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| nactivation of Viruses by Incubation with Capryl ate FI ELD OF THE
| NVENTI ON The present inventjon relates to nethods for the

I nactivation of 5 enveloped virus in solutions of therapeutic proteins.
BACKGROUND OF THE | NVENTI ON Cohn fractionation has been used

traditional Iy in tfractivation ofistuses by hidubationneithyGaprydate s and has
associated with it sone degree of viral 10 inactivation or clearance,
whi‘ch has been substantiated by several studies (Wells et al (1986),
Yei et al (FEEII OEAHEINVENTIQN994) and Johnston (1996). In the
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the 20 implemented. Viral filtration separates viruses from proteins on the basis of
molecular size, and therefore has the potential to remove hepatitis A and
parvo viruses from the smaller of the molecular weight proteins. However
large molecular weight proteins (eg IgG and Factor VIII} are limited to
filtering through large pore size filters that will not remove the small viruses.

25 Membrane perturbing agents such as solvents and detergents require

additional processing {such as a chromatographic step) to remove the toxic
agents (Horowitz et al, 1984).

The invention disclosed here describes the use of the fatty acid,
caprylate, which is currently included in the albumin solution as part of the

30 formulation and which has been shown in this invention to have virucidal
potential at low pH and elevated temperatures.

Pasteurisation of albumin was first introduced as early as 1948 to
inactivate primarily hepatitis virus which was being transmitted through the
intravenous administration of albumin. Hink and co-workers (1957) added

35 the fatty acids sodium acetyl tryphophante and sodium caprylate as well as
sodium chloride to confer stability on the albumin molecule. Boyer et al
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Lundbl 3¢ (1R89HefR4EN DN the cHfi€eaifR oY fatty 361 (U 'to 0.3%) and on the
chain length of acid, above a chain length of 16 a log reduction factor of 4
log;o TCID5, was achieved in most cases. Sodium oleate activity was studied
in detail using VSV spiked into albumin, IgG and some clotting factor
products. Complete inactivation was demonstrated within 1 hour in IgG and
25 clotting factors whilst albumin and plasma provided some protection to
virus. Elevated temperatures up to 37°C and use of low protein
concentration (1.5 mg/mL) increased the extent of virus inactivation.
Seng and Lundblad (1990) describe the use of caprylic acid in
non-precipitating conditions at a pH at which the protein of interest was
30  stable. The premise in this work was that the non-ionised form of the fatty
acid, caprylic acid, interacts with the lipid envelope of the virus or the
proteins embedded in the virus and thus causes irreparable damage. The
amount of acid formed in the solution was manipulated by lowering the pH
and/or increasing the amount of caprylate added. Typically, caprylate was
35 added to achieve a concentration of acid ranging from 0.002 to 0.07% w/w.
The influence of temperature on virus inactivation was not examined in
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temperature is from 15°C to about 45°C and preferably from about 25°C to

20 about 45°C.

In a further preferred embodiment of the present invention the
concentration of caprylate is in the range of about 6mM to about 100mM.

In yet another preferred embodiment of the present invention the pH
of the solution is in the range of about pH 4 to about pH 6.

25 The method of the present invention can be used with any of a large
range of therapeutic proteins and is particularly applicable to albumin.

In a particularly preferred embodiment of the present invention the
method comprises incubating at 45°C solution comprising 10%(w/w)
albumin, 16mM caprylate at a pH of 4.5.

30 In another preferred embodiment of the present invention the
method comprises incubating at 45°C solution comprising 20-25%(w/w)
albumin, 30-40mM caprylate at a pH of about 5.2.

In a further aspect the present invention consists in a solution of
therapeutic protein prepared according to the method of the first aspect of

35 the present invention.
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exanpl es and thg falleking eemplesignd Figurens Figure 1: The
effect of pH and caprylate on Sindbis Virus I nactivation in al bum n.

([err] -.8 -7, 15[err]C, O - 32nmM Capryl ate, pH6-7,

15[ err] c1® %@E{&Myl ate, pH4.5, 45[err]C [err] - 8mv

Capryl ate, pH4.5, Fiduerd:Crh effebt of pRAMCanpiylatecon Biedbis Vibherr] C.)
Inactivation in albumin. (® - 8mM Caprylate, pH6-7, 15°C; O - 32mM
Caprylate, pH6-7, 15°C; ¥ - 32mM Caprylate, pH4.5, 45°C; V7 - 8mM
Caprylate, pH4.5, 45°C, W - 32mM Caprylate, pH6-7, 45°C.)

20 Figure 2: Inactivation of BVDV as a result of incubation with
caprylate in albumin. (® - pH 4.5 with caprylate at 30°C; O - pH 7.0 with
caprylate at 30°C; ¥ - pH 4.5 no caprylate at 30°C; ¥ - pH 7.0 no caprylate
at 30°C, W - pH 4.5 with caprylate at 0°C; G - pH 7.0 with caprylate at 0°C;
¢ - pH 4.5 no caprylate at 0°C; ¢ - pH 7.0 no caprylate at 0°C.)

25 Figure 3: Bovine Viral Diarrhoea Virus Inactivation in albumin
treated with 14 mM caprylate at various temperatures. (® - 2-8°C; O - 25°C;
¥ -30°C; v -40°C, W -40°C; 0-45°C)

Figure 4: Sindbis virus Inactivation in albumin treated with various
caprylate concentrations. (@ - 3mM caprylate; O - 8mM caprylate;

30 V¥ -16mM caprylate; ¥ - 26mM caprylate.)

Figure 5: HAV inactivation in the presence of 12 mM caprylate.

Example 1:
Solutions of 5% w/v and 20% w/v of an albumin preparation
35 containing 8 mM and 32 mM caprylate respectively were pH adjusted to pH
4.5 with 0.5sM HCl. Control samples of 5% and 20% were kept aside to
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Figure 1 shows th Singbis virus was not inactivated (i) w thout the
addi ti on of capryl &¥am §én at pH 4.5 (ii) at 15[err]Cin the presence of
capryl at®s G Hagletitidbovinel vgsl diriticedsvines, BVDV( wiag apikbdiine

i net i cs of addedwg?q it SIBTRERAHER e, 1Y dor%ﬁ'aéw o ghnc
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temperature to inactivate this enveloped virus. Incubation at 0°C in the
20 presence or absence of caprylate did not inactivate this virus.

Example 3:
Albumin (10% wy/v) containing approximately 14 mM caprylate was
pH adjusted to pH 4.5 with 0.5M HCl. Bovine viral diarrhoea virus, BVDV,

25 (NADL, strain, from ATCC) was spiked into the albumin and samples were
then incubated at a range of temperatures from 25 to 45°C. A control sample
was kept at 2-8°C. The turbidity of each of the albumin samples after
incubation at each of the temperatures was measured to evaluate the
stability of the albumin. Aggregate content was also measured by HPLC.

30  The results of this study are illustrated in Figure 3 and Table 1. There was a
significant influence of temperature on the rate BVDV inactivation with
almost instantaneous inactivation (<0.5 hours) seen at temperatures of 35°C
or above. Aggregate content appeared stable up to 35°C but increased above
this temperature. Turbidity showed an increasing trend with increasing

35 temperature. Both of these results reflect some onset of stability at the
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Example 4:
Samples of albumin (5%, 10% and 20% w/v) were pH adjusted to pH
4.4 and caprylate was added to achieve a range of caprylate concentrations
10 from 3 mM (20%) to 26 mM. Samples were spiked with Sindbis virus (Strain
MRM39) and incubated at 30°C. Samples were removed at several time
points up to 10 hours and assayed for Sindbis virus titre. The kinetics of this
study are illustrated in Figure 4.
There was a significant trend of increasing rate and extent of Sindbis
15  virus inactivation with increasing caprylate concentration, with no
significant kill seen at 3 mM and >4 log reduction in titre seen at >16 mM,
which occurred within 1 hour.

Example 5:

20 Samples of albumin were pH adjusted to pH 4.5 and caprylate was
added to achieve a final concentration of 12 mM.

Samples were spiked with hepatitis A virus, HAV, (HM175A.2 strain)
and incubated at 45°C. Samples were removed after 10 and 24 hours and
assayed for HAV titre. The results of this study are shown in Figure 5. Only

25 one log of virus was inactivated after 24 hours providing evidence that this
inactivation technique primarily targets enveloped viruses.
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concent 18t i Gariations andipr Mmodifitefions rriﬁjﬂ\bé fadientyl thiai iakedtivAasshowai it | C

acid Concenttflatsbgcrzlexc embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to

be considered in all respects as illustrative and not restrictive.



range of 0.1 to 0.50% at pH 4.5, well in excess of 0.07% used by Seng and
Lundbl ad. wihB8/24485 of caprylate to inactivate the envel oped rOWABEROZRAS al SO
found in these studies to be dependent on tenperature, with no significant

i nactivation of Sindbis in an al bumin solytion seen at 15[ err] C but at
45[err]C a 4 10 |og reduction factor was achieved for the sane
concentration of caprylic acid and the sane pH A simlar pattern of

t enper at ure dependency was seen wi th bovine viral diarrhoea virus
(BVDV) spi keg Lnto al bum n sol utions. It will be appreciated
by persons s Pfelré’éi‘"?sn the art that numerous 15 variations and/or
nodi fi cati ons may be nade to the invention as shown in the specific

Chvent on asoBraciny LG o G LURKIRL Mk e, TR Cotbittion af ety e, 1o
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11. ~  CLAIMS: - 1. A neth defSHEEﬁﬁkb\é%Er{l g |ipid-envel oped virus
in a sol utivoa9sR448s al bunin, the thodznma‘ﬁjl srng i ncubat iwgr/abereoskdit i on
at tenperature 5 greater than 15 Lh the range of about 4.0

to about 6.0 with caprylate at a concgntration of at |east about 6mV
the pH and caprylate concentration bei'ng sel ected such that the
caprylic acid concentration is greater than 0.07% w w. 2. A
met hod as cl agppdmMs-claim 1 in which the incubation tenperature 10 is
:from 15[ err] C to about 45[err]C 3. A nmethod as clainmed in claim 2
;in which the incubation tenperature I's about 25[err]C to about

\45[err]C 1. 4. Arﬁeﬂmmoﬂxmﬁ@hﬁh 1ﬂmnaralopedevi®ﬁs¢xhaislmuﬁoh©f3 in

whi ch t he conce ratlon CaRr .an bout, 6nM t o
Shout 100mv  {asiaBSSat bibieRT B SRt Cirintfire b UEalinl He ShrARS by O [
whi ch the pH &Inperatutdr@‘eatﬂrdhanrlsf’@ ait B pHién rt}mgmgn‘ofadimnt anité aboudBdut pH
6. 6. sdt%' hggﬁaﬁo a(m@ s?fabﬁhﬁbﬂﬁvlltﬁé) p%{)%}?iwm ch the

H'

met hod conprlses | |ng a err solu I'on conp
al bumi n, 16m\/c@1alp'vlaﬁeamcamrahpm ngpelgcted sichothat ﬂle capxty rmacndd as cl ai med

in any one of c&ﬁé’éﬂﬁa&oﬁ?sfwhfér‘@ﬁhﬁlﬁdm w/w. Nethod corrprl ses incubating

at 45[err]C solution co % 30-40nmM capryl ate
at a pH of abdut 5.4 metho ‘?I%lmﬁdééré@éﬁlﬂl@ﬁ”hwgl wguépsemtﬁmpermreh

the al buM@m hasfrege1s°C to abbditdsed. according to the nethod as claimed in any
one of clai Myl to & m%axod as claimed in claim 2 in which the incubation temperature
is about 25°C to about 45°C.
4. A method as claimed in any one of claims 1 to 3 in which the
concentration of caprylate is in the range of about 6mM to about 100mM.
15 5. A method as claimed in any one of claims 1 to 4 in which the pH of
the solution is in the range of about pH 4 to about pH 6.
6. A method as claimed in any one of claims 1 to 5 in which the
therapeutic protein is albumin.
7. A method as claimed in any one of claims 1 to 6 in which the
20 method comprises incubating at 45°C solution comprising 109(w/w)
albumin, 16mM caprylate at a pH of about 4.5.
8. A method as claimed in any one of claims 1 to 6 in which the
method comprises incubating at 45°C solution comprising 20-25%(w/w)
albumin, 30-40mM caprylate at a pH of about 5.2.
25 0. A composition including a therapeutic protein in which the
therapeutic protein has been treated according to the method as claimed in
any one of claims 1 to 7.
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