eli-
gible for donation according to the Hb standard described
above were encouraged to consume as much liquid as
possible and instructed to urinate before donation. A
17-gauge intravenous catheter was placed in an antecu-
bital vein of recumbent donors to collect whole blood. A
small portion of blood for Hb measurements and blood
testing and a repository sample were obtained from a
diversion bag. The Hb values obtained in this manner
were regarded as those at the start of blood collection.
Blood collected over a period of more than 10 minutes was
regarded as invalid. After the catheter was removed at the
completion of blood collection, Hb was measured in 2 to
3 mL of blood that remained in the tubing of the collection
bag system. This volume is usually around 7 mL and does
not contain any of the anticoagulant included in the col-
lection bag. This sample was regarded as blood in the
peripheral vein at the endpoint of blood collection. Those
who completed donations remained recumbent for at
least 5 minutes thereafter. After it was confirmed that their
blood pressure had returned to a safe range, the donors
rested in another room for at least 10 minutes and con-
sumed a beverage.

Estimation of blood volume and statistics

The baseline blood volume at admission (V) of each
donor was calculated using Ogawa's equation'® as
0.168H° + 0.050W + 0.444 for adult males and 0.250H” +
0.0625W — 0.66 for adult females, where H and W indicate
donor height (m) and weight (kg), respectively. Blood
volume is routinely calculated in Japan using this equa-
tion. Vi, V,, and V3 and Hb,, Hb,, and Hby in the following
equations represent blood volume (V) and Hb concentra-
tions upon admission and at the start and end of blood
collection, respectively. Assuming that the absolute
amount of Hb remains constant and is estimated as
V x Hb, the relationships among them are expressed as:

Vi xHb, =V, xHb,,

V3 x Hby = V, x Hb, —0.425x (Hb, + Hbs)/2,
and
shifted volume = V; —(V, ~0.425),

where 0.425 x (Hb, + Hbs)/2 represents the amount of Hb
present in the donated blood. The Hb concentration was
measured using an automated cell counter (Sysmex 3000,
Sysmex, Tokyo, Japan) immediately after sampling at the
donation site. Hb was measured daily in three samples per
donor using a single-cell counter that was validated every
day.

Data were statistically analyzed using software (SSRI,
Excel Statistics, Version 8, Social Survey Research Informa-
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(p < 0.03, Table 1). The volumes of fluid
TABLE 1. Profiles of blood donors enrolled in this study and volume that shifted from the interstitial space to
of fluid that shifted from interstitium to plasma compartment during the plasma compartment during blood
blood collection
Charadteristic Moan 3D i Max collection were 188 = 80 (mean =+ SD)
Males (0= 447) and 211 = 82 mL for males and females,
Age (years) 42.0 13.2 18 69 respectively (Table 1). The difference in
Height (cm) 171 6 154 189 the shifted volume between the two
Body weight (kg) 68.7 9.8 47.0 130.0 fomi
Blood volume (mL) 4721 534 3590 7923 f;glagiam?c;g;éi?i’t ﬂiz: ﬂ?éovti);:g
Body mass index 23.5 29 15.9 40.1 g
Hb* 15.0 1.0 13.0 18.3 had a lower mean body weight and
:gﬁ }i'g :'g ﬁ; 1?? lower mean circulating blood volume
3 : . . .
Shifted volume (mL) 188 80 25 601 than men (57.9kg vs. 68.7kg and
V2 (blood volume at start of blood collection): 4751 = 547 mL 4003 mL vs. 4721 mL, respectively;
Vs (blood volume at the end of blood collection): 4514 =+ 566 mL ;
p <0.03 between Hb; and Hbe and between Hbz and Hbs ;rliglt(z;)\;olfglelrii ;I;:;‘;Vihai ingr;zfzz
Females (n = 289)
Age (years) 39.6 14.0 18 69 within the same range of body weight
gs{‘%hfﬂ(:i?gt *a) 1:? o 2 6 1:3 0 ’;g 0 (p < 0.01 for all body weight groups) and
Blood volume (mL) 4003 449 3062 5566 that the volume increased more sharply
Body mass index 229 27 17.7 32.8 in females than in males accompanied
gg’ ;:332 8'.7’ Eg 12': by increasing body weight. The differ-
Ho, 127 07 113 150 ence in the shifted volume between
Shifted volume (mL) 211 82 31 540 male and female donors tended to be
Vi 4031 + 456; Va: 3817 & 478; p < 0.03 between Hby and Hb. and between Hb. and greater in younger donors signiﬁcant
Hbs, !
n
* Hby, Hbe, and Hbs: Hb concentrations upon admission and at start and end of blood ?;i‘"’g‘; > ﬂ;fldaxieii i(r)rf afgt ?gl:s ;li n},,:efri
collection, respectively. -U3),
50 and 69 years (Fig.2). The shifted

tion Co. Ltd, Tokyo, Japan) for Windows (Microsoft Excel
2007, Tokyo, Japan). Statistical analysis was performed
using one-sided t tests with paired or unpaired samples
and chi-square test. Factors associated with shifted
volumes were determined by multiple regression analysis.

RESULTS

We analyzed data derived from samples of whole blood
(400 mL) donated by 736 individuals (male, n=447;
female, n = 289) during the study period. Among the male
and female donors 4.7% (21/447) and 12.5% (36/289),
respectively, were donating for the first time. Four male
and five female donors had developed a VVR during pre-
vious blood donations. The mean interval between admis-
sion and venipuncture for blood collection averaged 19
minutes, while 93 and 90% of male and female donors,
respectively, consumed 200 to 400 mL of water. We first
analyzed the difference in blood volume estimated upon
admission (V) and at the start of blood withdrawal (V.) to
determine the effect of the consumed water on the circu-
lating blood volume. Although the Hb concentration sig-
nificantly decreased from the time of admission (Hb) to
the start of collection (Hb) (Table 1), the mean (+SD)
increase in blood volume (V2 ~-V)) was only 30 + 87 mL
for males and 28 + 88 mL for females.

The Hb concentration significantly decreased
between the start and the end of collection in both sexes
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volume tended to decrease with
increasing age for both sexes, and the difference was sig-
nificant between females in the age ranges of 30-49
(217 mL) and 50-69 (186 mL, p <0.01) years. No other
donor age categories were associated with a significant
decrease in the shifted volume. Body mass index was not
associated with the volume of shifted fluid (data not
shown). Multiple regression analysis using donor age,
height, and body weight as predictor variables revealed
only body weight in males as an independent predictor
(p < 0.01) of an increase in shifted volume, whereas donor
age and body weight in females were independent factors
for a decrease and an increase (p < 0.01), respectively, in
shifted volume. The mean amounts of time required to
collect 400 mL of blood were 8.0 and 8.8 minutes and the
mean rates of fluid shift during blood collection were
0.38 = 0.19 and 0.45 * 0.22 mL/min/kg (mean = SD,
p <0.01) for males and females, respectively. Figure 3
shows the distribution of the shifted volume by time and
weight. The distribution curve for females shifted to the
right of that for males (that is, greater skewness for
volume).

We also investigated whether any specific features
caused a lower shifted volume by assigning the donors to
categories based on a shifted volume of either more or less
than 150 mL (Table 2). Greater height, body weight, and
blood volume, but not donor age in males, and a greater
body weight, blood volume, and younger age in females
were associated with a greater shift in volume (univariate
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analysis, Table 2). The proportions of male and female
donors with a shifted volume of less than 100 mL was
11.0% (49/447) and 5.5% (16/289), respectively (signifi-
cant difference, p < 0.01). The shifted fluid volume in four
donors who developed relatively mild VVR symptoms
shortly after donation during this study (Table 3) was rela-
tively low at 99, 158, 163, and 197 mL.

DISCUSSION

The acute loss of 400 mL of whole blood in the blood
donation setting is generally tolerated well by voluntary
donors. In fact, a blood donation resulting in organ failure
or systemic inflammation in Japan has never been
reported. This may be because either the depletion of such
moderate volume has no noticeable effect on systemic
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Fig. 3. Distribution of shifted fluid volume by time and weight.
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TABLE 2. Profiles of donors with shifted fluid
volumes of less than or at least 150 mL*

Shifted volume (mL)

Characteristic <150 =150 Difference
Males (n) 155 292
Age (years) 42.8 (+13. 6) 41.6 (+13.0) >0.05
Height (cm) 169.7 (£5.7) 171.4 (25.8) <0.01
Body weight (kg) 66.4 (9. ) 70.0 (£10.1)  <0.01
Blood volume (mL) 4598 (£504) 4787 (£539) <0.01
Females (n) 68 221
Age (years) 42.5(x14.0) 38.8(x14.0) <0.05
Height (cm) 159.0 (£4.9) 159.3 (:4.9) >0.05
Body weight (kg) 56.6 (£5.5)  58.4 (:6.8) <0.05
Blood volume (mL) 3903 (£374) 4034 (:465) <0.05

* Data are reported as mean (+SD).

blood circulation and/or because several circulatory
defense mechanisms collaborate to restore physiologic
blood distribution. Nevertheless, VVR indicated by tempo-
rary hypotension accompanied by decreased cardiac
output does arise in a proportion of healthy blood donors.

Although the precise physiologic mechanism of VVR
observed during the blood donation setting has not been
fully elucidated, it might be initiated by the primary
withdrawal of sympathetic vasoconstrictor tone in blood
vessels. Although arterial blood pressure can be momen-
tarily maintained due to the autonomous reflex
mechanism, impending hypotension finally becomes
uncompensated and symptomatic. The decrease in blood
pressure could be a result of the combined effects of a
vasodepressive reflex with or without a cardioinhibitory
reflex and a failure to increase venous return. Impaired
venous return would be caused by the dilation of capaci-
tance vessels, an orthostatic effect after donation,*® and
decreased circulating blood volume as a result of blood
withdrawal. Whole blood is collected in quantities of 200
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TABLE 3. Demographics of four blood donors with VVR

Donor

Characteristic 1 2 3 4
Sex Male Male Female Female
Age (years) 19 51 18 23
FTD/RD FTD RD RD RD
VVR history No Yes No Yes
Height (cm) 160 168 166 166
Body weight (kg) 62 73 57 58
Blood volume (mL) 4232 4890 4072 4135
Water intake (mL.) 400 400 200 100
Shifted volume (mL) 197 158 99 163

Symptoms Nausea, paleness Nausea, paleness Nausea, paleness, yawning Nausea
VVR onset
Blood pressure 91/58 98/62 94/62 97/58
Pulse rate 61 55 68 77
Treatment Recumbent rest Recumbent rest LRI (500 mL) Recumbent rest
Recovery time (min) 15 >30 30 20

FTD = first-time donor; LRI = Lactate Ringer infusion; RD = repeat donor.

and 400 mL in Japan, and the frequency of VVR among
female donors is higher after collecting 400 mL (1.2% vs.
0.74%; 2010 data from Japanese Red Cross Blood Centers).
Thus, the decrease in the circulating blood volume gener-
ated by removing a larger volume of blood might contrib-
ute to the occurrence of VVR during donation. We
therefore investigated the effect of moderate hypovolemia
(400 mL of collected blood) on circulating blood volume
during blood collection to help identify factors involved in
VVR to develop strategies to decrease the occurrence and
severity of VVR.

The physioclogic mechanisms that control circulating
blood volume during hypovolemia caused by acute blood
loss are complex, but a rapid, compensatory shift of inter-
stitial fluid from the skeletal muscle and skin into the cir-
culation would increase plasma volume.’®!” The exchange
of fluid at the capillary-interstitium interface is largely
determined by alterations in transcapillary Starling forces.
The roles played by sympathetic activity and fluid shifts in
the maintenance of arterial pressure are of equal impor-
tance during hemorrhage of 10% to 40% of total blood
volume.'®

Fluid shifts during blood donation have been
described,'®? but only in relatively small cohorts. Consid-
ering the high variability of the shifted volume, we derived
data from 736 donations. Moreover, the previous studies
used the Hb concentration upon admission as the Hb
value of the collected blood,** which contradicts the
hypothesis that peripheral blood is diluted during dona-
tion, because the peripheral blood Hb concentration near
the end of collection must be decreased according to the
hypothesis. However, as we had no access to the actual Hb
concentration in the collected blood, we used the median
of concentrations at the beginning and end of blood col-
lection, which should have been closer to reality. To avoid
variability, we focused this study within a relatively short
period of 11 months, when procedures among phleboto-
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mists were uniform, and Hb was measured after blood
sampling using the same instrument at the donation site.
The reliability of the Hb measurement is suggested by the
minimal difference in the Hb concentration (0.1 g/dL)
between that at admission and that at the start of blood
withdrawal compared with the large difference (0.6-0.7 g/
dL) between that at the start and that at the end of blood
withdrawal, although more time was required before
starting to collect blood than to actually complete the
process of collection.

The mean volume of fluid that shifted from the inter-
stitium to the intravascular compartment during blood
donation was 202 mL (adjusted for sex). Only about
200 mL of circulating blood volume was lost at the
completion of blood collection, which is similar to
described findings.'*?* Given this finding, blood loss might
not be a significant factor in the development of VVR in
the setting of a whole blood donation of 400 mL. More-
over, the fluid shift would likely continue after completing
the donation. If it continues at the same speed as that
during blood collection, circulating blood volume would
be restored in most donors within 10 minutes of catheter
removal.

We propose that 400-mL donations may not be a
direct causative factor, but rather only one of several
factors that collectively contribute to low venous return.
Donations of 400 mL might comprise a risk factor only
when the release of capacitance vessel tone is higher, a
change in posture causes a greater venous blood shift to
lower extremities, the donor is extremely dehydrated, or
the donor has a lower circulating blood volume. The dif-
ference in VVR frequency between 400 and 200 mL dona-
tions is higher indeed among donor populations with a
circulating blood volume of less than 4000 mL. Neurally
mediated hypotension might also be triggered more by a
donation of 400 mL than of 200 mL. The 11.0% of males
and 5.5% of females with a shifted volume of less than



100 mL might represent a subpopulation that is more vul-
nerable to VVR. This consideration would be applicable to
donations of 400 mL, but not 200 mL, because the shifted
and collected volumes are too small to elicit VVR.

We found that more interstitial fluid shifted to the
intravascular compartment in females than in males. This
was evident in differences between shifted volumes in
male and female donors within the same body weight
ranges (Fig. 1). The reason for this difference is not clear
but it might relate to the fact that females have a larger
interstitial space. More time was needed to collect blood
from females than males (8.8 min vs, 8.0 min), which
might have produced a larger shifted volume for females
during blood collection. However, the rate of fluid shift is
still significantly greater for females than for males when
body weight is considered (0.45 mL/min/kg vs. 0.38 mL/
min/kg), indicating a greater capacity of blood volume
compensation in females than males. The shifted fluid
volume in females tended to decrease with increasing age
and reach the same level as that in males aged 50 to 69
years. Age-related changes such as increased blood vessel
rigidity, decreased interstitial fluid volume, changes in
endothelial permeability, or macromolecular composi-
tion of interstitial fluid compartments®-** might relate to
the decreased fluid shift. Regardless of the mechanism,
older female blood donors might be more prone to VVR
than younger females.

This study underestimated the direct role of blood
volume loss in the development of VVR,** suggesting
that strategies for increasing circulating blood volume
around the time of donation are ineffective. Several
articles, however, have described that consuming water
preferentially affects the occurrence of VVR*?# The
donors enrolled in this study consumed a mean of 215 mL
of water during a mean 19-minute wait before venipunc-
ture. The Hb concentration decreased from 14.4 to
14.3 g/dL during that period, implying that a mean of
29 mL of interstitial fluid shifted to the intravascular
space. Consuming about 200 mL of water might be insuf-
ficient to elicit an effect, or it might not rapidly influence
plasma volume. If an increase in plasma volume is pre-
dicted at the time of blood donation, then before dona-
tion, individuals should consume a large volume of a
beverage with a high sodium concentration and a small
amount of sugar, such as the oral rehydration solutions
recommended for children with enteritis.?”?® However, the
increase in blood pressure that occurred soon after con-
suming water might not be a direct effect of an increase in
plasma volume, but rather an outcome of stomach wall
distension that stimulates the sympathetic tone of blood
vessels.?

In summary, our findings revealed a rapid shift of
interstitial fluid to the intravascular space during blood
collection, thus restoring about half of the withdrawn
volume by the end of blood collection. The shifted volume

INTERSTITIAL FLUID SHIFT DURING DONATION

is Jower in males than in females and tends to decrease
with increasing age in females. The direct contribution of
blood loss during a blood donation to the development of
VVR might be lower in the setting of whole blood dona-
tions of 400 mL.

ACKNOWLEDGMENT

All data presented herein were obtained by the nursing staff who
collected blood and cared for donors at the Japanese Red Cross
Tokyo Metropolitan West Blood Center, which was part of the
Tokyo Metropolitan Blood Center in 2012,

CONFLICT OF INTEREST

This study received no support in the form of grants, equipment,
or drugs. The authors have no conflict of interest regarding this
article,

REFERENCES

1. Krediet CT, van Dijk N, Linzer M, van Lieshout JJ, Wieling
W. Management of vasovagal syncope: controlling or
aborting faints by leg crossing and muscle tensing. Circu-
lation 2002;106:1684-9.

2. Lu CC, Diedrich A, Tung CS, Paranjape SY, Harris PA,
Byrne DW, Jordan J, Robertson D. Water ingestion as pro-
phylaxis against syncope. Circulation 2003;108:2660-5.

3. France CR, Ditto B, Wissel ME, France JL, Dickert T, Rader
A, Sinclair K, McGlone S, Trost Z, Matson E. Predonation
hydration and applied muscle tension combine to reduce
presyncopal reactions to blood donation. Transfusion
2010;50:1257-64.

4. Wieling W, France CR, van Dijk N, Kamel H, Thijs RD,

Tomasulo P. Physiologic strategies to prevent fainting

responses during or after whole blood donation. Transfu-

sion 2011;51:2727-38.

Quan KJ, Carlson MD, Thames MD. Mechanisms of heart

rate and arterial blood pressure control: implications for

the pathophysiology of neurocardiogenic syncope. Pacing

Clin Electrophysiol 1997;20:764-74.

6. Julu PO, Cooper VL, Hansen S, Hainsworth R. Cardiovas-
cular regulation in the period preceding vasovagal
syncope in conscious humans. ] Physiol 2003;549:299-
311.

7. Mosqueda-Garcia R, Furlan R, Tank ], Fernandez-Violante
R. The elusive pathophysiology of neurally mediated
syncope. Circulation 2000;102:2898-906.

8. Schroeder C, Tank J, Heusser K, Diedrich A, Luft FC,
Jordan J. Physiological phenomenology of neurally-
mediated syncope with management implications. Plos
ONE 2011;6:26489.

9. Rapp SE, Pavlin DJ, Nessly ML, Keyes H. Effect of patient
position on the incidence of vasovagal response to venous
cannulation. Arch Intern Med 1993;153:1698-704.

o

Volume 53, November 2013 TRANSFUSION 2749

152



SAITO ET AL.

12,

13.

14.

15.

16.

17.

18.

19.

20.

Freeman R, Wieling W, Axelrod FB, Benditt DG, Benar-
roch E, Biaggioni I, Cheshire WP, Chelimsky T, Cortelli P,
Gibbons CH, Goldstein DS, Hainsworth R, Hilz M]J, Jacob
G, Kaufmann H, Jordan J, Lipsitz LA, Levine BD, Low PA,
Mathias C, Raj SR, Robertson D, Sandroni P, Schatz I, van
Dijk JG et al. Consensus statement on the definition of
orthostatic hypotension, neurally mediated syncope and
the postural tachycardia syndrome. Clin Auton Res 2011;
21:69-72.

Medow MS, Stewart JM, Sanyal S, Mumtaz A, Sica D,
Frishman WH. Pathophysiology, diagnosis, and treatment
of orthostatic hypotension and vasovagal syncope.
Cardiol Rev 2008;16:4-20.

Grubb BP. Neurocardiogenic syncope and related disor-
ders of orthostatic intolerance. Circulation 2005;111:2997-
3006.

Ebert RV, Stead EA, Gibson JG. Response of normal sub-
jects to acute blood loss: with special reference to the
mechanisim of restoration of blood volume. Arch Intern
Med 1941;68:578-90.

Ursino M, Magosso E. Short-term autonomic control of
cardiovascular function: a mini-review with the help of
mathematical models. ] Integr Neurosci 2003;2:219-47.
Schadt JC, Ludbrook J. Hemodynamic and neurohumoral
responses to acute hypovolemia in conscious mammals.
Am J Physiol 1991;260:H305-18.

Drucker WR, Chadwick CD, Gann DS. Transcapillary refill
in hemorrhage and shock. Arch Surg 1981;116:1344-53.
Linne T, Lundvall J. Mechanisms in man for rapid refill of
the circulatory system in hypovolaemia. Acta Physiol
Scand 1992;146:299-306.

Ogawa R, Fujita T, Fukuda Y. Blood volume studies in
healthy Japanese adults. Respir Circ (Jpn) 1970;18:833-8.
Janetzko K, Kliiter H, Kirchner H, Klotz KF. The effect of
moderate hypovelaemia on microcirculation in healthy
older blood donors. Anaesthesia 2001;56:103-7.

Menke J, Stécker H, Sibrowski W. Cerebral oxygenation
and hemodynamics during blood donation studied by
near-infrared spectroscopy. Transfusion 2004;44:414-21.

2750 TRANSFUSION Volume 53, November 2013

153

21.

22,

24.

25.

26.

27.

28.

29.

Plante GE. Impact of aging on the body's vascular system.
Metabolism 2003;52:31-5.

Murata K, Horiuchi Y. Age-dependent distribution of
acidic glycosaminoglycans in human kidney tissue.
Nephron 1978;20:111-8.

Belmin ], Corman B, Merval R, Tedgui A. Age-related
changes in endothelial permeability and distribution
volume of albumin in rat aorta. Am J Physiol 1993;264:
H679-85.

Karger R, Halbe M, Dinges G, Wulf H, Kretschmer V.
Blood volume regulation in donors undergoing
intermittent-flow plasmapheresis involving a high extra-
corporeal blood volume. Transfusion 2006;46:1609-15.
Newman B, Tommolino E, Andreozzi C, Joychan S,
Pocedic ], Heringhausen J. The effect of a 473-mL (16-02)
water drink on vasovagal donor reaction rates in high-
school students. Transfusion 2007;47:1524-33.

Ando S, Kawamura N, Matsumoto M, Dan E, Takeshita A,
Murakami K, Kashiwagi S, Kiyokawa H. Simple standing
test predicts and water ingestion prevents vasovagal reac-
tion in the high-risk blood donors. Transfusion 2009;49:
1630-6.

Mauer AM, Dweck HS, Finberg L, Holmes F, Reynolds JW,
Suskind RM, Woodruff CW, Hellerstein S. American
Academy of Pediatrics Committee on Nutrition: use of
oral fluid therapy and posttreatment feeding following
enteritis in children in a developed country. Pediatrics
1985;75:358-61.

Report of an ESPGAN Working Group. Recommendations
for composition of oral rehydration solutions for the chil-
dren of Europe. ] Pediatr Gastroenterol Nutr 1992;14:
113-5.

Rossi P, Andriesse GI, Oey PL, Wieneke GH, Roelofs JM,
Akkermans LM. Stomach distension increases efferent
muscle sympathetic nerve activity and blood pressure in
healthy humans. ] Neurol Sci 1998;161:148-55. o]



TRANSFUSION COMPLICATIONS

Residual risk of transfusion-transmitted hepatitis B virus (HBV)
infection caused by blood components derived from donors with
occult HBV infection in Japan

Rikizo Taira, Masahiro Satake, Shun’ya Momose, Satoru Hino, Yoshiharu Suzuki,
Hiroyuki Murokawa, Shigeharu Uchida, and Kenji Tadokoro

BACKGROUND: Nucleic acid ampfification testing
(NAT) for hepatitis B virus (HBV) during blood screen-
ing has helped to prevent transfusion-transmitted HBV
infection (TT-HBV) in Japan. Nevertheless, 4 to 13
TT-HBV infections arise annually.

STUDY DESIGN AND METHODS: The Japanese Red
Cross (JRC) analyzed repository samples of donated
blood for TT-HBV that was suspected through hemo-
vigilance. Blood donations implicated in TT-HBV infec-
tions were categorized as either window period (WP) or
occult HBV infection (OBI) related. in addition, we ana-
lyzed blood from 4742 donors with low antibody to
hepatitis B core antigen (anti-HBc) and antibody to
hepatitis B surface antigen (anti-HBs) titers using
individual-donation NAT (ID-NAT) to investigate the rela-
tionship between anti-HBc titer and proportion of
viremic donors.

RESULTS: Introduction of a more sensitive NAT
method for screening minipools of 20 donations
increased the OBI detection rate from 3.9 to 15.2 per
million, while also the confirmed OBI transmission rate
increased from 0.67 to 1.49 per million. By contrast the
WP transmission rate decreased from 0.92 to 0.46 per
million. Testing repository samples of donations missed
by minipools of 20 donations NAT showed that 75 and
85% of TT-HBV that arose from WP and OBI donations,
respectively, would have been interdicted by ID-NAT.
The ID-NAT trial revealed that 1.94% of donations with
low anti-HBc and anti-HBs titers were viremic and that
anti-HBc titers and the frequency of viremia did not
correlate.

CONCLUSIONS: The JRC has elected to achieve
maximal safety by discarding all units with low anti-HBc
and anti-HBs titers that account for 1.3% of the total
donations.

he prevalence of hepatitis B virus (HBV) surface

antigen (HBsAg) in Japan is slightly higher than

the average for developed countries. A recent

screening of blood donors, local residents, and
school pupils found an estimated national prevalence of
HBsAg of 0.71%.! However, the prevalence was higher
during the 1990s, being 1.5% among first-time blood
donors aged in their 40s.* Taking into account horizontal
transmission and a birth cohort effect, a relatively large
cohort with historical HBV infection might persist among
older individuals in Japan.

To prevent transfusion-transmitted HBV (TT-HBV)
infection, Japanese Red Cross (JRC) blood centers intro-
duced HBsAg screening for all blood donations in 1972.
In 1989, antibody to hepatitis B core antigen (anti-HBc)
testing was introduced to exclude donations by people
with prior HBV infection. Because total elimination
of anti-HBc-reactive donations might have seriously
reduced the blood supply, donations with high antibody
to hepatitis B surface antigen (anti-HBs) titers and those

ABBREVIATIONS: CLEIA(s) = chemiluminescence enzyme
immunoassay(s); ID = individual donation; JRC = Japanese Red
Cross; LOD = limit of detection; OBI = occult hepatitis B virus
infection; PC(s) = platelet concentrate(s); S/CO = signal-to-
cutoff ratio; TT-HBV = transfusion-transmitted hepatitis B virus
infection; TTI = transfusion-transmitted infection; WP = window
period.
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with low anti-HBc titers have been accepted, and only
donations with low anti-HBs and high anti-HBc titers
were excluded.

In addition to this serologic screening algorithm, the
JRC implemented multiplex nucleic acid amplification
testing (NAT) for HBV, hepatitis C virus (HCV), and human
immunodeficiency virus Type 1 (HIV-1) in 1999.° Although
NAT has greatly reinforced blood safety regarding TT-HBV
infection, 4 to 13 TT-HBV infections continue to arise
annually. While some occur as a result of transfusion with
blood components obtained during the window period
(WP), others arise due to components being derived from
donors with occult HBV infection (OBI) defined as detect-
able HBV DNA in peripheral blood but no detectable
HBsAg.** Although donations from donors with OBI have
helped to maintain an adequate blood supply, such dona-
tions have also raised a concern about the risk of TT-HBV.
Here, we describe the current status of TT-HBV under the
NAT screening system as well as problems inherent in the
current HBV screening algorithm, especially with regard
to OBI-derived blood donations. We also discuss the fea-
sibility of strategies that could increase HBV safety in
countries such as Japan with a slightly elevated prevalence
of HBV.

MATERIALS AND METHODS

Screening donated blood at JRC blood centers

The JRC blood centers are the only facilities authorized to
handle blood collection, processing, testing, and delivery
in Japan. Donated blood is screened at these centers
for HBsAg, anti-HCV, anti-HIV-1 and -2, anti-human
T-lymphotropic virus type 1, anti-Treponema pallidum,
and human parvovirus B19 antigen. Whereas HBsAg-
positive blood is rejected, HBsAg-negative samples are
further tested for anti-HBc and anti-HBs (Table 1). Blood

TABLE 1. HBV screening algorithm applied at
JRC blood centers*

Anti-HBc titer

Anti-HBc reactive Low High
4.9% <25(25) or =25(2%) or
261,000, 49,000 S/CO=1.0 but<12.0  S/CO =12.0
Anti-HBs = 200 IU/L Accepted Accepted
2.04% 1.38%
108,000, 20,000 73,000, 14,000
Anti-HBs < 200 IU/L Accepted Rejected
1.31% 0.19%
69,000, 713,000 10,000, 2,000

* HBsAg-negative donations are tested for both anti-HBc and
anti-HBs. Dilution factors for anti-HBc titers were applied for
agglutination testing. Dilution factors in parentheses were
applied between 1997 and 2007. The S/CO ranges are cur-
rently used for CLEIA. Ratios (%) of donations for each cat-
egory are shown (2010 data). Observed number and number
per million (italics) of donations are also included.
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with a high anti-HBs titer (=200 IU/L) is accepted irre-
spective of the anti-HBc titer and that with a low anti-HBc
titer is also accepted irrespective of the anti-HBs titer.
Blood with high anti-HBc and low anti-HBs titers
(<200 IU/L) is disqualified. All blood had been serologi-
cally tested before 2008 using the agglutination method
with the initial cutoff for a high anti-HBc titer being a
dilution factor of 25, which was later revised to 25. All
agglutination tests were replaced with chemilumines-
cence enzyme immunoassays (CLEIAs, CL4800 testing
system, Fujirebio, Tokyo, Japan) in 2008 and the threshold
for anti-HBc positivity is currently a signal-to-cutoff ratio
(S/CO) of 12.0. This value was validated as being essen-
tially equivalent to an agglutination titer of 2° Blood
donations with elevated serum alanine aminotransferase
(>60 IU/mL) are also rejected.

NAT

Samples that were qualified by the testing algorithm for
anti-HBc and anti-HBs described above as well as by
HBsAg testing are then screened using NAT. The JRC
started NAT in 1999 using a real-time multiplex poly-
merase chain reaction system with a minipool format
that originally comprised 500 samples (Ampli-NAT MPX
system, Roche, Indianapolis, IN).5 The pool size was
decreased to 50 in 2000 and to 20 in 2004. The JRC imple-
mented the Roche TagScreen MPX system for NAT in 2008
with a pool size of 20, but with an approximately threefold
increase in sensitivity because of the increased sample
volume required for nucleic acid extraction and improve-
ments in reagents. The screening sensitivity of HBV is 650,
260, and 76 copies/mL (50% limit of detection [LOD]; JRC
data) for 50- (50p) and 20-  (20p) sample pools using
AmpliNAT and 20p using TagScreen, respectively.

A trial screening using individual-donation NAT (ID-
NAT) proceeded at the Tokyo Blood Center between
December 2010 and May 2011 to verify the distribution of
the rate of donations containing HBV DNA relative to anti-
HBc titers and the residual TT-HBV risk that could arise
from transfusion with blood donations that have low anti-
HBc and anti-HBs titers. All available donations with both
an anti-HBc titer between 1.0 and 12.0 S/CO and an anti-
HBs titer of less than 200 IU/L were screened by ID-NAT
using the Roche TagScreen MPX system with a 50% LOD of
3.8 copies/mL (JRC data). The sensitivity of ID-NAT used
in lookback studies (described below) was 13 copies/mL
(50% LOD) using AmpliNAT until July 2008 and 3.8
copies/mL (50% LOD) using TagScreen from August 2008.

Hemovigilance system

The JRC established a hemovigilance system in 1993
and has since collected reports on adverse effects caused
by blood transfusion. Through blood screening the JRC
obtains information about repeat donors who have
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recently acquired infection.” Their previous donations are
evaluated for transfusion-transmitted infection (TTI) risk
by considering donation timing and performing ID-NAT
on repository samples (lookback studies). If they are
judged as harboring a TTI risk, the JRC notifies the rel-
evant facilities that used the component at risk and
requests that physicians investigate whether any patient
who received a transfusion of the component has
acquired the corresponding infection.

The JRC also obtains information about TTI in trans-
fused patients through voluntary reports by physicians
who are involved in blood transfusion at medical facili-
ties.” Upon receiving such information, the JRC analyzes
repository blood samples obtained from implicated dona-
tions using ID-NAT. The TT1 risk of cocomponents derived
from the implicated and previous donations provided by
implicated donors is assessed. The JRC notifies the rel-
evant medical facilities of the findings. Implicated blood
components are interdicted if they have not yet been used
for transfusion.

The JRC headquarters and central laboratory deter-
mine the causal relationship between the implicated
donation and posttransfusion infection considering
patient clinical course, results of virologic analysis includ-
ing ID-NAT and sequence analysis, serologic viral
markers, and donation timing. Even if all repository
samples implicated for TTI are verified as being ID-NAT-
negative, implicated donors are followed up for repeat
donation thereafter for sero- or NAT conversion, because
the possibility that the index donation was provided
during the ID-NAT WP persists. All processes for lookback
studies are defined in national guidelines® that describe in
detail the test items and timing of testing for donated
blood and at-risk patients in addition to the roles of the
relevant physicians, blood centers, and blood authority.

Sequence analysis

The HBV genome sequence identity is assessed between
implicated repository blood samples and patient samples
by sequencing 1550 bp of the alpha region within the HBV
pre-S and S regions using a genetic analyzer (ABI 3130XL,
Life Technologies Japan, Tokyo, Japan). When the viral
load is too low to sequence, viral nucleic acid is further
extracted from larger plasma volumes if the accompany-
ing plasma bag is available. When findings are ambiguous,
HBV obtained from donor or patient samples is cloned,
amplified, and sequenced.

Estimation of current risk of TT-HBV

Although universal pre- and posttransfusion testing of
patient samples for TTI has been recommended, the like-
lihood that all transfused patients undergo this evaluation
is low. Moreover, the JRC hemovigilance system described
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above is voluntary. Therefore, TTI might be underreported
to JRC blood centers. The exact amount of TT-FBV infec-
tions that could occur under the current screening system
must be defined to assess novel TT-HBV-mitigating strat-
egies. This study therefore reevaluated the current risk of
TT-HBV infection based on data obtained under current
system.

The projected number of ID-NAT-positive donations
derived from OBI donors was calculated using the ID-NAT
positivity rate obtained in the ID-NAT trial screening
described above and the number of donations with low
anti-HBc and anti-HBs titers. The additional WP yield in
donations determined by ID-NAT was calculated based on
rates of detection of recently infected donors.”!° Assuming
that the frequency of donation is constant at any time
during the presymptomatic phase of acute infection, the
yields by tests for an infection marker are in direct propor-
tion to the length of time during which each test gives a
yield. The potential ID-NAT yield (screening NAT nega-
tive) was calculated herein by multiplying the screening
NAT yield by the ratio of the interval between ID-NAT
detection and 20p-NAT detection (11.2 days) to that
between 20p-NAT detection and HBsAg detection (9.7
days). The interval covered by each NAT strategy (11.2 and
9.7 days) was calculated using the value for the detection
limit of each test (3.8, 76, and 1000 copies/mL for ID-NAT,
20p-NAT, and CLEIA detection, respectively) and the dou-
bling time of HBV in human peripheral blood (2.6 days),*!!
The number of donations that could appear in the
ID-NAT-negative WP was similarly calculated separately
for each component type taking into account both the
interval between 1 copy/bag and ID-NAT detection
deduced from the mean plasma volume of each compo-
nent type and the number of each component issued to
hospitals.

We estimated the number of TT-HBV infections with
reference to our previous systematic lookback study.’
The infectivity of ID-NAT-positive and screening NAT-
negative components was calculated in that study as
being 3% (95% confidence interval [Cl], 0%-17.2%, n = 33)
and 50% (95% CI, 28.2%-71.8%, n=22) for OBI- and
WP-derived components, respectively. The incidence rate
for TT-HBV infections was thus obtained by multiplying
the number of estimated at-risk donations deduced using
the above method by the infection rates (0.03 or 0.5).

Statistical analysis

Data were statistically analyzed using computer software
(SSRI for Windows, Excel Statistics Version 8, Social Survey
Research Information Co. Ltd, Tokyo, Japan). Significance
was determined using the chi-square test except for asso-
ciations between total viral load in the components and
alanine aminotransferase (ALT) levels in patients that
were evaluated using the Mann-Whitney U test.
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RESULTS

Reports of possible TT-HBV infections

The JRC blood centers received 789 reports of possible
TT-HBV infections between 2001 and 2010 (Fig. 1). The
number of such reports obviously increased in 2004 and
2005 because a nationwide systematic retrospective study
started in 2004 that also identified patients with TT-HBV
infection that would have previously been unrecognized.
Causality was investigated in all but two of these possible
TT-HBV infections. The possibility of TT-HBV infection
was precluded in 97 (12.3%) of the 789 reported patients
without testing repository samples based on evaluation of
the patient’s clinical course and the transfusion setting for
each. For all of the remaining patients, repository samples
were tested serologically and by ID-NAT to detect the
HBV genome. Of the 789 initial reports, 98 (12.4%) were
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Fig. 1. Annual number of potential TT-HBV infections. ()
Patients in which possibility of TT-HBV was excluded {n = 97,
12.3%) without testing repository samples. (M, ) Patients in
whom HBV DNA was identified or not, respectively, in the repo-
sitory samples corresponding to a donation from the donor of
the implicated blood components. Four patients are not
included as HBV DNA sequence identity was not established.

determined to be TT-HBV infections after the introduction
of 50p-NAT. The HBV sequence identity was established
between donor and recipient in 88 of these cases, and
TT-HBV was determined considering other HBV markers
and the clinical setting in the remaining 10. An HBV
genome was not detected in repository samples for 587
(74.4%) potential TT-HBV infections. Although HBV was
detected in four repository samples, HBV sequence iden-
tity was not confirmed between donors and recipients.
Forty-two (43%) of the established TT-HBV infections
were discovered  through lookback studies that were
started based on risk information provided by JRC blood
centers. The remaining 56 (57%) were initially recognized
by physicians at medical facilities. The number of estab-
lished TT-HBV infections ranged from 4 to 13 per year
between 2006 and 2010.

Infection status of donors implicated in
TT-HBV infection

The sensitivity of NAT screening improved through the
three phases described above (50p-AmpliNAT, 20p-
AmpliNAT, and 20p-TaqScreen). With the increased sensi-
tivity of 20p-TaqScreen, the NAT yield of OBI donations
increased from 3.9/million to 15.2/million, whereas the
yield of WP donation decreased from 13.2/million to 5.7/
million (Table 2). This was caused by the simultaneous
introduction of CLEIA in 2008 for serologic screening
including HBsAg detection, which effectively shortened
the period that could be covered by 20p-NAT.

The established TT-HBV infections that occuired
during each period were categorized based on the pres-
ence or absence of the HBV genome in the implicated
component (that is, ID-NAT positive or negative) and the
infection status of the donation (WP related [anti-HBc
nonreactive] or OBI related [anti-HBc reactive]). Table 2
also shows the numbers of established TT-HBV infections
associated with each group during each period. Figure 2
shows the incidence (per million donations) of estab-

TABLE 2. NAT yield and number of TT-HBV infections relative to three phases of screening NAT*
Screening system 50p-AmpliNAT 20p-AmpliNAT 20p-TagScreen
Duration of screening period Feb. 2000— Aug. 2004~ Aug. 2008
Jul. 2004 (4.5 year) Jul. 2008 (4.0 year) Mar. 2010 (1.67 year)

Sensitivity of screening NAT (copies/mL)t 650 260 76
Sensitivity of ID-NAT used for lookback study (copies/mL)t 13 13 3.8
Number of donations tested 24,702,784 19,513,054 8,746,037
Confirmed WP donations (/million) 473 (19.4) 258 (13.2) 50 (5.7)
Confirmed OB! donations (/million) ) 76 (3.9) 133 (15.2)
Number of donations causing established HBV transmission

ID-NAT-negative WP 5 6 1

ID-NAT—positive WP 28 12 3

ID-NAT-negative OBI 4 (1) 1(0)F 2(1)F

ID-NAT-positive OBI 13 (1)t 12 (M 11 B)F
* Yields by ID-NAT trial conducted from December 2010 are not included in the table.
1 50% LOD.
+ Numbers of donations with anti-HBs of greater than 10 mIU/mL.
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Rate of established TT-HBV infections

{per million donations)

50p-AmMPpHNAT

20p-AmpliNAT 20p-TagScreen

Fig. 2. Number of established TT-HBV infections grouped
according to pool-based NAT screening systems. See Table 2
for intervals when indicated NAT systems were applied, sensi-
tivities of NAT systems used, and actual yields for each cat-
egory at each interval. (|7}, B)) Infections caused by transfusion
with ID-NAT-negative and -positive WP-derived components,
respectively. (£, i) Infections caused by transfusion with
ID-NAT-negative and -positive OBI-derived components,
respectively,

lished TT-HBV infections relative to the three periods. The
rate of infections caused by transfusion with a WP-derived
component notably decreased with increasing NAT sensi-
tivity, but that caused by transfusion with OBI-derived
components rather increased despite the increased NAT
sensitivity. Current NAT screening protocols indicated
that TT-HBV infections occur more frequently due to
transfusion with OBI- than with WP-related components
(1.49/million vs. 0.46/million donations; Fig. 2). Nine
TT-HBV infections occurred as a result of transfusion with
blood components containing more than 10 mIU/mL
anti-HBs during the past decade (Table 2). Two of them
were caused by donations with negative ID-NAT.

The number of TT-HBV infections caused by transfu-
sion with ID-NAT-negative components accounts for 15%
(2/13) and 25% (1/4) of OBI- and WP-related TT-HBV
infections, respectively, according to the current NAT
system (Table 2). These infections involving ID-NAT-
negative donations were determined as TTI by analyzing
repository blood samples obtained before the index dona-
tion and/or by following up with the implicated donors
after the index donation. Details of the clinical course of a
typical TT-HBV infection caused by ID-NAT-negative OBI-
related blood components are shown in Tables 3 and 4.

Impact of blood product on transmission rate

Table 5 shows the numbers of implicated donations by
either ID-NAT negative or positive for groups categorized
by the type of component and WP/OBI status. During the
past decade, ID-NAT-positive donations have caused 79
TT-HBV infections. Transfusion with red blood cells (RBC),
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fresh-frozen plasma (FFP), and platelet concentrate (PC)
was associated with infections in 42, 22, and 15 of them,
respectively. Of 19 TT-HBV infections associated with
ID-NAT-negative donations, 2, 4, and 13 were caused by
transfusion with RBCs, FFP, and PC, respectively. Transfu-
sion with blood components containing a larger plasma
volume (FFP and PC, but not RBCs) caused more frequent
TT-HBY infections among patients who received ID-NAT-
negative donations (17/19, 89%) than among those
who received ID-NAT-positive donations (37/79, 47%;
p <0.01), which could be a reflection of the plasma
volume effect on infectivity.

Table 5 also shows that if ID-NAT had been imple-
mented during the screening, 81% of established TT-HBV
infections would have been avoided. The introduction
of ID-NAT would have been the most (95%) and least
(54%) effective for preventing TTI caused by RBC- and
PC-related transfusions, respectively. Under the current
20p-TagScreen system, 75 and 85% of TT-HBV infections
arising from WP and OBI donations, respectively, are
ID-NAT positive and will be interdicted by ID-NAT. In par-
ticular, the effect of ID-NAT will be 100% for OBI-related
infections caused by RBC transfusion.

Outcomes of patients with TT-HBV infection

ALT levels during TT-HBV infection were determined in 68
transfusion recipients who developed TT-HBV infection.
Table 6 shows the maximal ALT values relative to WP or OBI
donations and ID-NAT-positive or -negative donations.
Almost half (47%, 32/68) of the patients had maximal ALT
values of more than 1000 IU/L. The proportion of patients
with maximal ALT of more than 1000 IU/L was greater in
OBl-related (61%, 19/31) than in WP-related (35%, 13/37;
p < 0.05) infections. Total viral load in the implicated com-
ponents did not significantly differ between patients with
ALT values above and below 1000, which was true for both
WP- and OBI-related infections. Although barely insignifi-
cant, total infused viralload tended to be lower in OBI- than
in WP-related patients among groups with maximal ALT
values of more than 1000.

Three patients with TT-HBV infection died of fulmi-
nant hepatitis after the introduction of NAT. One was
caused by transfusion with PC derived from an ID-NAT-
negative, WP-related donation (Genotype A with wild type
precore region). The other two developed hepatitis after
transfusion with RBCs derived from ID-NAT-positive,
OBI-related donations (Genotype B with a GI1898A
precore mutation and Genotype C with a G1896A precore
mutation).

ID-NAT screening trial in donations with low
anti-HBc and anti-HBs titers

During a 6-month ID-NAT trial, 4742 (0.74%) of 640,628
blood donations at the Tokyo Blood Center with low anti-
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HBc and anti-HBs titers were analyzed by ID-NAT. The
number of donations analyzed by ID-NAT decreased as
the anti-HBc titer increased (Fig.3). HBV DNA was
detected in 92 (1.94%) of the 4742 donations. Figure 4
shows the frequency of ID-NAT-positive donations rela-
tive to the anti-HBc titer. The frequency of ID-NAT posi-
tivity for HBV did not correlate with the anti-HBc titer and
did not tend to increase with an increasing anti-HBc titer.
The proportions of anti-HBs-positive (>10 mIU/mL)
donations among those that were ID-NAT positive and

TABLE 3. Representative TT-HBV infection
caused by OBIl-derived, ID-NAT-negative blood
component: clinical course of a patient who
received an implicated blood component.

Date Clinical events and test results

Nov. 10, 2008  Surgery to treat head injury*
HBsAg negative, anti-HBc negative, HBV DNA
negative, preoperatively
Transfused until Nov. 20 with 21 RBC units, 5
PCs, and 11 FFPY including one derived
from the donation of Mar. 27, 2008, shown in
Table 4
Mar. 05, 2009  AST 15, ALT 32
Mar. 25, 2009  AST 517, ALT 1273
Mar. 30, 2009  AST 1312, ALT 3110, HBsAg positive,
IgM-anti-HBc positive
Reported to JRC blood center
Mar. 31, 2009  AST 695, ALT 2396
Apr. 01,2009  HBsAg negative, anti-HBs positive, HBV DNA
positive
* Recipient was a teenage boy who was injured in a traffic
accident.

1 HBV DNA was not detected based on ID-NAT for the reposi-
tory samples from these 37 blood components transfused.
These results were obtained in the first lookback study per-
formed in April 2009.

negative were 77 and 75%, respectively, and did not
significantly differ. The proportion of anti-HBs-positive
donations increased with increasing anti-HBc S/CO
values among ID-NAT-negative donations (67.5, 82.0, and
87.5% for anti-HBc S/CO 1.0-3.9, 4.0-7.9, and 8.0-11.9,
respectively; p < 0.01 between any two groups). The fre-
quency of ID-NAT positivity between males (1.8%) and
females (2.4%) did not significantly differ. Eighty-three
(90.2%) of the 92 ID-NAT-positive donors were at least 50
years of age. Fifteen had a viral load of less than 100
copies/mL, whereas quantitative NAT could not detect
HBV DNA loads in samples from the remaining 77. The
distribution of HBV genotypes among the ID-NAT-
positive donations did not differ from that among the
general Japanese population: Genotypes A, B, C, and D,
n =1, 24, 45, and 1, respectively (21 were undetermined).

Estimation of current TT-HBV risk in Japan

From the frequency of ID-NAT-positive (1.94%) donations
among those with low anti-HBc and anti-HBs titers
(69,000/year or 13,000/million; see Table 1 and below),
we calculated that 1339/year or 252/million donations
should be ID-NAT positive among screening NAT-negative
donations with low anti-HBc and anti-HBs titers. Using an
infectivity rate of 3%’ among components derived from
OBI donations that were screening NAT negative and
ID-NAT positive, we calculated that 40/year or 7.6/million
OBI-related TT-HBV infections should arise. If TT-HBV
infections related to OBI-derived ID-NAT-negative dona-
tions are taken into account, then the total number of
TT-HBV infections should be 47/year or 8.9/million. This
estimate was based on the observation that TT-HBV infec-
tion caused by ID-NAT-negative components during the

TABLE 4. Representative TT-HBV infection caused by OBI-derived, ID-NAT-negative blood component: HBV
marker profile of blood donor responsible for the outcome shown in Table 3

Date of donation Date of testing

Test results

Oct. 17, 2007* Oct. 17, 2007 (screening)

lookback study)
Mar. 27, 2008t Mar. 27, 2008 (screening)

(index donation)

study)

Feb. 05, 2010% Feb. 05, 2010 (screening)

lookback study)

Feb. 24, 2010 (repository sample tested in second

Apr. 7, 2009 (repository sample tested in first lookback

Feb. 10, 2010 (donated blood sample tested in second

Pool NAT negative, anti-HBc 2 (negative), anti-HBs
negative
ID-NAT negative

Pool NAT negative, anti-HBc 2* (negative), anti-HBs
negative

ID-NAT negative (negative result reported to
corresponding facility)

Pool NAT negative, anti-HBc 15.4 S/CO§ (positive),
anti-HBs negative

ID-NAT positive (high probability of TT-HBV infection in
Patient A reported to corresponding facility)

when he died.

2007.

and patient on April 01, 2009.

* RBCs derived from this donation were transfused to an HBsAg-negative patient. Patient continued to be HBsAg-negative until May 2008

1t FFP derived from this donation was transfused to patient shown in Table 3. Cocomponent (RBCs) processed from this donation was trans-
fused to a patient who died of the primary disease soon after transfusion. Whether TT-HBV occurred remains unknown.
1 This donation was rejected due to anti-HBc seroconversion and a second lookback study was conducted on the donation of October 17,

§ Because of very low HBV load in donated blood sample of February 5, 2010, HBV sequence was assessed in donor blood only at 193 bp
(Nucleotides 475-667) of S region. HBV sequence in that region was identical except for nt. 654 between the blood samples from donor
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TABLE 5. Blood components implicated in established TT-HBV infection”
1D-NAT+/ID-NAT-
WP transmissions established OBl transmissions established
Screening period RBCs FFP PC RBCs FFP PC
50p-AMplNAT 15/0 6/1 714 5/0 5/1 3/3
20p-AmpliNAT 8/2 0 4/4 710 5/1 0
20p-TagScreen 2/0 0 n 5/0 6/1 0/1
Total 25/2 6/1 12/9 17/0 16/3 3/4
WP plus OBI All components

RBCs FFP PC FFP + PC WP 0Bl Total
50p-AmpliNAT 20/0 11/2 10/7 28/5 13/4 41/9
20p-AmpliNAT 15/2 51 4/4 12/6 12/1 2417
20p-TaqScreen 710 6/1 172 31 1172 14/3

100% 86% 33% 75% 85% 82%
Total 42/2 22/4 15/13 37117 4312 36/7 79/19

95% 85% 54% 78% 84% 81%

* Ratios (%) in the two boltom rows represent rates of ID-NAT-positive events or effectiveness of ID-NAT implementation.

TABLE 6. Maximal values for ALT in patients with
TT-HBV infection and total viral load contained in
implicated components

ALT
<1000 >1000
WP* (nf) 24 (7)§ 13
oBtt (nf) 12 (2)§ 19
Total viral ioad (copies/bag)l!
WP
nt 21 10
Min 40 100
Max 260,000 560,000
Median 1,400 9,100
Mean 20,460 74,790
oBl
nt 8 16
Min 60 40
Max 6,240 19,200
Median 630 1,470
Mean 1,440 3,750
ID-NAT status
Positivet 30 28
Negativet 6 4
Component types
RBCst 19 16
FFP$ 7 13
PCt 10 3

* Patients transfused with WP-related components include 11,
8, and 18 patients with malignant hematologic disorder, sofid
tumor, and others, respectively.

1 Patients transfused with OBl-related components include 7,
11, and 13 patients with malignant hematologic disorder, solid
tumor, and others, respectively.

1 Numbers of patients.

§ Numbers in parentheses, patients with maximal ALT values of

fess than 100 IU/L.

Total viral load was calculated using viral concentrations in

implicated donations and average plasma volume of each

component type. When viral load was less than 100 copies/

mL, total viral load in the component was calculated assuming

that viral concentration is logarithmically distributed between 1

and 100 copies/mL.
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Fig. 3. Number of donations screened by ID-NAT trial catego-
rized by anti-HBc titer. All donations tested had low anti-HBc¢
(S/CO 1.0-11.9) and anti-HBs (<200 IU/L) titers and were
qualified serologically based on algorithm applied at JRC
blood centers. Donations verified to be ID-NAT-positive were
disqualified. (M, E]) donations with anti-HBs titers of more
than and not more than 10 mIU/mL, respectively.

20p-TagScreen period accounted for 15% (2/13) of all
OBI-related infections (Table 2).

We estimated how many more WP-related TT-HBV
infections would be prevented by introducing ID-NAT.
The current screening NAT yield (30 donations/year or
5.7/million, Table 2) was multiplied by the ratio of the
interval between ID-NAT and 20p NAT detection (11.2
days) to that between 20p NAT and HBsAg detection (9.7
days). We then deduced that 34.6/years or 6.6/million
more viremic donations would be captured by ID-NAT.
The number of ID-NAT-negative WP donations was cal-
culated separately for each component type. Based on
the plasma volume of each component (20, 200, 240, 450,
and 120 mL for RBCs, PC, FFP-3, FFP-5, and FFPL.5,
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Ratio of ID-NAT positive donations (%)
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Fig. 4. Ratios (%) of ID-NAT-positive donations with low anti-
HBc and anti-HBs titers relative to anti-HBc titer.

respectively), the deduced intervals between 1 copy/bag
and ID-NAT detection were 16.3, 24.9, 25.5, 28, and 23
days, respectively. The ratio of the number of those com-
ponents issued to hospitals is 6.3:2.2:2.1:0.7:0.1. The
incidence of ID-NAT-negative WP donations calculated
from these data was 59.5/year or 11.4/million. Adding
ID-NAT-positive WP donations (34.6/year or 6.6/
million), current risk related to WP donations amounts to
94.1/year or 18.0/million. The effect of ID-NAT on the
reduction of all WP donation would be 37% (6.6/18.0). If
the infectious risk (50%) of ID-NAT-positive, screening
NAT-negative WP-related components is also applied
to ID-NAT-negative WP-related components, the total
number of WP-related TT-HBV infections would be 47.1/
year or 9.0/million. Together, these estimates for WP- and
OBl-related TT-HBV infections indicate that 94.1/year or
17.9/million TT-HBV infections are likely to occur in
Japan.

DISCUSSION

Infection with HBV results in a wide spectrum of clinical
manifestations ranging from asymptomatic liver dysfunc-
tion with only slightly elevated transaminase levels or
acute self-limiting hepatitis to chronic hepatitis that in
some patients progresses to cirrhosis, liver failure, or
hepatic cell carcinoma. In rare cases, HBV infection can
cause fulminant hepatitis that is associated with high
mortality. Fulminant hepatitis in Japan is frequently asso-
ciated with primary infection by HBV carrying precore or
core-promoter mutations.'>!* These HBV mutants are fre-
quently found among chronic HBV carriers'*!* who typi-
cally have an anti-HBc-positive serostatus. To prevent
fulminant hepatitis arising as a result of blood transfu-
sion,'s the JRC incorporated anti-HBc testing into blood
screening in 1989.
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The agglutination method had been used for all sero-
logic testing at JRC blood centers before 2008. Although
this method was somewhat insensitive to HBsAg, it could
semiquantify anti-HBc. Thus, the cutoff point for the anti-
HBc titer had been set at 2%, and donations with an anti-
HBc titer of at least 2° and an anti-HBs titer of less than
200 mIU/mL were disqualified.!” Although this anti-HBc
testing had essentially prevented transfusion-transmitted
fulminant hepatitis since 1989, reports of fulminant or
acute severe hepatitis continued for an additional 7 years.
These conditions were attributed to transfusion with
components with a 25 anti-HBc titer.’* Consequently, the
JRC lowered the anti-HBc cutoff from 2° to 2° in 1997.
The agglutination method for serologic screening was
replaced in 2008 with CLEIAs, which can also semiquan-
tify anti-HBc. The policy described above is maintained in
the algorithm for HBV screening with CLEIA; the range
defined as a low anti-HBc titer includes S/CO values
between 1.0 and 11.9, and donations with anti-HBc S/CO
values within this range are currently accepted.

The highly sophisticated strategy of multiplex NAT
was designed to decrease the incidence of TTI. Imple-
menting HBV NAT into blood screening was important in
Japan mainly because of the unsatisfactory sensitivity of
the standard agglutination method to HBsAg. The JRC
implemented multiplex NAT targeting HBV DNA, HIV
RNA, and HCV RNA during 1999° and improved the
sensitivity of the test at three points. The 98 infections
described herein had been confirmed as TT-HBV since the
introduction of 50p-AmpliNAT in 2000. The HBV genome
was not detected in donor repository samples of 587
(74.4%) suspected TT-HBV infections. The JRC has
informed the appropriate physicians of the ID-NAT results
of viral detection that imply a low or high probability of
TT-HBV infection.

In parallel with the increase in the screening NAT sen-
sitivity, the incidence of WP-related TT-HBV infection has
decreased as predicted, whereas that of OBI-related
TT-HBV infection has not decreased (Fig. 2). To explain
the increasing number of OBI-related TT-HBV infections,
the increase in the sensitivity of NAT used in JRC labora-
tories for retrospective studies might have helped to iden-
tify TT-HBV infections, thus sustaining the number of
OBI-related TT-HBV infections despite improvements in
screening NAT sensitivity.*

This consideration could encourage the speculation
that most of the 587 infection reports that had been
excluded from established TTI (Fig. 1) based on negative
results from repository samples might have been con-
firmed as TT-HBV had more sensitive NAT and a larger
sample volume been analyzed. With regard to this notion,
the outcomes of recent hemovigilance for TT-HBV are
described below. During the 20p-Tagscreen period, the
JRC received 61 clinical reports of possible HBV-TTI
Seventeen were determined as TTI, among which, three
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repository samples were ID-NAT negative. Historical HBV
infection was confirmed in 10 patients by retesting pre-
transfusion samples. Results from HBV tests of posttrans-
fusion samples from five patients were false positive. The
possibility of TT-HBV was ruled out in two patients related
to ID-NAT-negative donations because repeated blood
donations from two of two and three of three implicated
donors were not sero- or NAT-converted. The remaining
27 patients related to ID-NAT-negative donations are
inconclusive for TTI as follow-up studies have not yet
been completed. Some of the 587 reported infections had
been confirmed to be associated with passive anti-HBc
transfer from infused components. Thus, it is unlikely that
a considerable proportion of the infections excluded from
the TTI category were real TT-HBV infections.

Among 19 patients with TT-HBV infections associ-
ated with ID-NAT-negative donations, 17 (89%) of them
were caused by transfusion with FFP or PC that con-
tained a larger plasma volume (120 to 450 mL) than RBCs
(20 mL). In contrast, 37 (47%) were caused by FFP or PC
among 79 infections associated with ID-NAT-positive
donations (Table 5). This finding suggests that because
HBV infectivity is extremely high, the relationship
between infectivity and plasma volumes contaminated
with HBV could only be established in the era of ID-NAT
screening when the viral load in the donation is low
enough to escape ID-NAT screening. This might explain
why we could not previously establish such a relation-
ship using viral loads around the sensitivity of the pool-
based NAT system or serology.” If ID-NAT is introduced
as routine screening, it will prevent 75 and 85% of WP-
and OBI-related infections. In particular, all RBC-related
TT-HBV could be prevented because of the small plasma
volume involved. The finding also suggests that novel
viral reduction technologies®** could be an attractive
strategy to decrease the incidence of TT-HBV because
these technologies are presently more applicable to FFP
or PC than to RBC.

The maximal ALT levels of patients with TT-HBV
infection showed that transfusion with components har-
boring an extremely low HBV load that escaped NAT
screening is not necessarily associated with mild clinical
illness. This seems particularly true for OBI-related infec-
tion (Table 6). The frequency with which transfusion
causes severe hepatitis (i.e., ALT > 1000) is significantly
higher for OBI- than for WP-derived components. More-
over, OBI-derived components tend to cause severe hepa-
titis despite lower total viral loads compared with those in
the WP-derived components. These findings should be
further substantiated by analyzing samples from patients
that are regularly obtained after transfusion because most
of the maximal ALT values described in this article were
found after occasional sampling.

Three patients died of TT-HBV fulminant hepatitis
caused by transfusion with blood that had escaped NAT

RISK OF OBI-RELATED TT-HBV IN JAPAN

screening. Two of them were notably caused by transfu-
sion of OBI-derived RBCs, and the other was caused by an
ID-NAT-negative WP donation. Although a larger plasma
volume might generally be required to establish TT-HBV
infection under the NAT screening system, plasma volume
or the total infused viral load might not be determining
factors in fulminant hepatitis. Although viral genome
mutations such as those in precore or core-promoter
regions are frequently associated with the development
of fulminant hepatitis in Japan,'™' other crucial factors
have not clearly been demonstrated despite considerable
investigation.

The JRC accepted 5.3 million donations in 2010, of
which 4.9% (261,000) was anti-HBc reactive (Table 1),
0.19% (10,000) was rejected because of high anti-HBc and
low anti-HBs titers. Another 3.4% (182,000) was accepted
because of high anti-HBs titers (=200 IU/L). The notion
that blood components with an anti-HBs titer of more
than 100 IU/L are not infectious is generally accepted.?**
The relationship between anti-HBs titer and TT-HBV
infection will be discussed elsewhere (manuscript in
preparation). Importantly, 1.3% of donations (69,000) with
low anti-HBc and anti-HBs titers were accepted, and this
category included all donations to which OBI-related
TT-HBV infections were attributed. Our ID-NAT trial veri-
fied that 1.94% of the donations with low anti-HBc and
anti-HBs titers were HBV DNA positive.?® Accordingly, an
estimated 1339/year or 252/million viremic OBI donors
and 47/year or 8.9/million TT-HBV infections caused by
OBI-derived components would be missed by the current
screening algorithm. When estimates for WP-related
TT-HBV infections are included, the calculated number of
TT-HBV infections was 94.1/year or 17.9/million. Whole
blood withdrawn from donors in Japan is split into RBCs
and FFP, and the total number of components processed
averages 23% more than the number of donations.
However, because of outdating and rejection by testing or
processing problems, the number of components finally
issued by JRC becomes almost the same as the number of
donations. Therefore, the calculated number of TT-HBV
infections was not significantly influenced by the issue of
splitting.

The considerable discrepancy between the estimated
and established TT-HBV incidence per million (8.9 to 1.49
and 9.0 to 0.46 for OBI-related and WP-related infections,
respectively) might be due to the following factors. A clini-
cal manifestation of HBV infection is often unclear in
patients transfused with blood components harboring a
low viral load and low proliferative ability. Physicians
might thus be likely to overlook infection under such cir-
cumstances. Medical practitioners are not compliant with
national guidelines for lookback investigations. Indeed,
only 30% to 40% of transfused patients were reportedly
traced for TTI even after the guidelines were established.?
A considerable proportion of patients who receive blood
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