: METHOD FOR RETROVI RUS REMOVAL DLI S(-RIVIIR)N OF THE NW N. 110N:
Cross-Refel e.noed tO Rel ated 15pplioation 10011. The present application
Johns t hewbenefd21308r pi P.:city of | LS Provisloual PateRCTASpé1OaI9DN No.
61 /372.2.43, filed on August IR 20:0, the entire content of which is
incorporated by rderC1C ,f hereininits entirety, Held of the Invention
[ 0021The present i nventiBitikEhHares IgEfIRLS HEMOVIAIquid filtration nedi a.
in certain enbodinmentc, t pravide: prous elccironiin
nanotibei liquid filtrati }(}E \Fﬁra%/%and l{ln}tg%?d!\d" S\Egs{?ng the same in the
retenti of retrovirii es |tered |iquid. Background of the
i nvent i SHOSuB5H ‘f't}f%?&%f“ %%{%#@f‘é 498 ound the world place stringent
reqiilibinents on conmercial mautatheturers oflnopharmaceutical conpounds
to prov e b|3 suret\y a surance or their drugs The manufacturers have to
build i %md &k i Y PSRRI 5T bg‘dﬁ%\r“‘s‘t eps; Y TSI ng by | wo
di sti nct mechanlsms of \/l,ru removal |n 0 their processes, one or whichis
usual |y PP BESEdS F T T Tt th““ HEIE St He d PRV (FBEPrB dGET ' on val ue) for
rctroviinis renoval of a| | vei nt vval st eps of the conbined purification
pi SOCeadtNSFERED e IREst MY HRS GHRSh filtration provides at. |east 6,
10041Heirrodi nms isatof RNA virus (such as H V) that reproduces by
transcribing itself into DNA {UCB reverse transcriptatte),1 he recul I ant
DNA i nsdrigid of fedhfdiigta cell's. DNA and is rcprnined vihe ccii. Two
particul arly dangerous rel I’OVI Nses tO humarvz; i HU nar, i MJRi |i odONI Cl W
Virus W V) and litiman Tell Leukem a VirusV). The size of WD 2012/ 021308
8 falls [f#She Thamcat Poarabutised pispridsniiproduste fedhaipleaiaisi ze, snap an
PR Y. 12. '>ractke sbc.nvt filiCTS CGta PCULJS2011/045905 te'IV tia /M ses
for hrrentedivophapesvtnihipse bk ages:t faglosse PR Bndd Reweet ponnd
hacterictt ges usually exhibit sane or higher4li (005] A detail edatacthes to
1t imabdds o wsdtg'the el in@robiaitidvdidiayBphagthetiieak! Hupsidus, r, cy USA, ing
C. hapter 10 pp. 51 ere are a nunb

Backgrownd of the Invention

{031 Regulatory ageneies around the world place siringent reguirements on commercial
manfacturers of Mopharmaceutival componnds o provish: blesglety asswanos of el drags.
The mussfhoturers have o boild bl validate at foust twar orthogons! steps, Lo, opsrating by
swo distinet mechidsms, of vivus remenal juto thele processes, one of which s wsually size-
fased filration. The combined LRV {Jog reduction value) fir retrovies removal of sl removal
steps of the contbined purifioation process must B at keast 17, of which fltration provides st

5t &,
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[0041  Rewoviras is g type of RNA virs Gsuch as HIVY that reproduces by trmeeribing Hseif
fnto DA (using reverse travsoriptase). The resuliant BRA inserts Bsell into g cell™s DNA and 35
reprrduced by the cetl, Two partionderly dangerous retrovirases 1o homans e Homan

framundeficieney Virus (HIVY and Human ToCall Deukemia Vieus (HTLVE The swe of



.er and 81. tor .hen,avail able nenbranes validated for retroehas
.rentovawi rus renoval nenbrane, |w exaunpieR ops M I hpore Cssrpi amdia
aci er bacwoeni2opiiesi f orm si ze, of feedstock s uS Pat, 1. PO8/URd11lo43985 an
asymmes ' d is anuteturc ica MA. The i enhranc. has been extensively tested
tSLZI p:n;rgi ‘énf?o'i”ﬁ‘lén Ffétt é:z\*b(gip S, % Ii*ﬁhéb.?i@m‘-tsl ]?h \tn ;: ent \a\mz\~m§cn?b§er\/6d over
lilyit/corpora: ed. herefereneu, . Re s g Sl Cltake a vide
range t PP AEEPERSEPATIER é“% 6**‘&66& k %‘“c‘%‘éh § a‘b‘”ﬁnf %%io 30%
whi | e anltr‘afll{atlon menbr ane ClthtoOOZ C Ly be

abot i t 30¥HPBFGTST I 1 WHERKEH ‘al A, Wbr‘anési‘ 5“*‘\7“{ b\i\i‘porgg‘t\{;ﬂ\) aﬁ‘cf“f hus | ower
flax, US ‘Pat No. 7defi nes nnnnnwn destra des ex or ‘larec 'innto

[ 0081US Wt s T ioy stpgss thig NARA AT KA SR b7 pr bh§‘r?e”h’b“r'r§hé eonpnstne a

t benno 100 mI and desr |ow prote| n ta ubn n vi rus . .

0091Pdi Bt @““7){ FHEHY “ﬁagxi@bg}xﬁw wgher foveds of reteption with manmalian relrovivuses,

(0031 & desalled deseription of industry rpproaches to viras removal and @ st of
comnercially available vivus removal producss is gvailable i “Filtration and Purification iu the
Riopharnuscentioal Tadusry™ by T, Meltegr and M, Jormit, ads, 2™ edition, Informa Healthoare
LISAL Tpe., QOO Chapler 26, pp 343377,

(6] Thers me o number of commerciafly aviilabie membranes validated for retrovivas
removal. A typdoat retrovivus remtoval mendwane, for example the Retropore® svaitable from

Miflipore Corparation of Bifleriea, MA. The mominane bas boon oxtensively tosted using the 78

s cHamader basteriophage Fhi 6. This hocteriophage s readily grown to monodisperssd,

wniform sive, and high tter chullenges, A consistert »6.8 LRY hay boen observed over the range
of feedstook and provessing conditions, The Rebropored® membrane s manufctored secording to

LR Pat, 7,108,781, which is fully incorporated hereic by reforenoe. The Retroprre® mumbrane
has an asymmetrical pore strusturg, with a tght vires removal side sud wicropurous Usuppont”
aide, aud ja remuihotursd v o traditions! phase Inversion progess used 1o make rowide range of
UF and ME mambranes,

HIIFL e of the inherent HmBations of this process is that porosity decrenses with decresse in

pewve size, For exanple, & microprrous membrane with average pove slze of about 0.5 micron

i3

iy have 8 preoaity about T3% to 30%, while an alivafiliration membrans having an aves

% » &

5

porg size of about .01 miloron to 002 sdoron will only be about 336 W 30% porous i He region

of narrowest pors size. Retrovirus somovel mombranes bave traditionally fow pornsity and ths



Xi mum norcsi ze integra mal til ayered conposite. net renoval ultra ijAs
Uophar maccui | ooking ftc ways to streamreduce regul ator for at signiflean
t one uhrwiDi2br2aiwsi l14er desianed for virus nes WG | e@6TUSYI11i0m398Ki m
denbranc, tring t)eetifiyis cons steps and ch. a. al) Ioatiord an. j .

approaches tO ipenbri 8 and 0110| sI h P SLE i sg
Pusdt mi t 8" ! ﬁugsg'%ﬁfr%t*cakéﬁi} Fb\f@”ﬁé Y8 “tj “’t‘““ ‘ig T ~§=~“ g hi't %agsa

ef f ect o t he cost at!virus L0 |qU|df|Itrat|on can begtrlnd as cnher
fi brous 'HEHREF P SHMEER ’n‘o‘r‘ 3 SAP Y F‘r‘\‘ff Ne&n Fi brous norminntion me nedia
formed trom spunbonded, anoven nEd a tormaa fromc rdeg Z g and the
li ke or¢Bfdit hés\é‘ Types: S S Koy e BP- hSdiCECRFPEER ST HERd in 1 qu
at 19131Porous il a) merrbrane nortjurietiot

wtovoporay membratie comprizing a thornsopheatic resin having u maximum pors size of {Ho
100 vy amd designed for fow proteln fouling In vires fliration spplication.
08T Pubdished US P Apg. 20080004308 1o Millipors Corp, dischses an lntegesd

mpltiaversd composite membrans having at least one uhrafilieation bryer designed for vires
remnoval ultrafifiration meadwanes and methods of making such wembrane,
E

1] As blopharmaveution! mannficturing beooming mors matury, the industey i constantly

Josking for ways o stremnbine the operstions, combine and sliminate steps, and dramutically

%

reduos the thive 1 ke to provess vach bateh of the deug. At the same thme, there are market and
regulitory pressares roquiring muufacturers to redues thelr costs, Since vivus {ilration secoumts

for & significant percemtage of the tota! cost of drug perification, any approsches o fncreass

mambrans throaghmt and mduce dme e valnable, Wil the win {now prefiltsation
mediz and corresponding increase in throughpet of viros filers, filtration of mwore and rowee foed
strewns B beecoming fux-Tieied, Thus, dramuatic improvements in the permeability of vivus

filtors will have o diveet offect on the cost of vives filiration step,
FOTI] Filters used in Hould ilration can be generally calegorized ag either Sheous noawoven

modia Hiters or porous filn mumbrane filter

121 Fibwous nonwoven Hauid fitation media include, but wre not Himited 1o, somwoven
media formed from spunbondest, melt Blown or spundaced continuous fbers; ydroentangled

sonwoven media formed Bean carded staple fiber and the Hke o some combination of these

A4

tvpes. Typloalty, fhrous nonwoven fiter media Hlters vend v Hqubd Gl bave pore sizes
generally preater thav about T avioron {um)

ek



th, ion nedla is used eitl 0O It 4 les can be u filtered front a liquid
are ticahy In On ull;2e O at wherein palnes filtigte. (a) inwherein pa
m oahout WO 20rwo2if0 t aus abou reserse OS.itifttoul aw neCrars2éitiogm®ned from
aliquid,. are tytne bout 1 A to about nut. Rentogints-retentive nenbranes
are usuall consi dered to be E‘i yltfafiltrati on megbranes: .ier)
nast deé’thxbria\hé‘\ B URPG "““"H’ﬁéé H‘i"t’ﬁ}%hﬁ “r‘é‘f“‘f ghee “Néi?h‘f‘a‘ﬁﬁl""“t‘ﬁére is .tt
Mnim O fhet -re these two paramaters ,and _nemhtune, greater ret\C| itattot
i nei ti UNPRBESHR ST OB A S PHEBERIT Py i i on 1”“ Bﬁi “SHErE My
perinea thltqt orous fil m menbranes prevent threshold I n
por osi t yes taan He Ghens porevei pelia ety Ber poreis Boithyi Wagtier™ 55,
wherein the the fi ber dlaneter, while the porosity the fiber diam nc
por osi t WeofusNBndTihilEsist dep gt nUSHeRgs ranperaFrgputherin pasticuiates

fiftered from o Hould sve typleally in the range of about Q1 po o aboss 10y (i wlimBivation,
sily by the range of about § mm to aborat 61

wharels particulaes Hlerad from a Bagnd, pe typle

aan anud {0} rova saix, whersin particulats matter filtersd fromm 3 Higubl, sre tpieally wthe

range of sbout 1 & 1o about | o, Retrovirus-retontive membranes ave ususily oomsidered to be

on the open ot of nlrafilivation movnbranes,

f314] The tw ot des

retontion. Naturaily, there i & vrade-off botwesn these two parametses, and S the sane fype of

Roa
H

E

g

Y

mombrane, groater retention San by schipved by saorificing permeability of the mentdrane.
Inhwerent Bimitations of the eonventioval processes for making poroe fm membrapes provent

ShHuge of

>

g oosrtain threshold In porosity, and thus Bmdts the mag

23

permsabitity that can be sohisved ot & ghven pors: size.

0131 Electrospuan nanofiber mats are Fighly poroas podyrecic muterials, whersin the “pors

size is Hnvarly propostional 16 the fiber divneter, whiles the porosily Is velitively fndependent of

the fiter dameter, The porosity of eleotrsspun nanoiiber vuts osually 1318 in the range of abowt
B59% $or 909, and resulting In nanediher mats demonstrating dramatically tmprorved promeability

- frs

ax compared o nynarsion cast roembranes having & shmilar thickness and pore size rating.

: 0. il b et o Sl PRSI G nically
Moreover, this sdvantage bocomes amplified i the smather pove size range, sach as that typically

& ,\ X

recaired for vivus fltration, beeauss of the redaved povosity of UF memiwanes discuased supra.

18] The random nature of slectrospun mat formation has led t the geneml sssumption that

fhey ave amsuitahle for gy oritiend Dleation of Houid streanya, Blectrospun nanotiher mats are



Mooer" this adva thr irusi tiltration, beeaus |Inc random nut lied n the
smal | er pore size nenbranes disc fortnan'O I slectiosptttits are often
referred wo 2002liR0ae8vi a: wens”, that placing them 01 the PaFwSSH1QYMy Wi th
mett-biast.n and spurthonded fibrous nedia, what Et called 1'traditioiud"
non- As-ovens, U) 17Fibers in traditional non-wove:is are usually at |east
about 1,080 wafimdin sdivametier;s”sibut il st et 8 venparesgi wdsdrbiratways nore
than alima rine atideal. Al so, the nmethods of | nUfaol uring of

| radj t i otsmakondmi wavensid ehsiii ctilod Nirghilopsii’ nen-@Gn8agenei sas fi ber mats, which
Units their applicaltilits to liquid filtration. [0181Synthetic polyners
have bedfitier rgidd intodwefss nof-wetay ssmaldiivel Bretadpuf idi@ms @2kmeen. sthe or der
of a fewmcroneters or less than 1 pm, using various processes including
mel t bl atingiecelaety ostatd Gwspisnnd hgs alndt eleecitichi AkswvihingethSisah webs have
been shots n to he useful as liquid bonier mat:dials and filters, Oten

t hey ar engambistihedd wWidithnst-ongeensheet: $igh hlommecenposbtress, Skih@ﬁmbl t the
stronger sheets provide the strength to neet the needs of the find fitter
product .iggif QLOEMIS rRatentiNa. 7, 585. 417 to Jinmak teaches a nozzle-free

nmet hod for producing nanal atices, Born a polymer sohttion :Bing

el edroutjatije sphamingiands &u@@s\ﬂrf@@*Kdérzsr&axﬂfwy!mpﬂu& ithenaethed, 11£029) WL1, 0
pat ent appllcatlon no.” WD) 2003/ 080905, -A marturfaeturing Netoz. And nethod

of Prepagd 88 frafeThe-Nantstd hergaM axElest ka+ Rk un.3pi ilning: Repcess”,
assigned to Nano Technics Co. LID' and incomarated herein by reference in

i ts entig&idy ALICRRS BR:BLCRT HORLAWNG RELOCESS: huve RELGhRySHLE M,
not : poetlc sol uti on conprising a polyner and a solvent is fed itorti a

storage tqa{kkwat Qs haRBLA SR Qiﬁ;@ PhRD A9, QQ@{%&@@Q‘M f‘i?hiiir@m@x *SRiANERGL, to which a
hi gh oltage I's applied and throtig,ti which the pitilyneric sr-dation is

di schar gedhy Meansldh] §,dOMRrassed. Al 1 LAk, APLL 0aak Lynbenheated, 1
rel ease fromair nozzl es dlspose i'n the sides o% or at the perlphery of
t he splg\gng‘nozzle The air is directed generally downward as a bl owi ng
gas str am whi ch envel opet, and forwards the newy issued polyneric:

solutiogugnd q|g§mxgglhe anlnagng\gg}£ e. El r@gsmwakﬁt *‘ﬁkiﬁ S cotieeted

On a gr ded ‘porous col | ['ection nut bove a vacuum c

el eetrobt oi. i ng. process permts. .for L B Gl 8.2/ Rt and.

quant it '8 léf‘"’%at}té)x‘kflfl“““t”bag §§2\9¥ ?gv“% ekéé%g“b TEBoUE T §Ein to
gmat than_about 40 pin in a relatively short tune peri od. (02111.1 5.

Pat ent PUb1ﬁCat|on No. 2004/0038014 issued to Schaefer et ah teaches a

nonwove iltrat on mat r|S| yers of ;t .thic tﬁwcoIQectlon
't

of fine ‘pol ‘i"igé} iy ?é‘l?*f‘ s \élg} il ”ﬂg‘tm‘berg ? PPHEE DY eSOt i ¢
spi nni ng

» Met i ng gontanl ants el ectrosuni.ti,s |nn|n process utilizes
an electﬁ$ §PIAR NG gbpaﬁﬁths ﬁﬁtﬁhﬁrﬁé‘ﬁ?ké?@“ﬁig” ‘ﬁﬁf hOHE i ne i ber
form ng . pol r solution is contain and an enltter deaden ytilch
obt ai ns PoF éﬁér ééruﬁVbﬁ‘Wﬁ6ﬁvﬁ‘é“2§éfbbﬁ%“\Iﬁ P&Vl U5t atic field, a
droplet of the polyner solution is accelerated by the electrostatic fleld
toward akgHPt é‘é*ﬁibﬁg\khﬁéd‘?‘%"s‘i}b%‘i R EOEREE dgvnD %"@‘F‘fﬁd R \“hi”gh“‘x%‘l t age
el ectrostatic Potentlal is maintained between the emtter and grld Wi th
the col IFREHGhE dHEL T SHasP8Y Litdpetd of REPE hBUREEH B REEHE BIYHYsHI t abl e
el ectrostatic voltage source. 102. 2]U S. Patent Publication No. 20077007501
5 i ssuedizhooRates saticdhod hanshesich frarhivatp Friprat b gncirestiaVrHedet i r at
| east one |aser cti nano-fibers having aVen/2e dlaneters | ess than 1, 000
aunor natampiczscopiei orakdnprdispo dedeont. seriame Fayer tdricy FRerid Rt | cul ate
matter in aliquid. T).c filtration nedia have flow rates of at |east 0.055
| i mi ni ctifne sade pefphtived the shingtighewdd. Shofir solibdid yeneThe doweliad apparent |y has
nondi m ni shing flow rates as differ-cmal pressures increase between 2 psi
(J4 kPa)karidy &6 spsis 00RhkRPa)gput fH1BIUAS. thPaten s iRk eatic orfuiNo and aids
2009/ 002. 6137 issued to (Men teaches bibricating liquid filter with a
conposi tigithwedinaties of ikhAtchascia whahonsbivad] acepbutddianduoptiiconal kel bonded to
a. inierepontus nmenbrane. The nmenbmme is eharacterized by an TRY ValiFit of
3,7 at a rated particle size, and the maw. web has a fractional filtration
efficiency of greater than 0.1 at the rated particle size of the nenbrane.
The nanowelt al so has a thickness effitiency ratio of greater than 0.0002
51 that efficiency. The nanoweb acts to provide depth filtration to the
menbrane. No.



1 0251U,S, Patent Ptihlication No c/o:Gros/ne fiber"..ttrried | fibers
with a dianmeter0 nanonete njorge et al.ifr3.07/01/ 21 flbe.r mats of 50-100
am dsane.wenroe21308Jri t hat wi tvi de etrospun Nyl on eU saPCrrsatied159p$ ber sThe
tithors eonr-1 as spun nanofiber mats is titis. [0271. Goaal. el. Shiance 289
20071 21{1----219 teach ei.eetrospu.n poivethersultbuenat be mats
*her ei n 4HE hEROER arsbtale shoUaE B PTISEs: abotb fEToUansomeat Basdur hg |
culd filtrationmatspartneleSlieron and cpth ii!tter toe paructe.s ender 1
[02 .1 d P st TCSadTIromptin shhnS w8t in 9998 dkebsit st tepud Renadeiddsidng hittl
perneabiliirtn; rb(1) [ugliercohn as a. result ol bioher poros:.ty.ding
nat ure; iskesptiveg’ é%uxazsrwhm gt oi croporows structure is required)
andpotential to be used in single |ayer ibemat. The latter |wo advartnpes
oi | er gr éatBr fil.8xPdoivk Poptichnd e JHEEHGAT Bnidsivd at Faomowict gstenitys atdonsvtn ' t oes,
Additionally, the porous :eel sllltratien uednmwon.: stal able, adapt Sl of
sant ph, #ikekdswobohptersoncandie iyorde safick setiaiiith inof ik tir atdroiep:
dire.e& d to these, as well as .othelinens.

angd nanwsiibery furmed by eleotrostatio spinning i ftoring contaminants, The electroatatie

spirsnsing procesy utiiaem an electre spioning apparatn including a sessrvolr i which thwe fin

pec

£2)

fiber freming polymer soluting 15 contained, 8 prmp and an omitier device which vidtain

%

podvmsr solution from the reservolr, In the elontrostatic field, » droplet of the pabymer solution &8
avoclorated by the electrostatic fudd toward v onliveting nudin substrgte ioated on s grid, A bigh
vodiage electrostatio potortial is waintained botwsen the emitter and grid, with the collection
substrate posttivaed there between, by means of a sultable sleetrostatic voltags source.

LL&, Putont Fublicanon No. 200776075018 fasued w0 Bates ot ol teaches g Houd

fitration media nclading 8t loset one laysr of panodibers having avemge Jameters fess than

.....

OO0 namancters optionally disposed on suriny kaver for Rltering

The fration modis have How rates of at loast G035 Liminfens st

sofidity, The media apparently has non-timbrdsiang How rates as differential prossures norease

botween 2 pet {14 kPa) and 13 pst {100 kPa)

‘gtewt Publication Mo wr Chen eaches fabricating liguid

fifer with & composite medium that has g nanoweb adiavent toand optionally bonded 10 @
mreropavi mombrane, The mumbrane i charscterized by an LRY value of 3.7 ata rated
partichs size, amd thy naveweb has g fractionsd Mvation officiency of greater than 0.1 at the rated
particle size of the mernbeane, The nanoweb alsn bas g thicknesy efficieney ratio of groater than

-

L0002 af that effivionsy. The nenoweb acts o provide depth filteation to the membrans.



| NVENT! porousor shatrate, The el eetrospunnanoci buy liquid aiety or
shapes.1t)SS and densities., such as a 1103211 n anot her enbodi ner.
filtruti ovMorrettiamios) bac an. averaoe fiber. dian [03 JI Rcrhuseolaoiwssds i nent ,
thy O.alber liquid hitranon nedium 11 norckitvflOtro I n anot hyr
enhodhnenanol li:mer perneabi | ny at 10 Meter Per_flour). [035;in anotherl.
the presdht! i ivenkemgd Nronatidalite Feyry bsciase cerdbpUns seiefrBeriifilirati co
cdi um havi naureat er than about 6, antbrtned fibrous pMy a thickness

. rangi ng*zfsraem‘»amm*mms@smfy"iwiwah@m\ 31 QOstipe Al anotherhembede ittto 50
t|t-, Is directed esti tor fon: pOrCl'S greater than about 1071hit anot her
enbodt  greaterihen 4 LRY of virsl romoval and & LRV of bacterial romoval,

FOEST U8 Putont Publication Mo, ZHOWOTSUTET 1o Green tenches a wathod to foom an
gloctrospns fiber hver caeried by the subsirate fayer, the fine fiber laver incleding s stgnificant

amonnt of Hhers with & dismeter of lesy thag 100 nannmaiers,

3] Bivrge ol al. in Develinarion 249 (2008 342-04¥ reach elostrospun Nylon

via LRY fiw

3 ""(
%Y 1

nanofiber mats of 35-100 nm diameter and 130 am duekness, The meaued bacte

. The awthors conclude that hagteria reymoval efficlenoy of as-

FsteRurt

spun nanndibor mats s uns

¢ IRG 00T 1218, teach cleoirospun

(27 Gopal gtall in dowrned of Memibwane So
polvethersulibne nansdibor mats, wherein the nanofibers have o dlameter of about 370 aw, sued
that the during Honid Shration the maty a0 g8 8 soreen o filler owr particles above T micron and

ax g depth filter for particles ander 1mieron,

281 D Aussswasathion ot sl In Jowrnal of Meodraw Redepce, 313 (ZHEY H-19, toneh
§ . N 3 csveveyeea oy TN o Sl
gle st psed brevaoval of polestyrane particles (85310

291 fvwonld be desirable to bave g reliable electrospa nuwdiber flter madivm suliable for

09 HEKIG (LRY > 8} removal aof reproviral particles, while sinniltapeousty achioving high

FIEIG 3

pormeahility. These nanofiber mats would have theoe advantages over traditionally used vivus

reo-slandin

ey
peeey

removal mombranes: {1) highor pormeability g5 8 resull of higher povosity, {2

nature, (Lo, o supporting micrprous structure IS requirsd), and (3} potential 1 be used 1

LN

¥
v

stgle laver St The fatter two advaniages offor considerably greater flaxibility in the design

.

and validation of vives filteation devices



fdtraFon device eonpr 1d collecting electrospun polymer fiber(non-woven

conposlte porous don nedium ha"RV erenter than :Mdn- and ineituding an

el eet r ospwo 2pt221308 nanoti ber mat di spo.. substrate, [O0BOrAsdimioesvas ti 1

foll ows, Man nodi neanons and variations tit: ibis inve tout departingand

scope, as will be apparent to those skilled in the art stood that t he

170" gt : dAK generitiongiis. ﬁzes‘e*k*npwihs@aWthvﬁéM OlRGW wet igeraniddy rvic88cris the

appended drawnngs areand.;;; only, and arc |ntended to provide an

expl anatidnterdapgiicon sroentBdic B s ot e prisgBatn A mgm%ss)sr#&e tefvERRent s

descrlbeq‘hereln are offitred. by way of ex . kin g many way. ..cyzOF THE D.

\i k [ 039} e welcopiparyisnt it rantD gpdsitivipreatiomd devgst i vehen 'present |y

L: out enpl att oget doseto explain the inciplea of the invention.

[ 040/ scHematd eitleye.onecBpddfXbimiiyesondMrithoddtertthe ive . DEStnii TION OF THE

EMBODU. $LNTS [0411] etions patents and pateFr, innordorafed by reference in

thnir entirety to the sane extent asvithrel JlUbh in | 10-4,61 Ithis spri
1. i InuMbadsAXpRessitngadigther an ie

pogn

W31 The prosent invention s directad fo & method of removing retrovivusss from s bguid by

passing the Haold theough @ porons ehectrospur nano fiber Bqabd filintion mediom. The

electrospan tanediber Hausd {iltration oedium can be sed witho or withom being disposed on g

[
]

porans support o substoaie, The electrospun nanoliber Hgwd Hilation madhan can be Rrmed

ke variety of shapes, sizes, thicknesses and densities, such as & porous, pelymerie nanofiber

miat,
1 in gnother embodiment, the present mvendion s directed towards 8 poroes slegirospun
32 , e g {

panofiber Hauld Blrgtion medivnt having a rotrovires LRY greater than abowt §, and the

panoiiber(s) has s aversge Hher dumeler ranging Bovn about W avn o about T an
F0331  In another ombodinant, the present Tvention 1o divecied towards & povous eladtrospun

nanadibor Hguid Hliration madhan having g retrovinis LRV groater thy

\

sy
hesd
~t
—
,w.
=
s
)
peb 3
<}
pess
€5
r'
L,
.w
m
=
b3
jos3

s s porosity ranging from about 80% 1o sbout 95%.

< 1

aanofiber Houid filtration sediont having @ retrovivns LRV greater than about §, av

,-',,
T
ool
Sl
S
P
foss
ps
L

permonbritity at 10 pai difforentiad prossure groster thaw about LB LMHL (Liters Por Squars
Miter Per How).
FO3ET Inanother smbodiment, the preseat invention is directed towards 8 porous electrospan

sanofiber Hould filtration medion having 8 retrovviras LRV greater than about §, and formed as 2



am ancl ded ctahns t EdesS Gt herWse in Nof psate.riais, remaon
clains, are to be end- nod as-being:nodified in all instances by the dean
nati pur, WO04@#i2Aee®sdi ngl y, Thi ess ndanued tocorurary, tireTABad3oss%5rth in
the fellow ng spentifination:and attached cl ains are approxi mati onsend hut
upon WD 2012/ 021308PCT/ US2011/ 045905 [48] Notnithstunding that the

nur ner i cakousanges vanthvparahetberssa8etg g shubilisot hedbudad vacppérady t he
invention are approximtions, the bur/fedi:id values set forth in the

speci f i duexanpt €srarabee pol fredrdsmpriec sghyoe &supossi bl e. Any nuneri cal

val ue, however, inherently eomains certain errors necessarily resulting

f rom t hd@stjandardiieehatdionut dupdsha invbhikns iespect & yevde Sirifnging a
Measurenents, Moreover, all ranges disclosed herein are to be tindetstood

t 0 enconpass f@bdics uknRAgRS: sthswmdcbherghnolkari-exanmb:e, foay  angeasof "1

t oi ncl udes any and ad tai branger, between (and including) the m ni mum val ue
of | and:dhie: bR fam NabeiofinalQpathatonk Subi@y: andoadidn wah saank pesahavi ng a
i ni ni murn value of equal to or greater Than and a maxi mum val ue of equal

to or |essudram :80: 10Mv, ol Biti@ind Qctrds @] poRefdrTRA0S6 | hbi-Bgvdshenpr esent
invention in farther sletail, a numiattr of terms will be defined. Use of

these termy dogsARk ¢ b itodinge $&APE kA8 LAXEDLL OBk ORkYSErvo to
nicilitate'the descrlptlon of the intention, [0501As used herein, the

si ngul argf QLR 'u=t§’;@gs"m%r?d“zait€p%"ul Red ng; ‘;p’k'*lrl(s%lusi kefQLe tt§mu9|‘t§§s the
context clearly di ct at es ot herw se, [51] I'1ie tern1"nanot|bers" refers to

fibers hayifg h&rraﬁ {RISOUAEN ] LM AN SRS Qf 5 PALLQIBLENS SUR.{

sever al huﬁdr% T %L'butigeheralfy resg tha% one Grénéter [ 52]
The terng,g @%Iter nedlunf or "filter nmedia" refer to a material, or

col l ection of material, thIetEgh which a fluid carrying a m croorgani sm

cont ami nant p b,‘ﬁ§m3Whﬁ nh Fr&%ﬂég?ﬂﬁ§ogﬁﬁo§é fﬁwk” k¢ Qﬂythe

¢
mat eri al* or co eCtIOI']O maerla e terns Wowrate

are used LORRLENBNInARLY LocRSLen e LOBGIALE A6 m"‘?*h»l%sf““ 78, . f | Ui d

pa. sses ratlon nedlu rven area 1The 11t ati on
medi um qf the ptesen dep;gon |ncluaes a PRLOUS, emlt T rOSpNE. tumor: her
i qui d f?ﬁpfé“ %h“%%&&’* 1Y Hot gbiﬁefé‘ have ' g AEFRYE %D %‘”afﬁﬁﬁe t:toy
shout 19, am Lo cheil 100, e 111 o, T v AR e
ponmltyran from ' aboyt m%toe$§m 95% fH raU dium . ess ra

Bbout 1 Ce0T P TS PU Bk~ SPL *S hr PRSP AR BT CHEY RESEE P BRACH € oy | de.
aromane pe yanhl . . sull eine”, RS i erepht hai hshs ate

intended to provide ay slplanation of vilons embodiments of the prescut teachings. The
spocifte embodiments desertbed bersin are offvrad by way of exavaple only and are sol pwantie

be Himiting ioany way.

HRIEF DESTRIFTION OF THE DRAWIKGE

HIAT The sccompanying drawiogs, which are nvorporated in and constitute g part of this
spestficapion, Hustrate the presently contemplated evnbodivoenty of the invention and, togethey
with the desoription, serve o explain the prinviples of the nvention,

P40 Fig 1 s s schomatie of te process of elettrogprinning & nanofiber aocording W ong

ombodiment of the invention



.500 inn, prefere ddreaer h" lude ternonls:c and InTl fled GCa II

tel W .' 0lyd: her i, diene rubber. 'del, pplytsinyl racchol)" pokvinyiidene
fluori dpiwoyn12¢i2n38' bt a. bl ends t dedi espue ntlrioti heCcTAB2&1/0ud9he
tiltration mediumflflicR :0903, s4' fully noot Ahem Czech RepUnh. the
filtration nmediumigle anoliber: wherein he sinele nanonade. pparaius 30
posi t' 0:201jandria e adess! kdikappseoh mivrograph ofthyby: bne forn aorespiarniing
druns 20 runnit coi.lecircn apparatus sMy c Ois preferably a
Ocol | ectit@hnbelds chiwgERathewspiini ng. . drum 20 and the collector 3 le<tied
to an eletettieal piatetrual. tron sourcelO, such that an el ectrospun

pol ymer gisher s Pk eaueatkchmithecebeatinberapl bk thnIVurs[109 o] dmicaRess of
enbodi ment .o the i nvenuon, a fibrous mat is made by dcposthng nanoliber (s)
froma s Qla};\w!\ki heRutiiithe: nanahd her Mat has .a. bask weicht of hetanen
gkn'u I glm and about as roei.eN.’ apOrated or beet

(43] Fig €5 a graph of bubble point distribation for g avlon fiber mut desoribed in Example

wiras refentive mombnrane,

{and for g onmmere

(44] Fig S i a graph of Log Reduction Vadee LRV} ofhactertophage PRTT2 s a function

R

of spin time of z nanoliber ma

DIESCRIPTION OF THE EMBODBIENTS

I0431 A publomtions, patents sndd patent applications oited heveln, whether supra o fnfrg, ag
horehy nvorporated by reforence in thelr ontirely 1o the same extent as H each indvyviduad
publication, palent of patont sppHoation was speificatly and indbvidaally indicated o be

moovprrated by reference.

F3487  For the parposes of this specification and appended cladms, anlusy ctheravise ndionte
all nuntbiers exprossing quantities of ngredients, percentages ov propartions of materials, reaction
comsditions, and cther mumerical values nsed b the specification and clalms, sve to be sndarsiond
as belng moditied I all nstances by the torm “about

F0471 Accondingly, unless indicated 1o the contravy, the namerioal pavamsters set furth in the

vy deponding upon

followhsg spocification and attached clabns are gpprosimations that may va
the destred properties smight to be obtaived by the progent nvention. &t the very feast sid nt
as v attompt o Hndt the apphontion of the doctrine of syuivalents to the seope of the eladms,

gach numerical parameter should at least be construed in Hght of the number of reported

stgntiioant dghy and by spplving orlinary rounding fechaigques,

bes

el



rCI TIOS( [0601in one enihodirnera rn- the ive.hm any of a variety
sobstraies or supports can. be arranged on a nit 016 dectroapartnmat nediw
1} hx. ari pve=xo0izmmniosed to. spunkree.d nonwoverl.s, wet [RCW®H/US2011/045905
osvovens, resl ndonded O | WOVvefl S, woven tabnes. knit aper, and coar hi nnek

i n anot her enbodi ncinl :of the invention the eker.rospun nanother mat

medi um t{aéRjht Mer@isnvuiay tieitbanded::d ondapor pusnstub sdW s hed iiybrkriowy:
nl&xhGdS in the art hcciondr ing between heated 5: rolls, it:haste-de
hondac, :ard ityeotght thsobendinghe cetwbsipusnan onbds e suphontmpes e

.ession resistance oithc medEum such that the 1 with hel ns bandi ed: such.
as when stheeper gudwhnstakdigd Antesanidfkiiat ihoncadeMieeenty Boatiks sedisum strh as
thlckness and et- ding on the bonding nethods used. instanixused un
rechil: Lhk‘&Kﬂe\&&ziﬁﬂﬁ\lﬂ@lﬁ&ﬁ@zdxﬁ@édﬂ@&:hhﬁ fpoxied tkibepcrat wemdi um  and redo
ifS prosar Gtrn.ChtWs trietittin than themdens 1 pore size. trio. negiven
uppli i Guaskdib-peml hasreareasahndehei:eR0USBLAVLLE Q8 RURHY 1 REsRASA I esser
effect On. ittiCkta [06.81Gas bonding generalas nfl;g on the thickness,

densi ty ;pOLQUS LASRUN @ALRS irbelv.rRdl umLthis 1RO ingesmLRod MRy henRs ef ent He
catty in Wi ch . mai nni ini ng h| gher fI ui d. row fatels depl red

all xabravges having o nrintm valoe of egual to o greater than | and s maxdmany vatue of
sosal tor or fess that 10, e, S5 0 1

0491 Befors dosoribing the peesent fnvention i further detad, 8 number of ey will be
dotined, Use of these rms does wot Himit the scope of the invention but only sorve o ;;‘;z,e;iiif.at-ae
thy description of the invention,

HOS8] As used hereln, the slngulay forms 78" "an,” and "the™ mslude pharal reforents unlesa

th eostoxt elvarty divtates sthorwise,

{55] The torm "nenofibers” sefors to fbors having Hamwetors varying from @ fow o of

naanetens up o soveral hundred nasouneters, but peneradly less gl

o

(B

filter miadia”™ refor 1o g material, or collection of roxterigd,

poron

4531 The terms “filter madium®

through which g Huid carrving o mivrgorganisg contaminant passes, wherely syicrocganian i3

deposited in or on the material or colfontivns of material,

VOS3T The torms MHex and MHow rate” are oxad inerchangeabiy to refor to the rate at which a
vohwme of Thuld passes through s flrstion medin of & given area.
841 The fration medhun of the present nvention inchudes g porous electrospan nanefiber

Haudd fitration mat The nanaofibors hove an average her dinater of abont 10 nag o about 1Y
e The firation wedium has 2 mcan powve sley ranging fom about .03 ey o aboast T am. The

{iltration mediam has o porostiy ranging from about S to about 45%. The Gitration wadhan



en thermal twerino is .usedi care tratst be taken not o over--horoils

t hectrospat nanonber material: such that the natiollibers neltno | onger
retain thworostei®shire idividintH ibers, In the ebondi RgTWSY1LI0s590H t he
nanofi bers nelting conpletely such that a hill wouki be formed. One or
bothnip rolls used its heater ieme.ruture of between about anbient

t enper at’ i & MHEGESs rEBGR TR REUBSPYREE! weantipbptiiovpEony Bl B8 oy a
pressure Fungi. fro about O Ibrin to tiPo t PLO Ithin8 nattoltbermn di umcan
he cot récy s§§> vE Agn Etictoopodn haolidud prnedtiiBy arvem Srtryeb Al ket at ur e.
nip liressure and |line sneoth can be ad us,e the desired

sedi di t tiFFPI1 i dativons iRy fmese @t erofiatstishr sssiipeinehuld femipidshereased sr
[ 0681Cx her neehais stretc feeling, ity option k/1 shaping an [0691For ex

t he. thahapespim s Fultdispdpuor aluph oadi byt tofited lepaivagoliesidcet the e
ectros.that nan iric.ludia thlckne.ss, den if the el ectrospu.n nanoti ber
mat i s stiplticpeamide, sromatic polyanide pdghphis halidby. alivlsinghactihdottesi red
final stretch rsttic is heating.ntaling. - '"mnded In the overallrating,
t edi uni saSudesiipedhakContiistel cofiutbeprpitenpigsdThier pédilicnntdheptiateryifonrils,
exanpl e, lentdal stretching), the sequence ot Stf etching steps itt- G
(bi axi alpsteetichi mg)ihdihe;, stiretghingranubie: gelsaguenceaidl golepsaunt i |

<

naphthalate), polv{bunvione torephithalate), styrene buladicne rubber, podysiyrane, podvivingd

shioride), polyiviny alcohadl, polvivinylidens fluorids), poly{vinyl butviens), copodyssr

i
>

derfvative conypounds and blonds thoreof, and combluatinms thereof.

{8 The process for making the slpetrospun nancdtber muat of the fitration muediony ix
dispfosed in WO 2005024 101, W 200671 31081, and WO 2008/ 16503, cach fully invorporsted
herein by reforence, and cach assigned to Ehvaren S ROL, of Literes, Trpch Repubiie,

ST Bnooose ombaogdiment of the present invention as depdoted n Fig, 1 the Slration medium
conyises 3 porouy mat 60 made from a single nanoliboy, whereln the single nanofibur 6 mude
oy g singly pass ol s mnving collecting apparatus 30 positinned between a rolating drum 28 and 8
cotfestor 33 ducugh the eleotrospinning prosiess, B will be appreciated that the Hbwous web om
b Formed by o or more spinndng drums 26 nnndag simultanossly sbove the same moving
collertion apparatus 30,

.

i b the moving oollvotion apparatuy 34 18 proforsbly & moving collection belt

BINED e

gt

posittoped within an eloctrostutie Tiold 380 between the spinniay dram 26 angd the collector 3%,
wharehs a polymer sodution H cin by subjected 0 an slectrieoal putontial frinn a high voltuge
sotiren 40, such that an slectispun polywmer Bher s producsd in the elecirio Tield 500

{581 o one cbodiment of the fnvention, a fbrous mat i made by depostting nanofiber (8

fromy o nvlon solution, The nancdiber mat hav a basts weight of betwoen about 1 pfw” and shout



mediumis stretched in two directions by a single biaxial stretching step
or .a final stretch ratios are attained. Binxh Wl :chino nrs al so be
acconpl i sweadotzyo2s308equence of one or nore uni ardol strerChius26iep®0s n one
direction and one or nore Umaxan pa in another three-nem Biaxial at at is
stretched senuhaneousv in two directions and etjs nmay be cotsequence in any
order. chigis” thewsatedane dnobaspard.idul e byidhidnibbed handpused bniastb nmade oF
mion Or S conbination of twonore of these, . St may be conducted uniarally,
rawdal st#etding, tnac. hi ned&on stretching and rr nsersedrrectionetching
mayed either slumhan eons s Various types of stretchwga.prati.,are web
icit achbag ofinbhecehethsospiin vetiaceerdingitpolhespregent o hsm\ml | axi td.
tinlished by stretching between' an the second or oiler.es at a

. grefti pshtatany psbeawh Bkl 8k 5008 aceonp teshed:in @d Shmkinakith
stretchlng may he acconplished by sintataned. sly tenteririg machine.. More

QCr .  bi axé abcishpelehiNgr A600diny, frrmibl askedypustinetichingebet wveen two
ditThrerttlafls rotation rollers as described ahoy, foll owed by either

UnlaXIGQMaQtVthhJﬂgniﬂni 1o @ ddigenty Blheckb @RS Agparebaicngahingy The
nost : stretchlng is directionsriticl2vother.coca in nost cr beet stretchi ng

di recti Qi 18lesl QAL PRE %}m e 3%@%%(2112{&92:333@@% AlISRQLELQ4B905 appreY

Per Pesine direction and is the. plane O the sheet trnns di tate

ekeenspun, (il gl kiw.m x»hﬁﬁi nﬁ@@&\\st;{ s1.60eda gl hhetndnbax @bl igh hacoally.
the stretch d pm bus éterdrosprm banpfi ber mat can again he ccde. ndared The

stretchqd 1eg%&o%puq} qggmkggxghaat can he fune td to pair of .heated
cakaxi ar ﬁ1s f Sos to forma mat of reduced thickness comared to

the Mat gxit L quh SGLet gl o, anpan DAL BY PL Leexoned byt h thet
ﬁ‘rfé. "9 ah QM DB EELELR e T ARARTDbitcr B DRSS S PXONGK s 1

of the ucrebs adj ust ne t heé ‘aver age, pore Sl ze,

-duri pg., Ari o or, AN, &, <tpﬁ§&&beﬁnm ARG 5500, RS L SETH 155

mothads iy the s, Inclading but not Himited to thermal selendaring botwesn healed siooth wip
rolis, alirasonis bouding, and through gas bonding. Bonding the sleatrospun nanclibor medium
a support Inoreases the strength and the compression rexisignce of the medium, sach thal Hw
"\

sredhsm may withstand the fores sssociated with being handled such as when the porous

< andior tetaliod into s Hltration device, In addition, the

moedinm i formed into g aseled R
physical properties st the porous electrospun nrnediber medinm such as thickness, density, and
the size and shape of the porss mury be affected deponding on the bonding methods ased,

063 For instance, thermal calpodering can by psed o reduce the thickness and inormase the
density and reduce the porosity of the olectrespun asnofiber mal medium, and reducs the s

shie pores, This in furn detreases the flow sate g the wmodium at & giverspplied difforontial
‘5\&. JRUTQ,

¢

{0641 Ix general, ulivasonis bonsting will boud to 8 smaller ares of the porous cloctrospun

sanofiber mediam than theemal calendering, and therefore has o losser effect ou thicks

density sud pore stze,



gas hred irarod heaters., 'it's yeti. as that. provided by
retairentatting..hoheating suchthat pritylded by e cordiused it-n6ltat the
t enper at Wwe-2pi2/mso¥her nmat ,:ztretetwid .00 hat the var PATIUSRGL1/045905

Vaf | kt hi ckness oft the tentera those. of the ekctrospun on itself
a:torah/to titles of the soh-ttea or objects whose-tet tenperatures a. |ed
as a salitsdf dakéndbrd feaghiiThe miamgecbat p@ﬁmmmsz}vatmel\h@@t@%mmEhm\
obtained [0781While Idion tried;u:nguration, it is sQ 1ntUnes advata. neous
t o provigennpierdshanugudber ofadhm, crratEhThi ~tMr*@emtmonfnameﬂqgfmnfﬁitm ane F hers
to runorose patrick retennon is Qomni Onty used in -virus is practiced
eommer eigadystinuM khichosghisinpe adbatitlid Nes nof isvbregol vet Nti P and V iresoive
Prot. in ci the sane or dliJdsre.ntcrinp& tion is also used to inpro | xupes
of such (hagr edvtds ihensl akedMit it iporekresss: SdRhoandSELRR 1predust
configuration. [0801the nrckrreat ion is often s-1 These considerations Due
i Nt 0 accOuBhapthexk3EOWRke k@l :anonshhDn-Re WReH 8bEn LN I @ pReat thyir knereases

as individual Tibers, In the exirene, over-bonding would result in the nanodibers welting
completely such that a film would be formad, One or both of the nip rolls used s heated o a
jemperature of botwesn about andient tomparsture, g, about 23°C and abop 30PC The
porous vanotiber mediee and/or porons support or substrate, can be compressed betwesn the nip
rodis at @ pressure vanging from sbout § ot about TOOO B (178 kgfom) The porous
sanofiber mudiun can be compressed at a line spesd of 1t loaat sbout 10 Boin 3 ovdmind,
71 Calendering conditivns, o.g., roll tomperatare, pip pressure and Hne speed, vt i

adiusted to achiovs the desired solidity. To geoeral, sppiication of higher tevaparature, pressu,

&

andfor residence T wnder clovaled fomperature andfor presaure vesuils 1o inoreased aoli

poss
[
jéo]
st
W

0681 Other mucchanicad Mops, such as drotohing, cooling, heatlng, shtoring, anncaling,
roeting, wwselng, and the Ble, may optionally be included in the overalt prszess of forming

shaping and waking the glectrospan nanefiber mat medium ay degsired.

{6 For exaanples the slegtrospan vanofiber mat wedium taught baveln may be siretehed In g
stngle step ov & phavality of stepe as destred, Deponding on the stretohing wethod used o stretoh

the electrospun nanodiber moat medin, stretohing can adivy the phyaical propertivs of the mat
fncluding thickoess, densfty, and the size and shape of the poves formed In the mat. For exampls,

i the clestrospun napofiber mal is strslobed g singde divection {enfaxial steptching, the

stretehing may be accomplished by a single stretohing sop or a-sequanse of sty

the destred Hnal svetoh ratio v atialned,



achieving desired level of LW e.g. bs using fewer la era of |arger

t hi ckness or | arger nunmber of thinnercirs, 198110 10821Basis Wi ght was

det er m nesoly12A21308776, whichred here i reference and Peparse@d/ousvopi nt -,
Porosity was caeulutc polyner density lug, the basis weught of the sanple
in graY isv the ers nmtnlvuat by 100. am u. n) ber horn
100". t HEfidensintiebhiehstihkkte Sg)dtibm reg. mdiQuh kistrRiipenn Dicahwt@rswas
detennined as thU ning el ectron m croscope (SEM ge was taken at 60..000

ti mes i ghnkki catchon!, ey sanplcesdided by Ramelvdimxidbinfdmy(dep(h aci . eads

di stiaui shahl elOciiiitttS wereSeach SEM i mage and recorded. Dett.cts were
not i nclsugled:d dfibjieial sicdhanpanes undnotdibanisinspokraesticd rapsainpd Biindduf | bers) .

i he averane ritxir dianmeter ci bosh'de for each sanple was cal cul ate

Si Thi ckness#ify n04 aisy W shbsipiifhbd pos atiedcher gieny beny afieiepeackiantd sy report ed
in nicrometers 1086; Mean fl oWbubtise .itinnt-ed ac dinam' Standard | est M
Mod thr JRutiRfdish b&Sin0k aManbriane i O RO GO MRS Eechyn, Using seuticnmat ed
bubbl e Ai eboc. frurn AST M Desienation P 3 16 using a custo.nbui!t

capi | | anyhk AnREERGHREBsrSh R @hod R1t & SONNERY GhhakerdPRaratus tdam:Ragous
Materials me, (PM), Ithaca. NY. individual sanplesn in dianeter were

Li : shah Fach: sammke a8 Rl acedhinal i abdetle nandsalr as applied and she
fluid. removed tramthe subtle ieat Wiich Wt [087 | Flow Rate (al so

referredstg ansfhditkod SolkRee HRGR: 8k ke dnighinasges: Liv Quahutfre sanpl e
c gwer area and was neasured by passnig deioni zed water through filter

: medi UM, SRNPLES Al B8k - 8N 96, CIREAMMR o Ther,, BRs: krged 1hhLaUgh, t he
sanple.s ic pressure twater head pressure) 1988-1The ettectilve: porecart

he measyy&d, Ushag:.G0aueRk MR8k, eie. in the case of Blaxial siretohing, wachine-direction

stretehing sod ransverse~divection stretching may be conducted either simultancomsty or

sugoessively,

FO720 Vartons types of stretoling appavatus e well Rnvnwn iy art and may be used 1o
{

goconphsh strotehing of the electrospun mat sccovding 10 the provent invention, Lnwsaal

strelohiy

i usually sooomplished by stretoling bobtween two rollers whevein the seoond ar

&

; H ) § . ¥ ooy By Shicr TRaed Sy vy U b E e e ey b by N
dwnstreant roller rotates at a greater pevipheral spood s e fivet v wpstreans roller, Unlaxial

- van also be accomplished o a slandard tomtering wachine,

~

{1731 Blaxial strctching sy besecomplished by stmultaneously stretching in b different
dirgctions on a tentering machine, Morg commoniy, however, bagdal streiching Is secompiished
by fiest eniaxially stretohing between fwo difforontially riating rollers as desortbed above,

followed by either aniaxially stretehing v o difforst direction using a tonter maching or by

Baxially stetohing waing i tenier machine. The vt conumon type of biaxial stretching is where

.

e pwir stretchi

B S S NP v tivindadie o riod
¢ directions e spproximately al vigh

it

angles o cach other, In roost cases wherg
3 et fped it Z e e to st et w L S S LTI £ JU% P
a vontinuous sheet is being sirstched, one stesdohing divoction i st losst approximuiely paratie! o

the fong axiv of the shest fmaching dircction) sud th other spiching dircetion s 3 feast



menbr ane techni ques such as bubbl e point, |iquiediquid ponanotry, and
challenge test wit particles o4-er(ain size. ft is known. that the

si | i cal vswoporx2siogse of a fibrous mat generally w th theciuseriduznet er
anddeci osiry. Bubbl e point test provides a aveuient way to neasure
effective pore size. 11 is calculated fromthe kilt:hying eauec WO

2012/ 021308RETAMISRO /3045906 H Q0N digitumr 6084 b theliene! Preisbodt henbubbl e
porn:: pressure,, y is the surlace temuonthe. probe fluid. r is the pore
radi us, @aRgi@yis the liquid-solid contact angle, [09Menbrane manufacturers
assign nom nal pore sitttt ratings to COMErei at: nenbrane filters, which
are basgdygn thehthsebenhphiueiasathierd 8ih oSk 00ZlRemmMiitus Matanibon was
tested ibilowing a MIlipore test nethcd. The bactcri ophage PR 772

chal | engershsBaMWaR: HF@RAEEH W kil Sad:RinMdMibh LR, ofe deeQXedBdupl@nl in a
phosphate buffer saline (PBS) solution. Porous nedia to be tested wer e cut

i n 25m ny @i 86S ~andysealed i aovaanakdaed: - RAlyRRORYESN . H8VIGeSy: Ihese
devi ces were then chal | enged by t he above nmentioned stream at 5psi pressure

af ter being.wel .oy el 85 als CARSed BRRSSUSin] RenBSL WA LehMpated after
100 M of |: Mite collection or alter 4 hours of f||trat|on whi chever cane

first. Quantid, 'z&a;t;«t\%tk@t Radl eLiophage b Lihe bl &b alnend. inal.f gad ver e
conduct ed” on pl at'es |ncdbated overnlght mn, a a Ilght box ‘and a col ony

counter, . Lr ztsggettsi' G s g%rﬁln'%ﬁ%b@@ VAL HES nd\(:‘a‘dlalsd“@{%\scadf?'r'l@ted [93]

The fol I'owi n "'es 0 resent | nvention Wl denonsttate that an

el ectrospt. JT of, pe 1t B ot S|nultaneously possess both high perneability
and hlghﬁbgégg?lahret‘a Fon e [94] Fbrelnafter the pr esent |nvent|on\MII

be described in nore detail ., , e Lon w | |
be furt Hef eEclarl “‘h’%g tﬁ“ft%f o&?n Tpl 65 Wwh ﬁﬁéﬁi ?n Rﬁ to be

exenpl ary. of the invent 95/, EXA \L S, ]Exatr Q.lﬂ nori bor
| ayers W%?%“h%ﬁ§“b§m%9éifd§blPnan ar gg E‘f%g St “h@fﬁ%ﬁ f““LQ Z ro Ion 6

was :sup I|ed Fl.orh radenn
2 e WP RAR g 5F AP SR Bhe ey *f‘eb*afs et 25 it ﬁtyr%*n ek
solution in 1 and Form c,acid S rat|o) ibr 5
hour s aﬁ“§®t“”%ﬁ8 %h@‘stdgkoibﬁUtEOh“ﬁj %Tﬁﬁ%ﬁ* F éd;? ?g”1§“” Wt %
pral yi ner, solutlon and solvent ratio 2:2: 1. of farntlc Acetlc Wat er
respect i Vil YRSt { o T HRTRESAM PSR ENRED G AP S S HRART PSR Mo he
viscosity of the resulting solution is about -RIOcP, The. lutnr was
Ui fil | paratapisEphRe GBRER wa“ﬁ~“%ﬂ?é”sﬁfﬁnﬁdb'elearode under 82k.V electric
field, An untistatically-coated nunwoven material was used to support the
nanol i bef iar TSP 1Bt ée“ti‘i* BYP PITRGT TR CEVEFAGE T ber T Afet e ern
el ectrospurt mar produced was about 25-20 mit The spin tinme was $0 m nutes,
af t er wHicsH chsuhanehiibe ehydyer Nadhp ss agrsr { He- Wati\tay\er*étt AEHl aced
in ovetithol ded devices for retention testlng [98] Fig, 2 depicts a
| namal el SErFONTHR RarogapR o R S0 Slres R RYHER P BEPS O BREDIF fed in
Exanple 1. [99] Tame | displays a side by side conparlson of two "fully
retrovi rigssiier ent st Janpk 69Hs brievdpgbly leont it oraireiiig tis] BRreases
menbrane fRi ntroporeat0 and the other is an electrispiin matofiber mat.
Wat er permeabphut?twse%EQQWﬁemaﬂeﬁ*a‘Qviaﬁeﬁ»eﬁhttguﬁaﬂﬁvwﬂwﬁﬁReﬁt@pdreaI|
and n 2. layer ;30 mnute spintine) etinfiguratiou for the nail/Aber
medi a, S@nﬁ@a@a&e&ﬁh&me@tneswdﬁdKWQWNMnbeﬁdnﬁi%av@ﬁs0$?mk@@mﬁywmeeded to
retain >6 lags of two:virus retention. [0100] Tabjei, Conparison of 6tilly
ret ent i wee@eringkkViess, 2)d Sanph@s: bhtht hdstewiscerfioty Wty sNERraenbiahenys.
el ectrospun nail / Aber

srigasured,

{07 Pl porosity can be suodified g8 8 resull of calendering. The range of maroaity from

abont $% 1o about %% can he obtained,



bl et roporeg nenbrane | PLI eer ospun Nanol i ber
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(781 Whike filtration meditan is offen usad in slogle-layer configuration, it s sonutimes

(’;
tZ.
P
=
o
o
=
b

advantagenus 1o provide more than oue faver of filiration mediant adjacent & enod

snmonty wsed in vires filrsion aad

o

vering moembrane flers wo improve patiele

(

f,a

N

iv practived commercially in Millipore’s product lines of Vireaoly

NEP and Vivesobve Pro®.,

o midia of the sane o dilferent crmposition is also waed to dmprove it

SHC d SHRP prochuct

vived filtory are Millipore's

fines
U rtions for choosing # nulti-layered fitvation proshust inclade coononuos

and vonvenienve of mredia and device manufactaring, case of sterilizating snd validation. The
fikwoas Riteation media of the prosent nvention can be wsed i single-faver s o nudt-layer
configuration

YIS,

FO807  The proforred fyver configurstion I often selected based o

These conshderations take info acoount the krwnen relationship between LRY and duokness,

schizving destred Jovel of LRV, e, by using fiwer layurs of larger thickness o lax wor pumbey of

thinner layers,

ax detormined by ASTM D-3776, which s incorporated herein by

subtracting the resalting sumber from 10, Le., pornsity=1R-{hasts

welpht{dersity. times thickness) tines. 1001,

841 Fiber Diameter was determined as folfows, & soanning eleciron mioriasope (SEM)

fon of sach side of nunofiber mat sonple. The

Fnage was taken g GOGG0



Mean .fitreet. PA. Bubbl e Point. 122 32
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measured Fom cach SEM image and

e

guishulde panafibers wise

dod (Le, s of nanofibers, polvmer drops, nterses

¥

o fiber dlarsster of toth side for paeh sample was calonlated.

0851 Thickness wis determined by ASTM DITT7AL, which I inoorprratid haveln by
refironce, and s roported iy mivrometers.

WG] Mean Bow bubble point was mcssured according B3 ASTM Dexignation § 123488,
"Srandsrd Test Method for Pore Skee Charsotoristios of Membrane Filters Using Aulomnated

ih

L

Llpud Porosiowter” by using autnated bubible polnt mothod from ARTM Designation F

asing a custom-bailt capifisry How porshneter, by priveiple similar o s commerolal apparatus

.s
'Js

from Povous Matorialy, Ine, (P8, o, NY L Individual sarples of 25 num in dHametar ware

%
5,4
joce
fac
forsy
iy
=5
Z
S
s
for3
foc
e
o
e,
g3
<y
54
%
s
=
o)
ool
oy
il
o
5
b
s
ot
b
L4753
-
¥
ol

wetted with isopropy! slochol Bach sample was placed In

alr was applied and d ad fronn the sample, The differential prossure at which wat

Hoow Iy goppal o ove-hall the dey Sow (Howowithont welting sobvent} is used to caloubue the moan
How pore stee uaing supplied software.

87 Flow Rate (aleo reforred to aa Plaxr) iz the rate gt whach flaid passes throagh the samoply
of a given area aud was measured by pasaing delonized water throagh filler mediam sanmples
Raving o dlameter of 47 0.8 oo’ {lieation arex) sum. The water was foveed through the sanples
asing bydraalio pressure Oeater head pressure} or prcumatic pressars {83y prossre over water).
881 The effoctive pove size of an electrospun mat oarche measured osing conventional
mambrave echvugues sueh as babble point, Hawid-lguid porometry, and challongs test with
particles of certain size, IS knoven that the effoctive pore stee of & Bbwous mat gonerally
weveases with the fibey diaseter and docrasses with porosity.

S Dubble powt lest provides g conventent way 1o masers effective pore size, B is

caloulated froan the follwing eguation
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o

FOS0] Pl

probe flald, ris the pove rading, and 8 i3 the Bauid-soilsd comact angle.
PO Membrane manufboerors assign nossinal pore size ratings © conunercial wembrang

WA,

s

fittes, which are based on thelr retention charpoteris

(3] Botrovires setention was lested following & Millipore teat wethod, The bacteriophage

- Pad

PR7TY challenge stromm was prepaved with @ oundnsan tHee of L0 pfiell in o phosphate
buffor saline (BBR1 soluton, Porous media to be tested were out o 25mm dises and sealed in

soviens devices. These devives were then challengad by the shove mentioned

strest af Spal pressure afler belngwat by water a1 23pst pressure, The tost was ferminated after

100 mi of Glimae collection or after 4 hours of Giration, whithever came Hirst, Quantifivation of

bactariophage i the nitial and feal fed were conducted on plates incubated overnight using a

cadonlated.

)‘" ]

Ve
oot
e
g
-t
-
4'}
,

Hght box and a colony oouater. Covvasponding bog retention values

{0931

]

he following Examples of the present invention will domonstrte that gn elestrospan

nanofiber mat can simuftaneously possess botl high permenbility and high bacteria retention.

&

,

Fod] Hereinalter the present inveniion will be described i morg detail in the follving
gxamples. The fovention will be further slarifiad by the filowing examples which sre itendad

o e exeplary of the fpvention,

[T Nanofiber lavers ware wunde by clostrospinning a sobstion of Nyden & polymsy, Nylon ¢
was sapphed by BASF Corp. Fliwbam Pask M, URA, under the tradesnark Ulramid B34 The
apinning solefion wis prepuved as 1 20% Nylon stook solution iy g mixore Acetio aud Formic

urther dilited go 13

201 weight ratio) for § hours af 80°C and the stoek solution was

ke
o
oen
e
e
“
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v % polymer sohstion and solverd ratio 20217 of Formis Acetie: Waker, rospestively, with the

sobtandh water additions, The viscosiy of the resulting solation s abow 108 oP

The sodution was nunediately spint asing 8 Gowirg sph

5]

antistgticaliy-coated nom-woven materlal was ased t support the nanofiber mat doring

3
i

shestrospiredng, The average fiber dlameter of clocirospun mat prodaced was about 3330 nn.

I 3

The spin thme was 39 punutes, after which the sanofiber lover was pesled off the mal, layered

meidend devices for retention fost

and placed n o

i

Fi \L\‘\ 2¢ S oty g Honal \i"iﬁi‘ﬂﬂﬁ glactron mic POENRP O

sty

ctroapun nyvion fhers

£%
¢
(';

exenpiified i Bxw
0991 Tabde | disphays aside by side comparison of D Pully retrovires sdentive” samplen

cuie 1% 8 eonvventional omersion cast membrase (Retropore®) and the other s an sleotrospuy

nanciibor mat. Water permeability Is reported fora 3 layver configunation for Retrops

vee (30 munute spin timed configuration for the nanofiber media, sinoe that s the corresponding

smnber of layers typically needed 1o retain »6 fogs o etrovings retention.

PO Table 1 Comparison of fully retentive {LBV>8.2) samples in the device ormall KFR

siembrane ve. electrospon nanofiber

Retropore® membrang Eheetrospan Nanofiber

- Maan feory IPA Bubble Poing 122 132

Water Permsabifiy (LM sl

Retrovirus retention {LRY) >3 > G RN

# Msasured on a thioe fayer momdwane combination

¥ Rogsured on A bve-laver mst
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PRHNT Fig 4 depiots o graph ol the bublde pobrg distribation for the syl Bber mat embaogdiod

e

i Bxample b and for g commercial retroviras rotentive monbrane (Retropare

,

FHH2T Bxampde 20 The procedare i BExample T owas Bollowed, The spin thme was vavted from

S o ol minates {Flg S0 PRTT2 retention was eated for a single layer of vach nanotibar mat

Bacterivphage PRTT2 relention of the slechospur nanodiber mats inoreased witlt incressing spin
sime {noreasing mat thickness)

wge PRTTY asa function

of spin thne o a masgdther sl

1

fe i was foliowed, with solvent aygtam Rorwylon

o

8] Fraanmple 3 The

boing Foemis aoblWater b welght atio &1 The
clactrospun tal was §u the range o 2530 smy, and the mean IPA bublde polut in the rangs of
S E40 pd. MY minate spiy Hime saoypdey were fally robrovivus retentive (LRY for bactertuphage

T T e v e ‘i Woa¥ e SEevrs Filneaeg mie
2% Fig, 3 depioix 3 frontal scanning clemtron mivvograph of the nyvloy Hbery as

v containing Hguid Nlvation mediy, i avcondancy with the present

w ood, beversge, pharmaceutivaly, bintechuology, mivroclevironivs,

kS N
ey ¥y

1
W

chomical procussing, waler troatment, amd other lpad trostment indusivies.

[O1O7] Blectrospun nanofibsr vontaining Hauid fHtrstion media, o scetedanse with the prosent

invention may be asoid for filtering, separating, entifving, anddor dutenting mivroorganisms

from 8

P08 Eleotrospun nanediber onmtaining Bauld filteation modia, in asconiancy with the present

fnvention may be wsed with any Bguld sample proparalicet msthods icluding, but not Hmited 1o,

chromnatography; high pressure Hould chromatography (HPLD Y elecrrophoresis; ged Blirationy

o

By

sample condrifugation; on-Hne sample proparation; diagnostic kKits testingy shagnastic festing; high

H
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pron of @ Booid saomple size-has

throughput screenin

sed separation ol the

separation of the components'of the Rad savople; phesical pro

(r
7

connponents of the Hoid sample chemival propertiey based separation of the comy

b3

fluid sample; blologioal properties based separation of the components of the Haid sampde

eloctrostatio propertiey based separ wvipovets of the Hoid sample; and,

combinations thereof. Also, eloctrospan nanofiber conlaining Hguld filteation wediy, i

accordance with the pressnt invention gan be component o part of & larpey dovive andior g

FH Kis

wanixag from a

FOTH] The tevention also provides Kits which may be wsed o namovay

it panetiber containing

accorduncs with the prosead veationy, axowell as e o v fquid

ot
52t
5

d o subsirate Tor the wedbos The Kt may cootalin ong o more Qo

& fventio

vardly focduds variows baifors usefid in the methody of prag

anscd may o

such 3% wash bufh chiminating non-spesifioally refained or ound

e uffers may be

OHEEE Cabor aption

P

provided I a separate contalngr as u sobtion, Alternstively the buffors may be provided ndry

v

form Of 3% a powder and may b made vp as 3 soltion according b the aser’s d

applivatton. o thig Case the buffurs provvided in packets, The kit may provise s power

ce iy putomated as well as 3 mesns of provishing s external

stsuree i instanoey where the de

s olude nstructions fir wsing the electrospe

nedinm, device, support or substete, sidfor for madidng up
v Optional

b Bovention

softeearg for recovding and analyring

o while unbug the device of the veotioe may alse be iwhded,

be:

Ry
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o,

[0EI2] The term kit Inchudes, for example, vach of the tovnponents combined fna single

packags., the Gomponerss §

together tn 3 catalog g, on the same page or doable-page spread in the catadog).

{0113 The disclosure sot forth aborve may encompass rauliiphe distinet invenik

&k

independent atility, Although cach of thes

farmdal, the apeeific embodiments thersof as disclosed and Hustrated beroln wre not o be

s variations ass possibly, The subject matter of

considersd fon & mitng sonse, Becguse nume
the fventions noludes all novel snd nonobvious comblmatias and sulicontinations of
various slements, features, functions, andfor properties diseloard hereln, The following claims

partioudarhy polst out certain combinations and subcombinations regarded us novel s

by

nemshvious, Inventions entodied in other combinatims and subconthinaions of features,
fanctions, elements, andéor properties may be olatmed in apphioations slaiming priovity trom this
e a related apphcation. Such cladms, whether directed tya different invention or fo the same

fnvention, and whether broader, neevower, egual, oy different in scope to the origimal Claims, also

are reganded ws ncieded within the suldect matier of



-MeastitPd on a three-layer nenbrane conbination " Measured on a two-I ayer
mat icnoi .1 Fig. 4. deniers gtatie point d tribution for the nylon fiber
mat nbodi ewO 20izm2R0%anpk airid for a cograureial roYirit ®Crius2diiA459as

procedure in Lim5 to 60 m nutes 01 phage PR772iretenti ncreasngl Fig,
| a graph of tiRierropati e wasshark,- fromG fiin spin e :sett with

hact er i of'tdge (PRIFYZ Biira fir ion

Lo A method of romoving retroviruaes fron s Hauid sampde comprising the steps of

e

ay providing a Hauld sample conabuing retrovirpses,

b} providing o porows danofiber containing Giimtion medion having a retroy

Reduction Value (LBY) greater than about &, g porosity from about $U%6 1o about $5%, and 2
Houid peomeabiiity greater than abont 100 LM/ pai, wherein the nanafiber has g fiber dlamster

Frony abwnat T8 v toabout 100 wmn, aud

<} passing the Houid sample contiining the retrovivuses through the Simgion mediom
resuliing by the full rotontion of retrovinuses
3. The method of slaim 1, wherein the fHluation medimm comprisss & mean How bubble point,

as tested with sopropared, fron 100 10 150 psl

g o about 368 ym.

3.0 The method of eham § whareln the fleation mediam comprises a thickoess from

about 1

4, Thy methed of claim 1, wherels the ffiration modium comprises a thickness from | wm
.n ’\:} ﬂn“‘
& The muthod of olsim 1, wherein the Siration modham e fornmed by 8 process selseted

fropy the groups cosisting of slectrospinning and electroblowing.

G Themeothod of clabm 1, whereln the rotrovires s Human Domunodeficiency Vinas {

‘:~J

T

o

w mothod of claim | whareln the refroviruy s Human Teoell loukemis viras (HTLVYL

A
-
:
-
D
.
v
(‘/
hee’s
g
7%
%
P
o
=
#
s
e
=
b
fak’
L,
-
’é{
e
7y
,'l

8, The nwthod of olaim Ceomprises g polymer seferted from e group

consisting of pelyiude, aliphatio polyanide, srovoatic polyamide, polysuifone, celhuiose sostate,

5is
inn f



procedure in lixe)i t.ter in wehzht ratio 4i1l, neasured fiber ifse range of
30 run, aria the neanle point in the ranac or ute spinwere fulls retrosirus
ret em ve woepkt202&308r ont al scanning el ectron [ 01051 Met hedT)US2u13043903106]

El ectxi ?nog Itqrud r intention arele food, baveni in. phannaceutical s, Nowm

chtprocessing, water r"IT fol 071 E bectrocotiber con tarlrng | i gpresent
in vennowrwayf@@vused\vrnhnambevoun ‘GahWPQHEthodsoinbrmﬁﬁﬂgﬁibut not
umed to, ehrornatilay; high oressure ['putt:rophorcss gel lintatic :sawgat

ion:d' ;@izocm‘esmgt iitghthviehr pughipeitics erlgemisrige. pfifkaiieyp il g saét‘s’ays;
purification of a liquid sanple: itesbaited separation of the conponents of
t he fl uipdiSanpbe;wphysitcaboipitopémt ieghbabed separatiion: of:btthelcompenent s of
the fluid sanple: thendical properties based separation of the

et t poi atgbisvisviahictile, fdivivtsanplho; bitologizocallvpiipertiési batitced ssépar ati on
of the conmponents of the fluid sanple; eleetrostatie properties based

separ at iopoighotk hericanponeptsidafe bheisfdwid. sanpl e; and, c. onbi nati ons
theritOf, Also, electrospun natiollintr containing liquid filtration nedia,
in accordance with the present if/Wthi On can he conponent or part of a

| arger devi T /RELO6] SUST 8 ME:EREROIKL sy LO3AQL s Theiriumuentdzondal so provi des
kits which may be used to renove mcntirganisns froma | quid SaMol e, The
kit may conprise, for exanple, one or nmore electrospith nanotibcr

contai nigag k@M@ d b EGat i 0RARALUMLNHRCEOFERNE Bl Mt he - piesent
|nvent|Qa\\a§uwell as one or nore liquid frttratron devices, support or
substrate for the nmedium The kit may contain one or nore controls, and may
optional l'y include various buffers useful in the nethods of practicing the
i nventi an: Swahf«aa VRS DU (8ESifQF n @l dui: rkat;r;ng; I.BAGRALS s @8 | M nating
non-spec: fleetly retalned or bound nateri al may optronally be included In
the kit. folQher optional kit reattcrits include an elution buffer. Each

of the quf@?;Sz»h 5 nQ RN Qv ded i @m’i@aarp@h%t&?m % Bnd 18K @808 SQL ON.

Alternatrvefy t ers nmay be provr Ibrat or as'a powder and
my be mpde,up. @ﬁta 3% uuuagmam ;ereg\tto tth@z uaer\aa\aaw £4l. gaphigeat ion.
In this case th ovi de acke ts, fh y provide a
power S QuLGE. Jﬂa}t TRLARGRS wttet Q'a%nd%r\t\@s) tam@rmtfﬁft @,s‘txx% t A3 @ means or
provi di ng tin h Kit imay al so

oni nstr 1.ons; for LN tQL ) uR rut/mnther containing liquid
f||tratH% “Redi dm ‘a§ Q_ &§o%tior4§ubstrate mem for maki ng up
reagents suitable for use mﬁth the '"invention, and met hods or practicing

i nventi tional so cordrn ana dat ai ned while
practrcgng gﬁ%?he?ﬁ%&§“8$afﬁ§"ﬁ&@ht“ gﬁ“ﬁhf‘&“ yzﬁﬁ tﬁem‘Fchbrce of the
invention may. alsa ge |nclﬁ d [01.121 ‘The ierin "kit" iriciudes, kir
exanpl e CEEEE O fHe R oHERT S TESTHICREE ' a singl e pagage, the conponents
indiw ideally packaged and sold together, or the c nents es ute -
together in a cat%?%@ (%“g*‘”@ﬁ“tﬁg“g% “ﬁaﬁe“atiﬁgggﬁéﬁﬁéQ%Qs Pl in t he
catalog). 101 .31 The disclosure setkfbnh above npy enconpass mul tip

di st i Nt BriE EONS Sl 1o T depERdE Uiy Y ARt rfotrgrrf EACHOY rwﬁa%e

i nventions has been disclosed inits preferred form's), the specific

embodi metitisbeHd oM EBNdi scl osed and illustrated herein are not to be
considered in a limting sense, because nunerous variations are possible.
The subj ect matthercints pheiibaient forsivmerigestmy Hover: drd ¥8Rsbyi oas

conbi nati ons and sti bconbi nati ons of the various el enents. features,
functions, andior properties disclosed herein. The follow ng el ati na
parrerhrly point nuir certain conbinations and i nbeonbi nations regarded as
novel and. mimobulious! oy Ehtédnscanbodi ediwh dehdnbdontithat kepdvihd

st &enhi nati ons of features, functions, elenents, and/or properties may be
cl ai ned idoprappllifoat rees i Nabrbay ipipority fromthis or a rel ated
application.: Such clains, whether directed to a different invention or to
t he sane invention, and whether broader, narrower. equal, or different in
scope to the original clains, also are regarded as Mcluded within the

subj ect nattier of the inventions of the present disclosure, WHAT IS
etiAliNillin IS 1:.4 nmethod of renoving retrovimttet than illiquid sanple
conprising.the steps .00 -



a) providing a liquid sanple containing retroviruses, b.)

provi ding a porous naniffiber continning filtnitirm medi um hiwhig

ar et rovi rwpoi20g1We8ducti on Value (ii.R V) greater than 2boaiS2@1/0a59pdHr osity
from about 80%to about .95% and n liquid perneability greater than about
t 00 itildalptiil wherein the itainifititer has a fiber dianeter from about
10 rai r tabbut modunm lawd! 3, having » thidkpespdemldbng Itk id dlgul o um.

Sai i nni ttoontaining the retroyl rtisies thrliligh the Ifitnition nedium
resulting in the hill retention of tattrollinittesi 2. The nmethod of claim!]l
wherein the filtration medi um conprises a nean flow bubble point, us tested
Wi t h i sdpr opanotdiufirdmbO 0, ey iHOthpsiess 3pFheaNetthody gfuwCligism 1, wherein the
filtration medi um Conprises a thickness froth about pmto about 500 urn.
4.the nethod of claiml. wherein the filtration medium conprises a

t hi ckness. f ri@hidiab@f dieim 13, formwed The pretdhedaadd edabmgoep\bheneipot he
filtration mediumis formed by a process selected fromthe group consisting
of el eet:rostahningsandaelestisobl owi ng. 6. The method of claim1, \i herein
the retrovirus is Human I mmunodeficiency Vitus flll V) 7, The nmethod of
claiml. wherein the. fetwMrus is Human Teil |eukema virus tfitll,5i).

8. The methothofiediaiomibin Weheln thinancid et GorRikbsescavRe! yIen |

sel ected humthe group consisting Olpclyinaide, al hil tat hi pd yal\/kk
ananatic pal' nmud polysti thane, imitilose acetate, 'onelit ol1lli.deree
oxi de), ipegtfhidiah engatPrt «ehkordd@lraiflsal Bha@l Baelt RENAEE VBONH W"st r
rsutadi ene ribber. 07 The nethodorein the w, her corrprl ses an ahphalc
poiyan , nethed of a i"iher Sanprises a hknd of pol ymers or The nethod o,

wher ei n»thewous. fhe «MBkhot t;\élk @na!‘l\r Linpindtb et eRQL | 86S-0NQ1LL rmn ezs; ayem

sel ect ed ~ai con'ling ofieithint.nvvrs :teethe punched
ri 0f|\0g1m€?m,w@z§£ P AGEG i MOk £ ﬁw U‘z{ wk@lugl(@@/ﬁ(w §m§ ni.hponded
nonser ve and eonbl nanuM Mores.. 3, pri a ention o recornpris

aveiate, §3»;i?§}“t‘i§?ﬁi‘ sulfong, pulvurethans, p@i}»'{z..szm wrethany), polvherinudazoh,

podverherimide, podvaervionitrile, pody{ethyione terephthalste), pobvpropylene, polvandling,

solvi{ethylone oxide), polviothylons nuphthalate), polvibutylone terepbthalstel, styrons atadione

4

ribibier, polvstyrene, pobedvingt ehloride), pobe(vingd aloohoel), polvivinyviidens Suoride),

FoOn R

polyivimd butyienel and copolvasers, derivative compounds; or blends thereat,

T The roedivw of olaim 13, whersiy the vanofiber comprises an aliphatic polvamide.

230 The medium of eleim 13, whersin the nansfiber comprises o blond of pobemars or
sopalymors,

23, The mediontof claim 13, whereln the nanotiber v disposed on a porous auppot
3. The wedivm of elaim 23, wheretn the porous support comprises oug o e favers selected

from the group consisting of spanbonded novpwovens, meliblown nomwivens, needle panched
nomwovens, spurdaced nowneovens, wal bod nowmeovens, rexin-honded nonwovsng, wisven

fabrics, knit fabeics, paper, and combinations tereod

e
A5Y



a porous rianiallthtr filtran 11 nmedium having a reirovirus Lou Reduetion
Value (1, AW greater thaa rosity fromabout 80%to about 95% and a liquid
per meabi IWQ 2gr2ée138 t han abo. 100 | N FI <Ps!, wherein treTISR11I0¢I90Has a
-Mn thanfl 1,0 int, irkVfl of Chln 3, furtherflow bubble Prunt, as tested
with 00 to about 150 psi, 15. the nmedium of daim 1%, having a thickness
fromabout | ton to thani.t 500 pm .lhe nediumoft am 13, urnz a thinknss
from aO[”’j\fut A HRM tlvahot&vB0 hPring 4 ZiraThe Lddiwseofiercibaiim B dse if é‘ﬁmad by a
process sel ected fromthe group QQQL \ Q\\\ netres |nn1n A
dleehetd%\‘f\ﬁmﬁ”m‘“d“m“L gé?ﬁ]l g?“ s *The® ?ggfodlgals |% iﬁﬁ 1nr1
3odet|CkEmcyuM%nu9w(KM 15. "H|e nedlun1of eh|n1la mhereln the retrov it
US is Human T-nel | kem a Lﬁﬁ 23 Th }q % m i
wherein the naﬁdeH ﬁ%? ’””“‘“pﬁi%ﬁ%f @Q‘F‘Wiﬁ $h1fh%” gl éd 15t i ng
of polyim de atic ;aromatic 9o/ ? | ysuf fon

odi D1 a8 b Soly b ‘g)‘mﬁgfr 0 b BRI LT AT AR 009 1B %é:f\ & hane)

pelyhen2|f0|dnzole eth 1 nui dc, aci 1on| y 1ene
t er epht hai nte)"*fﬁc‘}ﬁyﬁf’ %S}I‘O *‘“é}b/‘Weg}*ﬁE// r‘téf i"&l%”*‘* %5{‘)9“(1" ‘ﬁ i“é‘

naphthalateT pol , y(butylene terophdgilate), .yrena but adi ene rubber,
pAys. t yyIHErp: y(V|rv,,,,T chloride), pr ,..,;;:virqg;. ainotgd),

pol yevi nyl i dene quorlde) Pctifyinyt butlftene) and copadynters

der i vat i Ut nemires o ivedigseteharediou (P ITHE VIR of el ai m 13, wherein
the uandi ther conposes arm anphatie pdyntnide. 22. The nmedi um of &dm 13,
wherein the nanotiber co rlses a bl end of polyners or eopolynmers. 23, 'Re
medi um of cl dbmiade GRepeat. e hanskeheru SuaiiypbFBdC v d PorBEsdisnTor T
24. The JMedi.um.CE .¢laikm, 23, whergi,n, the porous support conprises one O

Mor e Iayers sel ected‘ i(lu the griJap Callsisting of spinbonded
noti.wovens, ndtbl own nonNVCA ef 1S., atedl C punched nonwoveos, spai daced
nonvovelst wdhe faidattaivEA4ansit &Sk e bondet o Ewens pefovent INBEiCX . "
knit fabgics.. gpgrh and con rations WO 2012/021308PCT/ US2011/ 045905 i On,
devi ce npr|5|nm1n [ &Ct rospun nt greater than about 4 o :3 thtOt3uP the
devlice, the filtration ira haying a Litt/V are

28, The device of claim 23, further comprising a mean How babble point, as tested with
sopropanad, from sboat 100 to sboat 18 psi
28, The dovice of olaim 28, swhersin thi sleatrospun nasofiber fliration medium comprises a

ynem pors stee from about GBS wny o aboul 3 um,

ML The devies of olaine 25, wherein the slectnspun sanotiber {iliration medium s &

polymerie Hiwous mat,

31, The deviee of elaim 39, wherein the manofiber covaprises o polymer selected Ham the group

consisting of polvimide, aliphatic polvamide, sromatic polvamide, polysulfong, evllulose acstate,
podyether sulfime, polvursthane, poly{uren wethanel, polybensimidanie, pulvetherimide,
volyaervionitrile, pabvethvlens terephthadate), polypropyiens, polyaniline, poly{athylene oxidey,

ooiviethylens naphthshue), poby(butvlens terephthalate), styrene botadione rubber, pudystyrens,



SIMO't and the ninofibut has n fiber daieter fromabout io rimam The
devi ce thicknesa th)111 aboutto about 100 um The device thittitn.ss
from | prwOQbildM2t3®Rt Ot ues a 2now bfrt e point, as test e@dChiUSR013085905 00 t o
about SO .pS The &ine O el:tit/125, wherein the tos. pun nanoti het
fiftratiun medi um mean core.siztt fromabout 005 urn to about 3 urn
30. t edi ymhitsinyrchaerdi e rtlafvrohaaetats, rolvivpolifas Snylidnlppplopy tenépepaklyani i nc.
pol Attill not T, adde.),. aphthataut), pdy(huuvknr terephth&atevt ., ,yreite
but adi anapeWde20%2#021308PETUILS20L44:048905 poi y(vi 0.24 ohjritido, pol Avinyi
akehop, t nrondo, im yeedcrelb.ie.ae and coporirrners.,.derivative conmpounds”
or 'blends thereof. 32, "lI'ho dovirre of Gahu 25, wherein the mato:fiber
ent npri s¥s dhe ihii@ldfthtn 3 noleyduhi deoliBE, cobhosesdewiphutiepdfen@dhu. 25, :
Twt g?. 1(7.:11"t the nanetliter neanpei Sea a bknd of pAyrnets. or
Ccl pCkc'inetS, 34, The devioe of 'claim25, wherein the acne. hens di sposed
on a , paroughSipGldof o83y 2T hewdevite anetielawmpda:d » theérnepaythe opor ous support
rioni prl&vgs\&ﬂﬁ or nore layers: oulectod Oamri the group entensting of

: ptni bnati ed nonwavens, rneliblowe. noinvoveris, noddl e panelled

non: vow. An, p|||||||eod no/ nove:us, wig laid notrmviria .. resin-bornied

nori wt i vens iWeMGLLLARE DeSyhokoM e k;hfiol B8 1€ 8iapRAPAT 4 pABE 6O m@i nations
tittnnol, $1.t..The &ie(' of claim25: wherein the terrovirus is routvirns
rs Human |int hurl udeliciourry Virus (Um $7, The device of claim 25,

kitiereidsi thQ uokd OMILMS 31 Rh@bibh e BN oMEH S ok Bl i) mcms lavers selectnd
from the group consisting of spunbovded nowwovens, meltblown nonwovens, needle paached
norvwovens, spanfaced sowwovens, wat laid nomvovens, restibonded ponwovens, woven

fabrics, ko fabries, paper, and combinations therent,

36, The device of olaim 25, whereln the vetrovivus s retrovivus s Human homanosdhelicionoy

¥

37, The devies of clabm 25, whereln the retrovivus i3 Fhaman Teoel! loakemia vivas (HTLV)



