CAPRYLATE VIRAL DEACTIVATION TECHNICAL FIELD Described herein are methods for
nactivating viruses using caprylate during the purification of aloumin from plasma. BACKGROUND
Human serum albumin (hereafter albumin) is the most abundant protein in human blood plasma.
Circulating albumin is a 585 amino acid protein with a molecular weight of 67 kDa. The | U protein has
a serum half-life of about 20 days and is involved in transporting many hormones, metabolites, and
drugs as well as maintaining oncotic pressure and buffering blood pH. Albumin is therapeutically
adminis last,flui store blood volume in trauma, burn, and surgery patients.
ISCohn éﬁtg e%crlbe E’[h(e&%%#’#@ﬁg%&gf albumin from human plasma through differential fractionation.
See Cohn et al., J. Am. Chem. Soc. 68: 459-475 (1946); Cohn et al., I. Am. Chem. Soc. 69: 1753-1761
(2947); HJE%HQR‘IEQE@ . 2,390,074 and 2,469,193. These methods were improved by Gerlough. See
U.S. Patent Nos. 2,710,293 and 2,710,294. Such methods use cold ethanol and the manipulation of
pH, ioni®stremgth proteimscorcentration amnidtempénater e 402 Onratipitate plasma prbteinsrsuich as
albl,gm ngggf}%éﬁ)@gr%dqgerggr purifying albumin from human plasma for pharmaceutical products
typically includes a viral inactivation step to reduce the risk of transmitting blood-borne viruses. These
viral inactivation steps can include heat pasteurization, organic solvents, or combinations of organic
solvents an%g ergents (e.g., tri-n-butyl phosphate and polysorbate 80). In addition, the fatty acid
caprylatg,Ag EéHEgPeof (e.g., sodium caprylate). has been effectively used as a viral inactivation
agent. SeeS sRatendiblosird 832:176; termatjopalRatesnt Application Rublicalion Nas. MMey
1998/024485 and WO 2000/056768; Lundblad and Seng, Vox Sonq. 60:75- 81 (1991); Johnston,
Jonston8!8F W BiiYi &S 41121 3-291 (D053)C E arther dPhIate it arst ek aniseiras i
stahjlizing agent andas s paritiening.sgent indhe puwification of therapsidichuman albymin.See U.S.
Patent Nos. 5,250,663 and 5,561,115. Human albumin is purified from the Cohn Fraction 1V4 Effluent
or Fractidf NPaHEE in A0t ed afF atetdfie dfyig Stepits cotfeiistratesthecaiiuimg & i &tE0até Viruses.
The acefong.RrOcessis sxpRRslYe and uass Jarge guantites of aseipne..which.greates @ fire pr
explosion hazard. Accordingly, alternative viral inactivation and concentration procedures are
desirabl&aarmaekiioe fodpurigingalisamin from human plasma using caprylate viral inactivation under
conditions of low pH and elevated temperature followed by ultrafiltration/diafiltration is described herein
SUMMARY Described herein are methods for inactivating viruses using caprylate during the
putificatiorof @lurtiscfiord plasmer @agcembodiment described:brereissisa vetingd of fereparing
albumin from a solution comprising albumin comprising: adjusfj protein concentration of the
solution{t%‘ﬁgggaﬁ%%%‘aeéug /of"’sfaé?uzti’r"i‘jﬁ’*'p??%’?’thé)%crﬁ}%tig%iéﬁs}a%é%%}ﬂ %? etsas!;‘;d%mgg:%&ylic acid
(octanoigsacieh): ar7sGdiani ¢aprylate;srabsing the sol gniemper aturs gesatahthamabouti20.46; and
incubatinrg ZOt%S §ol%tiqn. Ip} some a%spects described herein, the incubation tg%j%)erature is 27-30 'C. In
some asPecty HeS¢ritdd Helteirt e ncdbad oY fof about 30 16 about Y2 AT 46me Yspects
describedherin, the dneubationiis:for gt least abeut 90 sravem kb same aspectscdesgribed herein, the
capr late concentration is about 10 mM to about 40 mM, In some aspects described herein, the

capfylatB EGREBHIAASHIL HBE T F8RT EPHBYUT 30 mM. In some aspects described herein, the
caprylate concentration is about 20 mM. In some aspects described herein, the pH is about 3.8 to

about 5. In some aspects described herein, the pH is about 5.  In some aspects described herein, the
method ThRMEP EEiSHEE S ifeiAg tHETdpIliaEh ey RIRsiTHY N tPAARTRIGH At rdRsiEfatigRIRdmulating

and bulking the stion: and SLerlizings reduce the risk of transmitting blood-borne viruses. These

viral inactivation steps can include heat pasteurization, organic solvents, or combinations of
I5  organic solvents and detergents {e.g., tri-n-butyl phosphate and polysorbate 801, In addition,
the fatty acid caprylate, or salt thereof {e.g., sodium caprylate}, has been effectively used as a
viral inactivation agent. See U.S. Patent Nos. 4,939,176, International Patent Application
Publication Nos. WO 1958/024485 and W0 2000/056768; Lundblad and Seng, Vox Sang. 60:75-
81 (1991); Johnston, Jonstone, & Wu, Biplogicals 31: 213-221 {2003). Further, capryiate has



filling, and pasteurizing the albumin. Another embodiment described herein is a method of preparing
albumin from a solution comprising albumin: adjusting the protein concentration of the solution to less
than about 5%; 15 adjusting pH of the solution to about pH 5 or less; adding caprylic acid (octanoic
acid) or sodium caprylate to a concentration of about 20 mM; raising the solution temperature to about
27-30 "C; and incubating the solution for at least about 30 rein to about 120 min. In some aspects
described herein, the incubation is for at least about 90 min. 20 In some aspects described herein, the
PH is abgL 5,y same aspects,desribegtRereln, the methad Rl eamprisgs-figring g sglution
performing ultrafiltration and diafiltration; formulating and bulking the solution; and sterilizing, 25filling,
and pasteerdzing ithe:albuminiinotizerLleinBodim éivs dedefilséd hetéiis almethod of inactivating
viruses in a solution comprising albumin, the method comprising: adjusting the protein concentration of
solution to about 5% protein; adjusting pH of the solution to less than about 5; adding caprylic acid
(octanoid acidh) Db sadiumpcaibeyddtenratstngpthersatution\tengiératurer greatenthamabedt: 26 Gn and
inc@ating %he S Iution.t In some aspects ges%ibed hege_in the viruses areTIipid-enveIof%ed viruses. In
some aspette et hEd hErSi HE Cap At -CONE T alBH Y Kol ts miF & BB8GHIREST Some
aspects«iesatibedherains thegdemparatre 48 abauh27+30@G. dosomearaspecisderaribedsnerein, the
incubation is for at least 90 min. In some aspects described herein, the caprylate concentration is 20

MM. In $6FEAMPECH GEEE S e r i HHE e RS SR8 THIY! 1R SoHE" 55 58ets & RIBed herein,

the temperatugesis 30::GyiHg someaspests slassHbadshereintbe.virysas are lipid-enyelopeddruses
infecting humans. Another embodiment described herein is a method of inactivating viruses in a

solution“€8FipABIG alBYmi, f1E nittrBactSrTpPRIFG T adRlirPie protelit cokedrtrEtion 6rstlution to
aboyt 5% protein,adisting pH of the solution to less than about 5; adding caprylic acid (octanoic acid)
or sodium caprylate to a concentration of about 20 mM; raising the solution temperature to about
27-30 C; and incubating the solution for at least 90 min. In some aspects described herein, the viruses
are lipideg¥piared Viruses infecting humans. In some aspects described herein, the method further
comprises: filtering the solution; performing ultrafiltration and diafiltration; formulating and bulking the
solutionPasdibeeritizing, fitime: hndsgastearizing e albymim BRIFF-DESCRIPTION QR T
DRAWIIgl'guSmlﬂgr%JanEll illustrates results from caprylate-induced virus inactivation in 25 AU albumin
paste suspensions at? , pPH 5.1 over 1 hour. Caprylate concentrations of 0, 10, 15, and 20 mM
welrg assessed at 0, 0.5, and 1-hour intervals. The results show that 15 mM caprylate effectively
inactivaigs boyine Jiral S ¥vpand vesiclanstomarts s lo the I 8L, & solution

comprising albumin comuorising: adjusting the protein concentration of the solution to less than

about 5%; adiusting pH of the solution to about pH 5 or less; adding caprylic acid {occtanoic acid)

or sodium caprylate; raising the solution temperature greater than about 20 °C; and incubating

20 the solution.
In some aspects described herein, the incubation temperature is 27-30°C.

Iy some aspects described herein, the incubation is for about 20 min to about 120 min,
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In some aspects described herein, the incubation is for at feast about 90 min.

In some aspects described herein, the caprylate concentration is about 10 mM to about 40 m.



llidetection within 1 hour at 27 'C. FIGURE 2 illustrates results from 20 mM caprylate-induced virus
inactivation at 25 or 65 AU albumin concentrations, at either pH 4.5 or 5.1 at three, low temperatures,
5, 12, and 20 C over a 6-hour period. The results show that at lower concentrations of albumin, 20 mM
caprylate was effective as a viral inactivator at 20 'C after 2 hours. However, viral inactivation was not
robust under lower temperatures and was dependent on pH, incubation time, and albumin
concentration. FIGURE 3 illustrates design of experiment (DOE) responses and predicted log

reduction values (LRYV) for pratejn concentration as a function of caprylate cqncentrati Panel A) at
consian e e s D R e TS B T o e o
function of caprylate concentration at constant temperature (27.5 "C) and protein concentration
(11.5%) FIGURE 4 illustrates DOE responses and predicted LRV for pH_as a function of protein
concentiAdaa S B RRSECTE (39 8 & Ad CArhIEqi CoR Ot (o by, FIGURE 5
shows a contour graph representing the response surface for LRV at the 95 and greater confidence
intelgvals for pH as a function of protein concentration_at 30 mM caprylate and 40 C (Panel A). Panel B
shows ai[fﬁ%@?oqﬁ%ﬁ@igﬁ%‘ﬂr?%%‘? EriPatiBR B thahedpbiide Lifice. LRV was maximized (i.e., 100%)
with the smallest 95% prediction interval with conditions of pH 4.4 and protein concentration of 5%, at
30 mM caprylate and 40 C. FIGURE 6 shows contour graphs representing the response surface for
LRV at tHe 9B apPersAteichAfdenes iHte R/l #8Pptstein concentration as a function of caprylate
concentration at pH 3.96 and 40 C (Panel A) or pH as a function of caprylate concentration at 6.6%
protein and 36.9 C (Panel B). FIGURE 7 shows a flow chart of the modified albumin purification
process Théttfdihg e eaipryate Richl TaEdtivatid Mt DETAR ED'DESTCRIPTROREA e rtemt Ebumin
purificationaracessinghdes A AGIANR INIRG SIER:STRE aceiane drving.siernashegn yalidated as a
virus inactivation step. However, the acetone step is difficult, 15 requires expensive operating
equipméittnamd thearaegeumamtitidsonigcetone used present a flammability and/or explosion issue,
which requires extensive safety precautions. Replacing the acetone drying steps is desirable. The
caprylate incubation described herein can be used as a virus inactivation step and then the albumin
can be doncbntratedagsimgnaniedtrafiitration/diafilratiornstepf 20:Caprylistacid{caprylatecbaianoic acid)
can be an effective yiral inactivation agent, Euhen, caprylate s eunenily sed.nthe aloumin,
formulation, and thus capryﬁa & ViaPinactivation éan be easlly integrate intd the Abufa process
without intfedugng addittonaltieagents such asSelienis o depeygenis andwith minimakebanges to
the process %a rylic acid or sodium caprylate is added to albumin formulations as a stabilizer during
the Ui 4k HwaVsr Ehe B GrRe LU SaIUTBA Th the BUIKHE 18 6 AighL7y toitredte
enough freercapeylicacid feryius inactivation .Caprytate-cansbe.addeduring the suspension of the
Fraction V paste (albumin paste), which is already a low-pH solution. Because caprylate is essentially
a stabilizer for albumin, its effect on the albumin is minimal. Proper filtration prior to UF/DF removes
much ofithe canrRgateindhe form of wndissalved capmlis acids Asdberalbumin processing continues in
the UF/DF steps. the pH will be increased and the sodium caprylate will be washed out by diafiltration
to aflow normal bulking of the albumin. Overall, the modified albumin process consists of using
Fraction N1 Effluent(ar filtrate).Qr &ohn.Y, paste @s input material. The Cohn V paste was
resuspended in cold water for injection or the Fraction V1 Effluent was diluted to a protein
concentration of approximately 25 AU (Amo). Sodium caprylate was added to a concentration of 20
mM capyyl n i fo less if pe .The.solution w. n,
ncubated o P20 for S0 . S Fdreer T bt e el Sy oA ai e
experimestowere odraedratinwitid al jpéhieltofrevetopedgirnsds: (kieg thevineviral didrrteal:vipus
(B\{J;)V),ﬁﬂlsneug%abai&%%iirz% (ﬁlgg‘})g%gnhuman immunodeficiency virus (HIV)) in Cohn Fraction V
suspension Hnd afbumin suépension using a 15 scaled down model of the proposed manufacturing
process Fraction V paste or albumin paste was suspended in water, spiked with about 5% virus, and
the pH adjusted to the appropriate target, if necessary. Sodiym caprylate was added to achieve the
targeted LATSla e R ot URE B F the QIO WAV aFIFER S8 tHE SeiL ot viaLLHE: bated

caprylate concentration. tte of the soluti

the appraprigteitgraperaiure.eSamplas-weareifemoygdsaihyano usdiane Reints: durng the ingstbation 20
and titrated usig/g cell based assays to quantitate infectious virus. Rapid and effective inactivation of
BVDV, P& and BRIV HEré YBENs et URGLr Ehee MR pridis it brp i e dgryrRre oricshtration,
protein concentration, and temperature. Process capability was assessed separately for both Fraction
V and Albumin paste suspensions using a scale down (500 g paste suspension) of the proposed
manufacturing process Sodium caprylate was addéd and pH was adjusted, as necessary, to achieve
the targeted caprylate concentration and pH. Following incubation, the material was filtered, processed
through UF/DF, formulated, bulked, sterile filtered, and pasteurized Intermediate and final product

characterization data derived from a bench-scale study modified process were comparable with



those derived from a bench-scale control run and with those derived from the current full-scale
manufacturing process. Modified process bench-scale runs were conducted with Cohn Fraction V or
albumin paste. Approximately 500 g of paste was initially dissolved in cold water for injection. The
dissolved paste was then heated to a temperature of -27 C and sodium caprylate was added to a
concentration of -20 mM. This dissolved bulk solution was allowed to incubate for 90 minutes to allow
viral inactivation to occur. Clarification of the albumin solution was accomplished by filtration through a
series ol) f|| ters. CTahCe dS:Igmfl uf;trrITbCuaml\g :}iell{,ggpnw%se tShO 3 ent{?z?}g?gréo ;eo tle?O{R wiv b[}/ y?&ajgtratlon
the prot in bulk was diafiltered with 'saline soltition and ter tfor |rﬁecet|on ‘toncentratioh of
-28% preteimwds dehiéved by second ultrafiltration step. The UF/DF protein bulk solution was then
formulated with additions of sodium hydroxide, tryptophan, and sodium caprylate. The formulated bulk
solution was the sterile filtered, filled into vials, stoppered, and oversealed. These vials were then
pasteurizedh al-60 (e fordbe: 1k dShours, th auiveatingbeoatainesc i wias«surprising to find that caprylate
canjunctlon as both a viral inactivator and a stabilizer simultaneously during the process at the protein
and caprylate concentrations used, and the length and temperature of the incubation. This was also
surprising kecause-albuminibiads:caprviate.andsthe saneentiationsmf.eapryinievers effective for viral
inactivation at moderate protein concentrations with short incubations at room temperature. The
current albumin purification process, including the acetone drying step, is described in Example 1 and
begins with,GeNn EHluent V1 OFFEALIAR ¥nBerGahn stale 37-ArChem, Soc. 1568: 459-475
(1946); Cohn et al., J. Am. Chem. Soc. 69: 1753-1761 (1947); U.S. Patent Nos. 2,390,074 and
2,469,193. Example 1 Preparation of Human Albumin Cohn Fraction V was suspended in cold water
for,injection, Alternatively. Efflugntiva cap hessed insterd:of Eragtign,V. Cold denatured ethanol
(SDA 3A) was added to obtain an alcohol solution of about 10%, while cooling the solution to a
temperature of about 0 C. The solution was mixed for about 1 hour at about 0 C, and then clarified by
depth filtrat Qf ipitate f f%l t.IV-1 or Fraction V by adjusting
the pH, ef‘d ing (!:-o %%%#é%&gé eth;gn}é\;?s &\R% &P %ltﬁc%égtglﬁg 6e‘%s{ckﬁution at low temperature. After
the low temperature incubation, the albumin fractlon was separated by centrifugation. Acetone Viral

Inactlva |on The allg frac(}lﬁ)n was then end |n cold acetone and held for approximately
58 S_H%?S(Zrlbe erei, the iﬂ{jt} r]
mlnutes at about e protein' was separa rom e slurry and rinsed with cold acetone. The

15ntoist albumin powder was dried by passing dry nitrogen and/or air through the powder.
Conceniratlon and Filtration Th drled Ibumin powder was dissolved in cold water for injection to a
protein coRcehtiat 8?1?:5(? B?dl 6 e ?btﬁﬁtﬁtgsa&tﬁﬁd?lg\%ag clarified by filtration through a series of
filters 20 graduated in porosity to a final 0.2 p.m absolute filter (diatomite was used as necessary to aid
flltratlon? The pH of the albumin solution was adjusted to about pH 7, ultrafiltered to concentrate the
solution'BpPPOXARREET) $R61105d M8 tnElF diafitsriG WAth Soseieret Fértﬁ%'ﬂfﬁﬁtWEt@tWﬁwJectlon The
albumin solution was then concentrated, if necessary, by ultrafiltration to the appropriate protein
concentration (co. 25%). )5 Bulking, Sterilization, Filling, and Pasteurization Aqueous bulk of albumin
wad preEya?étc\eb;ﬁﬁ&jaétmﬁnﬂqétﬁtfgﬁtﬂeﬁ&jﬁjmﬁﬁaé& ?Eﬁﬁniﬁ JBRGHYH Wit SeeRant caprylatéon
excipients spdiHpLydraxide. sedim chigride,.and water tﬂt 5%@&%%9}%@@9}4@ 205 gedium
caprylate, 25% protein, and pH 7. The pH was adjusted with 1.0 M sodium carbonate and/or 1.0 M
NCI, if nettessaly. rate albamintselutiorr vy stelilizesd by fifrdtien tHrough: s2deiias obfiters:geaduated
in porosify. 192 fina) 8,2 pim,Absalule fiter. o aisrlealhumin, solulien wasasepsalflle into
sterile bottles and pasteurized for about 10 hours at about 60 C. The final containérs were incubated at
25 C fortabout twoaweeks dnd theflstorechatiraoms teempdrbiturénr at feast 90 min,

25

In some aspects described herein, the viruses are lipid-enveloped viruses infecting humans.



Example 2 10Virus Inactivation Experiments Acetone treatment of albumin paste is a very effective
enveloped virus inactivation step but is a bottleneck in the process and is associated with numerous
cleaning and safety issues (fire hazards). Consequently, caprylate treatment is a possible alternative
to acetone suspension and drying. Experiments were performed to evaluate enveloped virus
inactivation by caprylate 15 treatment of albumin paste suspension. For the studies, albumin paste
suspension with a protein concentration of 25 AU was spiked with bovine viral diarrhea virus (BVDV)

or vesmylar Osf%oema;utlesc t\élrlés %ge %régemc Rate ft%ré Qﬂr e2?7 CC Eh‘sgsl'f\/\{'tho O 15 or 20 mM

caprylate alta Show virus mactivation to the limit etection a reatment H% mci\)l' caprylate
See TahlerlboanahEiguedi ma&o?ﬂablec&aﬁhrat hmcﬂmaumm:@@eﬂmmmg HegsYiatis T iterits(ar) SB:BVDV

SUPE- B\{DV512 -V5V I\{!D 10 mM 1520 mMmM Om M 10 mM
Filng, and pasteunzmg the alpumin.

5 BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 illustrates resuits from caprylate-induced virus inactivation in 25 AU albumin paste
suspensions at 27 °C, pH 5.1 over 1 hour. Caprylate concentrations of 0, 10, 15, and 20 mM
were assessed at 0, 0.5, and 1-hour intervals. The results show that 15 mM caprylate
effectively inactivates bovine viral diarrhea virus and vesicular stomatitis virus to the limit of

1} detection within 1 hour at 27 °C.

FIGURE 2 illustrates results from 20 mM caprylate-induced virus inactivation at 25 or 65 AU
albumin concenirations, at either oH 4.5 or 5.1 at three, low temperatures, 5, 12, and 20 °C
over a 6-hour pericd. The results show that at lower concentrations of albumin, 20 mM
15 caprylate was effective as a viral inactivator at 20 °C after 2 hours. However, viral inactivation
was not robust under lower femperatures and was dependent on pH, incubation time, and

atbumin concentration.

FIGURE 3 illustrates design of exgeriment (DOE) responses and predicted log reduction values
20 {LRV} for protein concentration as a function of caprylate concentration {Panel A} at constant
temperature (27.5 °C) and pH (4.5). Panel B shows responses and predicted LRV for pH as a
function of caprylate concentration at constant temperature (27.5 °C} and protein

concentration (11.5%)

25  HGURE 4 illustrates DOE responses and predicted LRV for pH as a function of protein

concentration at constant temperature (27.5 °C) and caprylate concentration (20 mM).

FIGURE 5 shows a contour graph representing the response surface for LRV at the 95 and
greater confidence intervals for pH as a function of protein concentration at 30 mM caprylate
30 and 40 °C (Panel A}, Panel B shows a three-dimensional representation of the response surface,

5



15mM20mMOmMM 10 MM 15 mM 20 MM 0.06.36.36.35.16.36.16.15.27.06.66.45.60.55.9
4.71.81.8

LRV was maximized (i.e., 100%} with the smallest 95% prediction intervai with conditions of pH

4.4 and protein concentration of 5%, at 30 mM capryiate and 40 °C.

FIGURE 6 shows contour graphs representing the response surface for LRV at the 95 and

5 greater confidence intervals for protein concentration as a function of caprylate concentration
at pH 3.96 and 40 °C (Fanel A} or pH as a function of capryiate concentration at 6.6% protein
and 36.9 °C (Panet B).

FIGURE 7 shows a flow chart of the modified albumin purificatior precess including a canrylate

10 viral inactivation step.

DETAILED DESCRIPTION

A current albumin purification process inciudes an acetone drying step. The acetone drying

step has been validated as a virus inactivation step. However, the acetone step is difficult,
15 requires expensive operating eguipment, and the large guantities of acetone used present a

fiammability and/or explosion issue, which requires extensive safety precautions. Replacing the

acetone drying steps is desirable. The caprylate incubation described herein can be used as 3

virus inactivation  step  and then the albumin can  be concentrated using  an

ultrafiltration/diafiltration step.

12
fn

Caprylic acid {caprylate; octanoic acid) can be an effective viral inactivation agent. Further,
caprylate is currently used in the albumin formulation, and thus caprylate vial inactivation can
be easily integrated into the albumin process without introducing additional reagents such as

solvents or detergents and with minimal changes to the process.

P
Lh

Caprylic acid or sodium caprylate is added to albumin formuiations as a stabilizer during the
bulking step. However, the pH of the albumin solution in the bulking is too high {~7) to create
enough free caprylic acid for virus inactivation. Caprylate can be added during the suspension
of the Fraction V paste {albumin paste], which is already a low-pH solution. Because caprylate

30 is essentially a stabilizer for albumin, its effect on the albumin is minimal. Proper fitration prior



551818 563418 1.81.06.04.20.70.7*5.94.00.7*0.7*6.32.901*0.7* LRV 0.3 2.1
? 56.75.60.421.354
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to UF/DF removes much of the caprylate in the form of undissolved caprylic acid.  As the
albumin processing continues in the UF/DF steps, the pH will be increased and the sodium

caprylate will be washed out by diafiltration to allow normal bultking of the atbumin.

Overall, the modified albumin process consists of using Fraction V-1 Effluent (or filtrate) or
Cohn V paste as input material. The Cohn V paste was resuspended in cold water for injection
or the Fraction V-1 Effluent was diluted to a protein concentration of approximately 25 AU
(Azge). Sodium caprylate was added to a concentration of 20 mM caprylate and the pH was
adjusted to less than pH 5, if necessary. The solution was then incubated at 27-30 °C for 90

min. See Figure 7.

To test the viricidal efficacy, viral inactivation experiments were carried out with a panel of
enveloped viruses (i.e., bovine viral diarrheal virus (BVDV), pseudorabies virus (PRV) and human
immunodeficiency virus {HIV)} in Cohn Fraction V suspension and albumin suspension using a
scaled down mode! of the proposed manufacturing process. Fraction V paste or albumin paste
was suspended in water, spiked with about 5% virus, and the pH adjusted to the appropriate
target, if necessary. Sodium caprylate was added to achieve the targeted caprylate
concentration, the pH of the solution was verified, and the solution was incubated at the
appropriate temperature. Samples were removed atf various time points during the incubation
and titrated using cell based assays to gquantitate infectious virus. Rapid and effective
inactivation of BVDV, PSV, and HIV were observed under the appropriate conditions of pH,

caprylate concentration, protein concentration, and temperature,

Process capability was assessed separately for both Fraction V and Albumin paste suspensions
using a scale down {500 g paste suspension]} of the proposed manufacturing process. Sodium
caprylate was added and pH was adjusted, as necessary, 10 achieve the targeted caprylate
concentration and pH. Following incubation, the material was filtered, processed through
UF/DF, formulated, bulked, sterile filtered, and pasteurized. Intermediate and final product

characterization data derived from a hench-scale study modified process were comparable with



0.74.1 ?.6.3 ?6.3 * Extended volume testing; underlined values = no detectable virus

Experiments were conductedtoevaluate the virucidal capacityof capry ateat low temperatures.
AlbuminandFractionV pastesuspensions weredilutedto25and
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those derived from a bench-scale control run and with those derived from the current full-scale

manufacturing process.

Modified process bench-scale runs were conducted with Cohn Fraction V or albumin paste.
Approximately 500 g of paste was initially dissolved in cold water for injection. The dissolved
paste was then heated to a temperature of ~27 °C and sodium caprylate was added to a
concentration of ~20 mM. This dissolved bulk solution was aliowed 1o incubate for 90 minutes
to allow viral inactivation to occur. Clarification of the albumin solution was accomplished by
filtration through a series of filters. The clarified athumin solution was then concentrated to
~12% w/v by uitrafiltration, the protein bulk was diafiltered with saline solution and cold water
for injection. A concentration of ~28% protein was achieved by a second ultrafiltration step.
The UE/DF protein bulk solution was then formulated with additions of sodium hydroxide,
tryptophan, and sodium caprylate. The formulated bulk solution was the sterile filtered, filled
intc vials, stoppered, and oversealed. These vials were then pasteurized at 60 °C for 10-11

hours to arrive at final container.

it was surprising 1o find that caprylate can function as both a viral inactivator and a stabilizer
simultaneously during the process at the protein and caprylate concentrations used, and the
length and temperature of the incubation. This was also surprising because albumin binds
caprylate and the concentrations of caprylate were effective for viral inactivation at moderate

protein concentrations with short incubations at room temperature,

The current albumin purification process, including the acetone drying step, is described in
Example 1 and begins with Cohn Effluent V-1 or Fraction V. See Cohn et al., 1 Am. Chem. Soc.
68: 459-475 {1946}, Cohn et al., /. Am. Chem. Soc. 69: 1753-1761 (1947}; U.S. Patent Nos.
2,350,074 and 2,469,193,

Example 3



65 absorbance units (AU), and sodium caprylate was added to a final concentration of 20 mM. The
solutions were adjusted to pH 4.5 or 5.1 and spiked with pH-adjusted BVDV before incubation at 5, 12,
or 20 'C. Samples for titration, pH, and/or protein concentration (i.e., A280) were removed after spiking
(0 hour) and at 0.5, 2, and 6 hours. For both Albumin and Fraction V paste suspensions, virus
inactivation by caprylate was greater at higher temperatures and at lower protein concentrations. See
Figure 2. For 25 AU and 65 AU Fraction V suspensions, virus inactivation was higher at pH 4.5 than at
pH 5.1. \t/)lggﬁdllaftivation was also higher at pH 4.5 for albumin suspensions at 25 AU. For albumin IS
suspensions at 65 AU, however, virus inactivation was greater at pH 5.1 than at pH 4.5. Because the
mechanepefatinmsdhietnatidlbloyicaprylate is attributed to the non-ionized form of caprylate, and the

concent@@&n&g&;@g@on-ionized éor . shgéjld_at%eenr}@%hier at.pH 4.@ than aﬁ @I—EIf%l,ﬁ %q%wrféu[[}t_%gvith 65

Was 5 ed.in Aject gn. Alternative
AU albumin were unexpecte%ls.prrus inactivation is deperdent on pH, expdsure time, pro%eln

concentrationy einedpsd duct compasitio s binlikedtreatment an A4 F Gawhith dinactivated:B\dRWhto below

detection Yvithin 30 inu@%}é%zf‘t%ng\?%l\g\%n), treatment at 5 "C unde;gﬁgtimal conditions (25 AU, pH
e

4.5) reqiit €4S ROGRKSr & CHVARh A8 SRR A 2R SIB Ve apF 1874 Hifbation

step wasvaoieitective fouenvelapad viusoingclivatien. dexample, 4design af daxperiment Study of Viral
Inactivation Process Variables Based on the initial results with caprylate virus inactivation in albumin or
Fraction V samples, a Design of Experiment study was undertaken to evaluate conditions that would

maximizenvikgidakastivitia The variables thatowers-optimizeaaese ARUBHY GoRgrRREIAtIoN(p%0 to
20%); caprylate concentration (10 mM to 30 mM); solution pH (3.8 to 5.5); incubation temperature (20
'C to 40 2N AR IEHIFANGH G0 HHdPL SRR ThE fexpietige AdARRIERIETE tRe fSEFOF virus

redyction, Yalye (LRV) » IRUMIN-coRrenttation. AogLedation { % menems - and hapteglobulin

concentration. A linear Design of Experiment was designed to test three levels of each variable (i.e
Low, Middle, and High; see Table 2). Table 2: Design of Experiment Variables Variable

Acetone Viral Inactivation
The albumin fraction was then suspended in cold acetone and held for approximately minutes
at about 0 °C. The protein was separated from the slurry and rinsed with cold acetone. The

I3 moist albumin powder was dried by passing dry nitrogen and/or air through the powder.

Concentration and Filtration

The dried albumin powder was dissolved in cold water for iniection to a protein concentration

of about 7%. The albumin solution was clarified by filtration through a series of filters
26 graduated in porosity to a final 0.2 um absolute fiiter {diatomite was used as necessary to aid

filtration). The pH of the zalbumin solution was adjusted to about pH 7, ultrafiltered to

concentrate the solution approximately two-fold, and then diafiltered with 3% NaC! foliowed by

water for injection. The albumin solution was then concentrated, if necessary, by ultrafiltration

to the appropriate protein concentration (ca. 25%).

b}
LA

Bulking, Sterilization, Filling, and Pasteurization
Agqueous bulk of albumin was prepared by adjusting the ultrafiltered/diafiltered albumin

solution with sodium caprylate, excipients, sodium hydroxide, sodium chloride, and water for



IVariable Level Initial ParametersFinal Parameters Low 26.5 AU (53)26.5 AU (5%) Albumin
Concentration Middle 66.25 AU (12.5%)60.95 ALI (11.5%) (1 AU) High 106 AU (20%) 95.4 AU
(18%) Low 3 mM 10 mM Caprylate Middle 16.5 mM20 mM

injection to achieve 20 mM sodium caprylate, 25% protein, and pH 7. The pH was adjusted with

1.0 M sodium carbonate and/or 1.0 M HC, if necessary.

The albumin solution was sterilized by filtration through a series of filters graduated in porosity
5 to afinal 0.2 um absolute filter. The steriie albumin solution was aseptically filled into sterile
bottles and pasteurized for about 10 hours at about 66 °C. The final containers were incubated

at 25 °C for about two weeks and then stored at room temperature,

Example 2
i0  Virus Inactivation Experiments
Acetone treatment of albumin paste is a very effective enveloped virus inactivation step but is a
bottleneck in the process and is associated with numerous cleaning and safety issues (fire
hazards}. Consequently, caprylate treatment is a possible alternative to acetone suspension
and drying. Experiments were performed to evaluate enveloped virus inactivation by caprylate
[5  treatment of albumin paste suspension. For the studies, albumin paste suspension with a
protein concentration of 25 AU was spiked with bovine viral diarrhea virus (BVDV) or vesicular
stomatitis virus VSV and incubated for 1 hr at 27 °C, pH 5.1, with 0, 10, 15, or 20 mM
caprylate. Data show virus inactivation to the Emit of detection after treatment with 15 mM

caprylate. See Table 1 and Figure 1.

1G



Concentration  High 30 mM 30 mM Low 20 'C15 C Temperature Middle 30 QC 27,5C (1C).
High 40 C 40 C Low

Table 1: Viral Inactivation Experiments

Log Virus Titer

%
(hr) SP-BVDV SUPE-BVDV SP-VSY
r
A 8 C D E F G H J ] K L
10 15 20 Om 10 15 20 o 10 15 20

mivi mi mivi mivi M mivi mhi mivi m m mM mivi
0.0 6.3 6.3 5.3 51 5.3 6.1 6.1 52 7.0 6.6 6.4 5.6

05 59 47 1.8 1.8 5.5 1.8 1.8 56 34 1.8 18

1.0 6.0 4.2 0.7* 0.77 5.8 4.0 0.7* 0.7* 6.3 29 0.7* 0.7%

LRV | 0.3 2.1 =56 5.6 0.4 2.1 25.4 25.4 8.7 4.1 26.3 26.3

* Extended volume testing; underfined values = no detectable virus

Example 3

Experiments were conducted to evaluate the virucidal capacity of capryiate at low
5 temperatures.  Albumin and Fraction V paste suspensions were diluted to 25 and 65

absorbance units (AU}, and sodium caprylate was added to a final concentration of 20 mM. The

sofutions were adjusted to pH 4.5 or 5.1 and spiked with pH-adjusted BVDY before incubation

at 5, 12, or 20 °C. Samgles for titration, pH, and/or protein concentration {Le., Az} were

removed after spiking (0 hour} and 2t 0.5, 7, and 6 hours.

For both Albumin and Fraction V paste suspensions, virus inactivation by caprylate was greater
at higher temperatures and at lower protein concentrations. See Figure 2. For 25 AU and 65
AU Fraction V suspensions, virus inactivation was higher at pH 4.5 than at pH 5.1, Virus
inactivation was also higher at pH 4.5 for albumin suspensions at 25 AU. For albumin
15 suspensions at 65 AU, however, virus inactivation was greater at pH 5.1 than at pH 4.5,
Because the mechanism of virus inactivation by caprylate is attributed to the non-ionized form
of caprylate, and the concentrations of the non-ionized form should be higher at pH 4.5 than at

pH 5.1, the results with 65 Al albumin were unexpected.

il



3.83.8pH Middle4.654.50 (1) High5.505.20 A totalof 28 individual experiments were performed.
See Table 3. Table 3: Design of Experiment Trials Caprylate Conc. DayTrial (mIV1) Protein Conc. pH
(%) Temperature C)

Virus inactivation is dependent on pH, exposure time, protein concentration, and product
composition. Unlike treatment at 27 °C, which inactivated BVDY to below detection within 30
minutes [data not shown), treatment at 5 "C under optimal conditions (25 AU, pH 4.5) required

2 hours for complete BVDV inactivation. A 5 °C albumin/Fraction V caprylate incubation step

(43

was not effective for enveloped virus inactivation.

Example 4
Design of Experiment Study of Viral Inactivation Process Variables
Based on the initial results with caprylate virus inactivation in altbumin or Fraction V samples, a
10 Design of Experiment study was undertaken to evaluate conditions that would maximize
viricidal activity. The variables that were optimized were Albumin Concentration {5% to 20%);
caprylate concentration (10 mM to 30 mMj; solution pH (3.8 to 5.5); incubation temperature
{20 °C to 40 °C }; and incubation time {10 min and 120 min}. The response variables were the
iog of virus reduction value [LRV), albumin concentration, aggregation {% monomer) and
5 haptoglobulin concentration. A linear Design of Experiment was designed to test three levels of

each variable {i.e., Low, Middle, and High: see Table 2}.

12



la 101553.8 1720405 3.8 2010 27.555.2 132027.518 5.2 3a 301518 3.8 4a 1040 18

Table 2: Design of Experiment Variables

Variable Variable Level initial Parameters Final Parameters
Low 26.5 AU (5%} 26.5 AU (5%}
Albumin C antrati
urmin Loncentration Middie 66.25 AU (12.5%) 60.95 AU (11.5%)
(+1 ALY
High 106 AU (20%) 95,4 AU (18%)
Low 3 mM 10 mM
Caprylate Middle 16.5 M 20 MM
Concentration
High 3G mi 30 mM
Low 20°C 15°C
Femperature Middte 30 °C 275 °C
(+1°0)
High 40°C 40 °C
Low 3.8 38
H
P Middle 465 450
(1)
High 520

5.50

13




3.8 73j15185.22191027.518 3.8 5a2101555.26304055.2 143027.511.55.2

A total of 28 individual experiments were performed. See Table 3.

Table 3: Design of Experiment Trials
. Capryiate Conc. Temperature Protein Conc.
Day Triat P ";mM} ic) (%) pH
la 10 15 5 3.8
17 20 40 5 3.8
1 20 10 275 5 5.2
13 20 275 18 5.2
3a 3G 15 18 38
4a 10 40 18 3.8
7 30 15 18 5.2
2 18 10 27.5 18 3.8
5a 10 15 5 5.2
& 30 40 5 5.2
14 30 27.5 i1.5 572
15 20 40 115 5.2
3 18 30 15 115 3.8
2a 30 40 5 3.8
b 10 15 5 5.2
11 10 40 5 4.5
10 30 15 5 4.5
4 3b 30 15 18 3.8
3 10 40 18 5.2
4h 10 4G 18 38
9 30 40 18 4.5
12 10 15 18 4.5
5 16 20 15 5 5.2
ib 10 15 3.8
2 30 44 38
i 5 i s e
4b 10 40 18 3.8
6 18 10 275 18 3.8
4a 10 40 18 3.8




15 204011.55.2 318 30 15 11.5 3.8 2a30405 3.8 5b10 1555.2 1110405 4.5 1030 1554.54 3b

Experiments were conducted as foliows: Fraction V paste was suspended in water for injection

and held at 2 to 8 °C overnight. The temnperature was then raised to 27 to 30 °C and the
concentration (based on Absorbance at 280 nm) was adjusted to one of the three experimental
values, e.g., 5, 11.5, or 18% {i.e., g albumin/100 ml; 26.5, 60.95, or 95.4 AU respectively; ~0.75

5 0M, L7 M, or 2.7 M, respectively), Afterwards, the pH of the solution was adjusted (pH 3.8, 4.5,
or 5.2). The samples were then incubated at the experimental temperature (e.g., 15, 27.5, or

40 °"C. Virus was then added at a concentration of 1%. Caprylate was then added at one of
three concentrations: 10, 20, or 30 mit. The samples were then incubated at the experimental
temperature for 120 min. Titration samples {prior to caprylate addition and at 5, 10, 15, 30, 60,

10 80, and 120 min} were also obtained to determine the kinetics of the caprylate viricidal activity.
Finally, the LRV was determined for each experiment. Experimental results are shown in Table

4 and Figures 3-6.

15



30 1518 3.8 8104018 5.2 4b 10 4018 3.8 9304018 4.5 1210151845 1620155

Tahie 4; Design of Experiment Results

Caprylate Temperature Protein
Pay Trial Cone. (<) Conc. pH LRV, 10 min LRV, 120 min
{mii} (%}
13 10 15 5 3.8 <0.2 LRV
17 20 40 5 3.8
1 20 10 27.5 5 5.2 <0.2 LRV
13 20 27.5 18 5.2 0.2<1RV<1.8
3a 30 15 18 3.8 | 02<LRV<18
4a 10 40 18 3.8 —
7 30 15 18 52 02<LRV<1.8 0.2<lRv<18
2 19 10 275 18 3.8 ¥ —*
S5a 10 15 5 52 [:02<LlRV<1.8 | 0.2<LRV<1.38
6 30 40 5 5.2
14 30 275 11.5 5.2 ['0.2<LRV<18
15 20 40 11.5 52 | 02<LRV<18
3018 ) 30 15 15 38
23 30 40 5 3.8
5b 10 15 5 5.2 | 0.2<LRV<18
11 10 40 5 4.5 <
10 30 15 5 a5
4 3b 30 15 18 3.8 | D2<IlRv<1s
8 10 40 18 52 | 0.2<IRV<18
ab 10 40 18 3.8
5 30 40 18 4.5
12 10 15 18 45 [D2<LRV<18 | 0.2<lRV<1.8
5 16 20 15 5 52 | 02<LRV<1.8 | 0.2<LRV<18
b 10 15 5 3.8 | 0.2<LRV<1.8
2b 30 40 5 3.8
4a 10 40 18 3.8
ah 10 40 18 3.8
6 19 10 275 18 3.8
4a 10 40 18 3.8

—* These reaction gelled and no data was obtained. Cell shading corresponds to:
e ——| P N - A )
activity; 0.2 < LRV< 1.8] some viricidal activity;

<0.2 LRV limited viricidal activity.

16



525 1b101553.82b 30405 3.8 4a 10408 3.8 4b 104018 3.8 6 19 10 27.5

There were an array of caprylate concentrations, protein concentrations, temperatures, and
pHs that were effective in viricidal activity, Based on the conditions tested in the DOE study,
the following generalities were apparent:
s increased temperature enhances viricidal activity;
3 e [ncreased incubation time enhances viricidal activity;
* Increased caprylate concentration enhances viricidal activity;
» Decreased protein concentration (albumin) enhances viricidal activity; and

¢ Decreased pH enhances viricidal activity.

10 Furthermore, the predicted LRV on the 0 to 100 scale is maximized, i.e, equal to 100% (the
eguivalent to an LRV of 2,16}, with the smallest 95% confidence prediction interval at the
following joint variable settings (see Figures 6~7):

e (Caprylate Concentration: 30 mM;

s Albumin concentration: 5% [co. 26.5 Al 750 mb);

LA
L]

pH: 4.4;
o  TFemperature: 40°C; and

¢« Incubation time: 120 min.

Based on these data, the following conditions were determined as practical for a virus
20 inactivation step in the albumin purification process:
e Protein concentration: <25 AU {Aqggs} (e, <5%; <750 mM)
e« Caprylate concentration: 220 mh;
o pH: <5.0;

e Temperature: 27-30°C; and

]
L
&

incubation time: 290 min.

These conditions maximize viricidal activity while reducing manufacturing cost and time in the

atbumin purification process.

17



18 3.8 4a 1040 8 3.8 Experiments were conducted as follows: Fraction V paste was suspended in
water for injection and held at 2 to 8 C overnight. The temperature was then raised to 27 to 30 C and
the concentration (based on Absorbance at 280 nm) was adjusted to one of the three experimental
values, e.g., 5, 11.5, or 18% (i.e., g albumin/100 mL; 26.5, 60.95, or 95.4 AU respectively; -0.75 M, 1.7
M, or 2.7 M, respectively). Afterwards, the pH of the solution was adjusted (pH 3.8, 4.5, or 5.2). The
samples were then incubated at the experimental temperature (e.g., 15, 27.5, or 40 C. Virus was then
added cQnecentradi f1%.,: ryl then,added at one of three concentratjons: 10, 20, or
0 M T e o e e Seact e T30 e dlon
samples:{prion it caprytatd atiditon, andeatsS e 20y 165, 300160 2HY 960:farch &2Genin) wereiadsd obtained to
determine the kinetics of the caprylate viricidal activity. Finally, the LRV was determined for each
experiment. Experimental results are shown in Table 4 and Figures 3-6. Table 4: Design of
Experiment Results LRV, 10 min LRV, 120 min <0.2 LRV 5.2 5.20.2<LRV<1.8<0.2LRV 0.2<
LRV<1.80.2<LRV<1.80.2<LRV<1.80.2< LRV< 1.8

18



45450.2<LRV<1.80.2<LRV<1.81,5.20.2<LRV<1.80.2<LRV<1.80.2<LRV<1.83.83.83.8
3.8 3.8 3.8 ---* These reaction gelled and no data was obtained. Cell shading corresponds to: ective
viricida activity; 0.2< LRV< 1.0 some viricidal activity; I<0.2viricidal activity. There were an array of
caprylate concentrations, protein concentrations, temperatures, and pHs that were effective in viricidal
activity. Based on the conditions tested in the DOE study, the following generalities were apparent:
Increased temperature enhances viricidal activity; Increased incubation time enhances viricidal
activity; ~\ngpgased caprylate concentration enhances viricidal activity; Decreased protein
concentration (albumin) enhances viricidal activity; and Decreased pH enhances viricidal activity.
It)Furtheéttnare, dheneredicted LRV on the 0 to 100 scale is maximized, i.e., equal to 100% (the
equivalent to an LRV of 2.16), with the smallest 95% confidence prediction interval at the following
joint variable settings (see Figures 6-7): Caprylate Concentration: 30 mM; Albumin concentration: 5%
(co. 26.5.AU; 756emi); 4SpHdpdiidz atbumin from a solution comprising albumin comprising:

adjusting the protein concentration of the solution to less than about 5%;
adjusting pH of the solution to about pH 5 or less:

adding caprylic acid {octanoic acid} or sodium caprylate;

raising the solution temperature greater than about 20 °C; and

incubating the solution.

2. The method of claim 1, wherein the incubation temperature is 27-30 °C.

3. The method of claim 1, wherein the incubation is for about 30 min to about 120 min.

4, The method of claim 1, wherein the incubation is for at least about 90 min.

5. The method of claim 1, wherein the caprylate concentration is about 10 mM to about 40
miv,

6. The method of claim 1, wherein the caprylate concentration is about 15 miM to about 30
mivi.

7. The method of claim 1, wherein the caprylate concentration is about 20 m,

g, The methad of claim 1, wherein the pH is about 3.8 to about 5.

g, The method of claim 1, wherein the pH is about 5.

10. The method of ciaim 1, further comprising:

filtering the solution;

19



Temperature: 40C ; and Incubation time: 120 min. Based on these data, the following conditions
were determined as practical for a virus 20inactivation step in the albumin purification process; Protein
concentration: 525 AU (A2,0) (i.e., <6%; <750 mM) Caprylate concentration: >20 mM; pH: ..5.0;
Temperature 27-30 C; and 25 Incubation time: >10 min. These conditions maximize viricidal activity
while reducing manufacturing cost and time in the albumin purification process. The scope of the
conditions, methods, and processes described herein includes all combinations of embodiments,

aspects, exam%e&@tﬁpﬁluﬁ% prraqgrr}earrl‘%eg,i aq§{%i ) %escribed. CLAIMS What is claimed is: A method
of preparing albumin from a SOIU'[IOI’] comprising albuimin comprising: adjusting the protein

concentration dbtheisthgiemnitoutss: thrersa@bout 595 adjusting pH of the solution to about pH 5 or less;
adding caprylics_ ec{ilgzgrgctgmoic acidﬁz or sodium ca%%ate' raising the solution temperature greater than

: d pas th e . . , .
about 20 'C; an mcub%tlngnﬁ‘ngnso Ution. The met odngf{clalm 1, wherein the incubation temperature is

27-30 'C. 3. The method of claim 1, wherein the incubation is for about 30 min to about 120 min. 4.
The methpd of&lai{érg%ﬂv(\)/ eggigrmeg bcuub%t"_n isafori attuljeac%t abo% 9q min. 5. The method of claim 1,
whereinthe caprylate condentrationis about 10 i 1o dbout 40°MRA: %L.”?ﬁ]é method of claim 1,
wherein the capiijata gconcentratian isabouichhMM: tolabont30:mMark.aEbetsrethod of claim 1,

wherein the cagcrﬁlllate conc%rrﬁgatioln is abo%g 20 mM. 8. The method of claim 1, wherein the pH is
about 3.8 to abBur 56 Prhd’ SR S IRt \WHer8MH e pH is about 5. 10. The method of claim 1,

further cosing: flEHRGPE ISOIDRctanoic acid) or sodium capryiate to a concentration of about 20
mbi;
raising the solution temperature to about 27-30 °C; and

incubating the solution for at least about 30 min to about 120 min.
iz The method of claim 11, wherein the incubation is for at least about 90 min,
i3 The method of claim 11, wherein the pH is about 5.

14 The method of claim 11, further comprising:
filzering the solution;
performing ultrafiltration and diafiltration;
formulating and bulking the solution; and

sterilizing, filling, and pasteurizing the albumin.

15. A method of inactivating viruses in a solution comprising albumin, the method
comprising:
adjusting the protein concentration of solution to about 5% protein;
adjusting pH of the solution to less than about 5;
adding caprylic acid {octanoic acid) or sodium caprylate;
raising the solution temperature greater than about 20 °C; and

incubating the solution.

20



performing ultrafiltration and diafiltration; formulating and bulking the solution; and sterilizing, filling,
and pasteurizing the albumin. 11. A method of preparing albumin from a solution comprising albumin:
adjusting the protein concentration of the solution to less than about 5%; adjusting pH of the solution to
about pH 5 or less; adding caprylic acid (octanoic acid) or sodium caprylate to a concentration of about
20 mM; raising the solution temperature to about 27-30 'C; and incubating the solution for at least
about 30 min to about 120 min. 12. The method of claim 11, wherein the incubation is for at east about
90 min. 33. The,meibad et elaim, 11, wherainine, phts aboyt 2.4 dhe methed of claim 11, further
comprising: filtering the solution; performing ultrafiltration and dia |ﬁrat|on; ormulating and bulking the
solution; and sterilizing, filling, and pasteurizing the albumin. 15. A method of inactivating viruses in a
solution.comprisiy in, th rising;. adjusti tein,c ration of salution to
about 50/%0 prote*?}gganc%tl?gag?pcﬁ%ﬁgé o) Eﬁmé I&egsgéwg%ﬁ%ﬁg%Bégd%nébg%%ﬁén g&%o(%%%%loic acid)
or sodium capsBflatéyiraising the solution temperature greater than about 20 C and incubating the
solution. 16. The method of claim 15, wherein the viruses are lipid-enveloped viruses. 17. The method
of claim 15, wherein the caprylate concentration is about 15 mM to about 30 mM. 18. The method of
claim 15,8vheréie thettempethitore s wheet 2h380: @ paStTieesmiethod HB61&m 15, wherein the
incubation is for at least 90 min. 20. The method of claim 15, wherein the caprylate concentration is 20
mM. 21. The method of claim 15, wherein the incubation is 90 min. 22. The method of claim 15,
whereinihe teifiperaturedis 30:i6. 23 whaesmetizodcob etaimilr whiemsirbtheiviruses are lipid-enveloped
viruses infecting humans.

20, The method of claim 15, wherein the caprylate concentration is 20 mivi.

21, The method of claim 15, wherein the incubation is 90 min,

22, The method of claim 15, wherein the temperature is 30 °C.

23, The method of claim 16, wherein the viruses are lipid-enveloped viruses infacting
humans,

24, A method of inactivating viruses in & sclution comprising albumin, the method
comprising:

adjusting the profein concentration of solution to about 5% protein;

adjusting pH of the seolution to less than about 5;

adding caprylic acid (octanocic acid) or sodium caprylate to a concentration of about 20
mivt;

raising the selution temperature to about 27-30 °C; and

incubating the solution for at least 80 min.

25, The method of ciaim 24, wherein the viruses are lipid-enveloped viruses infecting

humans.
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24. A method of inactivating viruses in a solution comprising albumin, the method comprising:
adjusting the protein concentration of solution to about 5% protein; adjusting pH of the solution to less
than about 5; adding caprylic acid (octanoic acid) or sodium caprylate to a concentration of about 20
mM; raising the solution temperature to about 27-30 C; and incubating the solution for at least 90 min.
25. The method of claim 24, wherein the viruses are lipidenveloped viruses infecting humans. 26.The
method of claim 24, further comprising: filtering the solution; performing ultrafiltration and diafiltration;

formulatipng and;hulking thesolution; ﬁpgjg};ecgl%grllg’ggling, and pasteurizing the albumin.
fiitering the solution;
performing ultrafiltration and diafiltration;
formutating and bulking the solution; and

sterilizing, filling, and pasteurizing the albumin,
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