
:METHOD FOR RETROVIRUS REMOVAL  DLIS(-RIVIIR)N OF THE NW:N.110N:
Cross-Refele.noed tO Related 15pplioation 10011.The present application
Johns the benefit or piP.:city of I LS Provisloual Patent Application No.
6l/372.2.43, filed on August IR. 20:0, the entire content of which is
incorporated by rderCtICi,f herein in its entirety, Held of the Invention
[0021The present invention relates gene:nil:./ to liquid filtration media.
in certain embodimentc, the invention provides n porous elccironiin
nanotibei liquid filtration mat and methods of using the same in the
retention of retroviriies from a filtered liquid. Background of the
invention 1003iRegulatory agencies around the world place stringent
reqiilibinents on commercial mautatheturers ofInopharmaceutical compounds
to provide bib:surety assurance or their drugs The manufacturers have to
build in and validute at least two orthogonal steps, kit. operating by Iwo
distinct mechanisms, of virus removal into their processes, one or which is
usually size-based filtration. The combined [RV (leg reduction value) for
rctroviinis removal of ailveintwal steps of the combined purification
pisoceas must be at Rest 17; of which filtration provides at. least 6,
10041Heirrodims isatof RNA virus (such as HIV) that reproduces by
transcribing itself into DNA {UO3 reverse transcriptatte),1 he recullant
DNA inserts itselfImo a cell's. DNA and is rcprmined vihe ccii. Two
particularly dangerous relroviNses tO humarvz; iOt HUrnar, iMgRiliodONICIWy
Virus WI V) and litiman Tell Leukemia VirusV). The size of  WO 2012/021308
8 falls M She ran,a from abut. flittudon products.i shailar size, snap an
PR Y.12. '>ractke sbc.nvt filiCTS Cita  PCU1JS2011/045905 te'IV tia /Mises
for hrre.teriophapes t himse oiages 'include Piri6 and retention
hacterictt ges usually exhibit same or higher41i (005]A detailedatacthes to
v..///ti a list ot"  cc'inerciai lvaila Bphaet/et/cal irsdus,r, cy USA, ing
C:hapter 10 pp. 51 ere are a numb  



.er and 81. tor .hen,available membranes validated for retroehas

.rentovawirus removal membrane, lw exaunpieR ops  Milhpore Cssrpi am dia
acier bac.teriop uniform size, of feedstock s uS Pat,1.108,791 bria. an
asymmes ' d is anuteturc  ica MA.The iemhranc.has been extensively tested
staina the 78               as;isiera >6 .5 1..R.N" Mas been observed over
the range tg co'The Rete pores enbrnne is mann tauling to
lilyit/corpora:ed. herefereneu, Thc: Re side and micrc's ICItake a vide
range t  iii decrease at  ore size of about 0,5 micron y about 75% to 30%,
while an Itrafllration membrane ItftiOtth to 0.02 Micron will only be
abotit30% porous in i- ns removal membranesf) V low porosuv and thus  lower
flax, US Pat, No. 7defines nnnnnwn destradde ilex or a. 'larec 'innto
[0081US Pat, No. 7"085 to Asahi Kasel Med  orprous membrane. eompnstne a
tbenno 100 mil and desr low protein ta ubn n virus
0091Pdiblig.?{)08/00042.0:5Corp  



ximum norcsize integra    maltilayered composite. net removal ultra ijAs
Uopharmaccui looking ftc ways to stream reduce regulator for at signiflean
t one uhralibratioti 14er desianed for virus nes WIGiledS f_Yr in:skim
4embranc, tring t)eetifiyis cons steps, and ch.a.. ,a1) loatiord an.j."
approaches tO  inembrin In11th the media and cot0isIhnhigiip streams isg
Pusdtmited. Thus. drntcakchaprovemems to the pe filters wild hit)te a a..et
effect on the cost ot'virus ised in liquid filtration can begtrind as cnher
fibrous media filteriddr norousafilm inen Fibrous norminntion me media
formed trom spunbonded, nonwoven media tormea from carded stapler and the
like orcof these types. Typicalc.) Jen iliter media filters: used in liqu
at   19131Porous ilia) membrane nortjurietiot 



th, ion medIa is used eitl 0 It   4 Ies can be u filtered front a liquid
are ticahy In On ull;2e Of at wherein paImes filtigte.  (a) inwherein pa
mtoahout 10 uni lf) taus abou  reserse OS.itifttoulaw matter filtered from
a liquid,. are tytne bout 1 A to about nut. Rentogints-retentive membranes
are usually considered to be imettiMof .ultfafiltration membranes: .ier)
mast destrtxbrane are high penneabilityand reliable Naturaflv. there is .tt
Minim-Offhet -re these two parameters, and  memhtune, greater retci itattot
ineitiunines from Lt.eding, neimeahility  twit:it:vet:I by suerah:Mg
perinea                  thitqt porous film membranes prevent threshold in
porosity, aS at a gien pore size.  spun jtiberporous poi yinaater .55.
wherein the the fiber dIameter, while the porosity the fiber diamInc
porosity of Memo:Tim rmotder ntats UStthe ranpe of about   



Mooer" this adva thr irusi tiltration, beeaus Inc random nut   lied n the
smaller pore size membranes disc fortnan'0 lslectiosptttits are  often
referred to asThou-via:wens", that placing them 01 the same Cd:Ognry with
mett-biast.n and spurthonded fibrous media, what Et called 1'traditioiud"
non-As-ovens, U) 17Fibers in traditional non-wove:is are usually at least
about 1,000 rim in diameter, so their ettetdive pore sizes are always more
than alimia rine atideal. Also, the methods of InQnUfaoluring of
Iradjtiotral nmi-wavens lettit to highly int:On3ageneisas fiber mats, which
Units their applicaltilits to liquid filtration. [0181Synthetic polymers
have been termed into webs of stay small diameter fihem, 02., on the order
of a few micrometers or less than 1 pm), using various processes including
melt blowing, electrostatic spinning and electitihkswing. Such webs have
been shots n to he useful as liquid bonier mat:dials and filters, Often
they are combitted with stronger sheets to form composites, sk-herciit the
stronger sheets provide the strength to meet the needs of the find fitter
product.. (019iU.S. Patent No. 7,585.417 to Jimak teaches a nozzle-free
method for producing nanalatices, Born a polymer sohttion :Bing
eledroutatie spinning and a device kir carrying out the method. [020)W11,0
patent application no. WO)2003/080905, -A marturfaeturing Netoz. And method
of Preparing, for The Nanisfihers Via Electra-Blown Spinning Process",
assigned to Nano Technics Co. LID" and incomarated herein by reference in
its entirety, teaches an eicetroblowing process, ..herein stream of
not:poetic solution comprising a polymer and a solvent is fed itorti a
storage tank to a series of spinning nozzles within a spinneret, to which a
high oltage is applied and throtig,ti which the pitilymeric sr-dation is
discharged. Meansidilld compressed air, that may optionally he heated, is
release from air nozzles disposed in the sides of, or at the periphery of
the spinning nozzle. The air is directed generally downward as a blowing
gas stream which envelopet, and forwards the newly issued polymeric:
solution and aids in the tbrination.of the Fibrous web, ss his. s cotieeted
On a grounded porous collection nut  above a vacuum chamber. The
eleetrobtoiving process permits formation of commercial sizes and
quantities of nattoxktilin: at basis weights in excess of about 1 gsin to
gmat than about 40 pin in a relatively short tune period. (02111.1.5.
Patent Publication No. 2004/0038014 issued to Schaefer et ah teaches a
nonwoven filtration mat comprising one or mom layers of it thick collection
of fine polymeric mit-sal:IN:vs and nanotibers fdrined by electrostatic
spinning for :Meting contaminants.electrosuniti spinning process utilizes
an electm spinning apparatus including a reservoir in which the tine fiber
forming polymer solution is contained, a pump and an emitter deaden ytilch
obtains polymer solution from the reservoir, In the eleetrostatic field, a
droplet of the polymer solution is accelerated by the electrostatic field
toward a collecting media substrate located an a grid. A high voltage
electrostatic potential is maintained between the emitter and grid, with
the collection substrate positioned there between, by means of a suitable
electrostatic voltage source. 102.2]U.S. Patent Publication No. 20077007501
5 issued to Rates et al. teaches u ratnid filtration media inc:actirat
least one laser cti nano-fibers having aVen/2e diameters less than 1,000
aunornatart,z optionally disposed on serim layer thr tiherithe particulate
matter in a liquid. T).c filtration media have flow rates of at least 0.055
liminictinc at relative:v high levels of solidity. The media apparently has
nomdiminishing flow rates as differ-cm:al pressures increase between 2 psi
(J4 kPa) and 15 psi 000 kPa), Iff131U.S. Patent Publication No.
2009/002.6137 issued to (Men teaches bibricating liquid filter with a
composite mediate:: that has a nanoweb adjacent to and optionally bonded to
a. inierepontus membrane. The membmne 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 membrane.
The nanowelt also has a thickness efficiency ratio of greater than 0.0002
51 that efficiency. The nanoweb acts to provide depth filtration to the
membrane.  No.  



1_0251U,S, Patent Ptihlication No c/o:Giros/me fiber"..ttrried I fibers
with a diameter0 nanomete njorge et al.ifr3.07/01/ 21 flbe.r mats of 50-100
am dsame.ter an   'Jrithat witvide etrospun Nylon eU sa  treated: fibersThe
tithors eonr-I as spun nanofiber mats is titis. [0271.Goaal. el.Sbiance 289
20071 21{1----219  teach ei.eetrospu.n poivethersultbuenat be mats.,
*herein the nanoflhers have a diameter of about 470 am so that Ue durhg I
cu1d filtrationmatspartneleSlieron and cpth ii!tter toe paructe.s ender 1
[02 .ld be (ICSndT3ronpun minS >99 ..999flak simul1 eousIv ac.hicsing hittl
permeabiliirtn; rb(1) [ugliercohn as a. result olbioher poros:.ty.ding
nature; (Les; no sup2orhn.g toicroporows structure is required)
andpotential to be used in single layer ibemat. The latter Iwo advartnpes
oilergreater flexibility in the design and viatlonoviros nitration ' 'toes,
Additionally, the porous :eel sIlltratien uedmm won.: stalable, adaptSIof
santph, fluIds of liters, and2.:1,:$e of use with3. of filtration p
dire.e&:d to these, as well as .othelimems. 



INVENT!    porousor shatrate, The eleetrospunnanocibuy liquid aiety or
shapes.It)SS and densities., such as a  110321In another embodimer.
filtrution medium s) bac an. averaoe fiber. dian [03 JInrther ombodlinent,
thy 0.alber liquid hitranon medium 11 norckitvflO tro          In anothyr
enhodhnenanolli:mer permeabilny at IO Meter Per flour).  [035;in another1."
the present invenv:gd towatda it cyrtlS ClectrospUn raciefibcriifiliratico
cdium.havinaureater than about 6, antbrtned  fibrous pMg a thickness
.ranging from abiotre1OrahIy pm to about 100 um, In another embed' ittto 50
tit-, is directed esti tor fon:   pOrCIS greater than about 1071hit another
embodt 



fdtraFon device eompr  Id collecting electrospun polymer fiber(non-woven
composIte porous don medium ha"RV erenter than :Mon-  and ineituding an
eleetrospun ptneric nanotiber mat dispo.. substrate, [0$0)Addittonal ti  1
follows, Man modineanons and variations tit: ibis inve tout departingand
scope, as will be apparent to those skilled in the art stood that the
170'qt:oak generit l. dese.npuo.n and theriollowing detailed riescris the
appended drawings areand.;;; only, and arc intended to provide an
explanation of various embodiments the present tei spocille embodiments
described herein are offitred.by way of ex . kin g many way. ..cyzOF THE D.
\ik [039]The. accompanying drawCO speei ti cation. Ilustrate the presently
L:outemplattoget doseto explain the inciplea of the invention.
[040/schematicic, one en11)(X1ini;:c.M.t. 01 the ive  .DEStnii TION'OF THE
EMBODU.$LNTS [0411]etions patents and pateFr, innordorafed by reference in
thnir entirety to the same extent asvithrel  JlUbh in I 10-4,61 Ithis spri
:1.i1nuMbers expressing ad other an ie 



am ancIded ctahns tEdesS OtherWise in          Nof psate.riais, remaon
claims, are to be end- nod  as-being:modified in all instances by the dean
natipur, [047]Accordingly, Thiess ndanued tocorurary, the 51n13et birth in
the fellowing spentifination:and attached claims are approximationsend hut
upon  WO 2012/021308PCT/US2011/045905  [48] Notnithstunding that the
nurnerical ranges and parameters Setting hulls the broad acope of the
invention are approximations, the bur/fedi:id values set forth in the
specific examples are reported as precisely as possible. Any numerical
value, however, inherently eomains certain errors necessarily resulting
from the standard deviation found in. their respective testing
Measurements, Moreover, all ranges disclosed herein are to be tindetstood
to encompass all subranges subsumed therein. For example, a range of "1
toincludes any and ad taibranger, between (and including) the minimum value
of I and the maximum value of 10, that is, any and ail salsa:nines having a
ininimurn value of equal to or greater Than and a maximum value of equal.
to or less than 10, cm., 5,5 to 10,  [49] Refine describing the present
invention in farther sletail, a num iattr of terms will be defined. Use of
these terms does not limit the scope of the invention but only servo to
nicilitate the description of the intention, [0501As used herein, the
singular forms "m" "an," and 'the" include plural ,referents unless the
context clearly dictates otherwise,  [51] llie term "nanotibers" refers to
fibers having diameters varying from a few tens of naiiometers up to
several hundred MUIMettirS, but generally less than one micrometer.  [52]
The terms "filter medium" or "filter media" refer to a material, or
collection of material, thletEgh which a fluid carrying a microorganism
contaminant passns, wherein microorganism is deposited in or on the
material or collection of material. [953]the terms "flux" and "flow rate'
are used interchangeably to refer to the rate at which a volume of fluid
pa.sses through a filtration medium at a ,given area, 19541The filtration
medium of the present invention includes a porous eliterrospnit tumor:her
liquid filtration mat, 'Inc non:gibers have an average fiber dim-nett:toy
about 10 am to about 100 urn, The filtration medium has a mean pore size
ranging from about 0.05 um to about 1 um. The filtration Medium has a
porosity ranging from 'about 80% to about 95%. filtration medium  ess ra
about 1..01 1055jPoiski ers suitable forT thermosettmg aliphatic poy ide,
aromane pc4yamhie, sulleine", pc ierephthai hths ate)   



.500 inn, prefere ddreaer h" lude ternonls:c and InTl fled Oa II
telWk`.'01yd:her i, diene rubber.  'del, pplytsinyl racchol)" pokvinyiidene
fluoridpis:yr:sins?' bt a.blends t  dediespue ntlriotihei 11151 ufthe
tiltration medium flflicR :0903, s4' fully moot Ahem Czech RepUh. the
filtration medium igle  anoliber: wherein he sinele nanomade. pparaius 30
posit'0:20 and a process.litkappre t         d by one or more spinning
drums 20 runnit coi.lecircn apparatus sMoy          c 0 is preferably a
0collection bell riween the.spinning..drum.20 and the collector 3 le<tied
to an eletettieal piatetrual. tron  source10, such that an electrospun
polymer fiber is produced in the electric. field 30. [95' ]in one
embodiment .o the invenuon,a fibrous mat is made by dcposthng nanoliber (s)
from a slob solution. The nanotiher Mat has .a. bask weicht of hetanen
qkn'u I gIm and about  as roei.eN.'apOrated or beet  



rCITIOS( [0601in one enihodirnera rn- the ive.hm. any of a variety
sobstraies or supports can. be arranged on a nit 016 dectroapartmat mediw
1}hx.aripies lithired to.  spunkree.d nonwoverl.s, wet hid
osvovens,resln4onded OtlWOVeflS, woven tabnes. knit aper, and coarhinnek
in another embodincin1 :of the invention the eker.rospun nanother mat
medium taught herein may be bonded to 4 porous nubs4Wished by known
nIOthOdS in the art hcciondr ing between heated 5: rolls, it:haste-de
hondac, and trough tths bendingiicetrospun nanonbe  a support more
.ession resistance oithc medEum, such that the 1 with helms bandied:such.
as when the porous installed into a 19kration device. in atk medium strh as
thickness,and et- ding on the bonding methods used.  instanixused un
rechil:thickness and increase the duce the poreitfiber mat medium, and redo
ifS prosar Otrn.OhtWS trietittin than them dens 1 pore size.  trio. megiven
uppli io willsmaller area of the porous elovitrospun urine,has a lesser
effect On. ittiCkta  [06.81Gas bonding generalas nfl;g on the thickness,
density porousrospun oniofiber medium,this bonding method may be prefentHe
catty in Which .mainniining higher fluid. flow fatels depired. 



en thermal twerino is .usedi care tratst be taken not o over--horoils
thectrospat nanonber material: such that the natiollibers meltno longer
retain their state:hire idividintHlibers, In the ebonding wog,tit in the
nanofibers melting completely such that a hill wouki be formed. One or
bothnip rolls used its heater iemne.ruture of between about ambient
temperature. cg.. about normsor substrate, canill pti bet rolls ai a
pressure Fungi. fro about 0 lbrin to tiPo t PLO Ithin8 nattoltberm'dium can
he cot re d at a nsnetid of at I10 f1ltnitil3 a cm ermg coAl temperature.
nip liressure and line sneoth can be ad us,e the desired
sedidittriplication ofilglme, and/or retstepressure e: fts in-increased sr
[0681Other neehais stretc feeling, ity option k/1 shaping an [0691For ex
the. the c,cspun morn shile step or a plurality of slepa as desiret the e
ectros.that nan iric.ludia thIckne.ss, den if the electrospu.n nanotiber
mat is stretched                aecogiplished by a. single the desired
final stretch rsttic is  heating.mcaling. - 'minded In the overallrating,
tediuni as desired. IC xit't of the mat res Thrrned in the mat. For
example, lentdal stretching), the sequence ot Stf etching steps itt-  Ci
(biaxial stretching), the stretching an be cc sequence org steps until 



medium is stretched in two directions by a single biaxial stretching step
or .a final stretch ratios are attained. Binxh   Wel:chino mrs also be
accomplished by a sequence of one or more uniardol strew:bin steps in one
direction and one or more Umaxan pa in another three-nem Biaxial at at is
stretched semuhaneousv in two directions and etjs may be cotsequence in any
order. chins the mat are not particularly limited, and use tnas b made oF
muon Or S combination of twomore of these,.St may be conducted uniarally,
rawdal stretdng, tnac.hined&bon stretching and rr nsersedrrectionetching
mayed either slum han eons s Various types of stretchwga.prati.,are web
icit aching of the electrospun met according to the present insenWrilaxitd.
tinlished by stretching between'an the second or            oiler.es at a
.greftips:ratan"e strewinn r.tn also be accomplished on a Si xial
stretching may he accomplished by simtataned. sly tenteririg machine.. More
QCr. biaxial stretchingracon        iiasi&ty stretching between two
ditThrerttIafls rotation rollers as described ahoy, followed by either
uniaxiany stretching in t different direction using a etchingchine. The
most: stretching is directionsriticl2vother.coca in most cr beetstretching
direction is at least approximr  WO 2012/021308PCT/US2011/045905 appreY
PerPesine direction and is hi the. plane Of the sheet trnns di tate
ekccnspun motel:11w mat hes: been stretched either uniaxially or haeoafly.
the stretched pm-bus eterdrosprm banpfiber mat can again he ccde.ndared The
stretched eiectrospun nanoliber haat can he fume td to pair of .heated
cakaxiar tells actthely so s to form a mat of reduced thickness comnared to
the Mat exitmg from the scretah mg apparntu. By pressure exoned byith thet
of the lamsired. ucrebs adjustment of the average, pore size, prkir p,
-duripg, aridior ante s,tretchinti. Ex.annoles of these teeh.mqi.tes
include radiative.h. 



gas hred irarod heaters., 'it's yeti. as that.provided by
retairentatting..hoheating suchthat pritylded by  e cordiused it-n61tat the
temperature-pi to Ther mat ,:ztretetwid .00 hat the variations.
Vaflkthickness oft    the tentera those. of the ekctrospun on itself
a:torah/to titles of the soh-ttea or objects whose-tet temperatures a. led
as a salt of calenderitag" The range of poroDC  sovtro he90% can h::
obtained  [0781While Idion tried;u:nguration, it is sOt1mtUnes advata.neous
to provide more than cuei of hr on mdmm tonroentI. favedog mnuthrane F hers
to runorose patrick retennon is Qom niOnty used in -virus is practiced
eommereiady in Millipore's product lines of Viresolvet NtiP and V iresoive
Prot. in ci the same or dliJsre.ntcrimp& tion is also used to impro lxupes
of such hoered tiiters are Mit lipororresss SIR? and SEIPP product
configuration. [0801the nrckrreat ion is often s-I These considerations Due
into account the k310W31 relanonship be wherebr LPN ispicaflv increases 



achieving desired level of LW* e.g. bs using fewer la era of larger
thickness or larger number of thinnercirs, 19811o 10821Basis Weight was
determined by Astra776, whichred here i  reference and reported in pint-,
Porosity was caeuUutc polymer density  lug, the basis weught of the sample
in graY isv the ers mttnlvuat by 100. am!                      u.n)ber horn
100". th/(densi.tethne.sthkkutcSs)tinies. IOU fl Fiber Diameter was
detennined as thU ning electron microscope (SEM) ge was taken at 60..000
times isantficatIonfiber mat sample. Ue  ;Ramete.r of (en (I (l ci.eads
distiauishahle10ciiiitttS wereSeach SEM image and recorded. Dett.cts were
not included iii,e... hanpa of nanotibars. poirmer drops. jut nanufibers).
ihe averane ritxir diameter ci bosh'de for each sample was calculate
SiThickness777-04, vvl-bis ifl porated herein be reference, and rs reported
in nicrometers 1086;Mean floW bubtise .itinnt-ed ac dinam 'Standard lest M
Mod thr Puteristies: of Membrane Liquid Poro meserk by using automated
bubble Aieboc. frurn AST M Desienation P 3 16 using a custo.mbui!t
capillaryrin principle similar to a commercial apparatus from Porous
Materials mie, (PM0, Ithaca. NY. individual samplesn in dianeter were
Li:shah Each sample was placed inaiioid.er, and air as applied and she
fluid. removed tram the subtle ieat Which Wet    [087 lFlow Rate (also
referred to an Flux) is the rate at which fluid. passes through the sample
c gwer area and was measured by passnig deionized water through filter
:medium. samples iar.nei.er oN t96 cm2tamm. Ther was kreed through, the
sample.s ic pressure twater head pressure) 1988-1The ettectilve: porecart
he measured using conventional 



membrane techniques such as bubble point, liquiediquid ponanotry, and
challenge test wit particles o4-er(ain size. ft is known. that the
silica/vs> pore size of a fibrous mat generally with the fiber diameter
anddeciosiry.          Bubble point test provides a aveuient way to measure
effective pore size. 11 is calculated from the kilt:hying eauec  WO
2012/021308PCT/US2011/045905 [0901P ra:---cosii, where P is the bubble
porn:: pressure,, y is the surlace temuonthe. probe fluid. r is the pore
radius, and 0 is the liquid-solid contact angle, [09Membrane manufacturers
assign nominal pore sitttt ratings to COMMereiat: membrane filters, which
are based on their retention characteristics. [0921Rem:virus retention was
tested ibilowing a Millipore test methcd. The bactcriophage PR 772
challenge stream was prepared with a minimum titer of 1,0x 101 plu0nL in a
phosphate buffer saline (PBS) solution. Porous media to be tested were cut
in 25min discs and sealed in oveonolded .polypropylene devices. These
devices were then challenged by the above mentioned stream at 5psi pressure
after being wet by water at 25psl. pressure, The rest was terminated after
100 ml of I: Mute collection or alter 4 hours of filtration, whichever came
first. Quantification of badteriophage in the initial and final feed were
conducted on plates incubated overnight mnn,:a a light box and a colony
counter, Corresponding log retention value::: (1,10) were calculated.  [93]
The following Examples of the present invention will demonstrate that an
electrosptm manofiber ma: can simultaneously possess both high permeability
and high bacteria retention.  [94] Hereinafter the present invention will
be described in more detail in the following examples. The invention will
be further clarified by the following examples which are intended to be
exemplary of the invention. [095/ EXAMPLES [09o]Exatrutile [097]Nanoribor
layers whre mode by Oectrospinning a solution of Ny10116 polymer. Nylon 6
was :supplied by BASF Corp., Florham Park, Ni, USA. under the trademark
Iiitramid132.4. The spinning solution was prepared as a 20% Nylon stock
solution in a mix [Urt:'. Acetic and Formic acids (2:1 weight: ratio) ibr 5
hours at 80C. and the stock solution wm fbrther diluted into 13  iwt%
pralyiner :solution and solvent ratio 2:2:1 of farm ic:Acetic:Water,
respectively; with the necessary formic acid and water additions, The
viscosity of the resulting solution is about -RIO cP,  The. 1utnr was
itifillpdiateb' spun using a 6.-wire spinning elearode under 82k.V electric
field, An untistatically-coated nunwoven material was used to support the
nanoliber mar during eleetrospirming. The average fiber diameter of
electrospurt mar produced was about 25-20 mit The spin time was $0 minutes,
after which the nanoliber layer was peeled off the mat layered and placed
in ovetitholded devices for retention testing.  [98] Fig, 2 depicts a
Inamalelectron milarograph of triticirospan nylon fibers exemplified in
Example 1.  [99] Tame I displays a side by side comparison of two "fully
retrovirus retentive" samples: one is a conventional immersion cast
membrane fRintroporeat0 and the other is an electrispiin matofiber mat.
Water permeability is reported ler a 3 layer configuration kw Retroporealil
and n 2. layer ;30 minute spin time) etinfiguratiou for the nail/Aber
media, Sc that is the corresponding number of layers typically needed to
retain >6 lags of two:virus retention. [0100] Tabjei,Comparison of 6tilly
retentive 0,..11V>6,2) samples in the device fotrist, NER membrane vs.
electrospun nail/Aber         



bletroporeg membrane lPLleerospun Nanoliber             



Mean .fitreet.PA. Bubble Point.   122    32 





Thickness Orr)               PO rosily (83i3     70    



Water Perneability          





Retrovints retention (t...RV)      6.2**                   



-MeastitPd on a three-layer membrane combination " Measured on a two-layer
mat  icnoi .1 Fig. 4. deniers gtatie point d tribution for the nylon fiber
matnbodieti  in P.xampk airid for a cograureial roYirits it11112. C
procedure in Lim 5 to 60 minutes 01 phage PR772iretenti ncreasmgI Fig, 5 is
la graph of   tiRierropati e wasshark,- from Cifiin spin e :sett with inn f
hacterioj hage PR 772 aira fir ion  



procedure in lixe)i  t.ter in wehzht ratio 4i1,measured fiber ifse range of
30 run, aria the meanle point in the ranac or ute spinwere fulls retrosirus
retemive  epkts a frontal scanning electron [01051 Method )f use [0106]
Electxi?nog ltqrud r intention arele food, baveni in. phannaceuticals,Nowt
chtprocessing, water r"IT  fol 071 E.bectrocotiber con tailing ligpresent
in vennon may be used with any liquid samplemethods including, but not
umned to, ehrornatilay; high oressure ['putt:rophorcss gel lintatic :sawgat
ion:d'  gic tesIng high  throughput screening; affinity binding assays;
purification of a liquid sample: itesbaited separation of the components of
the fluid sample; physical properties based separation of the components of
the fluid sample: thendical properties based separation of the
ettpoiattinis of the fluid sample; biological properties batted separation
of the components of the fluid sample; eleetrostatie properties based
separation of the components of the fluid sample; and, c.ombinations
therit0f, Also, electrospun natiollintr containing liquid filtration media,
in accordance with the present if/W:thiOn can he component or part of a
larger device and/or system. 101091Kits [01101 The invention also provides
kits which may be used to remove micmcirganisms from a lquid SaMple, The
kit may comprise, for example, one or more electrospith nanotibcr
containing liquid filtration medium in accordance with the present
invention, as well as one or more liquid filtration devices, support or
substrate for the medium. The kit may contain one or more controls, and may
optionally include various buffers useful in the methods of practicing the
invention-such as wash buffers for eliminating reagents or eliminating
non-spec: fleetly retained or bound material may optionally be included In
the kit. foIOther optional kit reattcrits include an elution buffer. Each
of the buffets; may be provided in a separate 00;1;a:tier as a solution.
Alternatively the buffers may be provided ht dry /brat or as a powder and
may be made up as a solution according to the user's desired application.
In this case the buffers may be provided in packets, The kit may provide a
power S ource ha instances where die devieo antematcd as well as a means or
providing tin external   we such as a vacuum pump. The kit may also
oninstructions for USingthtCICC-Lro,:ipun rut/wither containing liquid
filtration medium, desdee, support or substrate., mem for making up
reagents suitable for use with the 'invention, and methods or practicing
invention. Optional software br recording and analyzing data obtained while
practicing the methods of the invention or while using the etc:vice of the
invention may also be included.  [01.121 The ierin "kit" iriciudes, kir
example. each of the components combined in a single pa&age, the components
indiw ideally packaged and sold together, or the components escuted
together in a catalog (e.g., on the same page or double-page spread in the
catalog). 101 .31 The disclosure set fbnh above may encompass multiple
distinct inventions with independent utility. Although each of those
inventions has been disclosed in its preferred form(s), the specific
embodiments thereof as disclosed and illustrated herein are not to be
considered in a limiting sense, because numerous variations are possible.
The subject matter of the inventions includes nU novel and nonobvioas
combinations and stibcombinations of the various elements. features,
functions, andior properties disclosed herein. The following elatina
parriCohriy point nuir certain combinations and imbeombinations regarded as
novel and minobvious. Inventions embodied M other combinations and
st&cenhinations of features, functions, elements, and/or properties may be
claimed in applications Maiming priority from this or a related
application.: Such claims, whether directed to a different invention or to
the same invention, and whether broader, narrower. equal, or different in
scope to the original claims, also are regarded as Mcluded within the
subject nattier of the inventions of the present disclosure,  WHAT IS
etiAliNillin IS: 1:.4 method of removing retrovimittet than illiquid sample
comprisimg.the steps .00 



a) providing a liquid sample containing retroviruses,          b.)
providing a porous naniffiber continning filtnitirm medium hiwhig
aretrovirtis Log Reduction Value (ii.R.V) greater than about 6" a porosity
from about 80% to about .95%, and n liquid permeability greater than about
t 00 itildalptiil wherein the itainifititer has a fiber diameter from about
10 rairtwabout 00 um, and          c) pastling the liquid
Saiinnittoontaining the retroyirtisies thrliligh the Ifitnition medium
resulting in the hill retention of tattrollinittesi 2.The method of claim I
wherein the filtration medium comprises a mean flow bubble point, us tested
with isopropanol, from 100 to 150 psi. 3,The Method of Claim 1, wherein the
filtration medium Comprises a thickness froth about pm to about 500 urn.
4.the method of claim I. wherein the filtration medium comprises a
thickness frOM in 50 urn.       The method of claim I, Wherein the
filtration medium is formed by a process selected from the group consisting
of eleetrostanning and electroblowing. 6.The method of claim 1, \i herein
the retrovirus is Human Immunodeficiency Vitus fIII V) 7,The method of
claim I. wherein the. fetwwirus is Human Teil leukemia virus tfit11,5i).
8.The method of claim I, Wherein the nancifiber compiiises a polymer
selected hum the group consisting 01pclyinaide, al hiltathi pOlyaMkk,
ananatic pal' mud polysti thane, imlitilose acetate,  'oneIit ol1Ii.deree
oxide), pegithrthilene tort chloride), rlath! ale-. ervativeor Mends r
rsutadiene ribber. 07  The methodorein the w',her comprIses an ahphaUc
poiyan , nethed of a i"iher 5amprises a hknd of polymers or The method o,
wherein thewous Thc method r4 e.ahri ., whereb0liscs one or more tayem
selected            ai con ling ofleithimt.nvvrs :teethe punched
ri0fl\OVCn9. .,partiacec OWOSt.fl5, vitt !Ud. flrO5OYCfliSmsinilponded
nomserve 'Per, and eomblnanuM Mores.. 3, A prinin-a ention of recornpris 



a porous rianiallthtr filtran 11 medium having a reirovirus Lou Reduetion
Value (1,AW) greater thaa rosity from about 80% to about 95%, and a liquid
permeabilny greater than abo. 100 I NIFI<Ps!, wherein the nrifibcr has a
-Mtn thanfl1,0 int, irkVfl of ChIn 3, furtherflow bubble Prunt, as tested
with 00 to about 150 psi,  15. the medium of daim 1$, having a thickness
from about I ton to thani.t 500 pm. .Ihe medium oft am 13, urnz a thinkmss
from a0[1ut. I PM toahota 50 Pm. 17. The medium of claim 1:1, farmed by a
process selected from the group consisting of  inetresninning and
dieehetdowing. medium of claim 1$, wherein the retroditais is Haman 1mr1
3odeticiency Virus (KM . 15. "Hie medium of ehim la, wherein the retrov it
US is Human T-nell leukemia visas tifit  20. The medium of c.'.1gim 11,
wherein the nanoliher comprises a poiymer sekcted from the gimp consisting
of polyimide, aliphatic polygmide, aromatic go/yam ide, polysuffone,
edit:lose aa(Aata, piyather Battbile, plyaratthaai; po/y0..dea urethane),
pelyhenzifoidnzole, pidyethernuidc, po1yaciy1onitfile, po1y(etiny1ene
terephthainte)" ponypropylone, go/y(ethyiene oxide), poly(ethyterie
naphtha1ateT, pol,y(buty1ene terophdgilate), si.yrena butadiene rubber,
pAys.tyyzne,p;_y(virv,,,,T chloride), pr ,..,;;:virq;. ainotgd),
polyevinylidene fluoride). PctifyinYt but1ftene) and copadynters,.
derivative c.om nmds or Wends thereof.  21. The Medium of elaim 13, wherein
the uandither composes arm anphatie pOlyntnide.  22. The medium of &dm 13,
wherein the nanotiber comprises a blend of polymers or eopolymers. 23, 'Re
medium of claim 13, whereat the nanolther is disposed on a porous dinTorT
24. The Medium Of claim 23, wherein the porous support comprises one Or
More layers selected t}Otu the griJap Callsisting of spimbonded
noti.wovens, mdtblown nonNVCA'ef1S., atedIC punched nonwoveos, spaidaced
nonwoveust wet laidatialWfa4aMS,taSia-boaded norboovens, woven  Mbricx."
knit fabrics. paper, and con rations  WO 2012/021308PCT/US2011/045905  iOn,
device mprisinw nlactrospun nt greater than about 4 o :3 tht0t3uP the
devIce, the filtration ira haying a Litt/V are    



SIMpOrt and the ninofibut has n fiber daieter from about io rim am. The
device thicknesa th)111 aboutto about 100 um.        The device thittitn.ss
from I pn 00HUM contotues  a 2now bfrt e point,as tested with 313 1.00 to
about ISO .pS The &tine Of el:tit/125, wherein the tos.pun nanotihet
fiftratiun medium mean core.siztt from about 005 urn to about 3 urn
30.tedium is yr:aerie tafrona mat.    polya:arylonlypropylene, palyani inc.
polAttill not T,adde.),. aphthataut), pdy(huuvknr terephth&atevt_.,yreite
butadiana  WO 2012/021308PCT/US2011/045905 poiy(vio.24 ohjritido, polAvinyi
akehop,tmondo, imiyeedcrelb.ie.ae and coporirrners.,.derivative compounds"
or 'blends thereof. 32, "l'ho dovirre of Oahu 25, wherein the mato:fiber
entnprises an iliplitatic nolytunide, 3$, Tho. dev irre of Oahu. 25,:
Twtg?.1(7.:11"t the nanetliter neanpei Sea a bknd of pAyrnets.or
CcIpCkc'inetS, 34, The devioe of 'claim 25, wherein the acme. hens disposed
on a ,porous SUpOfl. 33. The device otelaun 2.5, wherein the porous support
rioniprivos one or more layers: oulectod Cwnri the group entensting of
:ptnibnatied nonwavens, rneliblowe. noinvoveris, noddle panelled
non:vow:An, spiiiiiiieod no/move:us, wig laid notmoviria,...resin-bornied
noriwtivens, WOVC11 Inbries, knit litlaries, paper, and combinations
tittnnol, $1.t..The &vie(' of claim 25: wherein the terrovirus is routvirns
rs Human linthuriudeliciourry Virus (Um $7, The device of claim 25,
kitiereiii tho rottovirus islei/kr:mini virus (ITTI.V), 


