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entirety herein. BACKGROUND OF THE INVENTION 1. Field of the
Invention 15This invention relates to the field of light-activated antiviral
5> materials, systerfREHS FEATRENCh dOSRELATRIIARRBIGATEOMNN the
use of such materials and devices to decontaminate viral infected
environments and prevent viral infections. More specifically, the invention
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flusEsiticely; theopperatsdibyinsfmsmanid frcaphiaydey@innes, as well as
others listed in Wilkinson, Heiman et al. 1995, which is incorporated by

reference herein in its entirety, and others not listed by Wilkinson, Helman

et al are known as mat8KIGROUNESOE I MYBIDRYERTUPNN exposure to
thalocyanine, aluminum phthalocyanine,

light. rticylar, ph
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to decontaminate viral infected environments and prevent viral infections. More

' specifically, the invention relates to the attachment of singlet oxygen generating
materials and compounds to surfaces such as fabrics, particles, solid surfaces and the

20  like to provide an antiviral environment through generation of singlet oxygen by
illumination of such surfaces to generate singlet oxygen which functions to

inactivate viruses, and to a certain extent, bacteria.

2. Discussion of the Relevant Art

25 Dyes such as the porphyrins, the fluoresceines, the phenothiaziniums, and the
phthalocyanines, as well as others listed in Wilkinson, Helman et al. 1995, which is
incorporated by reference herein in its entirety, and others not listed by Wilkinson,
Helman et al are known as materials that release singlet oxygen upon exposure to
light. In particular, phthalocyanine, aluminum phthalocyanine, protoporphyrin IX

30 and zinc-protoporphyrin IX, which are well known materials, generate singlet
oxygen when dispersed in free form and are known to be effective as antimicrobial

agents.



In the past, it was thought that grafting of light-activated antimicrobial

material, such as protoporphyrin and zinc-protoporphyrin to surfaces such
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address the spread of influenza. 5 Influenza is only one of many viruses

that are spread by aerosolized droplets when infected people cough or
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exposed to light, and in that form generate sufficient singlet oxygen to be effective



15 of vaccine_stocks in eggs means that only limited supplies of vaccine
are available in any single flu season. There are only two classes of

WQRYrHid¢ktdticals that are effective against influenza which inREEAiP6/043919

10

15

20

25

30

uncoat?ng and virus release, and recent studies indicate that these drugs
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understartd the principle of operation of the dyes described herein, it is
notfigdtive against influenza which inhibit virus uncoating and virus release, and
recent studies indicate that these drugs are losing their effectiveness as the virus
develops resistance. The development of new drugs to fight viral infections has
proven to be extremely difficult. In addition, the cost of the current methods for
preventing or treating viral infections is prohibitive in many regions of the world,
including those regions where many of these infections are believed to originate.
Therefore, a new, low cost approach to preventing the spread of viral infections in

general, and influenza in particular, would be extremely beneficial.

One system used against viruses involves photodynamic therapy. Photodynamic
therapy in .general has been shown in the past to be able to inactivate many
enveloped ‘viruses, including HIV through the production of singlet oxygen, Ag. The
mechanism of inactivation of enveloped viruses with the use of Rose Bengal or
hypericin has been investigated and it was found that singlet oxygen crosslinked
protein G on the surface of VSV, thus inhibiting viral fusion. A similar mechanism
inactivates other like viruses. Virus inactivation is proportional to the intensity of

light used. Both materials are known to produce singlet oxygen on exposure to light

3



the ground state of normal oxygen has its two most energetic electrons
arranged with parallel spin in a it molecular orbit to produce a state that is

WQRYibdditas a spin 10 triplet state represented by the spectr8§ddpig006/043919
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_notation Z. Situated 95 kJ above this state is a state where the electrons
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re%gt'l\]/so%n%ghat have strong absorption in the visible region of the spectrum and can

be blended to match required color specifications.
BRIEF SUMMARY OF THE INVENTION

In one aspect the invention relates to a method of inhibiting growth of viruses by
inactivation. An effective amount of a composition of a dye is attached onto a
substrate. The dyes are reactive dyes and dyes containing reactive functional
groups. The dyes are further characterized by having the ability to absorb light in a
predetermined spectrum and intensity range to produce singlet oxygen in the
presence of an oxygen containing atmosphere in an amount effective to inactivate

viruses.

In a preferred aspect, the dyes are at least two different dyes, and more preferably
three, each selected, to be effective in generating singlet oxygen when exposed to

light of a different spectrum range from the other dyes.



More specifically, the dye is one of acridine yellow G, proflavin and
acroflavin. 10 Most preferably, the dye is acridine yellow G. In another

WQ3HE¢t1488 invention relates to an article of manufacture for iRRibitiHR$06/043919
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growth of viruses. A substrate has an effective amount of the
aforementioned dye adhered thereto which upon absorption of light
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yet Bti| more &an be fibers and fabrics, as
well as 0 rfacysS. For paypose of this disclosure, it is noted
that term r bonding, coating, impregnation,
adsorptig hi pent as will be 25 apparent to those

fabric, or other types of surfaces such as walls, wall coverings, paper,
paint, plastic, non-woven fabrics, etc., and generally any surface to which

dyewhigscRbRdhasdiivgan helgdashdd asavibigikeadily, appallen) inthatto or a
of ordinary skill. .In one aspect, in accordance with the.i tion, it ha
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materials when modified in accordance with the invention described
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Yet still further, the invention also relates to a method of manufacturing such

articles.

In a yet still more specific aspect the substrate can be fibers and fabrics, as well as

other types of surfaces.

For purpose of this disclosure, it is noted that term “attached” is meant molecular
bonding, coating, impregnation, adsorption and other forms of attachment as will be
apparent to those of ordinary skill. In addition, by substrate is meant at least one
fiber, a fabric, or other types of surfaces such as walls, wall coverings, paper, paint,
plastic, non-woven fabrics, etc., and generally any surface to which dyes described

herein can be attached as will be readily apparent to those of ordinary skill.



15 against bacteria when the porphyrin is in free form, in bound form it is
less effective against bacteria. Since the mechanism by which the bacteria
WQREK BBy singlet oxygen is substantially different from what GEE&R2806/043919
an environment containing viruses, and the operation on viruses due to
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eneficial requirements are that the surface
treatment be very light weight. These coatings are 10 based on Light
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LAAM coatings have the further bute that they are able to be color
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part'of the invention an about 10 to about’20nm, and typically about
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grafted to this mediator polymer. By the term mediator or amplifying )
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effect, a surface site amplifying material. This increases the available
photo-active agents by greater than 100 fold, while adding less than 0.5 wt
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weight of active reagent versus the weight of the substrate. These
photo-active agents absorb visible light and transfer the energy to oxygen

in thE;RIE tPis a graph showing the spectrum and relative intensity of light reflected off
25  of fabric containing certain dyes on a fabric in accordance with the invention.
Figure 2 is a graph illustrating virus inactivation by a nylon fabric having
poly(acrylic acid) attached thereon, and a fabric from example 7.
Figure 3 is a graph illustrating virus inactivation by a fabric having azure A or Rose
Bengal dyes attached thereon; and
30 Figure 4 is a graph illustrating virus inactivation by a fabric having acridine yellow

G attached thereon.



25 generate singlet oxygen, which has been shown to destroy certain
microbes. Since the photo-active agents are organic dyes, it is possible to
Waeamitt8susly match specification colors. As already noted, R6dr&$2486/043919

long been an interest in the development of self- 30 decontaminating
treatments for hard and soft surfaces that do not contribute significantly to

weight nor require m m amlnatron s |es, as
well as which have T&iﬁgﬁ g Q?E%’& If-
decontaminating surface based on the synthesis of srnglet oxygen from

photo-active organic dyes has been developed. Any treatment designed
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singlet o 1ygen which is one of a num ero reactive dxygen speciles tha

cade@amlyaangotondesigd to lipids and proteins. In proteins, target

amino acids are Tip, His, Tyr, Cys and Met. This technology has also

been shown to be somewhat effective against gram positive bacteria. This
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developed light activated antiviral materials, LAAM. These materials
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Agiaxasss #AMSIRBNE RS ANRIARERLIBYTBRURG than 100 fold, while adding

less than 0.5 wt % and typically less than 0.1 wt % to the substrate. The amount is
net by weight of active reagent versus the wéight of the substrate. These photo-
active agents absorb visible light and transfer the energy to oxygen in the air to
25  generate singlet oxygen, which has been shown to destroy certain microbes. Since
the photo-active agents are organic dyes, it is possible to simultaneously match

specification colors.

As already noted, there has long been an interest in the development of self-
30  decontaminating treatments for hard and soft surfaces that do not contribute
significantly to weight nor require transport or handling of decontaminatien

supplies, as well as which have zero toxic effluents. As described herein, a self-



individual fibers, yarns, fabrics, particles, or other surfaces. In one
embodiment, 30 protoporphyrin IX, (PP1X), and zinc protoporphyrin 1X,

WQ2A0FPI8E3have been chemically bonded for example, as disBUGESEPMRE3I19
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aforementioned article entitled "Grafting of Light-Activated Antimicrobial
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U\_’A&?{%L%/ ”g‘a%éﬂfraﬁ&alkﬂ& The eﬁ?%ﬁr?d Alie R AdUSRACHARIGIILS LAAM,

spin and enéergy with oxygen from 15 the air to produce Ag oxygen. The

LAfeMeiglogyi tisressied phatBhsaanang pragsaritdesilimiihoiséu production of
inteRdgd 0N hise 8\ dHebaYARBHEIH iﬁﬂﬁ%gaﬂ?gg}h QpectredMihat cause

dye is preferable such that it is able to be grafted to a suitable mediator

polgridatiieclamane teflipidyensiancisiaoimmmririnse i et Yrine acidsare Trp, His,
su 'W[W%%&O'ﬂ‘ﬂﬁf 1RGN BN QI BE SHHRIPSIOUABAUR HAL effective

desired colors, for 20 example, for military or other applications. ‘
FoRgRiage | graerewi v e siismbelis asnaetstedidbe rineorpgratign of LAAM
finqingR Rigiakitol ARMidvedS sokslitipult RHIthestereHeAMYSIAAR Béhefit of
the entire range of colors desired are readily achieved. 25In one preferred

aspeeeniamination o badordrerastohbirlogieal apsniindilsuer ernBidhestesiing has

20 Selgriemh e VRLE SRECTTUMAKP AR AR ot &8, liabt tRYBRARIY REth the

25

30

effective against viruses in all light conditions. If only one dye is used,

dydavsating schieetstialy bambamagiownoie aFdiisthtistaagainst Gram
of thehigh sRctdnexPeeiReviayel oimfirctivanasteadRinsinyiiRes dydichhonded to
was not found with other 30 dyes. In a most preferred aspect the single
dy&ysfarsiaiehy b dss deve brese thewyde H%\h}géﬂé’aﬁ%'ﬁﬂﬁﬁlégams" enveloped
inclygligg acridine yellow G can also be combined with other dyes to cover

the full spectrum described. Since most typically in excess of about 75%

by weight and more typically in excess of 90%, of all of the photo-active

matgrigtis PRI VRHTRE Bavbesenl MM haddbésrydiia opeiDhphio 4b8vated antiviral

finished products. They are self-regeneratjng, hecayse they use oxygen

froMAREIalH aht-idfht, SRS RAERAIHRRIOMRCATRE pb ivsfotiest oxyeen from the

air or dissolved in water to A; oxygen. LAAMSs have been developed for treating
individual fibers, yarns, fabrics, particles, or other surfaces. In one embodiment,
protoporphyrin IX, (PPIX), and zinc protoporphyrin IX, (Zn-PPIX), have been
chemically bonded for example, as discussed in the aforementioned article entitled
“Grafting of Light-Activated Antimicrobial Materials to a Nylon Film” to the

surface of nylon films and fabric using poly(acrylic acid), PAA, as a mediator



5 decontamination material. In addition, there are no effluents since the
active ingredient, Ag oxygen, has a lifetime of less than about 10 msec

WR2987d 1¢¥éYerts back to ground state oxygen, which is preseMGH/Ef2006/043919
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20
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30

everywhere. In addition, it is not corrosive nor does it produce salts. Thus,
LASYWsnproviKieAaibifiny diesiiablein evaiatamingtifiedreroshd Gigore sinfhce in the

step in making a LAAM fabric surface is to attach LAAM material to the .
S RESEneR o FOURNR SRR Lok At U s RO e L Rl washings.
to Mi&x§UifosRide bimdovasafbrr ¥ etvhenstif acebfetictivaddo grpimeimFRIX and

phthalocyanine dyes are, examples of dyes which.can be chemicall
griﬁ%&ﬁﬁ% %oé%% T %Xiéeél%n dFREVE h‘i?g]f?%ﬁt}'éﬁ i )%Efé%a orp r\c))%ﬂec i%rélﬁed fo
AdPoxagegaif bedifiaalhy fabidesdohdxihsamie bpblgamitie ahpotpdsiéthe ethylene

sugh as pol lene, terephthalate), fibers . are used as sur s, O .

i B8 réﬁ%ﬂé i %’F%éd‘%r?dg‘é‘ra Sy e i é’é’.{!%},%%&}i%&t multiple
formoRAwleg-fabric siigkt, Protommobdvpiey Bbicings pattepedttyritheXnylon surface.
ph cyapine qr.other dyes are grafted tq the. -g+fabri

de%ﬁ%& t%et%ég a oar%%ﬁ%n foned glr |8Feoern%mg%ﬁég tll?wggggf%?ﬁé%nly one PPIX
Lightilectileated]A itmitaohéal Matswidisengldtyloolsimie. Theotbeutingds, the PAA
ARARIGARIEPIR] IRREREDPR I DIPBUER 30 /ORI ANIHAG: made
render various viruses harmless. Each of these tests Is described in more
25whingithisreaatiient Beraabds ¢b tHestraydeeti scotadysxienit Grank positive bacteria
efficiently pr SN iffi ' cowlishin
i e ST, Ol ne piokh ar

be thetebtelti A ratecompositdrafiusuitijedyerscher abserbe AViiisbintser Infrared
120 o S :
OKER HROH PR PR %%9%%%@% %ﬁ;ﬁ feeasaaingantbeygen from

phe the xanthenes nes. These dyes

covke mizatly pibdacheNsisisikgepecirbenlas A dys thasterasisfrahetphlegehiag and
neay ultrayi I n the: ' | ;

ca e e At b D & Bbirae.
pohedr AANadyeLinprefrsabie sushidbeas i doabderin pasefied darbewijable mediator

aCiSol?M{’JP&LcQB&iﬁ% JPIQL ARG heLraaRiE WTQHRSCan be grafied to a suitable

mediator polymer. Finally, the modified surface should have the desired colors, for

example, for military or other applications. Fortunately, there are a large number of
dyes to select from, so that finding a suitable LAAM dye ‘is not difficult.
Furthermore, LAAMs covering the entire range of colors desired are readily

achieved.

In one preferred aspect, at least two and preferabiy three dyes are employed. The
dyes are selected to cover the spectrum from near infrared to UV light to thereby be
effective against viruses in all light conditions. If only one dye is used, dyes having
the previously claimed basic structure are employed because of the high and
unexpected level of effectiveness against viruses which was not found with other
dyes. In a most preferred aspect the single dye is acridine yellow G. Of course, the
dyes having said formula, including acridine yellow G can also be combined with

other dyes to cover the full spectrum described.



Figs. 2, 3 and 4 show effectiveness of specific dyes against virus. Acridine

yellow 5 G shows unexpected and very high virus inactivation with low
WaRgMildagi3ation levels. The following is a representative listifRf&f{H06/043919

dyes, but the listing is not limited to these dyes as will be readily apparent

to tﬁhm ofastdymeglbkith m%itﬁtdboaiyé@%rb}tthhham@nmeau@kim@jeh excess

d th t h ti E;Dﬁ{[
aIIo % erh?o%Ff ?ﬁ 191(9 (r:]Fegl? { gqgﬁéna%hee(;n I eﬁrlﬁe(seleg% or s add very
poliamnbrwﬁgﬁetormud'mmmbdhetsjy&hgterb ksplWﬂgmntm@bnmmﬂdley use
RO% ééef Wg l%h%rp ﬁl%f EI% e%%ﬁ%r% far%k)ciglc ! %Inlg Emsh their
o} ose enga

protopdrphyrin X, zinc protop |on|r1’ zur
5Azm®@tmm1®1 profievahe, anrmm vihgtaraterawerefluents since the active

Qd%ﬂ'to ﬁnwggelﬁnﬂgsefé’%my FI gf%{a%q 38tS0 mseg before it reverts

18 amino-anthraguindne raqumone
-hyuagkyoggrowdtmtqmnmmt&;h-twmnnhmwx@vamw&mmnlmeddition it is

1 41%?05{"’%9 @ﬁ}g&ﬁ 'él{i?ﬁe 'ﬁgﬁnLBAEIQ/ﬂ [k/yo’vﬁﬁloe?( Cgiqa%ﬁdesuable

fluorescein, Ery osm trib UOYGSCG Ypericin, Kynurenic a

rubatmmmnwmpmm chlorophyll.b, coproporphyrin I, coproporphyrin
101, coproporphyrin 11, Ga protoporphyrin IX, clorin e, proflavin, acroflavin,
acridine yellow G, toluidine blue, anthracine derivatives, anthraquinones,

tetrQoarBtskAtentialovyidnine BAtbidatiniosyphesdiotyafined, ArgsM material to the
tetrmp@xyﬁﬁquéog 1sﬁ@dt S;aé:t%@ﬂﬁéyﬁmgﬁllg Y8etive materials to the

5-amino-etioporphyrin I, chlorin e6; as wellas the zinc and aluminum

derivistages Gfethécabﬁvmlmedaﬁ@?r%yﬁn ahe pﬁﬁ%@amﬁ@@ﬁﬂ@atmhmm and
otheh YRR AN RS ARV HRI SR SK AT Jﬁ?@kﬂé}ﬁgﬂﬂpﬁampm the

other dyes‘that gerierate singlet oxygen upon illumination can bé used
15 provieiages snthdpvarhish ganea 1yigds siprapeodueng 2 peyRgtor Specifically,

POlyiBAREs §T FEH/LRMEQ, BE1FRANR: DFGRIFSRIO WS GBI dn R B e phihalate)

yellow G has shown unexpécted efficlency in virus inactivation. The

LAAIReTh aterieseddes sifrsgswetintashassdibersir tismujstadeashgdimad grafted poly
antiyaiRCtdny, Tha Riolegigaliesimale,desribedige nglespar i8R IX, zinc

the LAAM was a fabric, a chemical trapping method was used to measure

thePARiORATERM Enle B eryaBme: atctiish dliesitfer arriind iRrike A A-g-fabric as

20 CO@ﬁ&%dFWUEMEa%?&h&ﬁBﬁW Qtfﬁécéﬁ?ﬂéﬁy “@ﬁﬁiﬁ@'%@ﬂgﬁﬂActwated
An aqueous solution of furfuryl aIcohoI is added to a sealed circulation

systatirisseialyatisky Pl oxygen saturated water. The

dissolved oxygen concentratlons were 10 measured during illumination.

The dissolved oxygen concentration decreased as
The resulting LAAM fabric was tested for its ability to (1) produce A, oxygen , and

(2) to render various viruses harmless. Each of these tests is described in more
25  detail hereinafter. Because of the hundreds of dyes that are known to efficiently

produce A, oxygen, there is no undue difficulty in accomplishing this task.

Dyes with high quantum yields for producing singlet oxygen may be selected from
reference literature. Dyes known to have a high singlet oxygen quantum yield
30 include the porphyrins, the fluoresceines, the phenothiazines, the xanthenes and the
phthalocyanines. These dyes cover nearly all of the visible spectrum as well as the
near infrared and the near ultraviolet. The dyes are selected based on the ease with

which they can be grafted to poly(acrylic acid), poly(ethylene imine) or other

10



singlet oxygen was photochemically generated and reacted with furfuryl
alcohol. Choice of agents and biological testing: 15Testing initially focused

WQRBHEIdPHR and poxviruses. Bacillus subtilis served as a modef1gpS2006/043919

5

decontamination of Gram positive bacteria. As a model for poxviruses, we
usdasshisioninohmst THe padicwag \iies can Belesiedcortaininginlkensarboxylic
micghioiRgeskianaie A drrsAaERle agyspecial containment

facilities. 20 In accordance with the invention, it is éffective against

Yersinia pestis, yellow fever (for the flavivirus encephalitis viruses),

singijis VIrUs {aiPHInAH S FEGRRIRILS Y UNRVIBRIFSEHAUSIMILS ACAIRAR yellow
diseases such as SARS) and parainfluenza virus (the highly pathogenic  ~
nip&h SRR dmerRssted e sty dighy vescinred tationveitide ydighiljumination
thejfipwving are specific examples showing manufacturing and use of

specific embodiments of the invention for inactivating viruses. Example 1:

30 Virucidal activity of Zn-protoporphyrin IX (Zn-PPI1X) grafted onto nylon
(piegesiie\nihg 378 rbitéskamh AR (RS I6H RSN IDIRHOYRYALHWBt limited to

viruses. The Zn-PPIX grafted nylon fabric was made as follows.

PolteserdnesasayitPheAs iy arpssrm doithrasef srdinasyekillration of 1.4

10 g/L. A piece of nylon fabric was immersed in 35 ml of this solution. 10 ml

15

of agn aqueous solution of 4-(4,6-dimethoxy-1,3,5-triazin-2- )
y1)>RitRkle, dyed AR Shna hah eSO NI VSR RIS TR TS tor light and that

solugipfaiveBdeiaty mbrRiRR fRithion e B icchasiEEIROYEHEP the surface or
solutiop, rinsed with water and dried. The fabric formed had PAA(frafted

ontl? it S REUE N BREET S8y inshide, grany GDkeTes Aisted duy plvdkinson,

ethylelneadiandiRoviar Pisratued Heh2R enlinyaiey 2adsiied o130 including
minutes. At this pgoint, the PAA-grafted nylon fabric was placed in this
redIROPPRIRINE EXceBs BBMW&&%M@&E}% RBIRa KIS ideAZure B,

anaeured apbIRCie] AQiMiRiHES/ihEatRRt IR ANRIRAS-0VI0RhdREHGUMR e, 1,5-

obtained by eyaporating the water to dryness, This fabric was then_cut into
& T“g’ﬁ %Bg’ég?or ant@i%é#ﬁ‘@ﬂi\ﬂ%?@éﬁ?@?lﬁ%‘?%e assay Sittdroxy-9,10-

effeatioaguaeeiria virus irigation-a, plagniragemongs used. 75i8-a&sarifo-9,10-
able to determine_h any.infectious particles remain after LAAM light i
o Ao B ST GRE A S RS B FESHO P lorin

20 1) B0 fiiwinsseiiocREfganosing 1 OGhrms dtldeckteidn-RiY&isaateRyimtdsic  acid,

25

30

2) 200 of virus alone, 3).200 of was ia, samples,were illuminated for .
3orr‘§1)’|%f?%‘f‘86’,o°3€°&9@,}hg) 30f ‘E?f‘%@itro‘%ﬂ?ﬁg%lﬁﬁ& tlea&%maﬂfmlyrm I,
wasoipeppanpliveii dii dahpratepparthiniAlio]j2orases conatlatiAfigrdQavin, acridine
minléﬂeos cell were ipf%cted. Tl\é;fo days after infection, medium was )
removed, cels wer Hati&d, ahdine rtiBAPRT olaHRLARKES couffdlraquinones,
Rettitsateagpldhalusyafiing on Zn-BivIX treateehtakisux (ifhthahedeshing)o Al

pl%%Hgg’arboxyphthalocyanine, Ge tetracarboxyphthalocyanine, 5-amino-etioporphyrin
I, chlorin €6, as well as the zinc and aluminum derivatives of the above listed
porphyrin and phthlocyanine derivatives, or other dyes that will be obvious to those
skilled in the art. In addition, many other dyes that generate singlet oxygen upon
illumination can be used provided that they can be attached to the surface or to a

mediator polymer.

In addition to the above dyes, as shown in Figure 4, acridine yellow G has shown

unexpected efficiency in virus inactivation.

11



25Virus alone: in 10-2 dilution 70 plaques Virus on Zn-PPIX treated fabric

(control, dark): in 10-2 dilution- 40 plaques Wash media alone -no plaques
WQEXMTPIE823 30 With respect to bacteria with light exposure aPd4esaseer043919

above (Light at 60,000 Lux and Zn-PPIX treated fabric), the grafted

materials were somewhat effective on Bacillus strains. Two Bacillus

strains.were used in experiments: Bacjllu reus strain.by BGSC ‘s
oA R O PAC SEIREh s e o i LAY € Rt U anivial
of &:tisereu$hd Habimthesingioidessisb&38EihdgtetAl; original code

NRRL-B4039; description: wild type isolate. We tested the extent to which
Zn-PPIX treated fabric was able to inactivate Bacillus cereus and B.

5 hulWiginnisisl shaddswasgefabingte crethprdduppingbietedotaswsebiis nigsure the

cm by 1 cm pieces of LAAMs (Nylon, PPIX..and Zn-PPIX lmer o
i PEORE0E Sien, PR P ed R et . icions
of Fghfindslzdbolgstendemp tagtitrapishyivitrdegle0ooogenx didaesong welution
an effect.on,spores.; At 60, u j ; in £XP eﬁnfﬁMh fabri
ch-)%flﬁgﬁﬁ‘e/gtegog%lrilcg ha:%é? é%gtéﬁgcgégapfp%ﬂ%é%o.m /otof sggirigs of%traiCn aPHe
4 demple atnié txpgen usduridde iBere g dlativisselisdandyigem eapganirations were
6A5-23.14% tr W eff: | Ee [ the Same aonout 0t sed

10 tim%le(?far ﬁ]%%‘%%% gﬁﬁ%ﬁ%‘w%é’éﬁ%@& i%gt?léegnumlkl)%er of the WilzBlsed as
spsiegle iy amway ihwtegkiciméally efectated udreeactedovobduribey! alcohol.
Example 3 20 Cerex Suprex HP spunbonded nylon nonwoven (DuPont)
with a pasis weight of 459sm.2.09 of poly(acrylic acid) of molecular
weliiniasofegeniseandibsdhaicali®stiognl of water The nonwoven fabric
was pulled through this solution and squeezed between padder rolls to a

wet pickup of 135% wt/wt of fabric. The treated fabric was allowed 25 to

15 sit Tstinp titslboderuskdiion Srnininiantbpesyirasent Readiusvapbiigisprved as a
th?ﬂ&%f ot \ﬂg&ﬁﬁﬁhl}(ﬁﬂ@f éf@ﬂ%?oﬁﬁ% UL RAYCRYS AHEPRPhoxviruses, we
4-(4,6-dimethoxy1,3,5-triazin-2-y1)-4-methylmorpholin-44um chloride,
DMIsedMyasshsistiviguss 0.4hey ToFmNAV ViTgsgan| Rrateilys hadled, gy normal

the fieaiad Jaucipsdiesb i aupadtis soliinRang spuaszashiffamavRcilities.

excess solution. This fabric was allowed to sit

20 In accordance with the invention, it is effective against Yersinia pestis, yellow fever
(for the flavivirus encephalitis viruses), sindbis virus (alpha virus encephalitis virus),
avian infectious virus (corona diseases such as SARS) and parainfluenza virus (the

highly pathogenic nipah and hendra viruses.)

25 Having described the invention generally, the following are specific examples
showing manufacturing and use of specific embodiments of the invention for

inactivating viruses.

Example 1:

30  Virucidal activity of Zn-protoporphyrin IX (Zn-PPIX) grafted onto nylon (pieces of
cloth, size 1 by 1 cm) was tested against infectious vaccinia viruses. The Zn-PPIX
grafted nylon fabric was made as follows. Poly(acrylic acid) (PAA) was dissolved in

water at a concentration of 1.4 g/L. A piece of nylon fabric was immersed in 35 ml

12



30 covered with aluminum folil for two hours and rinsed 6 times. Example

4 A portion of the fabric made in Example 3 was treated with Acridine
WOriBi1a34s follows. 0.185 g of Acridine Yellow G and 0.364 B/ DI00MaA3919

were dissolved in 250 ml of water. The fabric of example 3 was pulled

thrMuﬂﬁstlsiﬂlﬂﬁintidﬂ arldob aaxmqssmmdqtieazﬁ"d%@t,@dﬁwmﬂmpﬁddeﬁ-triazin-z-

rol| he f b Ilowedt s:t fo wher .
i)w 68% ?Iépa& Huémecv}\l/%)s ext@%ﬁmsmgg%gﬁ] r%lﬁ Vﬁ{ &'3biution
W&B@bmﬂgdhal«tbm forsk hmtert}Exﬁm}n@@mechtiofnmthdliabncrmsed with
mad in reated wit foll of r
SHieD S O v o S A LGNS i e SN 81 ¢ of
5 eXZmPkIX WS potl Wﬁmgmﬂﬂsl 80Iufiosf atiylenealismins wgredizecaad in 120

bet dd Il llowed for 2
Bl BDAHEIARA TS A1 LT e RS WAE Syt mvion fbrc

ringiagplaiddia Meeadmﬂmﬂﬁammmmmsemeze@ammtﬁe fabric

APOI ion of the f ple3wa reated ith
fol[di ?‘—’}Fls,f Bféﬁ éfa 723 mm%ﬁ%f Oﬁ?%bm was

bycﬂjﬁﬁbdﬂg @V%(ﬂ@tmgldm\ﬁﬁﬁgml dmyResd. dlflﬂmﬁdhme wiarthee artdBarl cm by
ater..This rﬁolutlon eﬂuxed for 30 minutes, and rotoevaporated to

10 %‘?stS"Fé XC8s8 e Hetﬁ%téli%mlne The product was a deep red,
viscous liquid. Then, 1.99 g of poly(acrylic aC|d) was dissolved in 500 ml

Ok e o o e S S RS RUSHRBIRATR AR P MRP RFusca. his
assay is able to determine how many infectious particles remain after LAAM light
treatment.

15 |
BSC40 cells were used. The following samples were tested: 1) 20pl of virus stock
(conc. 1X10°%) was added to Zn-PPIX treated fabric, 2) 20ul of virus alone, 3) 20l
of wash media, samples were illuminated for 30 min. at 60,000 Lux., 4) 20pl of
virus stock on Zn-PPIX treated fabric was kept in the Petri dish wrapped in Al foil

20 as a control. After 30 minutes, cells were infected. Two days after infection,

medium was removed, cells were stained, and the number of plaques was counted.

Results are as follows:

Virus on Zn-PPIX treated fabric (illuminated) —no plaques
25 Virus alone: in 107 dilution 70 plaques
Virus on Zn-PPIX treated fabric (control, dark): in 10 dilution — 40 plaques

Wash media alone — no plaques

Example 2:
30  With respect to bacteria with light exposure as described above (Light at 60,000 Lux
and Zn-PPIX treated fabric), the grafted materials were somewhat effective on

Bacillus strains.

13



wet pickup of 135% wt/wt of fabric. The treated fabric was allowed to sit
for 30 minutes covered with aluminum foil to prevent water evaporation.

WQ 248134 TMM was dissolved in 250 ml of water and the faBfid/W&aH06/043919

5

15

20

25

30

pulled throu.(lqh this solution, excess solution squeezed out with a padder

and HpReillyssitraisenseefasedomexprrittentsOne half of the Rose Bengal
ampeBRINVAINEWAS IS Herdi R aRb N5 %{)ng}ﬁ'i DG lrgeee {2+ , description;
pulled through this solution, excess solution squeezed out on a padder

andVild sy islatsweme st esiisuses. Next, 0.16 g DMTMM was

dissolved in water and padded onto the fabric as described previously.

The fabric was allowed to sit for 30 minutes, then rinsed with water until

no ReHEsherivgisiertn BGSCNeedddicoriginatreade ARRECRAA3 Sidrscription:
EX3MAlggeaddiretion of the fabric from Example 3 was treated with Rose
Bengal, Acridine Yellow G, and Azure A dye mixture as follows. One half

of the Rose Bengal amine derivative described in Example 5 along with

0.0%8& RStAZIHE At 4R 9 -LPIRIREYE] pwire Wetaslisas Ii‘fﬁgti.{)a?\?@acil Tus

ml of water 10 Then, 1.99 g of poly(acrylic acid) was dissolved in 500 m

wafér erhandutidruriagisrieBaRs) SRERinvE N Prediisririablentpgetative cells.

10 squeegeBybetwaenRRRTTAlENR TNALRI PeaxohAZ P4 pibint) Or\fv@p%mersed in

The treated fabric was allowed to sit for 30 minutes covered wit

alufFisRi P95 iend Aivarel- 31 apdihem sxposad 19 Bht:nFhersgsirce of light was
disgahipetih 28N ILMARERAE MRIERBI00RSE. Re e ABfHA98 JRiSffect on spores.

solution, 15 excess solution squeezed out with a padder and allowed to sit

coverE8-A0buniruRDg Ted0 aniwrin gorasme\Ms/AR BRHE dregtgdefabric had an
mixgttely ersaipies: MAadesab GresporkihsmaiwiacaMe agid) Mnated iHbtGce viable
was pulled through the mixed dye solution, excess solution squeezed out

on WRHANE? SritP1aad AT st ot b oGaminkeulivess wrsedefiitn the dark

waferf thiatHant: b erCOlemEaS Gafn. ) hHddiNas WRIK arf rEliRI6218%he number
fabric had a Iav?lpder color. In later testing it was noted that the acridine

yel? JHhesaRiSSo a‘%!%%ﬁn%%%ﬁib}@% limited effect on spores at 60,000 Lux.

Example 3

Cerex Suprex HP spunbonded nylon nonwoven (DuPont) with a basis weight of 45
gsm.

2.0 g of pqu(acrylic acid) of molecular weight 450,000 was dissolved in 500 ml of
water. The nonwoven fabric was pulled through this solution and squeezed between
padder rolls tq a wet pickup of 135% wt/wt of fabric. The treated fabric was allowed
to sit for two days covered with aluminum foil to prevent water evaporation, then
rinsed with fresh water six times. Next, an aqueous solution of 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)-4-methylmorpholin-4-ium chloride, DMTMM, consisting of 0.41
g DMTMM ‘in 250 ml water was made up and the treated fabric pulled through this
solution and squeezed to remove excess solution. This fabric was allowed to sit

covered with aluminum foil for two hours and rinsed 6 times.

14



Zinc protoporphyrin IX was converted to an amine derivative by dissolving

50 mg 25 of zinc protoporphyrin IX in 20 ml of dimethyl formamide. To this
W@ aNHd3#d mg of ethylene diamine was added, followed by ®&Iglep006/043919

N-hydroxy-succinimide, NHS, and 46 mg of

1-eg?§ﬂf-‘§3 84imethylaminopropyl) carbodiimide hydrochloride, EDC. The

reaglighris e TENIRCPRRRRER B AN 9T vdd WA NS B Keridine Yellow G as

poly(aerylic acid) of 450,000 g/mol molecular weight was grafted to )
nyl S8 ESbiRoi® e A6HAISD XPH%i@aW@iP&@M&ﬁ@ﬁmmlmpﬁaﬂlved in

nylosdrgdabyaileas The. b 270mehplalnasrplinasithyiie #insedigfon and
in 200 mL of water. Next, 0.05 g of DMTMM was added to the solution

S and¥RESHIERS SPTTad Ul BETRBLBRIgE EiStdheafasessalisyadrto sit for 24

squesiEe vttt faDHEIA S AHANYOFLIR ANt IoRI YRy &V Giracted by
2007/1,14843PCT/US2006/043919 treated fabric was then rinsed with

walth SRR AL Gk as iyorked i Hhe dinsBaishs immersed in
the zinc protoporphyrin IX solution prepared above after adding 0.05 g of
DMTMM to the solution. The treated and soaked fabric was then

sq ¥o’remove excess solution, covered and allowed to react for 24

10 houssp&rrdnady thberiblbcvds WABReRSISISNGMEY MR WaterAoHRNEhEYollows.
me{)h ol to_remove any ungrafted material. With respect to polymer
o 79

fabtiés @ BhicAiTe SO 353 § ¥ BORLMMh g erselissalv e it exdhmd of water. The
follfabiitg cifssuagin ProxidesRddiionghdaiaiteidibn and excess was squeezed out

between padder rolls. The fabric was allowed to sit for 24 hours whereupon it had a
pale blue color. Unreacted dye was extracted by rinsing until no more color was

15  observed in the rinse water.

Example 6

A portion of the fabric from Example 3 was treated with Rose Bengal as follows.

First, Rose Bengal was derivatized to add an amino linkage group by dissolving 0.47
20 g Rose Bengal in 2 ml of ethylene diamine and 6 ml of water. This solution was

refluxed for 30 minutes, and rofoevaporated to dryness to remove excess qthylene

diamine. The product was a deep red, viscous liquid.

Then, 1.99 g of poly(acrylic acid) was dissolved in 500 ml water. The fabric of
25  example 3 was pulled through this solution and squeezed between padder rolls to a
wet pickup of 135% wt/wt of fabric. The treated fabric was allowed to sit for 30
minutes covered with aluminum foil to prevent water evaporation. 0.346 g DMTMM
was dissolved in 250 ml of water and the fabric was pulled through this solution,
excess solution squeezed out with a padder and allowed to sit covered for 30
30  minutes. One half of the Rose Bengal amine derivative was dissolved in 250 ml of
water, the treated fabric pulled through this solution, excess solution squeezed out
on a padder and the fabric allowed to sit for 30 minutes. Next, 0.16 g DMTMM was

dissolved in water and padded onto the fabric as described previously. The fabric

15



In attaching dyes to polymers, it has been discovered that in general, the
surfaces of many polymers have too few reactive groups to attach the

Wae gkt g en generating dyes. To overcome this difficulty, aP6eMiet3919
mediator or amplifying polymer that contains a large number of reactive
sitesmcalidvecdttacitethr Bor mitartes]ahey insédbwiithcwatei nmthhotiusther color was
reactive groups per molecul ino. grou d a carboxylic acid
grgﬁ%r.l 1t Elg ‘é})%%vé%e%t?g%%e%g?ﬁ‘r%%? o%{?cw)se%@gace of nylon 6,6, there
will be too few dye molecules to be effective. However, poly(acrylic acid)
cap be CQV lently bonded to the amino ends or poly(ethylene imine) can
be atfacned to the carboxylic acid groups. Both of these polymers contain

5 a rAaptinteogrofifhin fehele répaaBuninmd Twas, tsitedpoilithaBesic Bengphndcridine

coyalently atta ittqt , f ' B‘éér@% EOF A
reac @%%@s%%@%ﬁ%%n%f%?@g%le%v%a %@gﬁéﬁ%é%%?%\%gble chc‘)ililcg:gl amme

of dgewatine thesarbedtindieanpleh? slofigcwith MQ4R mghdeiegels tiagh 0.051 mg
WIRGHAIISFHITRF e S KR OISRl GAlRIcking a polymer, Tt is
important to note that in cellulosic polymers, the concentration of reactive
groups on the surface is adequate so that the surface site mediator or

ifying g lr%rg?f)rﬁln fglkﬂqﬁdgadf%ﬁaﬂgseﬁ%@ﬁ{ B SiiaeR&!terhe fabric of

a

mediatér or ampli olymer must be chosen to 30 contain reactive
greupmpeSarasaphedsthfonsictiry soligrouh sapred hetitesRRaidprgolls to a
Sit%e{:%@ﬁﬁ%ngf Py %/W@Miﬁﬁ%.ofﬁ@ﬁ@a@&l?Qﬁibmﬁg)%l&v@t{')bo sit for 30
carboxylic acid (-COOH), and amino (-NH2 or -NH-) groups. Other groups
mayinites beveredavtloplumimyandoilde prerrakydiss e WpHdien RvRig ESMTMM
thaggSIEUGHVRITRE 75 SHCOrARIRSRAIERIBAL Wak PHiNAlPRoGRARR solution,
treatment, and etc.) Suitable surface site mediator or amplifying polymers

15 incteigespoiglatioplisansiercd petyvdthyrepeddshandalewead Bcihggvered for 30
po%ﬁmﬁé%icl%}m{@rm}ngcgﬂm%@35133%@'1?%@dtﬁ)xwlbﬂf%i%lution made

phenol), and their copolymers with ethylene, propylene or other materials

(kridwrerenddbe srildaciyliseasid). trentedy brgvss aulled dhrpyghethe mixed dye

SUaf GHER0MR4 RARE:BRYIEES 4 f&ﬁ%%#@&@% ARdoandsief Autkdeto sit for

groups on the dyes to the reactive functional groups in the surface site,

amlifpinytes|ree rinssA axithnyricuaid %ﬁfﬁ%ﬁ*ﬁﬁ@%ﬁé’iﬁﬁﬁ?@‘}dﬁ pheLingg water.
20 covalaniy.RoLnee RabY asriis R ey o TN g sing Tt dR aRe ey EeNacridine

the carboxylic acid groups of poly(acrylic acid) and the amino group(s) of

th@’ﬂ@‘ﬁé@%ﬂ@m 468 A is an example of a dye that can be covalently

linked to 15 poly(acrylic acid) by reacting the -NH2 group on Azure A with

a -COOH group of the poly(acrylic acid) repeat unit. Other dye-surface site

arrr%ﬁﬁ}‘i‘cﬁ’ée lymer combinations can also be used, as will be obvious to

ong siil|adtshBIeheHin IX was converted to an amine derivative by dissolving 50 mg
25  of zinc protoporphyrin IX in 20 ml of dimethyl formamide. To this solution, 10 mg

10

of ethylene diamine was added, followed by 9 mg of N-hydroxy-succinimide, NHS,
and 46 mg of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride, EDC.
The reaction was allowed to proceed for 24 hours. During this time, poly(acrylic
acid) of 450,000 g/mol molecular weight was grafted to nylon-6,6 fabric in the form
30  of abridal veil as follows: a two inch strip of nylon bridal veil was cut. Then 250 mg
of poly(acrylic acid) were dissolved in 200 mL of water. Next, 0.05 g of DMTMM
was added to the solution and the bridal veil was pulled through the solution and

excess solution squeezed out. The fabric was allowed to dry in air over night. The

16



If the dye contains a reactive group, but it cannot react directly with the
surface site 20 mediator or amplifying polymer or the polymer surface, a

WQRHH/iE? molecule can first be covalently bonded, for exanf§ld/¥82(He/043919
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dye followed by covalently bonding the modified dye to the surface site
anpplifgihgapalymey ticthenety with suafec thré dinmseandf doetliFinaby, ke treated

reyersed, such that the. linker molecule can first he attached u

R RS DBy PR o O B ST e
linkddgnis @G5 ez dyRDIITEMNDtO lthkesotntiter (Thes troatedrend: sonked  fhbsie was then
groups that can be covalently linked to the dye and of mo

inSHEEEL ST, T80 16 P Bl SufIaa oY R oo A 24 howrs
aniisying thelyabeic Wisserapimdpsxtemyibelylifiatie nwaethiolovead beytheethanol to
same. The choice %f Ic'inke{e]rfnﬁlecule reactive groups will be obvious to one

skITEPNT fie S ‘oree%ll%pfe,'to attach a dye that 30 only has carboxylic

acid reactive groups to a carboxylic acid based surface site amplifying

polyite tespdiananelpueh tabrith yenwhidiathinsnglek amatly issnediingidges can be
etc., can first be attached to the dye malecule.follo attachment to

i é‘%ﬁ%ﬁéeﬁ%ﬁ ﬁ)ﬁ%ﬁ}ﬁ% rgl%s%uos&%l .I'O\V/'\II%S adglflona\flggcﬁié. ,
2007/114843PCT/US2006/043919 In accordance with further aspects of

the inyention, singlet oxygen production | imi I t f
L L S S ARl MR
asrmnyasolEa6rk hawhen fewltialetisyesanes dsattabh $hebingh-taxpgen generating
least two, dyes ma .used, apd pret ly.thr haying® 1 that
s e e S R b g popymer ha
theaituns. dridie casebet afridivt e liives Carsoaitaches!iifier #x3pplasnylon 6,6

500 Lux served to inactivate st 999 iruses S ingl li
R L

accihepelolf Gealyesire diechoflthisestitid tbecantise REIEND-Lathere will be
22108%%%9 VN -Ribe {8dl¥§ éf%mﬁ%gﬁgﬁﬁ}&,w&%ﬁg%@im fB@%Bvalenﬂy

itional dye Is exposed to light at a different 'spectrum from that o )
achidinded/¢dlche Gnzind tndsotn@olietindmariminakcands attaehkinthe carboxylic
those tha [ Ui gD RS BRI B4R repeat unit.
D R et L et

dyddes, esimbipelinperaks amddrad teosalsatin@tashipmil ndhp anlanthdnsurface
to be aftached o, ﬁ\ﬁfﬁw{%ﬁe%éﬁvsrsﬂasqae?ﬁ N LHReFimPMotesd fold. A

invention also involves methods for applying the photo-active dyes to the

h
sufaiteblst ehofierafidrionetndhenie pitachadiogheinurtacs,af gaveh igghesilsyels than
effigianGy: il sticn &MigiennyianddPuiprsssure drop across the filter.

In picking a polymer, it is important to note that in cellulosic polymers, the
concentration of reactive groups on the surface is adequate so that the surface site

mediator or amplifying polymer is not needed.

For each polymer the surface site mediator or amplifying polymer must be chosen to
contain reactive groups that are capable of reacting with groups on the surface.
Reactive sites commonly found on the surface of fibers include hydroxyl (~OH),
carboxylic acid (—COOH), and amino (-NH, or -NH-) groups. Other groups may
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Dye-carrier combinations are optimized as can be understood by one of
ordinary 25 skill to correct for any changes in the dyes' activity upon
WRRYYHHBAS to the carrier. The dye-carrier combinations are aft@EHEgAes/043919
the filter media surfaces. The conditions for attachment are optimized to:
1) lasibeipeesing et ennybe adged dodtiosurince bymnamizacharigabasetsldlid in the
filtragjio [ C. i j i I irQnment
TTA3LN & €
enEmae e Cyion I R
inventors herein have developed a less expensive, more robust method of
attaG NG AR ALS SR SHERERS SN plify; i lic acid
e D EE R WS, ) Bpolityie, polymers includ pely(aorylio aid),
5 DMVRa otleae typins o balyils e ploal dofayhh ardy (o] eist anhbidriste), Hela éthailene-co-
simg S8 B0, A AHRING NG Y e G351y B AR Gany1
@e"i‘@da%“jz géé)g:aegn edu ?}mgtﬂ%’e cla the ﬁla SHeRe 4 ene,‘

these materials h ed'an ss of dyes een
exprIApEdane oncithee REsHatttaamn sothoseakdllasl ancbaigrl. Many singlet
oxygen producing dyes can now be attached to the surface of nylon or
other materials as obvious to one skilled in the art using the techniques

desthbeirnensifaatisabedrtatbass aitiens sit vrlifyine ppdyeeensiheough covalent
10 CarbOXYH AHHIANR LiSBRURARIINEEICIHAECTBUEDE RIRAMHAIUIps in the

the NH group on the imine or by first grafting it to a diamine such as

eth§Efehimamrbiirne prlvmsh e reapuenaHEcHARORRS AN AHHIS group can
amioGr Ay VEdkR 9@?&9@% 40 POBY G AU a8 bond between the

approaches are used to attach 15 carboxylic acid groups to amino or
imifRrRPBLiG . acidsigreuds sefepglu@prglic acid) and the amino group(s) of the dye

dimgiieeiel 3 RANRZIN-ZYRhd: imarehalRium clialide, RMIMMy iSinked to
used. As an alternative to polyacrylic acid, another approach, which is the

15 prepelvéerehin sgifidnt sasting dericbile 1aouR AMUAZHE dhavitta &P group of
is tehormRIRaEyNRE eadRiflingp: buieateL i e ReId Gt aRiB g ARcL&MBE polymer

containing groups to drive off water. This approach is used to produce

billkATERIRE MR plsOIbS e saa rlldg oRvipks docona sidHadny thesré

route Recent efforts in the laboratory indicate that the dyes can be readily

attached to poly(acrylic acid) using this approach and that poly(acrylic .

aci&ﬁ@F%&@Iﬁﬂaﬂﬁié?fgbw(gawc%&)ceaﬁ%ée&ﬁaéﬁsa%wwbﬁl.ez%n‘face site

20 Spagdticaly of 2uiplfyin g Rilea P Ao it R Gebre Jisstvinehbathibl®ule can
water solution and adding DMTMM. After stirrirggq for 30 minutes, the

unrdist R Ry Aty dradrsy darsrenamieid b SEenmipaid Avn rdrlently bonding
1?}%&%&11@1@@@% w&iw&ﬁ%ﬁéfﬁﬂgéﬁﬁp%m;ﬁgﬁwgg%ﬁaﬁ tla@patyl'm@%u;face. The
This retains any, Azure A that has rafted to 450 kD poly(acrylic_aci

an&rﬁgggﬁwﬁ%a RSV, Ruhina eslinker i@%‘@ﬁeﬁﬁﬁ@a Byst b attached
refiodng sapfadeaieliandifiend polshnel Wegkyio1eaid) salfaiendlowed by covalently

minutes and dialyzin remove.unreacted Azuye A,
25 ql‘ﬁking [1][ to t%é/ éyeg es ortelinlr(]er moﬁcule sflould have one or more groups that

can be covalently linked to the dye and one or more groups that can be covalently

linked to the polymer surface or the surface site amplifying polymer. These groups
may be different or they may be the same. The choice of linker molecule reactive
groups will be obvious to one skilled in the art. For example, to attach a dye that
30 only has carboxylic acid reactive groups to a carboxylic acid based surface site
amplifying polymer, a diamine, such as ethylene diamine, hexamethylene diamine,
etc., can first be attached to the dye molecule followed by attachment to the surface
site amplifying polymer.

18



WO 2007/114843PCT/US2006/043919 Since singlet oxygen is required to
inactivate viruses in accordance with the invention, it is essential to

Wi iA84#s production. The amount of singlet oxygen produBEH/ HEWBHE£3919
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upon the absorptivity of the dye, the quantum yield of the dye (amount of
singlet oxygen produced per photon absorbed), the overlap of the 5

ahbsorption, spectrum of the dye and the, emissi ctr [ S
=B RRHE M CIRPST PP Do a i SEEP 8 BRbaction s
chogthinig el itadde soves tinghstta 1aip,rEsisterccnt thghe dlandnants imdeatbisnt light
with single en,.the ease wi ich.t C h
LB SRR RN A O W SR AE MR HE MO such o
tunasies, laast fivordsssentjidiet iednimahpseieeably| Hasoveadh haidhibn speetrum of
absorption spectra and quant leld. ' ion have

i B T R e S G AR S o
spectra and singlet oxygen quantum yields are easily measured for other

dygs ﬁ%%‘“ the ea%%fdf&m}h?e@tf%w%;%LM%%a%xﬁwr%%%ﬁux served to

describe fg %ter erein’in this ent. In addition, the available

reawibtivaiteat densh A9YofibEvigyses expdspdimsingldt ixagsimprasrriedihercby. In
attach the dyes to,t ce of. in I i £ th
T e SR e il e of the
in\seruioure 20 deibid Dendip,ceatinks kearplg XMDTRY Bpitteihier ces arbich generate

cultured.in ; ifieg. Eagleis.nedi heyPplgmariadpect
bt b L T TR b S pectrum
stréptorthatiof aaodiee yellowre grovikeinthier éye2 polystyrene cell culture

flasks at 37C and 5 % CO2. These cells support growth of a 25 wide

range of animal viruses including VSV, Vaccinia, adeno and reoviruses,

an@andidate dydpuareschaskibay Ahasovbay senarels (b Rosbsingle Ry per unit
in Ngﬂ? K RaLay AW SPVER S 1RO IRRRS ARRIARINS S, HERICRIRS udrescent

variety of murine tissues and cultured cells. 2 cm2 treated or control fabric

sebigbtings Thewbesouoarabinuipnsatediérched 108 pradiatoropalimgenihet permit
PefhieRtrRns iR d i 3armee 6eHRG chdtiire dishes. The dishes

containing virus-soaked fabric sections are placed below the desired light
source and illuminated for the indicated length of time. Light intensity is
MegsyieLNith anvisiP!tHohkartsh: Aedaywos, B mITREE féahipisaciians photo-
are transferred to 15 ml conlcal_poléprqpylene tubes containing 3 ml o

|
senstive sy pIEMeTRERGB S ait JEraiatumsrirovile AR Rfazgt Oxyeen
Virgsea oo R JRRES, IRRdReniiienaie diiNow prigsMEutigR barsivithdilter.

analyzed by serial dilution by factors of 10. The data is 5reported as N =
log Initial number of plaque forming units lo

Dye-carrier combinations are optimized as can be understood by one of ordinary

skill to correct for any changes in the dyes' activity upon attachment to the carrier.
The dye-carrier combinations are attached to the filter media surfaces. The
conditions for attachment are optimized to: 1) maximize singlet oxygen generation;

and 2) minimize changes in the air filtration performance.

The invention results in a real world environment application by resulting in a mask

that inactivates influenza virus.
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Number of plaque forming units after light exposure where N is the "log

kill" ratio for this treatment. A log kill ratio of three indicates that 99.9% of
W80/ 1488 are inactivated by that filter media with the specifiBdTERPYHG&t3919
Each measurement is performed ten times and both positive controls and

10 hbganyentorstrbiseire haweddevelopack ahlesshexpensiyealitorehehygtkitiethod of

rati&%a@ﬁﬁl‘éo Mg E?ﬁlfsor fifiC Qlﬂf’&%@selﬁﬁs 30 g%t%%]@ﬁgwg qtgef-trla21n-2-yl)-4-

adequate protection was obtaine

pronghshmergbaliniaschlionide

using this approac uaté

iPAENM, @bos tiinesiwdtiemidsfteerBDformation or

mi ?Hé?%vﬁﬁ%ﬁ'r' rQ1ey ‘ci\’soggiﬁ%@%@%%@?Hﬁﬁf@d(\tﬁ%ﬁmﬂiﬁ?ﬁl@ﬁ?/es The cost

possible for use with influen

as a personal filter. In addition

5 areobtiapplybngibhesap plriariales tstrhesny eettisad aodriies w@seumfli,ﬂmtehss been
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homg, NG SRS RO TS0 RESN0 Sﬁfﬂéla@éw cBJES raﬂlﬁﬁ? nglet oxygen

filters. 2) Masks: 25military homeland defense NIH "pandemic’

producing dyes can now be attached to the surface of nylon or other materials as
obvious to one skilled in the art using the techniques described herein as part of this

invention,

When the dye contains a carboxylic acid group, it is grafted either to poly(ethylene
imine) through the NH group on the imine or by first grafting it to a diamine such as
ethylene diamine or 1,6-diaminohexane. When the dye contains a free amino group,
it will be grafted directly to poly(acrylic acid). Two approaches are used to attach
carboxylic acid groups to amino or imine groups. First, to ensure grafting, 4-(4,6-

dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride, DMTMM, is used.

As an alternative to polyacrylic acid, another approach, which is the preferred
embodiment due to reduced chemical usage and reduced cost is to form the amide
directly by heating the acid containing and amine containing groups to drive off
water. This approach is used to produce billions of pounds of polyamides annually
and is a commercially viable route. Recent efforts in the laboratory indicate that the
dyes can be readily attached to poly(acrylic acid) using this approach and that
poly(acrylic acid) or the dye-modified poly(acrylic acid) can be attached to nylon.

Specifically, Azure A is grafted to poly(acrylic acid) by dissolving both in a water
solution and adding DMTMM. After stirring for 30 minutes, the unreacted Azure A
is removed by dialysis using a Millipore Amicon Ultra 100,000 molecular weight
cut-off filtration membrane and a centrifuge. This retains any Azure A that has
grafted to 450 kD poly(acrylic acid) and pass any unreacted Azure A. A similar
reaction is performed by refluxing an alcoholic Azure A and poly(acrylic acid)

solution for 60 minutes and dialyzing to remove unreacted Azure A.
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international; and retail 303)Furniture and furnishings: hospital waiting
rooms hospital operating theatres wallpaper chairs day care centers;

WAl #i4iforms; and 5aircraft cabin upholstery and wall cov@6idgg$2006/043919
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Having thus described the invention in detalil, it will be better understood

frofintee sipglende gaints equiioh iisisattivate imisesn mikagrdeasmewith the

Claims What is claimed.is: 51.A.meth inhikit] 0 Vi

coPIAE AT e B b SR e e onyeen

popyodeedndepends upon the absorptivity of the dye, the quantum yield of the dye
(amount of singlet oxygen produced per photon absorbed), the overlap of the
absorption spectrum of the dye and the emission spectrum of the light source, and
the intensity of the light source. Other critical factors in choosing suitable dyes
include their resistance to degradation via reaction with singlet oxygen, the ease with

which the dye can be attached to the surface and its cost.

Fortunately, the emission spectra of solar, tungsten, and fluorescent light illuminants
are well known In addition, the absorption spectra and quantum yield for singlet
“oxygen production have been determined for many commercially available dyes.
The absorption spectra and singlet oxygen quantum yields are easily measured for
other dyes using the test chamber and singlet oxygen analysis procedure, described
later herein in this document. In addition, the available reactive sites on many fiber
types are known and it is a simple matter to attach the dyes to the surface or to a

binder molecule which can then be attached to the surface.
The following is a further example of a use of the invention.

Madin-Darby canine kidney (MDCK) epithelial cells are cultured in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 10% fetal calf serum, 100
U/ml penicillin, and 100 pg/ml streptomycin. MDCK cells are grown in 75 cm?
polystyrene cell culture flasks at 37°C and 5 % CO,. These cells support growth of a
wide range of animal viruses including VSV, Vaccinia, adeno and reoviruses, and
influenza viruses. Influenza A/WSN/33 virus (HIN1) are propagated in MDCK
cells. A/WSN/33 is a common laboratory strain. It replicates in a variety of murine
tissues and cultured cells. 2 cm? treated or control fabric sections is soaked in a virus
suspension of ~2 x 10° plaque forming units per ml then transferred to 35 mm cell
culture dishes. The dishes containing virus-soaked fabric sections are placed below
the desired light source and illuminated for the indicated length of time. Light
intensity is measured with a visible light meter. Following illumination, fabric

sections are transferred to 15 ml conical polypropylene tubes containing 3 ml of
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effective amount of a dye, selected from one of reactive dyes and dyes
containing reactive functional groups, onto a substrate, made of cellulosic
WQ oofidtd343nd said composition of said dye being further chacTérixgap#3919
having the ability to absorb light in a predetermined spectrum and intensity
ra@@ﬂttﬁLﬁBédDQQEMLQIQﬂﬁWB mdhepeasdnive d0ad meggads conteliedsg) viruses
éTPﬁi ﬁ fﬁc ti n of Ilgpt in said predetermined spectrum
?bo 3 o’lﬁlﬁ? ec}f Bt SRE ate viruses when in contact
thereW|th and 15 placing the substrate in proximity to viruses to be
ivated b sIrate aV| sald £omno itlo adhered theret
Feggﬁg 1v}ty B ?ﬁ'ﬁ? At %?e e%Pnr}nesa%ﬁic ruor?qaglﬁ e data is
5 mteﬂﬁt’;etbme to contact the viruses W|th said singlet oxygen, whereby
said viruses become,jn contht Wlth S |d produced singlet

‘ ctl%dueft

oxygenlog), 2-Fhe ethod-ol 2 Herein-sad-o e-comprises at least

two dlfferentlﬂ‘}’é‘é’eé%ﬁlﬁﬁiﬁﬁ@r@%é&ﬁﬁfﬁ l?@ﬁ’i %’Mﬁﬁon different
fromhthe R]t 5% %:fif"t?aﬂ cﬁ?l:r"( TR%E‘?HTPM& Apikde indicates
ye ¢o ree

wherein said prises at Iea nt dyes, each havin
spéwitL9f.8%igift tiosvimiien @nﬁer@n’tlﬂaiﬁd the thakeidlier g@?@ﬁa@lﬂlngl@tspeﬂﬁed

OURB0site o JRGH t&%ﬁx% ﬁ%‘% &%@H&éﬁlﬂrﬂé{@mmgﬁﬁ@%ﬁmls and

al group comprls east one amino-, carb oxy IC-,
10 hydegryiveatkotrolsaarg tied. B Thruedhiab dhef tefing valitherthe éagjlayer@os are

Seesit ;jg%lféar@ G daE ANB R eI SRERAN AR TRIEBRO PIRRARHn was

dinedyes,porphyrin s, pht ajocyanines, anthracene derivatives,
anivhtadugdorséagathis @pmbmhm%@mt@@m;gctlon is defined as a log kill ratio of 2

(99% inactivation) after 30 minutes exposure.

15  Specific filter applications are contemplated as possible for use with influenza as a

personal filter. In addition, following are other possible applications of the

invention described herein.
1) Filters
home HVAC systems
20 office buildings
hospitals; and

aircraft cabin filters.

2) Masks:
25 military
homeland defense
NIH “pandemic™
international; and
retail
30 3) Furniture and furnishings:
hospital waiting rooms

hospital operating theatres

22



6.The method of claim 1, wherein said dye is at least one of Rose Bengal,
thionin, Azure A, A.cridiEle. Yellow Ci, protoporphyrin TX, Al
W R883dd#BHyrin IX and Zn protoporphyi7in The method of claifCT/US2006/043919

whereinsubsftate is at least one fiber. The method of claim 1, wherein said
substrate is fatslipai@®rThe method of claim 1, wherein saidtrate is a
surface. 10. [he method of claim 9, wherein said surface is an air
filtration material. 1 I.The method of claim 1, wherein said dye has the
following basiagteatagrt®R RNR; where R is a hydrogen, a hydroxyl, a
carboxylic aciﬁilﬁﬁﬁlﬁ}ﬂf(ﬁﬁmm or a substituted amino group or other
group at least one 6f the R's being an amino, hydroxyl, carboxylic acid, or

5 other reactiverigesidp cagnanhasiastisod wRH sh¥elingVherein said dye is at
least one of proflavin, a( oflavin and acridine yellow G. The method of

claim li, wherein said dye is acridine yellow G. 14. An article ofre capable
of iHawRE thysalessdhed thsoinventipadgmgetail, it will be better understood from the

appended claims in which it is set form in a non-limiting manner.
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a substrate; and 5an effective amount of a composition of a dye selected
from at least one of reactive dyes and dyes containing reactive functional
groups, attached to said substrate which is made of cellulosic fibers,
polyamide or polyester, said dye attached through covalent bonding

cthregh a mediator polymer, and said dye beiing further characterized by
having the ability to absorb tight in a 10 predetermined spectrum and

winensityafanRgesand to produce singlet oxygen in the presence of an
oxygen containing atmosphere, upon absorption of light of said

1 predeferimed spegbEmandJMensityiiargesdmaisampount effective to
inactivate viruses in proximity when said singlet oxygen contacts said

viruses. 15, 15. The article of claim 14, wherein said dye comprises at

least RIBUiftSreht A, A rERLVING H¥pe L aHE DT fgRubaGHptRstymer. an
differemtirom theathersta geperatesiagiesaxygen2@koihreBrticlmal dyes
claim 14, wherein said dﬁ/e comprises at least three different dyes, each |
having 3 EHEBE U S A B KB SH Wiffe A fotHRHE Sth Fo%fe??é“é“fém
singletiex¥geRnd said ddigpasicle obiclain Wewhereimsaid dygcontainsdaby
reactive functional group 25comprised of at least one amino -, carboxylic-.

hydroQ?rY—lPéllElé"néb ©1RBEOTS HHE SHICRISEEEN TS SRHLALHR Sxldatnsity
directiygraftechanteca substrasgmprisechef seluhesic fibarsx30d9 thetaining
article of clajm 14, wherein said dye is attached to a mediator polymer

which?SREEHEE Y ANSSEPAIRD 56 Y FHidis oF St rEACHnBrETH Ehignee:
dye isiselesteshfronraiieast anetdfate viruses when in contact therewith: and

xanthe s RO R IeS fhoieRsele s e S RRN M e by i
substrate having said composition adhered thereto in the presence of oxygen
and light in said predetermined spectrum and intensity range to contact the
viruses with said singlet oxygen, whereby said viruses become inactive due

to contact with said produced singlet oxygen.

2. The method of claim 1, wherein said dye comprises at least two different
dyes, each having a spectrum of light absorption different from the others to

generate singlet oxygen.

3. The method of claim 1, wherein said dye comprises at least three different
dyes, each having a spectrum of light absorption different from the others to

generate singlet oxygen.

4. The method of claim 1, wherein said dye contains a reactive functional group

comprised of at least one amino-, carboxylic-, hydroxyl-, alkene- and thiol.

5. The method of claim 1, wherein said dye is selected from at least one of
xanthenes,  phenothiazines,  fluoresceines,  acridine  dyes,  porphyrins,

phthalocyanines, anthracene derivatives, anthraquinones and combinations thereof.

24



10

15

20

35phthalocyan les, anthracene derivatives. anthraviinones and
combinations thereof. 21.The article of claim 14, wherein said substrate is
at least one fiber. 11r?The article of claim 14, wherein said substrate is a
fabric. 5The article of claim 14, wherein said substrate is a surface. 24.
6.The artigle,pfdaimr2dahereinguriaceis i filtratipndmateriat RoseTBengal,
article of claim 14, wherein said dye is at least one of Rose Bengal,.
thi pipfontAY K Zdre A NBFdiRE Ve flow &L OproRbEBIbHyr £BAKIgRorphyrin IX and
ZRrpieRempN N Xxand Z31 protoporphyrin IX. The ariicle of claim 14,
wherein said dye has the following basic sftuetu 15 where R is a
hydrogen, a hydro..boxylic acid, an ailcyl. an amino or a substituted amino
7groupoathesgrotpiaatleasteneoftae ibsheing an-amming fiyeroxyl,
carboxylic acid, or other reactive group. 2027.The article of claim 26,
wherein saidal least one of proflavin, acroflavin and acridine yellow

8. The method of claim 1, wherein said substrate is a fabric.

0. The method of claim 1, wherein said substrate is a surface.

10. The method of claim 9, wherein said surface is an air filtration material.
11. The method of claim 1, wherein said dye has the following basic structure:

R \ R
/ O
R N R
where R is a hydrogen, a hydroxyl, a carboxylic acid, an alkyl, an amino or a
substituted amino group or other group; at least one of the R's being an amino,

hydroxyl, carboxylic acid, or other reactive group.

12. The method of claim 11, wherein said dye is at least one of proflavin,

acroflavin and acridine yellow G.

13. The method of claim 11, wherein said dye is acridine yellow G.
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The article of claim 26, wherein said dye is aeridine yellow a 2529.A
method of manufacturing an article capable of inhibiting growth of viruses,
comprising providing a substrate made of cellulosic fibers, polyamide or
polyester: attaching through covalent bonding, through a mediator
1)01\Thet, an effective amount of a composition of a dye to said substrate,
said dye 30selected from at least one of a reactive dye and dyes
1 ¢ontaikingargattivef fonationahgrougssaidodyenbédingnfurtheivth of viruses
characicrized by having the ability to absorb light in a predetermined
C%‘B&l{%}%‘ and intensity range to produce singlet oxygen in the presence of
an oxygehbseardainihg atmosphere, upon absorption of light of said
predetern&netd spectrurp d intensity. range, gin an artngtint eff%tive to ¢
inactiVAté Viruses iR proximity WRBR 541 Sndiet 0xygel contacts safd e ©
virusesacti36.dihe améthed ofrmamufacinting oficlaimn 2 9roviperaimsadd dyeaid
comprises at least two different s, each having a spectrum of light .
sor LN R FO b e Nry o Beer G gt by be e
methoedafhmbnutagtutiogbhclaimi2g; ivhergim saddidye pomprisemadtsiedstye
three differept dyes, gach having,a spectrum.of light absorption different
Pt it Gt s it
manufaetaringinelaiipe2@uwherkintsaid ydye gontdins @odactive finctionah in
group, comprised of at least one ammo-, carboxylic-, hydroxyl-, alkene.and
ol T A e mA e G S e S aR or
selecteddfromliatleast dnecofxanthehesephenothtazimes) fluoresceffiwsive to
acridiﬂ{eag}/\%ﬁé p\(/)l%hé/rirfr?, hthalocyanines, an'hracelne derivatives

S roximity’ when, 'said singlet” oxygen contacts said
anthraquinones and combinations-thereof & e

viruses.

15. The article of claim 14, wherein said dye comprises at least two different
dyes, each having a spectrum of light absorption different from the others to

generate singlet oxygen.

16. The article of claim 14, wherein said dye comprises at least three different
dyes, each having a spectrum of light absorption different from the others to

generate singlet oxygen.

17. The article of claim 14, wherein said dye contains a reactive functional group

comprised of at least one amino -, carboxylic- hydroxyl-, alkene- and thiol.

18. The article of claim 14, wherein said dye is directly grafted onto' a substrate

comprised of cellulosic fibers.

19. The article of claim 14, wherein said dye is attached to a mediator polymer

which is attached to the substrate.

20. The article of claim 14, wherein said dye is selected from at least one of
xanthenes,  phenothiazines,  fluoresceines,  acridine  dyes,  porphyrins,

phthalocyanines, anthracene derivatives, anthraquinones and combinations thereof.
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34. The method of claim 29, wherein said substrate is at least one fiber.
25 35. The method of claim 29, wherein said substrate is a fabric. The
method of claim 29, wherein said substrate is a surface. 3037.The method
of claim 36, wherein said surface is an air filtration material, 38.The
method of manufacturing of dim 29, wherein said dye is at least one of

2Rose BengalthigriniAzurevhetsiding XelawGs prateparphyee: X, Al
&rotoporphyrm IX and Zn protoporphyrin IX. 35 39.The method of

anufdttditideot iy, Whehdih sdid R rsd t1Rd 4BliGwing basic
structure: where R is a hydrogen a hydroxyl, a carboxylic acid, an alkyl,
an amino or a substituted amino group or other group; at least one of the
2R's beiRf 4N ArPhytiakyHcERSBIE LD BBt e e group.
1040.The method of manufacturing of claim 39, wherein sald dye Is at
least one of profiavin, acroilavin and acridine yellow G. 41

2heinodtutEHiT Mg B FECHAReYdth Lalacaye 48 é‘éﬁcﬁﬁfél%ﬂ{i%‘%ﬁl

25. The article of claim 14, wherein said dye is at least one of Rose Bengal,

thionin, Azure A, Acridine Yellow G, protoporphyrin IX, Al protoporphyrin IX and

Zn protoporphyrin IX.

26. The article of claim 14, wherein said dye has the following basic structure:
R \ I

R N

where R is a hydrogen, a hydroxyl, a carboxylic acid, an alkyl, an amino or a
substituted amino group or other group; at least one of the R's being an amino,

hydroxyl, carboxylic acid, or other reactive group.

27. The article of claim 26, wherein said dye is at least one of proflavin,

acroflavin and acridine yellow G.

28. The article of claim 26, wherein said dye is acridine yellow G.

29. A method of manufacturing an article capable of inhibiting growth of
viruses, comprising
providing a substrate made of cellulosic fibers, polyamide or polyester:
attaching through covalent bonding, through a mediator polymer, an
effective amount of a composition of a dye to said substrate, said dye

selected from at least one of a reactive dye and dyes containing reactive
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15 42. A method of inhibiting growth of viruses, comprising: attaching
through covalent bonding through a mediator polymer, an effective

amount of dye, selected from one of reactive dyes and dyes containing
reactive 20 functional groups, onto a substrate, made of one of polyamide
and palyestehl andusaidsanapesition of said dye peingdunhelaving the ability
characterized by having the ability to absorb light in a predetermined
spectfdriPEId iHEBhEH) PEFITECE tHere By pYdaUCE SingSP TRy g B & the
presepgsiefan Yo, centai nlec ABRSPBL R, MRRRABSRERERD aftighHBbre,
said predetermined spectrum range, in 25an_amount effective to inactivate

viruseP R TREHAE R eVtH] Aer IS thePsa s trata i rasiitg 1e™

viruses tehbgrinastivated Ry said.substsate-having saidi 6aMRASIHONId singlet
adhered thereto, in the presence of oxygen and light in said

predetSMAHER UREt A YhiPfitensity range to contact the viruses with

said singlet oxygen, whereby said viruses become inactive due to contact
3with saig preducedrsinglerwaeR. ofddaihhemethegaf clainayk’ cwherein at

said dye comprises at least two different 5dyes, each having a spectrum
ISR gib 4BE DoV aitrérsTt ‘?ﬁdﬂﬁ%t?e%?ﬁ?%‘?oogé}%‘?a@@%‘é‘f &E%@?} from

tRnstitbe specteumcafilight bejngrfrom near infrared to UV. 44. The method
of claim 42, wherein said dye comprises at least three different dyes, each

having a spectrum of light absarption different from the others to generate
3105in3|1é‘? 89&}%89, g THRAHBERE R of R being F5H ¥4 e LraaRgses at

1ddd .three different dyes, each having a spectrum of light absorption different from

the others to generate singlet oxygen.

32. The method of manufacturing of claim 29, wherein said dye contains a
reactive functional group comprised of at least one amino-, carboxylic-, hydroxyl-,

alkene and thiol.

33. The method of manufacturing of claim 29, wherein said dye is selected from
at least one of xanthenes, phenothiazines, fluoresceines, acridine dyes, porphyrins,

phthalocyanines, anthracene derivatives, anthraquinones and combinations thereof.

34. The method of claim 29, wherein said substrate is at least one fiber.

35. The method of claim 29, wherein said substrate is a fabric.

36. The method of claim 29, wherein said substrate is a surface.

37. The method of claim 36, wherein said surface is an air filtration material.

38. The method of manufacturing of claim 29, wherein said dye is at least one of

Rose Bengal, thionin, Azure A, Acridine Yellow G, protoporphyrin IX, Al
protoporphyrin IX and Zn protoporphyrin IX.
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45. The method of claim 42, wherein said dye contains a reactive
functional group comprised of at least one amino-, carboxylic-, hydroxyl-,
alkene- and thiol. 1546.The method of claim 42, wherein said dye is
selected from at least one of xanthenes, phenothiazines, fluoresceines,
acridine dyes, porphyrins, phthalocyanines, anthracene derivatives,
anthraguinones and combinations thereof.. 47. The method of clalm 42,

3SWherelRsareiY i b RS BB BIR 85 e HERg AP 28 BT HIn Seigu e has the

fAGRdiNenY allos-fenpeotoporphyrin IX, Al protoporphyrin IX and Zn
protoporphyrln DC 48. The method of claim 42, wherein said dye has

Bre R is a hydrogen, a hydroxyl, a

group. },9 The a Qd of clalm 48, Whereln said dye is at
Fproflavig-acroflavi#rand atridine yellow G. 50. The method of
clalm 48, wherein said dye is acridine yellow G. 5 51. A method of
inhibiting growth of viruses, comprising: attaching through covalent

w}?l%pediﬁgigg Giﬁ%?%@n?’?‘i%&iﬁ,dé{ em?ﬁ!&g/rl%j acid, an alkyl, an amino or a
substituted amino group or other group; at least one of the R's being an amino,

hydroxyl, carboxylic acid, or other reactive group.

40. The method of manufacturing of claim 39, wherein said dye is at least one of

proflavin, acroflavin and acridine yellow G.

41. The method of manufacturing of claim 39, wherein said dye is acridine
yellow G.
42. A method of inhibiting growth of viruses, comprising:

attaching through covalent bonding through a mediator polymer, an effective
amount of dye, selected from one of reactive dyes and dyes containing reactive
functional groups, onto a substrate, made of one of polyamide and polyester,
and said composition of said dye being further characterized by having the
ability to absorb light in a predetermined spectrum and intensity range to
thereby produce singlet oxygen in the presence of an oxygen containing
atmosphere, upon absorption of light in said predetermined spectrum range, in

an amount effective to inactivate viruses when in contact therewith: and
placing the substrate in proximity to viruses to be inactivated by said substrate

having said composition adhered thereto, in the presence of oxygen and light

in said predetermined spectrum and intensity range to contact the viruses with
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from one of reactive dyes and dyes containing reactive functional groups,
onto 10 a substrate made of cellulosic fibers, and said composition of said
dye being further characterized by having the ability to absorb light in a
predetermined spectrum and intensity range to produce singlet oxygen in

the preseRERRE 8RYSXNIRAGONANNYiAITROSBASTR iRAN bse i@t with
light in said predetermined spectrum range, in an amount effective to

inactivab RiPduerd RS i85 et 15therewith: and placing the substrate
in proximity to viruses to be inactivated by said substrate having said
composition adhered thereto, in the presence of oxygen and light in said

4 predetdimPRBCS BRI aRt iNsHER il gt BRI b tisBEtAerent
dp0saidBiRSlatoxypenmherely said s s BRramMa dRnativesiie ©oRiaste

with said produced singlet oxyfqen. ] )
singlet oxygen, and the spectrum of light being from near infrared to UV.

44, The method of claim 42, wherein said dye comprises at least three different
dyes, each having a spectrum of light absorption different from the others to generate

singlet oxygen, and the spectrum of light being from near infrared to UV.

45. The method of claim 42, wherein said dye contains a reactive functional group

comprised of at least one amino-, carboxylic-, hydroxyl-, alkene- and thiol.

46. The method of claim 42, wherein said dye is selected from at least one of
xanthenes, phenothiazines, fluoresceines, acridine dyes, porphyrins, phthalocyanines,

anthracene derivatives, anthraquinones and combinations thereof.

47. The method of claim 42, wherein said dye is at least one of Rose Bengal,

thionin, Azure A, Acridine Yellow G, protoporphyrin IX, Al protoporphyrin IX and

Zn protoporphyrin IX.
48. The method of claim 42, wherein said dye has the following basic structure:
R \ R
/ O
R N R,

where R is a hydrogen, a hydroxyl, a carboxylic acid, an alkyl, an amino or a
substituted amino group or other group; at least one of the R’s being an amino,

hydroxyl, carboxylic acid, or other reactive group.
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49.

The method of claim 48, wherein said dye is at least one of proflavin,

acroflavin and acridine yellow G.

50.

51.

The method of claim 48, wherein said dye is acridine yellow G.

A method of inhibiting growth of viruses, comprising:

attaching through covalent bonding an effective amount of a dye, selected
from one of reactive dyes and dyes containing reactive functional groups, onto
a substrate made of cellulosic fibers, and said composition of said dye being
further characterized by having the ability to absorb light in a predetermined
spectrum and intensity range to produce singlet oxygen in the presence of an
oxygen containing atmosphere, upon absorption of light in said predetermined
spectrum range, in an amount effective to inactivate viruses when in contact

therewith; and

placing the substrate in proximity to viruses to be inactivated by said substrate
having said composition adhered thereto, in the presence of oxygen and light
in said predetermined spectrum and intensity range to contact the viruses with
said singlet oxygen, whereby said viruses become inactive due contact with

said produced singlet oxygen.
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