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USE OF CENTRIFUGATION-AIDED INFECTION TO INCREASE
VIRUS TITER

DESCRIPTION OF THE INVENTION

Relatad Applications

{011 The presant spplication claims the benafit of priority of U8,
Provistonal Patent Application No. 81/810,220, filing date March 13,
2012, which is incorporated by reference herein in fis entirety,

Figld of the Invention

{002} This invention relates to increasing the sensithvity of virus titer
assay rasulting in an increase in the caloulated titer of a virus stock,
More partiowlarly, i relates to the use of centrifugation-aided infaction
procedurs {0 increase cordact bebween a virus or virus-like particle and
an indicator cell monolayer, for the purpese of maximizing infection
probability, thus increasing the measurad virus titer. This increased
virus tier can ba beneficial in the caleulated kg reduction value (LRV)

in virus clearance studies.

Background of the Invention

{0031 Biopharmaceutioad products, such as monocional antibodies,
recombinant proteing, vacoines, blond denvatives and animal producds
carry a risk of ransmilling infectious viruses. This is dus 1o source

material possibly being intrinsically contaminated with viruses or virus-
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ke particles. Additionally, manufacturing processes of
biopharmaceutical products gre susceptible o virus contamination from
extrinsic sources. As a resull, manufacturers of biopharmacsutical
products are required to incorparate sufficient virus dearance sleps
into thelr manufacturing procssses to ensura that their products are
contaminant virus-freg. Such virus clearance steps fypically involve
virus removal staps, virus inactivation staps or a combination of these
steps. it is a safety and regulatory imperative that manufacturing
processes of biopharmaceutioal products incorporats thess virus
clearance steps.

{004] Evaluation of virus clesrance step effectiveness in the
manufacturing process is necessary. The purpose of virus clearancs
evaluation 18 {0 assess the capability of a manufacturing production
process i inactivate andfor remove potential virus contaminants.
Spiking studies are typically used o svaluate and validate virus
clearance staps in a scaled down modst of 8 production-scale process.
{0US] Gpiking studies are performed by adding virus 1o {or “spiting™)
biopharmaceutical process intermediate material. The material {or
“fead”} is then taken thrglough a minjaturized version of @
manufacturing process step {or “urdt opsration™). The amount of virus
in the fesd before and after the unit operation is quantified, and the
diffarence defines the virus reduction of the step. The virus reduction

is typically expressed in terms of loge reduction valie (LRV). This type
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of study is called “virus clearancs,” “virus reduction”, or “virus
validation”

[GOR] Regulatory sxpectations for binpharmaceutical products are that
manufacturing processes provide an adenuate total LRV for vanous
model vicuses to ensure that significant quantities of a viral
contarmninant are not likely 1o reach the final product, The total LRV for
a process is obiained by performing scalad down viral clearance
studies for sach relevant process step. The LRVs ohlained for each
step arg then added together to obtain the total LRV for the process.
Only unit operation LRVs that are “orthogonal” may be added together
in this way, meaning that sach slep that makes up the LRV sum must
ehminate virug by a different mechanism.

{3071 The virus assays most commonty used to quantify virus
contaminanis i virus clearanoe studiss are Hasue cufture limiting dose
S0% (TCIDs), plaque-forming unit (PFU), and focus-forming unit (FFW
assays. bach of thess assays operates by exposing dilutions of the
material o be tested to suitable cells in culture. Afler a sufficient
amount of time, the cells are then Inspected for signs of virus infection,
usually by microscope. The number of infectious events detectad at
gach difulion is then used to calculate the virus tter,

[008] Some unit operations gre highly effective for virus olearance and
raduce virus to the point where no virus is detected in the post-step

material. In thege cases, the virus fiter in the post-siep material is



WO 2013/138463 PCT/US2013/030880

assumead (o be less than or egual 1o the limit of delection Ry the virus
assay. The limit of delection is dependent upon the amount of malerial
assaved: screening of greater sample volumss lowers the fimit of
detection. Asswming no virus is detected in post step material, the LRV
determined for the operation ultimately depends on only two faclors:
the amount of materal surveysd/assayed for the prasence of virus
{which datermines the limit of detection}, and the titer of virus inthe
apiked feed material.

[O08] The maximum virus titer oblsinable in spiked feed is limited by
tha titer of the virus stock. Regulatory guidefines spedify that fesd
materials should not be spiked with a volume of virus stock higher than
10% of the combined volume. Moreover, practical considerations of
the impact of the virus spike on the performance of the unit operation
often imit the pereentage of virus spike 1o o lower valus. In any case,
higher titer virus stocks enabls higher Her spiking of feed material,
This in turn means that higher fier virus stocks enable the
demanstration of higher LRVs for a highly effective virus clearancs
steps.

{010 For example, assume the limit of defection of the virug assay
when 10 mib of sample is surveyed is 0.5 log TCID/mL. Also
assume that the unil operation to be tested is a fillration steg, with no
chiangs in volume of the material across the step. The feed matsrial

may only be spiked with @ maximum of 19% virus stock due to
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limitations of the fiter. Ifthe titer of the virus stock 8 7.8

fogw TOID/mL, the titer in the 1% spiked feed material would be 8.0
00 TCIDg/mb. 1 the unit operation resulted in the detection of no
virus in the post-step material, the LRV reporied would be "24.57 (5.0-
0.8). However, if the virus stock gvaliable had a measurad tler ot 8.0
ot T CiDse/ml, the repoded LRV would be "28.8, indicating
measured svidence of 3 10-fuld greater ability of that slep {o remove
VTS,

0111 The abifity {o maximiza the reported LRY of unit operations is of
great aconmmic value to biopharmaceutical manudactivers. Particularly
in the case of ratroviruses, specific {argets for total LRV across the
manufacturing process must be oblained in order to meet reguistory
expeactations. if the unlt operations present in a process cannol meet
the LRV target, then additional manufaciuring steps must be added
improve the total LRV oaim.

{0121 Additionally, virus clearance validation is an sxpensive process,
so it is dasirable to minimize the number of steps that must be
validated. Therefore, virus stocks of higher observed measured titer
can enable higher LRVs {0 be obtained for each unit operation,
facilitating achievement of targets using & minimum of process steps,
thereby resulting in significant cost savings.

{0131 The sesays usad to determing infectious virus tter are typically

nefficient in that they do not detect avery infactious virus particle
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prasent in the material. The efficiency of thesea assays v affected by a
number of factors including the cell fines usad, mexdia additives, and
anvironmental condiions. #is apparent that biopharmaneutical
manufaciurers need an econamical techrigue to ncrease the efficlency
of virus gssays, and thus increase the measured {ter of 8 virus sample
while in turn minimizing the added complexity and the numbsyr of steps
that must be validated. An increase in the observed measurad ler of
a virus sample is of great benefil for virus clearance studies because
this can increase the LRVs that can be demonstrated for highly

effective virus clearance opsrations.

SUMMARY OF THE INVENTION

1014} An object of the present invention is to provide a process for
moreasing the obsarved titer of 3 virus stock for the purpose of
increasing the calculated log reduction (LRV) in virus clearance
studies. This process uses centrifugation-aided infection {or
“spingoudation”) of indicator cells in virus cell culture plates o improve
the detection of titrated virus in infectivity-based asaays such as
TCIDse, plague-forming unit (PR, and focus-forming unit (FFU)
assays.

[018] Ancther object of the present invention is to provide a process
for increasing the observed titer of a virus stock for the purpose of

noregsing the caloulsted log reduction (LRV) In virus clearancs studiss
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by centrifuging (L.e., spinooulating) an assay plals having 8 call culture
media, an indicator call Bng, and a virus stock located thereon, wherain
the resulting calculated virus HWer is approximately 10-fold higher than a
resulling virus titer caloulated in the absance of the cantrifugation {ie.,
spinoculation) step.

18] In stilf other embodiments, the invention is directed towards the
santrifugation of tissue culture plates o improve the delection of a
retrovivus in TODs assays, using spinoculation to increase the
ohserved fiter of a virus stack for the purpose of increasing the
caloulated log reduction (LRV) in virus clearance studies. Spincoulation
is usad 1o increase the sfficiency of cell infection of virus at low titers,
a0 that infections take place at dilitions of virus samples whare they
otherwise would most ikely not. This results in virus stocks designated
as having 8 higher calculated virus titer values than they would
otharwise, and thus virus spikes of higher titer can be used in virus
clegrance. Because virus clearance steps often reduce virus to the
point where the virus can no longer be detected, this higher spike
resulls in & higher calculatad LRV,

7] Additional features and advantages of the invention will be set
forth in the datalled description and claims, which follows. Many
madifications and vadations of this invention can be made without
departing from #s spirit and scope, as will be apparent to those skillad

i the art. s 1o be understood that the foregoing general desoription
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and the following detalled description, the claims, as well as the
appended drawings ave examplary and explanatory only, and are
infended to provids an explanation of various embodiments of the
present iachings. The specific embodiments described hersin ars
offersd by way of example only and are not meant to ba Bmiting in any

Way.

BRIEF DESCRIPTION OF THE DRAWINGS

{0181 Fig. 1is 3 graphical representation of the measured virus ey

¥, cantrifugation ime.

DETAILED DESCRIPTION OF THE EMBODIMENTS

18] For the purposes of this specification and appended claims,
unigss othenwise indicated, all numbaers sxpressing uantities of
ingrediants, parcentages of propations of materials, reaction
conditions, and other numerical values used in the specification and
claims, arg 1o be understood as being modified in all instances by the
ferm “about”.

[020] Accordingly, unless indicated o the conlrary, the numerical
parameters sat forth in the following spscification and atlachead clgims
are approximations that may vary depending upon the desirad
properties sought 1o be obtained by the present invention. At the very

teast, and not as an attermnpt to fimit the application of the dootrine of

(<
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aguivalents to the scope of the claims, gach numerical paramelsy
should at least be construsd in light of the number of reported
significart digits and by applying ordinary rounding techniquss,
Notwithstanding that the numerical ranges and parameters selting forth
the broad scopse of the invention are approximations, the numencal
values sef forth in the specific examples are reported as pracisely as
possible,

(0211 Morsover, all ranges disclosed herein are o be understood to
encompass all subranges subsumead therein. For example, a range of
“1 o 107 includes any and alt subranges between {and including) the
minimum value of 1 and the maximum value of 10, thatis, any and all
subranges having & minimum value of equst to or greater than t and a
maximum value of squstto or less than 10, g, 85t 11

{122 Belore describing the pressnt invention in further detall, 8
number of ferms will be defined. Use of these terms does not limit the
seope of the invention but only serves to faciiitate the desoription of the
invantion.

{0231 As used herein, the singular forms "a," “an,” and “the” includs
plural referents undess the context dearly dictates otherwise.

{024} The practice of the prasent invention will employ, unless
otherwise indicated, conventional techniques of cell bictogy, molecular
blofogy, cell culture, virology, mmunalogy and the like which are in the

skill of ong in the arl. These tenhnigues are fully disclosed in current
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terature and reference in made specifically to Sambrook, Fritsch and
Maniatis ads., "Molenular Cloning, A Labaoratory Manual’, IRE, Cold
Spring Harbor Laboratory Press (1888); Celis J. E. "Cell Biology, A
Lahoratory Handbook” Academic Prass, ing. (1984} and Bahnson et
al,, J. of Virol, Methods, 54131143 (1888},

OR8] All publications and patent applications cited in this specification
are indicative of the level of skill of those skilled in the art{o which this
invantion periains and are hereby incorporated by refersnce in their
entirety,

13281 Contamination of biopharmaceutioal products, &.4., antibndies,
recombinant proteing, vaceines, hlood dmﬁvat&vési plasma, and animal
products, efe., by bactena, virusas, prions, and the tike, is 3 serious nsk
that needs o be sufficiently addressad. Contamination can arise by
different ways, For example, i can occur bevause the source material
{8.g., the calls in a cell cullure, the bivod praduct, efe.) is intrinsically
contaminated with viruses.,

{0271 The manufacturing processes of biopharmaceutical products are
also susceplible to virus cordamination from extrinsic sources {a.g.,
nadvertent intrduction from use of non-sterile or improperly sterilized
materials). Because of the nature of the produnts, manufacturers of
biopharmaceutical products are highly regulated ard ars required to
incorporate sufficient virus clearance steps infe thelr manufacturing

processes 0 ensure that thedr products are confaminantdres. Multiple
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virus clearance steps can be incorporated info a manufactunng
process, Bach of these virus clearance steps noeds to be evaluated for
its effactiveness and thus, validated before a biopharmacsutical
manufactuning process is approved. Virus clearancs steps typically
involve cithey virus removal steps or virus nactivation steps.

[0E8] “Virus removal” as uged herein means a method in which the
virug is physically removead from the sample. This is often achieved by
either nanofiiration or chromatography. Nanofifration techniques
removs viruges by size exclusion. The success of chromatographic
muathods for r@ma\séng virtses depends on the column compaosition and
tha reagents {&.g., buffers} used.

{028 “Virus ingotivation”, as used herain means & methad in which
the virugses may remain in the fingl product, but in 8 non-infective
{inactive} form. Many viruses contain lipid or protein coats that can be
inactivatad by chemical alteration. Alternatively, some vival inactivation
processes denaturg the virus completely. Examples of virus
nactivation methods include solvent andfor detergent inactivation,
pasteurization {e.g., heating o high temperatures), pH inactivation
{2.g., using an acidic pH), and iradiation (e.g.. uitraviolet (UV) or
gamma irradiation).

{030 The concentration of a contaminating virus, o the risk of virus
contamination, fn a manufacturing process may be extramely low, but,

because viruses sre by their nature infective, evan one viral particle
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san ba sufficient to ruln an enfire run in 8 manufacturing process. s
for this reason that gpscial measures must be tgken 1o determine the
appropriate ramoval or inactivation methods in a manufactuning
process. As such, the effectivenass of such virus clearance methods
neads (o be evaluated and validated, Spiking studies were created
spacifinally for this purpose.

131 Spiking studies use a scaled down mode! of the virus clearance
step of & production-scale process 1o evaluating andfor validate the
virus clearance steps and to evaluating andfor validate the apparatus
used in the virus clearance method. Virus stocks of as high a Hitler as
possible are desirable. This s dus it part becauss the volume of virus
spiks that can be added o a test system is limited by Government
Mandated Regulatory Guidelines {s.g.. The U8 Food and Drug
Administration (FDAY.

{0331 The titer of the virus stock therafore delermines the maximum
possible concentration of virus spiked into the test material, As a result,
tha actual capacity of the fest unit to olear virug in the production
process may be underestimated. Current mitations of our knowledge
of virus production has resulfed in methods that lack the capacity to
producs virus stocks of high purity and high titer.

[033] The techniques providad hereln increase the efficienay of virus
titration assays, rasulling in virus stocks having a measured virus titer

about tenfold {10-fold) higher than the virus ey would bs if measursd
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in the absence of these tachnigues . This increase in megsured virus
fiter is of graat bonefit for vicus clearance studies because this can
increase the LRV that can be demonstratad for highly affective virus
clearance operations.

{34] The Tissue Culture Infoctious Dose 80% (TCHx) assay s a
methad for counting the number of infactious viral particles i 8 sampla.
The TCIDs is the quantity of a pathogenic agent {virug) that will
produce a ovtopathic effect in 50% of the cullires incculstad. The
TCHg value is proporfional to, but notthe same as, the number of
irfectious vitlons in @ sample. Tilers determined using this method are
typically reported as T sefmi

[038] When no virug at all is detected by the assay, a maximum
possible titer for the sample is determined using a Minimal Limit of
Datection (LOD) calnulation. This calculation considers the sansithity
of the assay and repocts the most virus that could be i 8 sample
without the assay detecting any. The result of these calculgtions s 8
ey reported as s X7, meaning that the actual titer in the sample v X
of fower (o 8 85% cerlainty). This LOD caleulation depends solely on
the guantity of sample lssted and any predifigions mads o the sampls
bafors assaying.

36 Infectious virus ter is usually quantifind by sither plagus-
forming unit (PFLU) assay or tissue cultire infectious dose 80%

(TG assay. Both of these technigues volve adding serial dilutions

o
et
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of & virus-containing solution 1 a Hesue culture containing susceptible
howt calis. The amount of virus in the oniginal sample is then talculated
by counting the number of infection events on the cells, The amaunt of
virus detectad by these assays is imited by the ability of the virus to
infact tha host celis and the rate at which # doss so.

{0371 The iea of inoreasing the infection of cells by ratrovirus by
cenirifuging the cell culture is known, see for example, in Forstell, et al.
{1996} 1 Virol Meth 80171 Forstell demonstrated that centrifugation
during infection, or spinosulation, ncreased the ability of retrovirus {o
transduce a reporter gang inte host cells.

{0381 As taught herein, and previously unbaknownst 1o us, we have
found that the centrifugation of tissue culture or assay plates e, a
provess referred o herein as spinoculation or centrifugal inooulation of
call cultures) appsears fo Improve the detection of matrovirus in TG
assay.

[338] As taught herein, and previously unbeknownst to us, when
Xenotropic rmutine leukemia virusas (CGMulY) are titrated onto a tissue
cutture or assay plate seeded with an indicator cell fine are centrifuged,
that centrifugation or spinoculation step of the tissue culture plates after
the virus has besn added to the call lines on the plate unexpactedly
ncreases the gensitivity of the TCIDs; assay such that the virus titer of
the original stock s caloulated o be approximately 10-fold higher than

when the TCIDs assay is performed by stendard methods. Other than
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the addition of the cenirifugation or spinaculation step, the TOg
assay is performed as a usual stendard TCIDy, assay known in the art.
[040] The exact mechanism by which spinoculation works is unclear.
The centrifugal foroe s insufficlent to sediment the virus onto the celis
While not wighing 1o be bound 1o any one theory, s postulated that
therae may be some deformation of the cell sudace that enables more
efficient virus attachment. This could be espesially effactive for
retrovirus Decause retrovirus is known 1o have a nalural chamge-based
rapulsion to the cell surface.

1B41] The use of spinoculation fo increass the titer of a virus stock s a
technique that, up untl now has not begn used in areas such as virus
clearance studiss. We have found that when a virus stock (i e, X-
MullV stock) is titrated by standard TCHDss methods, but with the
addition of centrifugation (Le., spinoculation) of the call culture plates
{e.q., at 1300 RPM) over increasing pericds of times after addition of
the virug, a gradual increass in the measured tiler of the virus stock
was ungxpectedly discovered.

042] The measurad fer of a virus stock is dependent upon the
methods andfor processes used (o determing that measurament. We
have found that modifying a standard TCIDy, assay by the
spincculation process as taught herein provides an unexpactedly

increased sensithaty to the tler of 2 virus stock, which has the banefit

-
33



WO 2013/138465 PCT/US2013/030880

of sffectively increasing the fiters of existing virus stocks {e.g., X-MulV}
by 10-fold.

[043] Increasing the titers of existing virus stocks 10-fold has a direct
impact upon the log reduction values (LRV) achisved when using such
virus stocks for s intended purposa in virus clogrance validation
studing, Use of the spinoculation techiique as provided herein in virus
clearance studies essentially provides an extra 1 LRV or relroviruses
when the clearance operation being tested resulis in no virus being
datected in the post-unit operation material. n such cases, tha LRV for
& virus clearance process is basad entively on the titer of virug in the
spikad material and the amount of post-unit aperation material tested.
Bacause spincculation ingreases the measwred titer of virus of the
aptked material by 1 log, this transistes directly info & 1 LRV gainin
clegrance {vs. fitration of the spiked fesd by methods fraditionally
used).

10d4] Given that biopharmaceutical producers have hard targets that
must be met for retrovirus clgarance (typically a total of 12220 LRV
across the entire process), use of the spinooulation technigues as
faught herein unsxpectedly provides the ability to achisve an extra 1
LRV o virys filtration steps, which typically resull in no virus being
detected in the filtrate. In addition, the spinoculation technigus taught
herein can be used at every virus clearanoe step, and potentially add 4

LRV to each step that & effective snough fo reduce virus 10 none
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detectible levels. This coudd potentially add a total of 2 1o 4 LRV for
retrovirus (o typical MAD processes.

[045] The following examples are provided for the purposs of further
iHustrating the present invantion bul are in RO way 1o be taken as
fimiting. In addition, the following examples are provided so as to
pravide thase of ordingry skill in the art with a complete disclosure and
desoription of how {o make and how {o practice the methods of the
invantion, and are not intended to mit the scope of what the nventor
regards as his invention. Efforts have been made (o insure acouwracy
with regpect to numbers used (&g amounts, lemperature, slc}, but
some experimental errors and deviation should be accounted for.
Uniless indicated otherwise, temperaturs & in degres Celslus 0},
chersical rgactions were performed at atmospheric pressure of
rangmembrane pressure, 8% indicatad, the lerm “ambient tempaatng”
refers to approximately 25°C and "ambient pressure” refers to
atmospheans pressure.

048] The invention will be further clarified by the following examples
which are infended 1o be axcmplary of the rvention,

[(47] Examples

048] Exampie 1

10481 Test materials used:

{0501 A} Xenotropic muring leukemia vivus (X-Mul\)

{0811 1} Strain: ATCC VR-1447
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{082} 2} Prep type VEF X-MulV Mk1 purifisd
D83 3 Lot # CPE; Production dates Now 2009
1154} 4} Recorded titer, 5.94 log TCIDgmi

[ORS] B} Minuts virus of mice (MY

joss] 1} Strain: ATCC VR-1348

{0871 23 Prep type: VSP MVM Nii»:zﬁ

{0583 3} Recordad titer: 10.4 log TCHgefmd
D68 Q) Plate preparalion

1060 1} The day prior to the experiment, 88-well plates were
seaded with PG-4 cells {(labeled #1 1o #1868} by standard protocol {sach
wall containing 100yl media with 5.0 pg polyvbrene/mi (final
concentration will be 2, Sugimi after mamiat‘im}'\

081 23 Alsg, BG-well plates were sseded with 334K cells
(abeled $17 to #20) by stendard protocol.

N6 D) Virus stock dilution

{083 11 A single tenfold dilution seres was made of the X-

MUY stock virus in 50mi tubes (1072 through 107Y.

{0A4] {a} Label seven (7) tubss #2 thyough 88,
{0851 {b} The following media was used for the dilutions:
066} {1} MeCoy's media supplementad with 1% FRS,

X Pernn/Strep, 1X L-Glut, 1X NEAA {as per standard X-MulV irstion

protonodl,
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{067} {c} 48.5 mi of meadia was added to the #2 tube. 45 mid

of media was addsd to lubes #3 through #8.

{0ag] (dy 0.5 mi virus stock was added to the #2 tube and
rrixed,

089 {o} B mi was ransferred from hoe #2 wWbe o the 83
tube and mived. A tenfold dilution sevies was continued 1o the #8 tube,
W0y 23 A single ten-fold dilution seriss of the MM stock
virus was made i 50mi tubes {10 through 1077

671 {&) Twalve {(12) lubes ware labelad #2 through #13
{73} {b} The following media was used for the dilutions:
{73y {1} DMEM madia supplemented with 1% FBS, 1X

Penn/Strep, 1X L-Glu, 1X NEAA {as per standard MM titration
protocol},
1074} {c] 18.8 md of media was added {0 the #2 tube. 13 mi

media was added o fubes #3 through #7.

VY 3} 0.2 mivirus stock was added to the #2 tube ang
mixed
78] 43 2 miwas transferred from the #2 tbe to the #3 ube

and rmixed. A tenfold dilution serfes was continued to the #13 wbe.
W77 E) Virus titrstion
1078 13} The X-MulV and MYM were titrated by standard

protocols using the dilutions made above.
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10781 (o XoMul: tirated aoross plates #1 to #18 from o

10% 40 10

HEHE (0} MV Strated across plates #17 to #20 from to 10°
to 1077
{081} 2} All platos were placed in a 37°C ot 5% CQ, incubator

until thelr turn in the centrifuge and after,
0821 F) Spinoculation
RG] 1) Plates were centrifuged for the times spacified in Table

1, provided in section {8) balow,

084} {a) The O min controls was simply left in the incubsator,
{085 {b} Speed: 1800 RPM=670x g
a8 {ciTemperature: set fo 258°C
10871 {d} Each plate was spun continuously for the complets
duration of its run (9., no startfstopping)
8%} {e} Tahle 1
Cantrifugation
Time (ming | Mol MW
0 1-2 17-18
5 34
10 58
15 7-8
0 8-10
30 1112
451 1314 19-20
80 15-18
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{088 G} Plates were incubated st 37°C a1 5% CO, untll appropriate
read time {7 days for XMLV, 10 days for MV, then the plates were
seored.

{0807 HY  Results provided in Tables 2 and 3

(091 Table 2
G Tiers for XMLV (Xenotropic mugine leukamia virus)

Sample Time Titer {log Std Vs,
Namg {rim TCID) Error time O
Control 0 5.88 + 0.08

Gmin Spin 5 §.44 13 +3.58
10min Spin 10 8.72 +0.03 +(.84
15min Spin 15 8.7% +0.00 +(1,88
20min Spin 20 7.00 + (.00 +1.13
30min Spin 3G 7.00 + 0,08 +1.143
45min Spin 45 78 £ 0.13 +1.31
Q0min Spin a0 7.34 + .08 +1.47

{83] Table 3
094 Titers for MVM (Minute virus of mice)

Titer flog Sid
Sample Name TGy Error
Control-MvM Q.53 +0.22
45min 9.58 + 0.08

{088] Compared to tha Control, an increase of about 3 1.5 log in virus
titer was suen after spinning the plates cottaining XMLY for 80 minutes
in Table 2. Thera was no significant diference from the Contrad in the

MVM plales in Table 3.

$a
e
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{BG8] Fig. 1 & a graphical representation of the measurad virus ey
vg, cerdrifugation time. & X-MulV stock was titrated by standard
T methods, with the addition of centrifugation of the B8.well plates
at 1800 RPM for various Himes after addition of the virus. As the plates
WS Spun over ingreasing time parinds, a gradual increase in
muasured virus ter was sean, with the greatest intreases coowting
within the first 80 minules.

(D871 The disclosure set forth above may encompass multiple distingt
inventions with indepandent utility. Although sach of thess Inventions
has besn disclosad in s prefered formig), the specific embodiments
thareol as disciosed and flustrated herain are not to be considered in a
fimiting sanss, hevause numerous variations are possible. The subject
matter of the inventions includes all novel and nonobvious
combinations and subcombinations of the various slements, festures,
funclions, andfor properties disclused herein, The following claims
particuiarly point out cerlain combinations and subcombinations
regarded as novel and nonolwious. Inventions embodiad in other
combinations and subcombinations of features, functions, elements,
and/or properties may be claimad in applications claiming prionty from
this or a relsted application. Such claims, whather directed to a
different invention or {o the same invention, and whether broader,

narrowar, sgusl, or different in scope 1o the original claims, also are
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regarded as includad within the subject matter of the inventions of the

prasent disclosura,
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WHAT IS CLAIMED 1§
1. Aprocess for inoreasing the observad titer of 8 virus stock for the
purposa of incraasing the caloulated log reduction (LRV) ina virus
clearance study compyrising the staps of

a} providing a virus stock, call culture media, indicator cell ling,
and an assay plats,;

b} adding the indicator cell line and media o the assay plats;

¢} adding the virus stock to the cell fine and media on the assay
plate;

d) centrifuging the assay plate containing the cell line, media,
and virus stock;

e} stopping tha centrifuging step,; and

i measuring the resulling titer of the virus stock, wherein the
resulting Wer of the virus stock is 10-fold higher than the virus titer
wirgld be if measured in the absence of the centrifuging step ().
2. The process of claim 1, wherein the virus stock is a retrovivus.
3. Tha process of dlaim 2, wherein the retrovirus is a mwine leukemia
virus,
4. The process of claim 2, wherein the assay plate is selectad from the
group consisting of a tissue culture plate, a well plate, a flask or a tast

tuhe
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§. The process of claim 1, whereln centrifuging step {d) coours from
about § minutes to 24 hours at g-foros rangs from shout 50x g to
2400x g.

8, The process of claim 8, wherein cantrifuging step (d) oncurs from
about 30 minudas fo 170 minutes at g-force rangs from about S00x g to
1000x g.

7. The procass of claim 1, whergin the temperature during
centrifuging step {d) is about 4°C to 38°C.

8. The process of claim 1, wherain the temperaturs during
centiffuging step {d) is about 21°C to 38°C.

8. The process of claim 1, further comprising an incubating step,
wherein the assay plate containing virus stock, media and cell ting is
incubated prior to the centrifuging step ().

10. The process of claim 1, further comprising an incubsting step,
wherain the assay plate containing virus stock, media and call line ig
ncubated after the centrifuging step {(d).

11. The process of claim 1, further compriging an incubating step,
wharein tha assay plate containing virus stock, media and celi fing is
incubated prior fo and after the centrifuging step (d).

12, The process of claim 1, wherein the virus stock is pradiluted.
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