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METHOD FOR RETROVIRUS REMOVAL
DESTRIFTION QF THE INVENTIOR

Cross-Referenced o Related Arplication

JO01] The prosent application clabmy the bonefit of peiority of
Application Mo, 61372,243, filed on August 16, 2010, the st content of which is

incorporated by reforencs heveln in Wy entiety.

Siald of the Invantion

(21 The preseat invention relstes gonerally to hguid Hlration media, In certain

gmbodiments, the lnventioey provides a poroas elecirospun nanofiber Haunid fltration mat and

methods of using the sare 1 the relrotion of retrovivuses from s fillered Hauid,

Backgrownd of the Invention

D Regulatory sgencies arouand the world place stringent reguirements on conumercial

S 5 of mophavmecetical componds to wrovishe blossfety assurance of telr drags.

~

The mavnsfacturers hase to boild b and validate at foast tws orthogona! steps, Le. opsrating by

o4

.

wo distinet mechiusms, of vivus removal it thetr processes, one of which s usually size-

.

hased filration. The combined LRY {ug

steps of the combines

CRNA vivus Gsueh as HIV)Y that roproduces by troveeribing feelf

R - v

o DNA {using reverse travsoriptase), The sesnliant DRA inserts Reell into gcell’s DNA and s
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setrovivuses alls in the ravge from about 88 o 130 . e dovedopment of virgs-ratentive

Hration producta, iy cormon practioe by substitute mueamalian vicuses for bactsriophages of

whde Phy-6 and

mples of such hgowrtophages

¥
¥

BRI, Practior shonws that fillors exbibiting s certadn fovel of rotention with thess
hacieriophages wsually oxhibit same or higher fovels of retention with marnmalian retrovivuses,

[

[ cy

A detalled duscription of tndustry approaches 1 vires removal and @ tist of
commarcially available virus romoval products s gvaifable in “Filivation and Porificution o the

Biopharmacensioal Tadustny™ fy T Meltegr sud ML Jorniv, eds, 2™ edition, Informa Healthonre

8, I, 200K, Chapler 20, pp 3433
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(6 Thers are g numbher of sommaercinlly

removal. A typdoal retrovivus romoval membrane, For example ¢
Mitlipose Corporation of Billeriea, MA. The membrane bag bean axlensively tosted osing the TR

sy casmetor bavteriophage Fhi 6. This haowiophage is readily grown to monodisperasd,

wniform size, sud high ttey ed over the range

ared 5 &ii"“"iii‘ g &

of feedstook and pr
IR Pat, 7,108,781, which is fully incorporated heroin by refergnos,. The Retropore® mymbrane

han an asvnnnetrioal pore sirustury, with a tght vires removal side and micropwous

aide, and is manuiiotured by 8 raditiongd phase inversion progess used 1o make x wide range of

UF avd M mambranss,

$
i

07T Ome of the inherent HimBations of this process is that porosity derosses with decresse in

pore stwe, Foroxample, & microprweas membrane with average pore size of about §0.3 micron

o & porosity aboat T3% o 8%, while an uhivatiftration membrane having a

g

Y

i
&
=]
=
%

pore stre of ahowt 807 mdoron to S.82 mioron will only be abomit 39 @ 30% porous in B region

&
s,

of narrowest pore sive. Rotrovirus samosal merbranes have traditionally tow porasity and thus
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fower flux, US Fan No. 7,108,791 defines nunimum desirabde fux of a “large vivus™ 7% am)
filter ay having 3 moinimun value of § 1o 20 Imbdpat,

et Medival Co., Lid, dincloses o hvdrophalie

TASG GRS o Asgla

micvopovmisy mombrane comprising a thormophiatio resin having ¥ waximuen pore stze i 8 o

aiion.

100 avn and destgned Tor low pratein fouling in vives Ditration app

(0091 Pubdished US Pab App, 200800042058 1o Ml

y, diselises an intogral

multiavered composite mombrans hoving & least one uhirafiliration fayer designed for vires

renoval slrafitisation menthranes and methods of making such membrane,

8] As blophanmaveution] mannfsctiving beeoming more suator, the industry s constantly

i
1S

fooking for ways to strommbine the operstiong, combine and sliminate steps, and dramatically

.
=H

sress each bateh of the drug. AL the same tine, there are market and

fhraton seoouns

regsinlory prossors rogquiring manufacturers to redees theh

for a significant percenage of the total cost of dhug parification, any approaches o increase

membrane throaghput snd reduce tme sre valnable, With the introdustion of now prefiftvation
srodia and corresponsding fncrease in throughpat of virus flers, Hiration of move and wove feed

stregms B becoming fux-timited, Thus, dramatic improvements in the permeability of virus

fratin SIOp

either fhrous nomvoven

h/

T Filtors used in Haguid Hliragon can be generally categorizad as

mecha fillors or porows file mumbrane fler

10121 Filwous noawoven Hadd Sitaation media inchude, b sre not Himied 1o, sonwoven
media formed from spunbondest, melt bloven or spunkaced continuous fbers; hydroentangled

nomvoven media formed fom carded stapde fber gud the Hke o some coabination ob these

{}.rp‘@g‘ f\{);\;,‘ §§ § frous nonmsvoven fiter media Gllers used i §§\}i§ g Giltrationt have TS SERES

aeverally greater than about T mioron {um).

ek
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(3D Forous Hlm moembrane Hpad {Hivatiog madia i used oither unauppated or used

conhunetion with & porons substrats or support, Prevas Gltetion membranes have povs sl

2

simiailer than the Ghwous ponwoven media, aud & than about | un

N
{

»

Poveas fihn Hould fliratioe: membrases can be used in: {a) micvofiliration, whersin particulates

fifiered from a Hauld see typleally 1o the range of about 8.1 got to abos

whavely particulates froms a Houid, are sypdestly b the range of sbout § rm toabir

~ attor frered from 3

gy anud {0} row

range of shout 1 A to about | wm, Rotrovirus-retoniive membranes ave usually considered to be
on the open ead of pltrafiliration mewbvanes,
f14] The bwo ot desired fomtures af a Hauid membrans ave bigh pormsabiliny and reliable

' Ewo parametees, and o the sane g

i

menthrane, swrificing permesbility of the mentdwane, The

&

inherent Hinbations of the conventional processes for roaking porous fihn mombranes pravens

membranes fromm exosoding o certdn threshold In porosity, and thus Himits the may

permability that can be achisved at & ghven purs size.

i

{0131 Blecwospun sanctiber mats are Kighly poroes polymeric materials, wherein the Ypore

@ v Hinearly proportional 1o the Hber &

mmotern while the porosiy s relatively indepemlent of

the fiber dlameter, The porosity of eleetrospun nanofibor mats asually 1alls in the range of abowt

H5% tor 900, and resulting ironeemnfiber mats dermonsirating dramaticalls

T

e

ax compared o Inynersion et embranes having 8 similar thickne

it
:\f}hgfg;g} cally
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Moreover, thiss ox amplified b the smallor e
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of UF mombwanes dinsgussed supra.

reguived for vivus flration, beomng of the redaced por

sasumpiion that

{8 The random nature of eloctrospun mat formation has ed to the genem

they e wrsuitable for sy critioa! flvation of Thpd streams, Blectrospun ranotiber m
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often referved 10 as “ronywievens™, thus placing theny in the same categiry with melt-blvwn and
syssrrhonded Bbroas media, what s oalled “raditions” non-wovens,

T Flbors bn traditiona! nonewovens are ususily L SG

oy mats. which lmits
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AL Svnthetic podviers have teen fonmed ingo woby of very smal diseneter fibers, (Lo, on

thy order of & fow mivrometors g less than 1 g, asing varfous provesses inchuding welt

5

N

Howing, eloctrostatie spinning and slectrnblowing. Such webs have heen shown o be asefid

il as

Hauid baveler matorials and flters. Offen they are combinad with sironger sheets & form

compositey, wherzin the stronger shests provide the srength t© meet the needs of the final St

9] U8, Putent Mo, 7383

(0201 WIPQ patent application no. WOSHERG o Thevice And Methud
snefibers Via Bleotro-Blown Spinning Process”, assigrsd 1o Ko

3 incorporated heredn by referonce in 818 satirety, aches an

vinerie sedntion comprising & polymer and a
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solvent i3 fod from g storsge tank § 2 serigs of spinning noxzdes within a spranerel to which a

high voltage is apphied and through witich the pobvourie solation §s discharged. Meanwhile,

\

conmpraased adr, St may optiveally he heated, Is release from alr nozedes disposad in the sides

of, or ot the periphery wle, The mivs divected gonerally downward as s

werte solation and aids

»;x

blowing gas sircam which envelopes amd forwantds the newly lssued polyny

. b ¥ ey freen
brous weh, cted ont s grounded porous cotlection belt

it the fomsiionofthe
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above 8 vaoum charvher, The sheotroblowing process permity formation of cornmsrelal sizes
and quaviilies of navevwels ot baads welghls In oxosss of about § gsa for great than bt 48 gany

R

i pelastvely short time pertod.

T T a4 T ooy “'.x U op g
and navesiibers frmed by eleclrostatic spinning for filoring cont

spirsnsing process utilaes an electre spioning apparatus including a sessrvolr i which the i
fiber firming polymer solidiog 15 contained, 8 pumpy amd an omitter device which oidaing

pobvis solution from the reservolr. In thy elovtrostatic figld, » dropler of the polvmer s

aveclerated by the electrostatio field tovard & codleeting mudia substrgte lneated on s grid. A bigh
verfiage electrostatio potential is nualntained botwyen the enitter and grid, with the collection

substrate postiingiod thore between, by means of a sullahle electrostatic vollagse source.

wtont Fublication No. 20070073015 issued 0 Rates et al. teaches @ Hgwd

fitration medin nclading 8t loset ong ey of panodibers having average diameters fess than

OG0 nanovmcters optionally disposed on surim kyver for filtering paricudale matter In a oguid

The filration media have flow rates of &g least O35 Limindent® s relatively B

S R s =i ey e Firrtmroitianey Flaats vatad an it 3 AR IR TTNED 1 o
sofidity, The modia spparently has non-dimbndstang How sites as difforential prossures Invreass

between 2 pst {14 kPa) and 15 psit {100 k¥fa)

3.8 Patent Publication Mo, 200026 wr Chen teaches fabricatiog Hguid

o

filter with a pasite medhan tat has g nanoweb adiavent to and optionaily bondec

-

seroparaas mombrane, The mumbrane s charscterized by an LRY value of 3.7 ata rated

partichs size, amd the nanewed has g frectionsd Mivation offfclency of greater than 0.1 at the rated

particle stee of the merabtane. The nanosel also has g

L0002 af that effivionoy. The ngnoweb avts o provide depth filivation to the membrans.
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o Bambonw traches v vanofiber mats cogted with

mrrediologioal nterception enhancing agont (xueh §¢ a cafivmie metal complie

groater than € LRY of virsl romovat and & LRY of bacterial removal,

ATBUTET 1 Gresat teaches a mathog

amonaet of Hhers with o diameter of Tess than 10O nanomesters.

{26 n Dexedintion 348 (2008 S48 each elostrospan Nyl

The measured bacteria LRY fiw

3100 nm dlameter and 120 am thicks

nanoiiber mats o

. The authors conghude that hacteria remmoval efficlenoy of as-

P RUrEs

spun nanndiber mats s unss

27T Gopaletall i Jopernd of Memdwane Sclence 2883 CO0TY 21219, teach elogtrospun

polyethersulitme nansitbor mats, wherein the nanofibers have & dlameter of about 470 o, sueh

that the during Hauid Hiration the mats st a3 o soreen fo filler our partivlex above T micron and

ax g depth filter for particles eader 1 micron,
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slectrospun navofibors of 30-1 HY wn diameter ased i revaoval of polysiyrone particles (0310

wn diameien.

N

elinble eloctrovpun numndiber filter mpdivm sullable Ty

8 wondd Be desirst

'

Cretrovirg! particles while stmulaneousty achieving high

4

K}

PO g over tradiionally used vivus

removal membranest (1) higher permsabilit

nature, {Le., o supporting microprous struchre Is required), and (3 potential 1o be used 1o

RN

The fatter two advaniag wably grester floxihility inthe design
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f030] Additionaily, the porous slectrospun panofiber Rliration mediom sould be readily
seafable, adaptable to provessing vohames of sample fluid s froarny i liiters b thoninands

of Hters, snd capable of use withog variety of Rlitration processes aved deviees, The vention s

disgeied 1o these, as well as other objectives avdd embodiments,

TARY QF THE INVENTION

3T The present invention fs directad fo & method of removing retrovivuses from g Hguld

i

o

W
passing the Haold through @ poross electrospun ngnofiber iquld Bhrtion sedim, The
otrvspint tancdiber Hauid fltration modium can be nsed withoorwithont being disposed on a

porons snpport o substeaie, The electrospun nanoliber Hgwid Hiltation madhen can be Rrmed

it a variety of shapes, sizes, thickoes

o and deasiiies, such as a porous, polymerie mwofiber
mat,

F321 In gnother winbodiment, the present fnvesdion i3 directed towards g poroes slecirospan

oy abowt W o oo

F0331  In another ombodinant, the present bvention 1o divecied towards & povous elactrospun
guid filiration me ¢ o retrovivies LRY groator thav abowt &, and the

has g porosity ranging from about 805 10 about 95%,
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4T o another embodiment, the present invention iy directed towardy a porous electrospun
nanofther Bguid fltration svedion having 2 retrovives LRV greater than about §, and a Hguld
rermoutiity at 10 pei difforential pressure gromter tha abeast 1000 LMHL (Liters Per Square

Slster For Hod

IO3E1 In another pmbodiment, the preseat invention is directed Wwvards 8 porous electrospan

vanofiber Hould filtration medion having 8 retroviras LRY greater than about §, and formed as g
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fibrowy poresis mas having a thcknes frran aboal 1 oy B aboast SO0 w, preforably
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fronn wboust 1o to sbout 104 pm, or from o

0361 o another ombodiment, the prosunt invention is diveoted o3 provess For forming a
poroags fHtration medium froms one or more electrospun polvmeris nanotibers o g podyater

N

sedution by using an ckeotrospinning apparatus, and subjocting the sohation (o an olectri: potential

greater than sbout 18 ¥V, and collenting electrospun polymer Hber{s) as  som-wirven mu.

ancther embodiment, th proseat Inventim B dirsoted 1 Cornposiie poroy

filiration device comprising 8 filtration medium having a vetrovivus LRY greater than sbout 6,

ard incfoding an electrospun podvmernts tanofiber mat disposest OR 3 PGS SUPPOT OF JOROUS
sphstrste.

acdea ox of the fnvention will be sot forth in the detailed

FOIS] Askititional fosturs ¢

fons and variations of this invention can

vhich folliows, Many modifi

desoription and
be made without departing from its spirit and scops, as will be apparent to those shitled in the .

i it Do understond thet the Rregoing general desoription and the following detatled

are exemplary and explanatory only,

desoription, the clabms, as well as the appended drawdy s

8

and are intendad to provide an explanation of vavioas embodiments of the preseut teachings, The

spacifie emnbodiments desertbed bergin are offerad by way of exavaple only and are sol mwant o

be Himiting inoany way.

SSURIFTION QF THE DRAWIKGE

*

HIA The sccompayyving drawiogs, which are nworporated in and constitite s partof tids

2

i ”

spesification, Hustrate the preseatly contermplated emnbodivents of the nvention and, togethey
with the desoription, serve 0 explain the principles of the nvention,

R

Lrrrrs

Fig, 1w g schematic of the process of eletirospinning & nanofiber acoording W one

A

entbodiment of the nvendion.
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faall P

o

migrograph of mylon Hhers from an enbodiment of

thee frvention exemplified > 1
{43 Fieo 3 s o frontal scanning electron micrograph of pyvlon Bhars from an embodimens of

f431 Figo 4 15 o graph of bubble pobm distribation fow & avlon fiber st desoribed iy Exanple

’:

Vand S g commerolsl rotrovires retentive mombrane.,

f44] Fie 3 is a graph of Log Reduction Value (LRVY of bacteriophags s 8 funcli

DESCRIPFTION OF THE BEMBODIMENTS

13437 Al publications, patents and patent spplications ofted hevely, whether supwa o fofra, &

horeby lnporporated by reforence in thelr ontirety 1o the swoe extent o Heach individusd
pabiication, patont or patot gpplication was specifically and fndividaslly indivaied o be
moeorprratad by reference.

[G481  For the purposes of this specification and appended claims, unbisy otherwise ndiondesd,

Pos

all nushers sxprossing quantities of ingredionts, peresntages or proportions of materialy, reatiion
compditions, and other nursrival values wsed by the specification and claims, sre to be understond

as being modified I all instances by the term "about™,

10471 Accordingly, undess indicated 1o the contravy, the nawerioal parametors sot forth in the

fuliowing specifivation and attached cluimy are spprosimations thit may vary depersting npon

th desired properiies sought fo be obained by the prosent fnvention. &¢ the very least, snd

as o attempd 10 Hmit the application of the doctrine of sguivalenis to the scope of't
vavameter should at heast be construed In Hebt of the number of roported

signtficant dgits and by spplving ordinary rounding feehntques,

o
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{0487 Notwithstavuding that the nureriosd rangss and pavameters seting foeth the browd sCops
of the iovergion are approximations, the nomerioad values sel forth in the specific axamples ars
reprarted ay precisely ay possdbie, Any pumwerical value, howsver, inhorently contalns coviain
errors neoessarily rextlting from the standard devintion found in thelr rexpeotive testing

Pec

voeasurements. Moreover, alt rangey disclosad berein are to be understond Gy encompass all
subranges subsumed thereln For example, a range of "1 o 10" inclades any and all sulwanges
bactwvesn {ad foeludingd the minimnan vahae of T and the maximum vah ol
all xabravges haviog o nvinten valoe of egual to o greater than | and s maxdmany vatue of

sopsal dor or foss thant 10, e, S5 0 1

(0481 Defors desoribing the prosent lnvention i further detadl, & number of wrmy witt be

dufined. Use of thewe trms does wot Himbt the scope of the invention but only serve {o f
thy description of the invention,

301 As msed herein, the singular forms "3 Tan,” and Mihe™ nclude plural refarents unless

RHEEARISIS uR s

¢

4531 The terms “filter medium™ iy "Hilter media” rofir to ¢ material, or collection of woaterial,

poron

thrcughy which a Huld carryving & mivrsorganisn contaminant passes, wherein microorganiam i3

s o

N

deposited in or on the material or colfontions of material,

VOS3T The torms Mok and "How rate” are oaad imterchangeabiy to refor to the rate at which a

fos

o~

vohame of Buld passes through o filirstion medbng o & given gren,
U841 The fation medhn of the present vention inchudes g porous electirospan nanofiber

Houid fitration mat The nancdibers have an avemge fiber dinmater of abont 10 nag {0 aboue 1O

erey, Y hwe FRbEes

vodium Bas 3 mean pove sl vangiag from about 8.03 wa o abaut T am, The

{iltration mediam has 2 porosty ranging from about S0%4 1o about 45%. The Hitration wadham
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has a thizkness ranging from about | pm to sbogt 300 wm, prefembly from shoot 1 jon and

about 100 pwmy, The Bltration madbom bas Hguid pormeabibity groater than ahout 1 LB psi

org suitably fo ase inthe nanodibers of the bvvention nchude termaopiastic and

shphatio podyvanide, sromatic pobvamide, polyauifone, colhdose, celluline scetate, polyether

vetharim

suffone, o

¥

naphthalate), polv(butyvlore torephibialatel, styrene butadiene rubber,

connbinativas thereofl

“

The process S making the elvctrospun nunciiber mat of the

~

filtration medion s

poron

31081, and WO 2008/ UREE, each fully fncorposated

invention as depicted n Fig, L the Sleation mediym

comises g porous mat & made from a single nanolibey,

o

{2 mnving collectinm apparatus 30 positivnad between a rolating drom 28 and o

pac

CRt

twill be appreeciated that

thveugh the elpotrospinning pray

pad

m

Bove the same moving

v spiming drums 20 rmnndng simultanomisly g

{I5R] ln Fig. §, the moving cofivotion apparatus 38 Is preforsbly a moving soliection belt

’

posittoned within an eloctroststio

ted o an slents

wherels & polymer solutiog

slectivspun polymer fiber fs produced inthe elearr

sotroe 44, wuch

T one embrodbvent of the fnvention, a fbrouy mat s made by depositing sanotiber

< and whout
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ad on a dey basia, Leo, after the residas] sobvent has svaporated or boen

FO80] 1o one ewmbodiment of the lovention, any of g

subsirates oF supports can be grranged ow g niow

VI

the elsctrospun nanotiber mad medion, fHembag  composite filtration o

[

wohude, but are ol

{1l Exsmples of single or mulilayerad porous substratos o suppors
Hmited to, spunbonded nomwovens, malibdovn monwoveny, nesdie punched nomwavens,

spuntgoad nonwovens, wet laid noneoveny, reslin-bonded nonwovens, woven fabnies, knit

fabrics, paper, and conshinationy ther
{0621 1o avother smbodiment of the fovention the elentrospun ranotiber mat median faught
hergin may be bonded o & porops sabsirate or seppet. Bonding may be accomplished by known

hads i the an, incleding but not Hmited (o thermat calendaring betwosy heated smooth oip

A

TR

wding, and through gas bonding. Bonding the ¢lentrospun nanoiibor medium to
a support ixereases the strength and the comprexsion resistancy of the swdiuny, such that e

medium may withstand ; handled such as when the porou

srediany i forowed into o wselel Blior andfor installed tnto g Hloation device, In addition. the

phyadoal properties ofthe porous electrespun nanciiber medium such as thickness, density, and

the aire and shape of the pores muy be affected depending o the bondding methods used.

631 Por instance. thermal calendering osn by oved to reduce the thickness and inorease the

641 Do gererall ulasonic bonding will bond to @ sowller ares of the porous electrospun

sanofiber median than thermal caleadering, and therefore hag a losser effoet ou thicknsss,

density sud pore stee,
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of the

. ety and pore stz

P

G681 Gas bonding gesenlly has mintma! effvet on the thick

porous olecirospun aanediber madinm, there

[

Yy be prefomble in

applications in which malntaining higher thad How rgte i des

L2

ea]  When thermal calendering s wsad, care sast be takon not iy over-bond the poroas
slectroapun panaiiber melt and vo Jonger rerain thelr stracture

as ingdividual fibers, In the exirene, over-bonding would result in the nanodibers welting

conpdetely such that a il would be formed. One or both of the aip rolls used s hea

H

temperaiure of botwesn about andient tormperature, e, about 28°C and aboma 3P, The

o

porous vanoiiber mediue and sport of substrate, can be compressed betwesn the nip

POFINES B

R

solts a > frons sbout { Biolo abeut TR0 B (178 kgdom), The povous

sanoiiber mudium can be compressed at o Hine speed of st fesat gbout 10 o 3 ovlmind,

71 Calendering conditivns, o.g., roll tomperatare, pip pressure and Hne spesd, can e
adiusted to achiovs the desired solidity. To geoeral, sppiication of higher tevaperature, pressue,
andfor reaidenos Wivee onder clovaled fomporature andfor p aerighity

catlng, shtorig, anncalin

beg

0681 Other suchanicsd stops, such as strotehing, cooling, b

reeling, wrseHng, and the Ble, may optionally be included in the overall puszess of forming

{68 For exanple, the sleetrospan sanofiber mat wodium taugt borely may be siretohe
stngle step ov & phavality of steps as destred, Deponding on the stretohing vaethod used o stretoh

musdtun, stretching can adind e physical properties of the mat

5
=
b4
b
,,
[
/
e
=
i
%
nn,
=
B
foed
pot
]
s
oo
f"
=
s
~
foed
&
¥

inchuding thickoess, density, and the size and shape of the poves formed In the mat. For exampls,

i the clestrospun napofiber mal is strslobed g singde divection {eniaxial steptohang), the

(’;
o
b
foe

strgtehing may be accomplished by a single

the deaired final sbretoh ratio s atialned,
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i o hirent

0701 Similarly, ihe clectrospun ranaiiber mag me s stretohe
{biaxdal stretohing), the stretohing van be conducted by 2 single blaxial stretching step ov »

et ration are stained. Blaxal

saquenne of blaxial strotohing steps untdl the

ro»‘

strstching may alss be avcomplished by a soquenced of ong or mowe s sheetohing steps in

P

one dirgotion snd ooe or nore wraxial sretolin ton. Biaxial stretohing

steps where the eleetrospan nanoiiber mat is sirotched sinultaneoualy in two divectinns and
aniaxial stroiching stops may be consluoted fn sequence nany order.

(711 dMethods for strerching the mat sre not particelarly imited, and wse may be made of
ordinary entering, rolling, or flation or & combination of bwo or more of these. Thy stretching
may be conduvted untaxislly, blaxially, ete. In the case of Bagdal stretehing, moachine-divection

stretohing und ransverse~divection stretching may be conducted either stmultanomnly or

g B

FO720 Vartons types of stretoling apparatus areowell Rnvnwn iy art and may be used 1o

e

aocomnphish stretching of the slectrospun mat according to the proxent invention, Unlaxial

stretohing s waually sceomphished by stretoling botwesry two rollers whevein the second ar

bty

-

dewnstreant roller rotates at a greater pevipheral spood S e fivet v wpstreans roller, Unlaxial

an afso be accomplished on e standard teatering mwaching,

Biaxial stretching may by scoomplished by simultaneously stretching in b different

dirsctions on a tersering machine, More commondy, however, bladal steeiching & secomplished

ey

~~

by fiest eniaxially stretohing bepween fwo difforontially riating rollers as desortbed above,

followed by either aniaxially stretohing o 3 diffornat direction using a tonter maching or by

F‘;A

akial stretehing s where

Baxdally stretoldog wsing g leoter machine, The most conunon type of &
the e sireiching direstions ave approximutely af right angles to cach other. In moost cases wherg

& vontimous sheet is belng sretohed, one steaiching direction is st fosst spproximately paratied

the fong axis of the shest fmaching divoction) xad s other stroiehing divcetion s 3l feast

L4
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approsimately perpendicuiar o the machine directi e plane of the sheet (tmansierse

direction).

K
H

Iy or biaxially, the

%

After the electronpon nanofiber mat bas been strowchesd cither aniaxial
sangiber mat can again be calonderad, The strotehed electrospun

o~

» 2 pair of heated calendse rolls goting cooperatively

form a mal of reduced thicknesy compared 10 the mat exiting from the strgtching apparatus. By

-

regulating the pressure exarted by these calendar i he temperature, he pore size

=
.
bs

-/

)
ot
ox
53
]
i

b7
e
s
i
ooy
e
o7
et
poss

of the final clectrospun nanoiiber mat can e contrilied us desired, therehy allowing fur the

(U781 The eheotrospun nanefiber mat may by heated by any of @ wide varisty of techiiques

such gz that provided by clectrically heated or gas fived infrared heaters, comvect

,»,
i
A
1%
T
I
bt
kY]
A
-
%
o
o
%
5

as that provvided by recironlating hust sl and cating such as that provided by <

with boated rofls, The tomporsturgs which arg measured for fomperalurs conrol purposes may

(781 In goneval, the mperaturs or lsmperatures can by controlled such that the

>

panofiber mat s stretrchad gbout ovendy a0 that the variations, Wany, by thickness of the streteld
mal grg within acooptable Hmits and a0 that the amount of strolehed wmicroporous clecirosmm

s iber ot centside of those Himis ivacceptably fow, H will be apparent that the w

s rray oF may not be close to those of the electrospun nanoiiber mat fselt

wyed for contrd purpe

stnos thoy depemt upon the astore of the apparais weed, the locations of the temperatire-

memaring dovices, and the kliatittes of the substances or objents whose temporstures are befag
srisasiresd

F0777 The porosity care be seodified gs a resull of calondering, The range of poasity from
about % (o about 88
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fO781  While filiration medium is oBen uss p eovfiguration, 31 I8 sonutis

advarniagenus 10 provide more than one bover of filiration mediont adiscont 1 exch other.

crnmonly used i virus |

Layoring membrane fillers 1o improve particlo retentior

ts praciived commerelally tn Millipore™y product Hines of Virssobos® NFP and Vivesolve Pro®,

Lapvering BHetion media of the same or different conaposition is also wsed to tmprove fler

throyghput, Examplies of such fnyered fters are Millipore's BExpross® SHO md SHRF prodduct

H
H

svered Hltraticey product inclede economies

siderations for choosing » nult-
and vopverdenve of modia mnd device manuthctaring, ease of sterilization and validavion, The
floous filteation medin of the prosont Inveation can be used i single-faver o s nudi-layey
contigiration.

al considerativns,

(0801 The preforred lver configuation: s often selected based o

Theve constderations take fnfo acoount the kronwst relationship bobweon LRY and Yuckness,

whereby LRY typically tnors

or thivkoess or lavger number of

avhipving destred fovel of LRY, o.g. by using Bower favers of larg

thinngr layers,

{081

Hasis Welght was dotermined by ASTM DAA776, which is tneorporated herein by

¢, by the swmple thickness bt micromaters, multiph

polymer donsity in gf

subtracting the reselting sumber from 10, Le, povasity= HEk{h

yseanning elociron wiorissope {SEM)

“sach side of nanodiber mat wanph. The
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vasured fron each SEM image and

O

=

guishuble panafibers waee |

ded {Le., oy of nanofibers, polvmer drops, ntersestivas of

¥

o fiber dlamter of both side for sach sample was calonlated.

{831 Thickpess was determined by ASTM DITT764, which s inoor

refirence, and s roported iy mivrometers,
ST Mot flow bubble point was mgssured socording i ASTM Desipnation § 129488,

"Srandsrd Test Method for Pore Skee Charsotiristios of Membrane Filters Usdng Aulrnated

ih

frd

Llpd Porostowter” by using autmnated bubbde polnt mothod from ARTM Designation F

using & custom-haih capiitary How porsbneter, n priveiple sinmil toa oommerelal apparatus

o

from Porous Materials, Ine, (BN in in diameter were

aly was applie sd fronn the sample, The differential prossure at whish wat

oo Iy goual o ove-hall the dey Sow (How withont welting solvendt} is used to cghoulue the moan
How preve stee uaing supplied software.

08T Flow Rate {also reforrsd to an Flax) i the rate st whuch flaid passes throagh the sample
of a given area aud was measured by pasaing detonized water throagh filler medim sanmples
aving o dlameter of 47 (2.8 oo’ flleation arex) sum. The water was foveed throngh the sonples
asing bydraalio pressure Oeater head pressure} or prcumatic pressars {8y prossre over water).
1881 The effoctive pove size of an electrospun mat oarche measured osing conventional
membrane ectvugues sueh as babble poin, Hawid-lguid porometry, and challongs test with
particles of certain size. IS Known that the effottive pore stre of & fbrous mat generally

iereases with the fibey diaeter and decrasses with porosity.

vay to measure effective pore size B

caloulated froan the following eguation
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¥
by

ere P is the bubbly pojnt pressure, v is the sur

F090] e

probe flaid, ris the pore rading, and 8 s the Bguid-sedist contact angle.

N

FOR1T Membrane manufacturers assign nominal pore size ratings to conmercial wenrbeang

fitters, which are hsed on thelr retention chargoteristios,

fOR2] Retrovires rgtention was tested folfowing & Millipore st methed, The bacteriophage

bad

PR7T72 challenge strosm was prepared seith a suninsen ter of LG pfimell in o phosphate
buffer saline (PBR) solution. Porous media o be tosted were cut 1o 25mm disos and sealsd in

evicgs, These devices ware then chalionged by the above mentinned

e wet By wister &t 23psd pressure, The tost way terminated after

1O mi of Glmte collection or after 4 hours of Giration, whithever came first, Quantifivation of
bacterfopbags i the initlad and Hual foed wore conducted on plates incubatest overnight using a
Bght box and a colowy comater, Coeresponding log rotention vahies (LRV) were calonlated.
31 The following BExamplea of the prosent invention will domonstrate that an slectrospun

nanofiher mat cay stoultancously possess botl high pormentility and high bacteria retention.

&

[0l Hereinafler the present fmvention will be desoribed in more detail in the follmving
examples, The hrvention will be further clrifiad by the fllowing examples which sre sotended

o e exemplary of the pvention,

{7 Navnofiber vers ware wde by elostrospinning g solation of Wylon & polymer. Nylon 6
weas sapplied by BASE Corp Florham Pask, NE, URA, under the raderoark Lltramid B24. The
3

spinving solotion wis prepured ag u 20% Nyion stook sodution i g minters Acetie and Porpse

urther dilided o 13

sobds {201 weight ratio) for 3 hours at 80°%C and the §
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wt. podymer solutiont and sodveont ratio 20207 of FormioActiio Watee, rospestively, with the

N

water additions, The viscosity of the resulting solation s about 106

dlately spu asing 8 &-wire sphusng elee

>4

atistationily-coated pon-woven material was ased W support the nanofiber mat doring

pe

3
i

shegtrospiiedng, The average fiber dlameter of clocirospun mat prodaced was about 3330 nm.

I 1

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

macidend devices for retention test

and paced n o

i

098] Fig 2 dopiots s Hrowal scanping oloctron micrograph of electrospun nylon Ghers

exenpiified i Bxw

0991 Tabde 1 disphays o side by side comparison o ben “lully retrovires ndentive” samplex

GHie 1% 8 eonvventional omersion cast membrans (Retropore®) and the other i an slectrospuy

nanciibor mat. Water poemeability Is reported fora 3 laver configuration fie Retropon

Sver (30 munute spin timed configuration for the nanofiber media, sirwe that s the corresponding

smnber of layers typically needed o retain >6 fogs ol etrovings retention.

able 1, Comparison of Rl retentive {LRV>E.2) samplex in the device format; NFR

siembrane ve. electrospon nanofiber:

Retropore® men Eleotrospan Nanofiber

Maan Bow IPA Bubble Poing 122 132

Water Permsabitiy (LM sl

Betrovivas retention {LRY) A R

# Msasured on a thioe fayer momiwane combination

3 Rowsured on A bwe-laver mat
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POHM Fig 4 depiots a graph of the bublde pobie distribotion for the syl Bher mat emboddiod

L

i Example b ad $or o commercial retroviras rotentive roombrane {Retropaor

4,

FHH2T Bxampde 20 The procedars i BExample T owas followed, The spin time was varied from

o ol minates {Flg. S0 PRTT2 retention was tested for a single layer of vach nanotiber mat

Bacterivphage PRTT2 relention of the sleclospur nsnodiber mats inoreased willt incressing spin
s {Inoreasing mat thickness)

wge PRTTY asa function

of spin thvne o o masodiber el

a1 For woylon

o

(O8] Hoanple 3 The

being Fromis sokiWater In welght ratio 401 The
electrospunt aal was i the range of 2530 v, and the meay IPA bubble polat in the rangs of
S P40 pad. MY minade spiy Hime saovpdey were fally robrovivus retentive {(LRY for bactertuphage
2x Fig, 3 depivix » frontal soanning clectron mivvograph of the nvken fbers as

< 7% :

fxample &

v containing Hauid Nlvation mediy, i avcondancy with the prasent

P
ot
=
P

the food, beversge, pharmaceutivals, bintechuology, mivroalectronivg,

fnventionr are waefid

chomical procussing, waler troatmen, amd other lipad trostment indusivies.

[O1O7] Blectrospun nanofibsr containing Hauwid fitrstion media, in scetedanse with the prosent

f—

aclar dgtenting mivroorganisms

mvention may be psad o
from # Hauit sample or streant

1 avconianoy with the present

(0108]  Hleotrospua nanoitbor cnntaining Hauld filtration media,

proparation: methods including, but not Hmited 1o,

w
.
("_}
e
b
<
od
«
=
S
i
fotA
e
=
oot
rrd
jeect
¥
i
N
v
ko]
[®
'/

vention may be used with any Hguid say

chromatography; high pressure Hguid chromatography (HPLY elecrrophoresis; ged Blirationy

Dol o

sample contrifugation; on-Hne sample proparation; disgrostic kits testimy sHagnostic testing: bigh



WO 2012/021308 PCT/US2011/045905

i aive-hased

throughput screenin

ol the

sepavation of the componenty

.‘}u-

(r
£7

cenpponends of the Haid sampds

fluid sample; biodogioal properties based separabion of the components of the Haid sampde

eloctrostatio proporties based s wvporsms aof the Hoid sampley and,

combinations thereof. Also, electrospan nanofiber conlaining Hguld filtration wediy, i

accordance with e pressnt invention can be conpwment o part of a larpey devive andior &

P Kis

caniss from a

FOTH] The tevention also provides Kits ehich may be used s

s oxample, oue o wore electrospun asnefther containing

Al the prosent mysavtion, as will ay eve o e Bquid

S
w

gy suhsdrate for the mediom, The K may Costalll ong of HOre Gmwy

& fnventio

nes buffors useiut in the methods of prac

anscd may of

sueh as wash buff clininating non-spesifically retained or bound

kS

do an slution buffor, Bach of the buffors may be

(USRS

Py

-

provided it a soparate contalner as u solution,  Alternstively the buffors may be provided i dey

form OF 2% a powder and may be made 4P as § solwtion agvording W the nser’s d

applicaston. To thig case the buffors provvided in packets, The Kt may provide a power

SURITOS I st off as a means of providing s external

furne sueh as ¢ s e lude nstructions for wsing the clectrosge

pansther containing Hguid fHlretion medhug, device, support or substoate, sadfor for making up

v Optional

Cihe vvention

Py

soft

vearss for recording and analviing

o while unbug the device of the vention may alse be iwhuded,

be:

o
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o

bR ]

THART The term "Rt nchades, €

b example, rach of the eoraponents coanbingd s single

packags, the o

together it & vatalog (.., on the seme pags or doable-prgs spread in the catalog).

»

sheompaas multiply distinet nventions with

P03 The disclosure set forth al

independent atility, Although eacl
forme(sh, the specific ambodiments thergof as disclosed and Hlustrated bereln are not o be
considersd o @ lomitng sense, hecguse namerons variations ars possible. The subject matter of

the hrventions noludes all novel snd nonabvious combinations and subcombinations of the

various slements, features, Tuactions, andéor properties discloasd hereln, The following claims

,.4

partioularhy point out cenain combinations and subcombinations regarded us novel siud
sonvhvions. Inventions entbodied in other combinatises and subcombinations of features,

fanctions, eloments, andfor propertios may be clatmed in applivations laintng priovity from tis

o & related applivation. Such clidms, whether divected ta different invention or to the sams

frvesntion, and whethey

+}

are regardod g8 mnuded withi
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WHAT IR CLAIMER IS

Lo A method of removing retroviruses from s Hauid sampde comprising the steps of

) providing a Hauld sample comabung rebrovirpses,

b} providing » porous danofiber containing Gitmtion medion having a retrovias Log

:

Reduotion Valoe (LRY) greater than about &, s poros ' sity from abont SG% o about $5%, and a
Houid permeabiiity greater than abont 100 LM/ pai, wherein the nanafiber has g fiber dlamster
Fromy abwnst T8 v to about 100 wmn, aud

¢} passing the Houid sample contiining the retrovivuses through the Slmtion mediom

R S

retention of fetroviruaes

o
[49
@
P
e
pors
ol
e

Pt
fosd
o
fooce
fisso]

2. The method of claim 1, wherein the filtatinn medium comprises a mean fow bubble point,

as tested with sopropacd, fromy FO0 to 150 sl

300 The method of ehaim ©, whereln the filtration mediany comprizes @ thickness from about

pn to about 380 ym.

N g < K

4, Thy method of claim 1, wherels the ffiration modium cornprises a thickness from |

)

0

o 50 an

& The method of olsim 1, wherein the Sirstion madham o fornmed by 8 process selseted

frops the groups comisting of slectrospinning and electroblowing.

G The mothod of clabm 1, whereln the rotrovires s Human nnnuaodeficiney Visa (HIVY .

»/

‘:~J

T

w method of elaim 1, wharel LY L

8, Thenwethod of olaiiy 1, wherein the nanofiber comprises a polymer selegted from the group

consisting of pelyivude, aliphatie polyanide. srovnatic polyamide, polysuifone, celhuiose acstate,
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whnidazoks, polvetherinude,

,,,
fod
o
&
Eaa
)
ey
o
=
7%
T
b
pes
-
>
< /
/b
,,‘

o sulfone, pvurethane, pobviua

¢ terephihakaie), polypropylont, polyandliae, podv{othyvione oxide)

nabvibutylens rorephithudate), styrene butadions rubiber, polysiveens,

poly{vinvl chiorhie), polviving! aleoholy, polvvinviidene fluoride), pobe(yi

AS

’J‘
e
jsce
=
£
=
-~
kY
o,

ropolymers, derbvative compounds, or bonds

. The method of clatm 1 whereln the sanofiber comprises an aliphatic polvamids,

o The swthod of olgdm 1) wherein the nanodiber comoprises » dend of polymises or

copolymers,

P, The sethod of olaim 1) wherem the nuvwdiber I disposed or g porous support,

12, The mathod of claby 11, whereln the povous support conyprises i o muwe fayers selected
from the grongs conmiating of spunbonded somwovens, meltblown ponwovens, needl punched
norowovens, spunlaced meapwovens, wid d wevetvens, fosin-bomded nosvsovens, wirven

fabriog, knls fadwicy, paper, and combinativns therestl

F3 A porrus nanodiber fltration mediam for vemorving vetrovivuses Trom g Hguid sample,

resuiting in the full retontion of refrovivuses, comprising:

ghue {LRY}

a porous nanofther filtration mediorn having 8 relrow

[y

i pormability greater

groster thas ghowt 6, 8 povosity from abx
than about {08 LMHpsi,

wherein the nanoiiber has a fiher dlameter fom shout 1O nm o ahowt 108 am,

P4, The mediam of claim 13, fonther conpeising & mean Jow bubble point, s tested with

sppropanal, from abowt 100 fo abowt 130 p
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3. The medium of elaind 13, having a thickness from abont |y to showt 360 pm.

P

N

16, The medivm of oladm 13, having » thickness from absait 1 prn to abowt 30 g

17, The wedbuo of claim 13, formed by 1 provess selected from the group consi

electrospioning and electroblowing.

“olaim 13, wherein the retrnvires is Human Innnunodeficleney ¥Vivgs (RIVY

m
e
-
st
it
£d
s
precs
i
£
&
()
e,
<%

1S The madion of olaim 123, whersin the

. The medium of slaim 13, shorin the nanofiber comprizes & polvawr selosted from the

sroy covsisting of polvindde, aliphatio polysnide, arnaatie polyamide, polysulfone, eoliuloss

avetste, pabvethier sulfone, polvurcthane, poly{urea urethany), polvhorainuidusobs,

podvetherimide, prdvasrvioniirile, prlviethviene terephthalste), mdvpropyvlene, palvardling,

~ v

{othylone nupddhalate), pulvibutylone terephthaluiel, styrons utadiene

rubber, polyvstyrene, pobedvinet ehloride), pobe{vingd aloohol), polvivinyviidens Huoride),

potv{vinyt butylene} amd copolvmers, derbvative compounds, or blends thereat.

T The voedivw of olaim 13, whorsiy the vanofiber comprisey an aliphatic polvamide.

1, wherein the nanofiber comprises a end of polvmars oy

a7

i

220 The medam of ghoam

3,

130 wherein the nanofiber 13 Gisposed on a porous suppot,

Lred
o
e
i3
L£3
sy
s
o)
be:
o3
-
e
=
"
b
[~
ey
<
pren
Jons
W
="
e

3. The mediun of olalm 230 wherein the porous support comprises ous ov oee favers selected
from the group consisting of spenbonded norovovens, meliblinen nomwivens, neadle panched

nomwovens, spuniaced nomeovens, wel lad nomeovens, restn-bonded nowwovins, winen

b, ket fabwios, paper, and combinations ereod

1Y
8
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o~ . -

25, A Hauld filtration device haviag a retrovirgy LRY groater than about & for use in fully

H
H] pe #

retuining retrovivuses rompoved from gl
dovioe comprising

s pornus oleotroapun navofiber Bivation mediam haviag o LRY greater than &, @ povosity

fremn about 8096 to about B3%, and & bouid permeability greater than about 108 LA psi and

& porous support, wherein the napofiber Bliration medion s disposed on the porous

- ¥

SHO R

and the nenofiher has g Hher dlameter From abowt 1 am to showt 10,

P

3. The deviee of claim 23, whersln the slectrospun nanofiber filtration medivn comprises &

IF. The deviee of elains 25, wherein the glectrospun nanofiher filtration mediunt comprises &

thicksess oy b 4o 30w,

28, The device of claim 23, further comprising a mean How babhble point, as tested with

Fesn

sopropanol, from sboat 100 to sboat 18 ps

29, The device of chaim 23, whersin the electrospun nanofiber fHliration roedium comprises a

ynem pore stee from about GBS any o aboul 3 um,

ki The device of olaim 23, wherein the slectrspun nanofiber filiration mediumi s a

2

K

31, The deviee of elabm 39, wherein the sanofiber covaprises o polymer selected Ham the groug

Hone, cellalose sestate,

o1
RiEh

atic pobyamide, aromstiv polvamide, pudys

gonsisting of polvimide, ahiph

‘r/

ks

solyaorvimitrile, pobv(etbodens erepbthadate), polypropyiene, polyaniting, polvsthylene oxidel,

"

~

wvlens naphthalae), polytbusvlons tereplihalate), syrene butadizne rubber, pdystyreny,

)

~d



WO 2012/021308 PCT/US2011/045905

v

talooholy pobvinvlidone Buoride), pedilvint ulviene} and

polyivinyt chlvatdey, pobelviny

copolvmers, derivative compounds, or blends thereofl

3 rein the nanofiber comprises an aliphatie pabranude,
33, The device of olaim 25 wharein the sanotibar vomy tend of pobymers or

copobymers,

34, The devicg of claim 25,

-

vhoredn the nanoitber s disposed on g porous support

ks

=

350 The device of claim 25, wherein the porows suppart comprises oug o g ayern

from the group consisting of spunbovded nowwovens, meltblown nonwovens, needle pamched

norwovens, spanfaced sowsovens, wat laid nomvovens, restibonded ponwovens, woven

tabrics, ko fabries, paper, and combinations therent,

M The device of clubm 25, whereln the retrovivus s rotrovivus & Human homunadefioiongy

37, The devies of clabm 25, whereln the retrovirus is Fhaman Teoel! loakemia vivas {(HTLV )



