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Inactivation of hepatitis A virus by heat and high hydrostatic
pressure: variation among laboratory strains

N. Shimasaki,'? T, Kiyohara,' A. Totsuka,' K. Nojima,® Y. Okada,® K. Yamaguchi, J. Kajioka,* T. Wakita' & T. Yoncyama'
'Department of Virology i1, *Division of Biosafety Control and Research, *Deportment of Safety Rescarch on Blood end Biological Products, National
Institute of Infectious Diseases, Gokuen, Musashimurayoma, Tokyo, Jopan

*Kitasato Research Center for Environmentol Sciences, Kitasato, Sagomihara, Japan

<DX .r.‘v,mu ISEEEH mﬁmv Background and Objectives Hepatitis A virus {HAV) transmission via contami
- blood products has been reported. Cell-adapted HAV strains arc generally used
to confirm virus inactivation in manufacturing blood products, but the strains
may differ in their sensitivity to inactivation treatment. To select an appropriate
cell-adapted HAV strain for virus validation, we compared the inactivation cfficiency
among four strains under two different physical inactivation trcatments: heat and
high hydrostatic pressure.

Materials and Methods The cell-adapted HAV strains used here were KRM238,
KRMO003 (subgenotype OIB), KRM031 {IA), and TKMO0OS (IB). The strains were treated
at 60°C forup to 10 h or under high hydrostatic pressure (up to 420 MPa), The reduction
in HAV infectivity was measured by an immunofocus-staining method.

Results The heat treatment at 60°C for 10 h reduced HAV infectivity in the range
of 3 to 5 log,, among the strains; KRM238 and TKMOOS were harder to inactivate

" than the other two. The high hydrostatic pressure treatment at 420 MPa also reduced
infectivity in the range of 3 to 5 log,, among the strains, and KRM031 was easicr to
inactivate than the other strains.

Conclusion Heat treatment and high hydrostatic pressure treatment revealed diffcrences
in inactivation efficiencics among cell-adapted HAV strains, and each strain reacted
differently depending on the treatment. KRM238 may be the best candidate for virus

validation to ensure the safety of blood products against viral contamination, as it
Received: 2 May 2008, ¢ he safety P g ‘

revised 19 September 2006, is harder to inactivate and it replicates better in cell culture than the other strains,

accepted 20 September 2008, Key words: heat inactivation, hepatitis A virus, high hydrostatic pressure inacdvation,

published ontine 2 Novernber 2008 variation among strains, virus validation.

Introduction either through the ingestion of contaminated food or water
: or through person-to-persen contact {1,2). On the other hand,

Hepatitis A virus (HAV}, which is responsible for acute viral parenteral HAV transmission has also been reported via

hepatitis, is transmitted primarily by the fecal-oral route, contaminated-blood (3) or blood products [4,5]. Morcover, in
vivo HAV infection via blood reportedly has a much
HAV infectiofi efficiency than does oral HAV infecticn

Correspondence: Noriko Shimasaki, Division of Biosafety Controf and developed countries such as Japan, HAV infections have
Research, National lnstitute of Infectious Diseases, 4-7-1, Gakuen, become less common, owing to improved hygiene resulting
Musashimurayama, Tokyo 208-0011, Japan from the maintenance of water and sewage facilities. Infections
£-mail: shima@nih.go Jp in early childhood are relatively rare, and thus the majority
14
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Variation of inactivation among HAV strains 15

Table 1 Characteristics of HAV strains used

Number of passages

on African green Titre of stock .
Strain Subgenotype Source Year of recovery monkey kidney cells virus (FFU/ml) Reference Accession no,
KRM238 [1t):3 Outbreak 1977 $9 15% 10 {21 ABI00205
KRMO003 LI:3 Sporadic 1978 72 15 x 10 f1s.18] AB425339
KRMO31 A Outbreak .o 47 5% 10° 118 AB300206
TKMO00S 18 Travel-associated 1981 48 o5x 10° Dsl AB300207

of adults remain susceptible to infection, because they lack

the immunity to HAV (7). As this could potentially facilitate
massive outbreaks of hepatitis A in the general population,
treatment to inactivate HAV in blood and blood products
should be improved.

Previous results have demonstrated that, because HAV is a
non-enveloped virus, it is quite resistant against chemical
inactivation approaches, such as solvent/detergent treatments

used in the preparation of blood products (8], HAV can be .

inactivated however by pasteurization {9], y-irradiation {10),

and short wavelength ultraviolet light irradiation {11].
Because environmental HAV strzins that have just isolated

from human generally grow poorly in cell culture, cell-adapted

Materials and methods

Virus ‘strains and propagation

Four laboratory HAV strains (KRM238, KRM003, KRM031,
and TKM005) were isolated from patients with hepatitis A
in Japan [i 5,21}, and these strains were adapted by numerous
passages on African green monkey kidney cells. Table 1
shows each strain’s subgenotype, passage history, and stock
virus titre. All four strains were propagated on an established
African green monkey kidney cell line, GL37 [18}.

GL37 cells were grown in Eagle’s minimum essential

di 1 d with 10% fetal bovine serum {FBS)

HAV strains are generally used to test virus inactivation. As
extensive genetic variation is found among celi-adapted strains
[12], the strains may differ in their sensitivity to inactivation
treatments. But no studies have considered the variation
among cell-adapted HAV strains in testing the efficiency of
inactivation treatrnents.

HAV strains recovered from different parts of the world

have been classified into six genotypes (I-VI). Genotypes I, i
and U are found in humans, and each of them is further
divided into subgenotypes A and B. Most human HAV strains
belong to genotypes | and II [13-15). Subgenotype 1A
appears to be the prcdominant virus of hepatitis A cases
worldwide, whercas subgenotypes [B and [IIA have been found
in Scandinavia and in the Mediterranean region {16,17].
Subgenotype IB is unique to Japan (15,18},

To select an appropriate HAV laboratory strzin for use in
virus validation, we compared the rates of inactivation efficiency
among- cell-adapted HAV strains by using two different
physical inactivation treatments - heat treatment at 60°C and
high hydrostatic pressure treatraent ~ among four cell-adapted
HAV strains belonging to three subgenotypes. Heat treatment
was used as a conventional inactivation treatment for blood
products. High hydrostatic pressure treatment is a promising
new virus-inactivating technique that is applicable to human

irmmunodeficiency virus in blood products {19} and has been .

applied to HAV in food [20). It is expected to be useful for
inactivating a broad range of micro-organisms in blood products
under conditions without applying high temperatures.

© 2008 The Author{s)

and 50 pug/ml gentamyvcine. To prepare the virus stocks, GL37
cells were infected at a multiplicity of infection of 0-1 focus
forming units (FFU) per cell in Eagle's minimum essential
medium containing 2% FBS, and were incubated for 2 weeks
at 36-5°C in the presence of 5% CO,. The infected cells were
harvested by replacing the medium with phosphate-buffered
saline containing 2% FBS. Virus stocks were obtained as super-
natants of centrifugation at 2360 g for 5 min after releasc of the
viruses by three freeze-thaw cycles and sonication of infected
cells, The virus stocks were then stored at -80°C until use.

Infectivity assay

The infectious titre of each HAV strain was measured by the
immunofocus-staining method described previously (21).
Briefly, a 100 jul portion of the virus dilution was inoculated

into duplicate GL37 cell$ cultures in six-well plates at 36-5°C -

in the presence of 5% C0,. After 60 min adsorption, 5 ml of the
dium containing 0-6% ag and 2% FBS was overlaid
on each well. The plates were incubated at 36-5°C in the presence

0of 5%.C0; for 9 days. The cells were fixed with 80% methanol

containing 0-03% H,0, after removal of the agarose medium.
HAV foci were revealed by anti-HAV rabbit serum and horse-
radish peroxidase-conjugated anti-rabbit immunoglobulin
G (IgG) (MBL, Nago);a. Japan) followed by colour develop-
ment with DAB substrate solution (05 mg/rl diaminoben-
zidine, 0:03% (NH,},Ni(S0,),, 0-03% CoCl, and 0-03% H,0,
in phosphate-buffered saline).

Joumal compilation © 2008 International Society of Blood Transfusion, Vor Sanguinis (2009) 96, 14-19 -
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Fig. 1 The pattern of pressure change with high hydrostatic pressure at
420 MPa, Samptes were treated at 25-30°C by three cycles of pressurization
at the indicated pressure for-1 min followed by immediate releasc of the
pressure. Essentially similar patterns were obtained at other hydrostatic
pressures, .

Heat treatment

The samples used for the heat treatment were prepared by
adding one volume of each virus stock to 9 volumes of 25%
human serum albumin (Benesis Corporation, Osaka, Japan).
The samples were divided into microcentrifuge tubes in
amounts of approximately 0-8 ml, and the tubes were scaled.
The samples were heated at 60°C for | or 10 h and were then
cooled on ice rapidly to arrest the heating process.

Two or three independent trials 'were conducted for all
samples. The 95% confidence limits of these data were
statistically determined and assessed; the difference was
significant if it was over the 95% confidence limits,

High hydrostaﬁc pressure treatment

The samples used for the high hydrostatic pressure treatment
were prepared by adding one volume of each virus stock to
9 voluraes of 5% human serum albumin. The samples were
divided into ultracentrifuge tubes (Beckman Coulter, Fullerton,
CA, USA) in amounts of approximately 15 ml, and the tubes
were sealed. The sealed tubes were placed in the chamber of
a ‘laboratory-sized high hydrostatic pressure instrument

 designed for food processing (Echigo Seika, Co., Ltd, Niigata,

Japan). High hydrostatic pressure was controlled-by water
filled in the chamber. The samples were treated at 25-30°C
by repeating three cycles of pressurization at the indicated
pressure for 1 min and then immediately releasing the
pressure. Three different pressures (300, 350, or 420 MPa)
were used. At 420 MPa, the pattern of pressure change with
treatment is shown in Fig. 1. )

Two or three independent trials were conducted for all
samples. The 95% confidence limits of these data were

0.0
¥ —+— KRM238
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-1.04
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Heating time {h) at 60°C

Fig. 2 Inactivation of HAV strains by heat at 60°C. The cell-adapted strains
in 25% human scrum albumin were treated by heat at 60°C for the indicated
times. Data are the means of twa or three replicates. Error bars represent the
95% confidence intervals Change in infectivity {log, .} = lag,q {titre of
treated samples] ~ log,, (titre of untreated sampics).

statistically dctermined and assessed; the difference was
significant if it was over the 95% confidence limits,

Results -

Inactivation by heat treatment at 60°C

The four celi-adapted HAV strains were treated in 25%
human serum albumin with heat at 60°C for 1 or 10 h. The
infectious titres of HAV in the samples were measured after
heat treatment, and the reduction in HAV infectivity was then
calculated. For all four strains, infectivity was reduced by
approximately 1 log,q after heat treatment at 60°C for 1 h,
indicating that HAV was resistant to heat inactivation as
compared, for example, to poliovirus, which Barrett ef al.
reported was much more thermolabile than HAVY {22).

With heat trcatment at 60°C for 10 h, the reduction of HAV
infectvity ranged from approximately 3 to 5 log,, among the
four strains, as shown in Fig. 2. The reduction in the infec-
tivity of KRM238 was 3-1 log,,, that of KRM0O3 was 4-7 log,,,
that of KRM031 was 5-1 log,, and that of TKM0COS was 3-3
log,,. In other words, two strains (KRM238 and TKM0Q5) were
more resistant to inactivation by heat treatment than the other
two (KRM0O3 and KRM031). There was 2-0 log,, difference
between théymost resistant: strain KRM238 and the most
sensitive strain KRMO31. There was 1-6 log,; of variation in
the inactivation rate between KRM238 and KRMO0O3, even
though they belong to the same HIB strain subgenotype.
These differences mentioned here were significant.

©.2008 The Author(s)

Joumal compilation © 2008 Intemational Seciety of Blood Transfusion, Var Sanguinis (2009}.96, 14-19

16



Variation of inactivation among HAV strains 17

—e—KRM238
—%— KRM003
—& - KAMO31

] —o - TKM00S

o

k)

z

=

2 .

2

€

£

&

b4

o

£

[§]

-6.0 \
0 100 200 300 400 500

Pressure (MPa)

Fig. 3 Inactivation of HAV strains by figh Frydrostatic pressure. The
cell-adapted strains in 5% human serum albumin were treated at the
indicated pressures by repeating three cycles. Dats are the means of two or
three replicates Error bars represent the 95% confidence intervals.
Change in infectivity {log,o} = l0g,, [titre of treated sampies} = log,,

{titre of untreated samples).

Inactivation by high hydrostatic pressure treatment

The four cell-adapted HAV strains were treated in 5% human
serum albumin with high hydrostaticpressure at 300, 350, or
420 MPa. The infectious titres of HAV in the samples were
racasured after the tn:aunvcnt1 and the reduction in HAV
infectivity was then calculated.

None of the HAV strains were inactivated by high hydrostatic
pressure of less than 300 MPa, but all of the strains began to
show inactivation at pressures exceeding 300 MPa. At 420 MPa,
the reduction of HAV infectivity ranged from approximately
3 to 5 log,, among the strains, as shown in Fig. 3. The reduction
in the infectivity of KRM238 was 3-0log,q, that of KRM0O3
was 3-4 log,, that of KRMO31 was 4-7 log,, and that of TKM0O5

Table 2 lnactivation among HAV strains by heat and pressurization

was 3-2 log,o. There was at least 1-3 log,, difference, which was
significant, between the resistant strains and the sensitive strain
KRMO31. In other words, high hydrostatic pressure inactivation
was more effective against KRM031 than against the other three
strains. As with heat inactivation, high hydrostatic pressure
inactivation showed variation among the strains.

Accumulative effects of inactivation by heat and
pressurization

To evaluate efficiency of two such inactivation treatments in
the manufacture of blood products, the combined effects of

" fnactivation by heat at 60°C for 10 h and by high hydrostatic

pressure at 420 MPa are calculated by addition as shown in
Table 2. :

With cither treatment, the degree of variation in infectivity
reduction between resistint and sensitive strains was approxi-
mately 2 log,,. KRM238 and TKMOOS well resisted inactivation
by either heat or high hydrostatic pressure.

The combined reduction in the infectivity of KRM238 was
61 log,q, that of KRMOO3 was 8-1 log,, that of KRM031 was
9-8 log,;, and that of TKMOO5 was 65 log,,.

Discussion

Cell-adapted strains are useful in studies aimed at validating
the virus-inactivation procedures used in manufacturing. We
report here on variation in inactivation rates - whether by
heat treatment or high hydrostatic pressure treatment - among

" laboratory HAV strains. As shown in Table 2, if both inacti-

vation treatments could be combined, the variation between
resistant and sensitive strains would increase. For example,
the most sensitive strain, KRMO031, showed an estimated total
reduction of 9-8 log,, via the combined treatments; on the
other hand, the most resistant stgain, KRM238, showed only
a 61 log,, reduction. The maximum variation among the
HAV strains after combined treatment inactivation was
predicted to be about 3-7 log,,. To ensure the safety of

Reduction in Infectivity (logio)

By high hydrostatic By combination® uf heat and
HAV strain By heat @t 60°C for 10.h pressure at 420 MPa high hydrostatic pressure
KRM238 31(£032P 30(2025) &1
KRMO0O3 47(2045) 34(£022) L 81
KRMO31 s1{x061) 47 (1 0-56) " 98
TKMOOS 33{x038) 32(£ 052} . 65

*Parentheses indicate 95% confidential limits.
"F)npcu:d values calculated by addition.

@ 2008 The Author(s)
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manufactured blood products, it is important to avoid over-
estimating HAV-inactivation rates, Thus, the HAV strain that
is most resistant to inactivation treatment should be used in
virus validation.

Considering that KRM238 grows better in cell culture than
TKMQO5 (Table 1}, it can be concluded that, among the four
strains used here, KRM238 is the best candidate for virus-
validation to ensure the safety of blood products against
viral contamination, In general, the evaluation of inactivation
processes will depend on the strains used for testing.

Our results also indicated that we should evaluate carefully
the efficiency of inactivation by selecting an appropriate
strain that is resistant to inactivation treatment, and that a
strain that is resistant to one particular inactivation treatment
may not always be resistant to another. Here, KRM003 was
easily inactivated by heat treatment, showing a 4.7 log,,
reduction, but was more stubborn against high hydrostatic
pressure, which resulted in only a 3-4 log, reduction. Indeed,
when a novel inactivation treatment is applied to the manu-
facture of blood products to prevent viral contamination,
inactivation treatment must be validated carefully. In other
words, the efficiency of inactivation should be evaluated not
only by using a strain that has shown resistance to the standard
inactivation treatmeat, but also by selecting an appropriate
strain that is resistant to a newer inactivation treatment, A test
strain of virus validation for a newer inactivation should be
selected carefully for avoiding a risk of overestimating the
resistance of the test strain to.a newer inactivation.

Pressurization has emerged as a new technique for inac-
tivating. pathogenic viruses in blood plasma and plasma-
derived products, as pressurization at 400 MPa exerted no
effect on the recovery of biologically active plasma proteins,
with the exception of factor XUl {19]. Most enveloped viruses
are markedly inactivated at pressures below 400 MPa, as
summarized by Grove et al. [23). However, small RNA viruses
can vary widely in their sensitivity to high pressure. For
example, HAV and poliovirus are both members of the
picornavirus family, but they exhibit quite different sus-
ceptibilities. HAV is inactivated by 3-5 log,, of infectivity at
420 MPa, whereas poliovirus remains essentially unaffected
even at 600 MPa [24]. At this point in time, the mechanism
underlying virus inactivation by pressurization is still poorly
understood.

Heat inactivation is currently used to inactivate enveloped
viruses in particular, such as human immunodeficiency virus,
hepatitis B virus and hepatitis C virus, in blood products. More-
over, non-enveloped viruses such as HAV and poliovirus differ
greatly in terms of their sensitivity to heat inactivation [22].
As with pressurization, in heat treatment the mechanism under-
lying inactivation of non-enveloped viruses remains unclear.

The cell-adapted HAV strains exhibited disparate sensi-
tivities to the two different treatments used in this study.
These findings are important in terms of ensuring safety in

the manufacture of blood products. Further studies will be
needed in order to validate the inactivation procedures for |
naturatly accurring viral strains.
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LETTER TO THE EDITOR

NIHONSEIYAKU
2008-011

doi: 10.1111/5.1365-3148.2008.00898.x

Transfusions of red blood cells from an occult hepatitis B virus
carrier without apparent signs of transfusion-transmitted

hepatitis B infection

Dear Sir
To minimize the risk of transfusion-transmitted

hepatitis B virus (HHBV) infections, the Japanese Red

Cross (JRC) Blood Centers have adopted a multistep
screening system to identify donors at risk of HBV
infection. First, donors are examined for the hepatitis
B surface antigen (HBsAg) by performing reverse
passive haemagglutination tests with a sensitivity of
3 ng mL™'. HBsAg-negative donations are screened
for antibodics against HBsAg and the hepatitis B core
antigen (anti-HBs and ant-HBc, respectively) by
particle haemagglutination and haemagglutination
inhibition (HI) tests, respectively. Donations with
a high anu-HBs titre (>2* dilution equivalent to
200 mIU mL™") or a Jow or zero anti-HBc titre (<2*
dilution) are defined as ‘seronegative’. The cut off
value for anti-HBc tests is relatively high compared to
that of enzyme-linked immunoassays (EIAs) because
HBV DNA was not detected by an in-house poly-
merase chain reaction (PCR) in donors who tested
negative for HBsAg and positive for anti-HBc at an HI
titre Jess than 2° (lizuka er al, 1992). Since the

introduction of nucleic acid amplification test (NAT)

technology, all seronegative donations are pooled
(indtially, at a pool size of 500 and a current pool size
of 20, i.e. 20-NAT) and subjected to NAT (Ampli-
NAT, Roche, IN, USA). If the 20-NAT tests positive,
the pooled donations are further subjected to individ-
ual NAT (ID-NAT) to identify the blood donation
that contains the viral genome. The 95% confidence
interval of the detection range for HBV in ID-NAT is
22-60 copies of HBYV per millilitre (Meng ez al., 2001).
Donors who did not fall within the algorithm would be
cither categorized in the window period of 20 NAT or
assigned an occult HBV status with a Jow viral load
(reviewed by Raimondo et al., 2007).

Correspondence: Rika A. Furuta, Osaka Red Cross Blood Center,
2-4-43 Morinomiya, Joto-ku, Osaka 536-8505, Japan.

Tel.; +81 6 6962 7066; fax: +81 6 6962 7029,

¢-mail: furuta@osaka. bejre.or jp

© 2008 The Authors
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In November 2006, the Osaka Red Cross Blood
Center, Japan, identified a repeat donor, namely, a 69-
year-old female, whose donation was found to be
positive for HBV DNA when tested by the latest 20-
NAT. According to the guidelines for the safety of
transfusion in the JRC Blood Centers, the serological
status of the donation was re-evaluated. The donated
blood was found to be negative for HBsAg, anti-HBs
and anti-HBc by routine testing methods and positive
for only anti-HBc when tested using EIA (AxSYM;
Abbott Laboratories, Abbott Park, IL, USA), indi-
cating that the donor was an occult HBV carrier with
a low anti-HBc titre. We retrieved frozen aliquots of
previous donations by this donor and found that sera
donated on and after 1 October 1999 tested positive for
HBV DNA when tested by ID-NAT. The amount of
HBV DNA in these donations was less than 100 copies
per millilitre, except for two donations (Table 1).
From the 13 donations made by this donor in the
abovementioned period, 11 components were trans-
fused into recipients (recipient number I-]1 in
Table 1). We collected the HBV test records of some
of the recipients from the medical institutions where
each recipient had been hospitalized. Recipients 3, 6, 7

and 9 had succumbed to their primary disease, and no -

records were available for recipients 10 and 11. Of the
remaining five cases, the HBV test was performed at
both the pre- and post-transfusion stages in recipients
1,4 and 5, but recipients 2 and 8 were tested only at the
post-transfusion stage. Recipient 1 was a 70-year-old
female who had tested negative for HBsAg and anti-
HBc by EIA 2 days prior to transfusion. She was
transfused with packed red blood cells (RBCs) and
tested negative for HBsAg, anti-HBs and anti-HBc by
EIA and negative for HBV DNA by PCR 7 months
after the transfusion. These data suggest that the latest
RBC component from this occult KBV donor did
not cause transfusion-transmitted HBV infection. In
recipients 2 and 8, the post-transfusion EIA test results
for HBsAg were reported negative. Recipient 4 tested
negative for HBsAg by EIA at 11 days before

379

21

380 Lerter to the Editor

Table 1. HBYV status of the donor and recipients
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Post-transfusion

Pretransfusion

Copy

Primary

Age
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Pooled
NAT

Other markers

HBsAg

Anti-HBc

diseases* HBsAg

(years)

Date of donation

v £

53 o

2 H

L 3

= 8

=] 3

< K

| < M

L %

W z %

@< 5

zZ a S

<4 P4 byd

S 2 g

b : g

I | 3

t

. t ot <l G

H M g

I T 1122 o

2

g

g

3

a

<< <« <<<<<s| S

1 Z Z ZZ ZZZZZZ ¥

[

g

&

< << <L =

| A (I 1" ZZ2Z2Z2Z =

-

g

2

=

8

2

g Lm o mmmmE S 5

Z gZ zZZ% ELEEZZ| =&

@

3

)

< < — < < 3

8 ZZ 88 BrFHRzZz =

=

8

g

3

- ~ o - 0w oo E

g

8

i

2

g

v w wwm mwmmoaoa 1

OS] QUULUOUOLO =

Fg gg?‘mmb’“mmmmmm ey

2 e |l | deuexe a

€

2

a8 $2888888888, £

FARY VVVVVVVVVZ g

5

b4

e

=4

.2

g

+ 4+ + e+ttt A+ A+ | ES
88 o
£3 g

@
R R et ot —~ s S ©
P N 3
o E
o 3 <3 = £
Yoy a
§ 8 BE. s. |21 3
cw - 8 5wisNE88 &&[LEs -
58S B98O RSy »n—RiBa28 . 4 3B

L2 REERN «@ & S o O w2 af €59 g

g < s < S iS58 8v | s 52823 %
S>> TELEegT L 28R s2F | 233 3.3¢%
Y Eacio s z0g|8s5c88¢8E¢g
o LTI Uvz:v._mﬁ fTEEZoG -0
Z2 <d<dal<roe s3S8<| 2555238
0 i O e = «~ cSRIKZ Y
— —_ O e e N — Z e o niey

© 2008 The Authors
Journal compilation © 2008 British Biood Trarsfusion Saciely, Trensfusion Medicine, 18, 379-381

22



transfusion with RBCs. Furthermore, she tested
negative for HBsAg at both 17 and 19 months after
the transfusion. In addition, PCR results for this
patient were negative for HBV DNA 21 months after
transfusion. In recipient 5, it was reported that both
pre- and post-transfusion sera tested negative for
HBsAg by EIA. Although no further reports suggest-
ing any signs of HBV transmission in recipients 2, 4, 5,
and 8 have been filed with our blood centre, the HBV
test records of these four recipients are insufficient to
determine whether transfusion-transmitted HBV
infection occurred.

Kanagawa Red Cross Blood Center, Japan, recently
reported a case of transfusion-transmitted HBV
infection caused by an individual with an occult
HBYV infection who had repeatedly donated platelets
and whose viral load fluctuated around the limit of
HBV detection level by the ID-NAT (Inaba er al,
2006). It is noteworthy that the component transfused
in this case was a platelet concentrate containing
approximately 200 mL of plasma; on the other hand,
in our subjects, the transfused component was packed
RBCs including 10-15 mL of plasma. A more recent
look-back study on transfusion-transmitted HBV
infection conducted by the JRC Blood. Center identi-
fied that only one of the 33 components obtained from
occult HBV donors caused the HBV infection (Satake
et al.,, 2007). This particular patient was transfused

with 450 mL of fresh frozen plasma. The same study-

also demonstrated that 11 of the 22 components
donated during the mini-pool NAT window period
resulted in transfusion-transmitted HBV infection.
Although the results of recipient | in our case appear to
be consistent with those in the look-back study, data
available in the literature suggest that occult HBV
infection is transmissible, especially in endemic areas
(reviewed by Liu et al., 2006). To clarify the potential
risks of blood components from occult HBV donors,
many more cases need to be analysed in detail, where
the total amount of HBV in the component transfused,

the presence or absence of HBYV -antibodies in the .

component, the immunological status of the recipient,
the HBV genotype and/or the presence of mutation(s)
should be assessed. .

The peculiar criterion of seronegative used in the
JRC Blood Centers was a practical solution to exclude
donors with a risk of HBV infection, without
excessively reducing the size of the donor pool. This
criterion” was introduced because the prevalence of
HBV infection, when serological testing was intro-
duced, was relatively higher'in Japan than in other

© 2008 The Authors
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industrialized countries. Our serological screening,
however, has failed to identify a few occult HBV
carriers with a low anti-HBc titre and a low viral DNA.
JRC has been ‘re-evaluating the efficicy of our
screening strategy by follow-up surveys, including
the present study, and exploring options to be adopted
to minimize the risk not only by the occult HBV carrier
but also by donors in the 20-NAT window period.

" Although we consider that the current possibility of
HBV transmission by occult HBV carriers with a low
anti-HBc titre is limited in Japan, this consideration
cannot be generalized to countrics with different HBV

prevalence as mentioned above. Once the cut off value -

of the anti-HBc titre confirming the HBV-DNA-
negative status of the donor blood is more rigorously
determined, our serological screening algorithm may
be an acceptable option in areas of intermediate or
high HBV endemicity where NAT is unavailable,

R. A, Furuta,* Y. Kondo,* T. Saito,*M. Tomita,*
K. Oka,* Y. Kishimoto,t Y. Tani* & T, Shibata*
*Osaka Red Cross Blood Center, Japanese Red Cross
Society, Osaka, Japan and tDepartment of Hematology
and Oncology, Kansai Medical University, Osaka, Japan
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negative. Self-trigger sites had fewer TPs (1) than primary and neighbor
sites {21 and 11 respectively); primary and selt-trigger sites yielded more
FPs (10 and 4) than the neighbor trigger (2 FPs), p < 0.0001. 75% of centers
(6 of B) using primary trigger criteria had 1D-yields versus 67% (8 of 12}
using neighbor triggers, and 8% (1 of 12} using self triggers. At 57 centers
that did not trigger, 17 {30%) had at least 1-PVD identified by MP. FPs
occurred more frequenty with 1D vs MP (p < 0.0001); FP rates did not differ
between automated (Tigris) and semi-automated {8SAS) testing, p < 0.2792.
Conclusions: These data demonstrate that the recommended minimal
AABB trigger crileria of 2-PVDs and a rale of 1:1000 missed viremic donors;
therefore it Is reasonable to adopt more slringent triggers for the 2008
season, Including elimination of the rate criterion and triggering on 1 PVD
for regions adjacent to centers which have already triggered. However, self
triggering prior to the detection of any PVDs had very limited yield and
required a significan! proportion of testing capacity.

TABLE 1. WNV Procleix Assay Test Aesulls: June-November 2007

Test
Format Negative Initial False True
Postives Posilives Posiiives
¥ % i Y + % ' %
MP-NAT {143,590 8388572 103 Q.008 5 0.00041 129 00108
10-NAT 74,273 G.087617 100 0.008 35 006287 34 -0.0028
Totaf 1,217,863 NA 203 40 163
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Evaluation of NS1 Antigen Detection of Dengue Virus in Healthy
Blood Donors During a Dengue Outbreak in Martinique

M Rils' (pascale.richard@ efs.sante.fr), N Fatiha®, R Cesaire®, P Richard*,
'Etablissement frangals du Sang de Martinique, Fort de France,
Martinique *aboratoire de virologis, Fort de France, Martinique;

3Cenire Hospitalier Universitaire de Fort-de-France, Fort de France,
Martinique,*Fort de FranceMartinique.

Background: A dengue virus lype 2 {DENV-2) outbreak occured in Marif-
nique from Sptember 2007 to January 2008. Among an Insular population
of 400,000 inhabitants, 17,990 peaple were infected (5%} according to the
dengue vigilance network. Since the first care in blood transfusion remains
the viral safety, it was decided by the "Etablissement frangais du Sang”

(EFS) to evaluate the validity of NS1 antigen, (Ag) detection in blood dona- .

tions as assay. Meth The pi of NSt Ag was datected
by the Plalelia dengue NS1 Ag kit purchased from Bio-Rad Company. The
of ELISA was evaluated with, as referenca test, RT-PCR using

Hote: MP-NAT true positives include 10-tested donations, positive at 1:16 (MP) diltion.
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Electiveness of Single Unit Testing in Detecting West Nile Virus in
Viremic Donations

G Hawes' (edna.zuber@ blood.ca), M Fearon', N Dibdin?, J Brown?,

E 2uber’, "Canadian Blood Services, Toronto, ON, Canada*Canadian
Blood Services, Ottawa, ON, Canada,*Canadian Bicod Services, Toronto,
Canada. -

Background: A Canadian blood agency has tested all donations tor West
ite Virus (WNV) in pools of 6 since July 1, 2003. There are strategies In
place to test donations for WNV by Single Unit testing (SUT) following the
identification of one positive donation faund through Minipool testing {MP) or
when human cases within lhe previous 2 weeks were identified in the popu-
iation of a health region at a rate of greater than 1 in 1000 in rural areas or
greater than 1in 2500 In urban areas. A study was undertaken to determine
the effectiveness of SUT in 2006 and 2007. Methods: Plasma was available
from 50 donations {4 from 2006 and 46 from 2007) identitied as WNV posi-
live by SUT and confirmed by an alternate WNV NAT assay and/or by the
prasence of WNV igM and/or IgG antibodies. Master 1 in § dilutions ot each
donation were prepared with 4.5 mL of danor sample plus 22.5 mL of Normal
Huyman Plasma (NHP) as diluent ta mimic MP. Each of 2 WNV testing labo-
ratorles was sent 3 replicates of each dilution from the 50 donations and 3
repficates ol NHP as controls, All replicates wers labelled as “blind™ samples
for each testing site. Testing was performed with the Roche cobas TagScreen
West Nile Virug Test, for use with the cobas s 201 System. Resufts: WNV
was consistently detected in MP for 46% of the samples as 23 of 50 dona-
tians wers MP positive for all 6 { WNV was not i

in MP in 54% of the samples ~ 12 of 50 donations (24%) were MP negative
in 1to 5 replicales and 15 of 50 donations (30%) were MP negative for all 6
replicates. All NHP controls were MP negative, When 1gG andfor IgM WNV
antibodies were prasent, the samples were less likely to be MP posilive. The
3 donor samples that were negalive by alternate WNV NAT but had detect-
able WNV igG and igM antibodies were negative by MP. Conclusion: WNV
SUT has proven to be an effective strategy to defect WNV viremic donors
through the infectious season. MP testing is still not sensitive enough 1o
detect ali potentially infectious donations.

No. MP WNV IgG and/ar IGM
Replicates No. Alternals RAT. Antibodies
Positive Donations Pos Neg Neg Pos Equiv. KT
Alt {8) 23 23 0 16 2 g 5
§ome (1-5) 12 12 0 2 7 2 1
None (0} 15 12 3 i k) 0 1
Total 50 47 3 12 22 2 7

Equiv, = Equivocal  HT = Mot Tested

semtype—spedﬁc ptimers.. Thvee studies were conducted 10 evaluate NS1
Ag datection, A first retrospective study included 136 blood samples coming
from a clinic serum library and known as RT-PCR positive for dengue virus
(DENV-1: 2; DENV-2: 125; DENV-3: 3; DENV-4: 6). All these samples were
tested for the presence of NS Ag. A second prospective studies consisted
of 110 blood samples from patients consulling, during dengue oulbreak, far
severs febrile syndrome compatible with dengue Infection. On each of the
second series NS1 Ag was carried out In comparison with RT-PCR fech-
nique. The third study was a prospecfive screening for NS1 Ag and dengue
genomic material on 561 biood samples from healithy blood donors. This
last investigation was performed during the epidemical peak of dengue
outbreak. Results: In the first series, NSt Ag was found posltive in 83/138
(61%) samples positive for dengue virug with RT-PCR. No false positive
. (NSt Ag+/RT-PCR-) were observed. In the second prospective study, one
half 'of the samples (55/110) were negative for dengue markers (NS1 Ag
and RT-PCRY). The other half was positive in RT-PCR for DENV-2, Among
these positive samples, 36/55 (65%) reacted with the NS1 Ag assay. In the
last prospective investigation in heaithy blood donors, one sample was found
positive as well for the NS1 Ag as for the DENV-2 RT-PCR (1/561, or 1.8
per- thousand). The donor concerned was asymptomatic before and after
(1 week) his blood danation. In the mean time, we have psrformed NSt Ag
detéction as screening test for ail blood donors during dengue outbreak and
we have found 6 sera positive for NS1 Ag amang the 6,804 tested donations
{15 per thousand). All the six donors concerned were asymtomnatic, Coenclu-
sions: In comparison with RT-PCR technique, NS1 Ag assay showed sen-
silivity around 60-65%. According to these results, dengue NS1 Ag dstsction
did not totally fit the gold standard in transfusion screening. Our first evalu-
ation conceming Incidence of dengue virus in healthy blood donors are
preliminary results. More specific stugies with accurate epidemiological tools
will follow,
Disclosure of Conflict of Interest
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HEV Infection Among Blaod Donors in Hokkaido, Japan

H ikeda' (k-tadokoro® bs.jrc.orjp), K Matsubayashi!, H Sakata',

H Takeda', € Kon', S Sato', T Kata', | Abe?, H Sator, K Tadokoro*.
'Hokkaido Red Cross Biood Center, Sapporo, Japan?Japanese Red .
Cross Plasma Fraclionation Canter, Chitose, Japan,"JAPANESE RED
CROSS SQCIETY, Tokyo, Japan;*Japanese Red Cross Blood Service
Headquarters, Tokyo, Japan. |

Background Ssvera( cases of |ranstuslon transmission of HEV have been

ri; g Japan. However, little Is
known abom lhe situation of the HEV Infection among blood donors. On the
other hand, zoonotic food-borne route Is regarded as a main route of HEV
infection In Japan, which causes sporadic cases of hepatitis E. Methods:

Blood donors were screened lor the presence of HEV RANA by pooled NAT

from 2005 to 2007 in Hokkaido. Look-back and follow-up studies were
carried out for the NAT-positive donors with HEV ANA (real-time RT-PCR)
and anti-HEV antibodies (ELISA). For look-back, the samples at previous

29
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donations were used. HEV genotype was dslermined by dirsct sequencing
of PCR products of partial regions within ORF1 and/or ORF2. Questionnaire
survey on ealing history before the donation was also conducled for the
NAT-positive donors. Results: Qut of 834,843 donors, 100 of HEV NAT-
positive donors were detected. Male/female, average age and genatype 3/4
were 72/28, 41.0'% 12.5 and 92/6, respectively. In 74 HEV posttive donors,
no anti-HEV was delected and in 20 donors, igM anti-HEV was detected at
the donation. Thirty-nine positive donors had histories of previous donations
within § months and no HEV marker was detected in the samples of such
previous donations. None of donors showed clinical sign of hepatits at the
donation. Qut of 23 NAT-pasitive donors who could be followed up more
than twice within a month after the donation, 13 showed elavation of ALT
fevel higher than-60 tUA. The ALT elevation was transient In 11 donors.
However, two of the 13 developed hepatitis E and their peak ALT levels
were 1250 and 3366 IUA, respectively. HEV ANA of all the 23 donors was
canfirmed to disappear within a few months. HEV viremia parsisted up to
55 days at the longest after the HEV-positive donation. In 3 donors, 1gG
anti-HEV became undetectable after 1 to 1.5 year aftar donations. Most of
NAT-positive donors (59/78, 76%) had histories of eating animal viscera
before their donations. Concluslon: About 1/8300 of biood donars in Hok-
kaido wera HEV RNA-positive. Most of them were in thsir eady phase of
HEV infection .at donation and remained asymptomatic, although HEV
viramia persists for a few months. They are likely 1o be infected via zoonolic
food-borne route by eating animal viscera.
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Switching to Single-unit Testing: Importance of an in-house Test for
Blood Donor West Nile Virus Testing
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F Bernier®, Maryse St-Louis'. 'Hema-Quebec, Quebec, QC, Canada;
2Héma-Québec, ville St-Laurerti, OC, CanadaHema-Quebec,

Ville St-Laurent, QC, Canada.

Background: West Nile Virus (WNV} nucleic acid testing (NAT) Is routinely
done in mini-poal formal. Single-donor testing is used for mini-pool resolu-
tion, when there are not enough samples lo prepare a mini-pool or in situ-
ations of high incidence of WNV infection in a given area. Since the summer
of 2004, Hema-Quebec has performed single-unit testing on blood danors
{from areas with high WNV activity. The decision to switch from mini-poof to
individual donor testing is based on the identification of a positive donor
sample by the lesting laboratory. This repont describes the contribution of a
previously described in a previous AABB meeting (San Diego, 2003} in-
house assay lo the management of the decislon-making process concerning
the swilch from mini- poo(s lo single-donor testing. Methods: Routino

ing of blood s p by our testing laboratory In mini-
pools o' 6 donors usmg the Cobas TaqScreen WNV NAT assay {Roche
Systems). An in-house irmatory WNV NAT was designed by

our Operational Research unit with specific DNA primers distinct from those
used in the Roche Molecular Systems testing kit. In-house kits were pro-
duced within a Good Manufacturing Practices environment and their use
was approved by Heakh Canada. Stability and sensitivity were monitored
monthly and resulls were reviewed by quality assurance. WNV-positive
samples were sent to the research testing unit for confirmation and test
results were refurned to the Medical Director within 24 hours. Results:
During summers of 2004 to 2007, 499,681 blood donors were tested and
10 mini-pools were positive with the WNV assay. After resolution, samples
from 2 mini-pools-were ail negative and 8 samples were found positive.. Of
these, .7 were tested with the in-house assay. Two samples were confirmed
positive while 5 came out negative for WNV. None of the § unconfirmed
donors have developed antibodias to WNV on follow-up, whereas lhe two
contimmed by our In-house assay were also confirmed by seroconversion
with an gicat assay. Concls Single-donor tesling has a major
impadt on resaurces in the blood testing laboratory. Decisions based on
false-positive screening test results could fead to substantial costs. The rapid
availability of confirmatory results through a close collaboration between
Research and Oparations contributes to weil-informed decisions by Opera-
tions managsment.
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The Role of Platelet Bound Antibodies on Thrombocytopenia in
Acute Dengue Virus Infection

F Rossi* (maluz@ unicamp.br), R Angarami®, Joyce Annichino-8izzacchi®,
V Casiro’, B Kemp?, M Resende®, Vania del Guercio®, L Silva®,
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Campinas — SP, Brazil’Campinas ~ §P Brazil;'Hematology and
Hemotherapy Center — UNICAMP, Cainpinas, Brazil*Stale University

of Campinas, Campinas - SF, Brazii®Sienaltalyy UNICAMP, Campinas,
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Background: Dengue is an endemic-epidemic mosquito-berne viral disease,
caused by the dengue virus (DV) with an increasing incidence in the wortd-
wide distribution. This disease may have unusual complications such as
hepalic damage, cardiomyopathy, encephalopathy and severe hemorrhagic
maniteslations. Even patients with mild symptoms may present thrombocy-
topenia and the exact mechanism lor the fow platelet count has not yet been
established. The mechanisms proposed are: transient mamow suppression,
platelat aggregation to endothelial cells targeted by DV, hemophagocylosis
and platelet immune destruction with dengue antibedy complaxes. The aim
of the present study was to identily the prevalence of thrombocytopenia and
evaluale a possible correlation o platelet bound antibodies on acutely DV
intected (ADI) patients during the 2007 spring oulbreak. Methads: 47 ADI
palients were included (49% female, 51% male; median age: 38.5 ycars,
range: 17-69 y). Platelet counts were performed in an autommaled counler.
Sera were evaiuated by flow cylometric assay to invesligals the presence
of platelet bound igG or IgM antibodiss in patienls and In a group of 50
non-transtused group O male bicod donors as a conlrol group. A positive
result was defined as a fluorescence 22 standard deviation (sd) from nega-
tive control and inconclusive result ‘as’ a fluorescence 21 sd, <2 sd from
negative contral. Results: Positive IgG or IgM tests were signilicantly lower
in the contral group compared to patients (64% x 23.4%, P = 0.00013, x =
14.58).. The prevalenco of thrombocytopenia found among patienls was
68.1%, No correlation was found betwaen thrombocytopenia and 1gG or Igi
tests among patients. Nevertheless, a significantly higher prevalonce of
positive tasts was lound In thrombocylopenic patien(s, when compared to
controls (40.6% x 22.0%, P = 0.002, x = 5.65). The resulls ore summarized
in tho table below. Conclusions: The resulls of this study confirm that
thrombocytopenia is a frequent finding (68%) in ADI patients. Platelot bound
antibodies are also fraquent in these patients (=45%). These anlibodies may
have a role on thrombocytopenia as they have higher prevalence in throm-
bocytopanic ADI (=41%) than in controts (22%), but olher mechanisms are
probably involved since non-thrombocylopenic palients also have a high
prevalence of these antibodies. Study granted by FAPESP (Fundagao de
Amparo & Pesquisa do Estada de Sao Paulo - S3c Paulo Slate Research
Support Foundation.)

‘Acute Denguae Pallents

Plafelet Bound P S 150w 10 PR > 150w 90%L Yotz _Conkrols
Antiliady N=32(68.1%) N=15(31.9%) KN=47 =3
19G/M Hegative 8 (28.1%) 2 (133%) 32 (64.0%)
19GM Inconclushe 16 (31.0%) £ {33.3%) 6 (16.0%)
196/ Pogilive 13 (40.6%)° 3 {53.4%) 11 422.0%)

¢ P = 0002 ¥ =565 FP=000013 ¢ = 1458
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Development u!a Parvovirus B19 DNA Assay and Systems Software
for Plasma Screening
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Background: Recently the FDA asked manulacturers of derivaiives to
include *In-process” screening of recovered plasma for high liter Parvovirus





