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Fig. 1 The pattern of pressure change with high hydrostatic pressure at
420 MPa, Samples were treated at 25-30°C by three cycles of pressurization
at the indicated pressure for.1 min Tollowed by immediate release of the
prossure. Essentiatly similar patterns were abtained at other hydrostatic
pressures. :

Heat treatlh'ent ‘

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 mi, and the tubes were sg':iled.
The samples were heated at 66°C for 1 or 10 h and were then
- cooled on ice rapidly to arrest the heating procéss.
.Two or three independent tiials 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 hydrostatic presﬁure treatment

The samples used for the high hydrostatic pressure freatinent
were prepared by adding one volume of each virus stock to
9 volumes of 5% human serum atbumin. The ;amblés were
divided into ultra-centrifuge tubes (Beckoman Coulter, Fullerton,
CA, USA) in amounts of approximately 1-5 ml, and the tubes
were sedled. The sealed tubes were placed in the chambéer of
a 'laboratory-sized high hydrostati¢ 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 pattem of pressure change with
treatment is shown in Fig. 1.
Two or three independent trials were conducted for all
samples. The 35% confidence limits of these data were
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Fig. 2 Inactivation of HAV strains by heat at 60°C. The c_elféadapted strains

in 25% human serum albumin were treated by heat at 60°C for the indicated

times. Data are the means of two or three replicates. Error bars represent the

. 95% confidence intervals. Change in infectivity (log,q) = log,q (titre of

treated samples) ~ log, (titre of untreated samples).

statistically determined and assmset{: the difference was-

-significant if it was over the 95% confidence limits.

Results -

Inactivation by heat treatment at 60°C

The four cell-adapted HAV strains were treated in 25%
human serwm albumin with heat at 60°C for 1 or 10 h. The
infectious titres of HAV in the sampleé 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,, after heat treatment at 60°C for 1 h,
indicating that HAV was resistant to-hedt inactivation as
compared, for example, to poliovirus, which Barrett ef al.
reported was much more thermolabile than HAV [22].

"With heat treatment at 60°C for 10 h, the reduction of HAV
infectivity ranged from approximately B-to-s'llogm among the
four strains, as shown in.Fig. 2. The reduction in the infec-
tivity of KRM238 was 3-1 log,,, that of KRM003 'was 4:7 log,,
that of KRM031 was 5-1 log,,, and that of TKM0OS5 was 3-3-
log, . In other words, two'strains (KRM238 and TKMO0O05) were .
more resistant to inactivation by heat treatment than the ather -
two (KRMOQO3 and KRMO031). There was 2-0 log,, difference
between theémost resistant. strain KRM238 and the most
sensitive strain KRMO31. There-was 1-6 log, of variation in
the inactivation rate ‘between KRM238 and KRMOO3, even
though they belong to the sarme IUB strain subgenotype.
These differences mentioned here were significant. :

©.2008 The Author(s)
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Fig. 3 Inactivation of HAV strains by high hydrostatic pressure. The
celi-adapted strains in 5% human serum albumin were treated at the
indicated pressures by repeating three cycles. Data are the means of two or
three replicates. Error bars represent the 95% confidence intervals.
Change in infectivity (log,5) = togm (t:tr: of treated samples} — log,,

{titre of untr:atcd sarhples).

Inactivation by high hydrostatic pressure ireatment

." The four celi-adapted HAV strains were treated in 5% human
serum albumin with high hydrostatic pressure at 300, 350, or
420 MPa. The. infectious t]tres of HAV in the samples were
medsured after the treatment, and the reduction in HAV
infectivity was then calculated.

None of the HAV strains were inactivated by high hydrostatic
prcssure aof less than 300 MPa, but ali of the strains began te

show macuvatlon at pressures exceeding 300 MPa, At 420 MFa,'.
the reduction of HAV infectivity ranged frotn approximately -

3 to 5 log,, among the strains, as shown in Fig. 3. The reduction

in the infectivity of KRM238 was 3-0 log,,, that of KRM0O3-

was 3-4 log,q. that of KRM031 was 47 log,, and that of TKM0O5

Table 2 Inactivation amang HAV strains by heat and pressurization

was 3-2 log .. There was at least 1-3 log,, difference, which was
significant, between the resistantstrains and the sensitive strain °
KRMO031. 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

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

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

With either treatment, the degree of variation in mfectmty
reduction between resistint and sensitive strains was approxi-
mately 2 log, ;. KRM238 and TKMOOS well‘resmted inactivation -

- by either heat or high hydrostatic pressure.

The combined reduction in the infectivity of KRM238 was

. 6°1log,,, that of KRMOO03 was 8-1 log,,, that of KRM031 was

9-810g,,, and that of TKMO0O5 was 6-5 10g, .

Discussion

Cell-adapted strains are useful in studies aimed at validating
the virus-inactivation procedures used in manufactaring. We

. report here on variation in inactivation rates — whether by

heat treatment or high hydrostatic pressum 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, KRM031, showed an estimated total
reduction of 9-8 log,, via the combined treatments; on the
other hand, the most resistant styain, KRM238, showed only
a 61 log, reduction. The maximum variation among the’

HIAV strains after combined treatment inactivation was . .

predicted to be about 3-7 log,,. To ensure the safety of.

" Reduction in infectivity (logj)

8y high hydrostatic

) By combination’ of heat and
HAV strain’ By heat at 60°C for 10 h presstire at 420 MPa high hydrostatic pressure
KRMz238 31 (2032 30 (£ 025) _ 61
KRM003 47 [+ 045} 34 (£022) T FE &1
KRMO31 51 (£ 061) 47 (1 056) - S 98
TKMOOS 33{£035) 32 (2 052} 65

*Perentheses indicate 95% confidential limits,
bExpected values calculated by addition.

® 2008 The Au!.hor(s)
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manufactured blood products, itis important to avoid over-
estimating HAV-inactivation rates. Thus, the HAV strain that
is most resistant to inactvation treatmeént should be used in
virus validation. ' )

Considering that KRM238 grows better in cell culture than
TKM005 (Table 1), it can be concluded that, among the four
strains used here, KRM238 is the best candidate for virus-
validation te ensure the safety of blood products against
viral contamination. In general, the evaluation of inactivation
processes wilt depend on the strains used for testing.

Our results also indicated that we should evaluate carefully
the efficiency of inactivation by selecting an appropriate
sirain 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, KRM0O3 was
easily inactivated by heat treatment, showing a 47 log,,
reduction, but ‘was mere stubbomni 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 treatment, 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 overeshmaung the
resistance of the test strain to a newer inactivation.
Pressurization has emerged as a rew 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 biclogically active plasma proteins,
with the exception of factor XIII [19]. Most enveloped viruses
are markedly inactivated at pressures below 400 MPa, as
sumarized 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
picomavirus family, but they exhibit quite different sus-
ceptibilities. HAV is inactivated by 3-5 lt'Jg10 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 c;:ll—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 he
needed in order to validate the inactivation procedures for -
naturally ocourring viral strains.
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