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example, viral causes of infectious human diseases (and their associated diseases) include:
Influenza A virus (influenza); Influenza B-C virus (coryza; ‘common cold"y; Human
adenovirus A-C (various respiratory tract infections; pneumonia); Human Para-influenza
virus (coryza; ‘common cold;' croup); Mumps virus (epidemic parotitis); Rubeola virus

15 (measles); Rubella virus (German measles); Human respiratory syncytial virus (RSV)
(coryza; ‘common cold'y; Human coronavirus (SARS virus) (SARS); Human rhinovirus A-B
(coryza; ‘common cold’); parvovirus B19 (fifth disease); variola virus (smalipox}; varicella-
zoster virus (herpes virus) (chickenpox); Human enterovirus (coryza; ‘common cold’);
Bordetella pertussis (whooping cough); Neisseria meningitidis (meningitis): Coryvnebacterium

20 diphtheriae (diphtheria); Mycoplasma preumoniae (pneumonia): Mycobacterium tuberculosis
(tuberculosis); Streptococcus pyogenes /pneumoniae (strep throat, meningitis, pneumoniay;
and Haemophilus influenzae Type B (epiglottis, meningitis, pneumonia).

Many of the human viral respiratory tract infections result in significant morbidity and

mortality. For example, seasonal epidemics of influenza viruses worldwide infect an

25 estimated 3 million to 5 million people, and kill between 250,000 to 500,000 people each
vear. In addition, cyclical influenza virus pandemics occur, such as the influenza outbreak in
1918 which killed approximately 20 million people worldwide.

The mode of transmission of one or more than one human pathogen that causes human
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Therefore, there is a need for a new method for preventing airborne transmission of one
or more than one human pathogen that causes human respiratory Itract infections, among other
diseases.

15 SUMMARY
According to one embodiment of the present disclosure, there is provided a facial mask for
use in decfeasing the transmission of ene or more than one human pathogen to and from a
human wearer of the facial mask. In one embodiment, the facial mask comprises a) a
facepiece comprising a front side, a back side and a perimeter around the front side and back
20 side, and the facepiece is configured to cover the mouth and nose of the wearer of the facial
mask: and b) one or more than one extension attached to the facepiece for securing the facial
mask to the head of the wearer; where the facepiece comprises three or more than three
layers; where one or more than one of the three or more than three layers comprises a fabric
comprising one or more than ong binding substance; where the one or more than one binding
25 substance comprises one or more than one human pathogen binding group for chemicaily
attaching the human pathogen to the binding substance; where the fabric further comprises
one or more than one type of multivalent metallic ion or metallic salt; and where one or more
than one of the three or more than three layers comprises a heat-moldabie fabric. In one
embodiment, the facepiece comprises a substantially semi-circular lower half, and comprises
30 an upper half with cheek extensions laterally, and a central nose bridge extension between the

 two cheek extensions configured to extend above the nostrils of the wearer, and onto the
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atd onendbdimene thé fbriorfertbér ¢dmeprises one or more than one metallic salt selected from the
group consisting of copper acetate, copper oxide, copper sulfate and zinc acetate. In one
embodiment, the facepieée comprises a plurality of layers; and one or more than one of the
plurality of layers comprises the fabric comprising the one or more than one binding
substance. In one embodiment, one or more thar one of the plurality of layers comprises a
25 heat-moldable fabric. In one embodiment, one or more than one of the plurality of layers
comprises a fabric selected from the group consisting of polypropylene, polyester or cellulose
acetate nonwoven fabric. In one embodiment, one or more than one of the plurality of layers
compriées polypropylene webbing. In one embodiment, the plurality of layers comprises
three layers. In one embodiment, the plurality of layers comprises four layers. Inone

30 embodiment, the perimeter of the facepiece comprises a semi-circular Jower half, and a

semi-circular upper half with a central nose bridge extension configured to extend above the
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According to another embodiment of the present disclosure, there is provided a gas mask

for use in decreasing the transmission of one or more than one human pathogen to and from a
hurnan wearer of the gas mask. The gas mask comprises a) a removable filter comprising a
fabric comprising one or more than one binding substance that binds the one or more than

25 one human pathogen; and b) a mechanism attached for holding the filter. In one
embodiment, the filter comprises a material comprising a plurality of layers, where one or
more than one of the plurality of layers comprises the fabric comprising one or more than one
binding substance that binds the one or more than one human pathogen.

According to another embodiment of the present disclosure, there is provided a device for
30 use in decreasing the transmission of one or more than one human pathogen. The device

comprises a fabric comprising one or more than one binding substance comprising one or
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20 incorporating the Temovable filter mto the facial mask. In one embodiment, the method

further comprises enclosing or surrounding the fabric comprising the binding substance
between sheets of heat-moldable fabric. In one embodiment, the method further comprises
heating or welding the sheets of heat-moldable fabric together. In one embodiment, the
method further comprises adding one or more than one additional su.bstance, other than the

25 binding substance, that decreases the pathogenic capacity of one or more than one human
pathogen. In one embodiment, the one or more than one additional substance is 2 multivalent
metallic ion or metallic salt.

According to another embodiment of the present disclosure, there is provided a method of

decreasing the fransmission of one or more than one human pathogen. The method comprises

30 a) providing a facial mask according to the present disclosure; and b) wearing the facial mask.

According to another embodiment of the present disclosure, there is provided a material
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one ext eAdFBRMPSEPES to the facepiece for securing the facial mask to the
head of the Mmﬂi&kmnmﬁﬁ%eﬂkhﬂsﬁﬂﬁﬂ@hﬁﬁéd&ﬂﬁbﬁh&&&n&aﬁﬁ@mgGw@ﬁﬁﬁﬁ%@hng one
or nore t one bi.ndi ng, subst ance co ri si ne or efthf nﬁrhunan
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t he transﬁﬂsemmmr@mhmmedomﬁhwn@bXMEnrmmeﬂhmmamem@$Mmg@mhﬁooéﬁ@wﬁw@ﬂ1a human
wear er of; .G ce
compr i si g 2oppE A ualTIney o B8 ph e e BRE: KRR e B e " o
cover t heompisiy eadr mese hef owenm;ﬂ@ﬁm@? Opmenqn@c@nalorrmmﬁharbyneahqneﬁovabl e
filter Cgmﬂaéeﬁlbml &?%pchsemw SaBn @hﬁﬁan%[h%génh@%e%n@ Bk,
substance that binds the one or nore than one human pat hogen; and c¢) a
mechani shérhere Fedumen precsen biafine &eup Srsciserditor teHBOW PBEHINE aisuAEr e t he

bi ndi ng gy@@%@m@gﬂ@@g@%b@ps a human pat hogen bi ndi ng group sel ected from
the group consisting of a sulfate group and a sul fonate group. In a
fourth aspect, there is provided a gas nask for use in decreasing the
transm ssion of one or nore than one human pat hogen to and from a human
wearer of the gas nmask, the gas mask conprising: a) a renovable filter
conprising a fabric conprising one or nore than one binding substance that
bi nds the one or nore than one human pat hogen; and b) a nmechani sm attached
for holding the filter; and where the binding substance conprises a hunman
pat hogen bi ndi ng group selected fromthe group consisting of a sulfate
group and a sul fonate group. In a fifth aspect, there is provided a
device for use in decreasing the transm ssion of one or nore than one human
pat hogen, the device conprising a fabric conprising one or nore than one



FI GURES These and other features, aspects and advantages of the present

I nvention will beconme better understood with regard to the foll ow ng
description, appended cl ai nms, and acconpanying figures where: Figure 1 is a
partial frontal perspective view of a fabric according to the present

I nventi on; Figure 2 is a partial, cutaway, frontal perspective view of a
material according to the present inv&antion, conprising the fabric shown in
Figure 1; Figure 3.i5S ront per ctive, view of a facial mask.according
Lo one. enbodt et ToFTERdNGT BOEREET RiGHLFoN orare st g 18 iR rtpect | ve
vi ew of theofaet dbn oeskersh paimgemtofand ipe adumbs gurre B tHedade! frngnthe feiaspect i ve
vi ew of a_f.acial.msk accor.ding to.another .emhodi t of the present

vent on BElsTE D P LB b BT R LA TR Pa e B REE ¥ hown i n
Fi gur e 5rofiggud @ Povesthambrbrbd per spéetweerer vi thevfaghal maskab) atemoesdle fiecor di ng
to anot hef Eg‘g di pent . of.sLh SENL ql.aventien. (ki L b
perspecti ve Vi gw of 't he pfla}cg?g%ﬁasﬁgéﬁg\\/‘mgyﬁl llgﬁgsﬁsgg%ethagr?g%s %E"%E’Fe 9 and
Fi gur e 10nozr Gan ois Humgnathegespadtc) ¢ ancoliaaing adthicheduy dpthodiieme dorshobfing thei al

masks co LS i : ' - ' i on.
Drocrt oy RRy Hdieheft, GASTRUAN B! dhpriBG 3B el DR, EO M R O ¢

for use it epreusineiendeangindspdands fove or nore than one hunan
pat hogen. Accef gdisigh iPedi NEerPl§RRMed h B%ERsk @B use in decreasing the transmission of

one or more than one human pathogen to and from a human wearer of the gas mask, the gas mask
comprising: a) a removable filter comprising a fabric comprising one or more than one binding
substance that binds the one or more than one lnaman pathogen; and b} a mechanism attached for
holding the filter; and where the binding substance comprises a human pathogen binding group
selected from the group consisting of a suifate group and a sulfonate group.

In a fifth aspect, there is provided a device for use in decreasing the transmission of one
or more than one human pathogen, the device comprising a fabric comprising one or more than
one binding substance comprising one or more than one human pathogen binding group for
chemically attaching the human pathogen to the binding substance; where the device is selected
from the group consisting of an air filter, an article of clothing, bed clothes, a cosmetic pad, a
covering for a facial mask or breathing apparatus, a diaper, a dry sanitizing patch, a sanitary pad,
a toilet cover, upholstery, a wipe, and a window covering; and where the binding substance
comprises a human pathogen binding group selected from the group consisting of a sulfate group
and a sulfonate group; and where the fabric further comprises one or more than one type of
multivalent metallic ion or metallic salt.

In a sixth aspect, there is provided a method for making a facial mask as defined above,
the method comprising: a) providing a fabric comprising one or more than one binding substance
comprising one or more than one human pathogen binding group for chemically attaching the
human pathogen to the binding substance; and b} incorporating the fabric into the facial mask,

In a seventh aspect, there is provided a method of decreasing the transmission of one or
more than one human pathogen, the method comprising: a) providing a facial mask as defined

above; and b) wearing the facial mask.



WO 2009/ 003057PCT/ US2008/ 068225 7 there is provided a material for use in
decreasing the transm ssion of one or nore than one human pat hogen, where
the material conprises a plurality of layers, and where one or nore than
one of the plurality of layers conprises a fabric according to the present

i nvention. According to another enbodi nent of the present invention, there
is provided a nethod for S5making a fadwic for use in decreasing t he
transm ssi on of or re than one human .pat hogen. In _one enbodi nent, the
method pr oducd & $HBFPE JELTT AIHE T bIE G (SO RECTHHOBA IR "RE R8I ng t o
anot her @mbmdmmammuﬁ&hmﬁennﬂegeﬂ&ﬂmmweﬂmmmmun@h@mﬁmnﬁmpﬁ@mtdﬁﬂe@wﬁﬁthod for
{rﬁgln ngng r](;?‘xet gnl (%le OE]t%e g ura?l y 0? ladgr(s: Eoeiag‘g er:]sqmat cﬁ%rﬁ%sﬁ?gqi €& onﬁzro(r) aﬁ)rquan onﬁg?rerel al

accor di n@lrﬁmgtsh’@tah@qan@serﬂle |bmdmgtsubﬁltnnceb\cxmcptrldasmghwnapmdtoger biedihogionent of
the presentod M Bu LAGLRI2a RAK &M A ng;ﬁﬁse Bl UREuhd. RERARS NG Lhe
transm ssion of one more than one \t T ment, the
devi ce céwﬁmi@@@ﬂﬁﬁﬁmmvﬁmw%mabmdhmgOﬁmwtﬁﬁmpmégémmmpnme#ﬁcGm. I n one

enbodi ment, the device conprises a material according to the present
invention. In a preferred enbodi nent, the device is a facial mask for
decreasing the 15transm ssion of one or nore than one human pat hogen to and
froma human wearer of the facial nmask. According to another enbodi nent of
the present invention, there is provided a nethod for naking a device for
use in decreasing the transm ssion of one or nore than one human pat hogen.

I n one enbodi nent, the nethod produces a device according to the present

i nvention. According to another enbodi nent of the present invention, there
is provided a 20 nethod of decreasing the transm ssion of one or nore than
one human pat hogen. In one enbodi nent, the nethod conprises providing a
devi ce according to the present invention, such as a facial mask according
to the present invention. The fabric, material, device and nethods will now
be disclosed in greater detail. As used in this disclosure, except where
the context requires otherwi se, the term 25"conprise"” and variations of the
term such as "conprising," "conprises" and -conprised" are not intended to
excl ude other additives, conponents, integers or steps. Al'l di nensi ons
specified in this disclosure are by way of exanple only and are not
intended to be limting. As wll be understood by those with skill in the
art wiwth reference to this disclosure, the actual dinensions of any device
or part of a device disclosed in this 30disclosure will be determ ned by
its intended use.



As used in this disclosure, "human pat hogen" conprises bacteria, fungi and
viruses that WD 2009/ 003057PCT/ 1552008/ 068225 8 cause human di seases,

i ncl udi ng bacteria, fungi and virus S that cause hunan respiratory tract

i nfections. As used in this disclosure, "binding substance" neans a
chem cal group that chem cally bipgsygg®iman pat hogen, rather than
presenting only a physical barrier to spatial passage of 5the human

pat hogemhesSi anﬁlcahzdryeatt’izbi; rmipéctamﬁ &d\@nmgbaoﬁdletpeﬂtmt suericswilbbasdre "

"bi ndi ng" and "binding action," refer.to.a cherré%]g’?qia ocess not nmerely the

preséﬁﬂéIP%H“%?W%WﬁQ1%ﬁﬁﬁyéﬂ@épu%%¥%ﬁ%§“ﬂ5KWh39 a“B%§§§ge of the human
pat ho s disclosure, "cellulosic" nmeans "conprising

ceII 8%8pwn$%%§gngW£$% the present invention, there is provided a fabric
for usemgnrédect eqe itﬁgfrbﬂﬂl 3t panseivest oha @etblmmrdmtmge@sesemn one

enbodi nent, the fabric conprises one or nore than one bindi ng substance
thatlbvmdQBOne or nnre than one type of human pathogen In a preferred

hat bl RO AGt sPabl-¢ ERd . GReat yperer b,y i o SRl ATk OR B4R e

t hat ;anééé'%h%nv'%%{‘ cE)gL?Hbﬁl@tﬂ?éﬁlbhf:%ﬁéwhnﬁﬁédr@qs such as influenza. By

bi ndi'ng the human p 8n to the fabric, 15the fabric decreases the
t ransm $gwae 36 atfhet bmspasmupawtmgem fird mas ordemganping epypogimeapeat thag
rel ease of virus particles when virus-laden droplets evaporate within the
fabrlk},f@Sent ml%éﬁ‘éihe or nore than one binding substance conprises one or nore

than on wure b| nd?eefgpe%h QHE:Q/ @H&Q@aélﬁrriﬁ%eﬁb%g 111?1%%% aching the human

pat hoge stance, as wl er stood By those with

skill i 'Fl,%lh‘@ 53&Ezta ok BerspdceiveREay bPa Fivisl ROt Scdrdfigrie.anbheacpbeadiatned
enbodi nent, the binding substance further conprises a |linker group (such as

for ebhaqnpttsermmwmm sul fone gr oup) for attaching the binding substance to

t he fabr exa n i ment ...t he human pat hogen to
be boun 1«%‘Het‘ﬁh‘é afyhé\é\gﬁ%rsf’?{]ggn%& @Cdghfs ‘f@trﬂ@ Sup 185&%’1“&‘{ ng of
adeno- agg 1@% £ t%@l sé@ﬁ ’v1éWBP§$ac§é1rH%s%Xac¥é)1{i@ U emBUABRN: of
papi | | o HP | uenza viruses, rabies virus, respiratory
syncyihe E}iresent invention:

Figure 8 is a back perspective view of the facial mask shown in Figure 7; and

Figure 9 and Figure 10 are two front perspective views of two embodiments of facial

masks comprising a removable filter according to the present invention.
DESCRIPTION
According to the present invention, there is provided a fabric for use in decreasing the

transmission of one or more than one human pathogen. According to the present invention,



virus (RSV), and the human pat hogen binding group is a sialic acid group
because these virus particles bind to human cells through a termnal sialic
aci d gr oD 2H43%4r f ace ol i gosaccharide of the cell HgFﬁﬁ@“@@mﬁﬁ%an
cells. Sialic acid groups are, however, relatively expensive to produce in
a formsuitable for attachnment to fib@rs or fabrics, and therefore, in a
preferred 30enbodi nent, the binding substance is a substance that m m cs
t he binding action of sialic acid groups on influenza viruses, but that is
cost effective. a nent for industrial
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|nvent|on preferred embodi nent, the fabric is a cellulosic fabric
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fabric (i.e., conprises cellulose t he bi ndi ng substance is one or nore

than dmentieacin a@r@?@e@@mmcﬂ@eﬁg éﬁ?\n@ﬁ lﬁ@ feciplshaticier desrpriizg Wg a sul fonate

, f | 20R d
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non-cel l ul osi c flbers and non-cellulosic fabrics (such as wool and nyl on,
and famﬁh@ﬁﬁnmmkbmgmdepmiymsﬁenl@mx@mhgdh@hﬁm&nmﬁumofOMEOMWEsHbmnpm1se a
reactive |inker group, usu%{ly ei t her a_hal oheterocycle or l%ctivated
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dﬂe dygetk& bzh@eciéal@@r z@efnﬁ@tmmmn bhomne xﬁﬁi@qﬁam hummpzbhmmngnsmbst ance is
one or nore than one reactive dye selected fromthe %rou consi sting of
am noERIbeEBRGTIL athE ml@et]qqdrmmmﬁ@q; prq:q)chng a device according to the present invention,

such as a facial mask according to the present invention. The fabric, material, device and
methods will now be disclosed in greater detail.
As used in this disclosure, except where the context requires otherwise, the term

» o«

25 “comprise” and variations of the term, such as “comprising,” “comprises” and “comprised”
are not intended to exclude other additives, components, integers or steps.

All dimensions specified in this disclosure are by way of example only and are not
intended to be limiting. As will be understood by those with skill in the art with reference to
this disclosure, the actual dimensions of any device or part of a device disclosed in this

30 disclosure will be determined by its intended use.

Asused in this disclosure, “human pathogen™ comprises bacteria, fungi and viruses that
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reference to this disclosure, the
group (such as for example a vmvl sulfone group) for attaching the binding substance 1o the
fabric.

By way of example, in one embodiment, the human pathogen to be bound to the fabric is

selected from the group consisting of adeno-associated virus (AAV), herpes simplex virus

25 (HSV), human papillomavirus (HPV), influenza viruses, rabies virus, respiratory syncytial
virus {(RSV), and the human pathogen binding group is a sialic acid group because these virus
particles bind to human cells through a terminal sialic acid group on a surface oligosaccharide
of the cell membrane of human cells. Sialic acid groups are, however, relatively expensive
to produce in a form suitable for attachment to fibers or fabrics, and therefore, 1 a preferred

30 embodiment, the binding substance is a substance that mimics the binding action of sialic acid

groups on influenza viruses, but that is cost effective as a component for industrial-scale



bi ndi ng substance cannot render the fabric-inperneable to gases when the
fabric is to be WD 20091003057PCT/ US2008/ 068225 11 incorporated into the
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gyl tival ent _ﬁopper , tHU! ti vac{.ent ﬁgi #ve[ or .25mul ti agent zi@gc, |.I .of which
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or nore than one substance is a netallic salt, such as for exanpl® copper
oxi de, lizd pefacet atspdinoppdre favedt atecelintoseofapec (isal| tahpriab lceloflosshiaad tiar e
bactericidal, viricidal and fungicidal. . o
binding substance is one or more than one reactive dye comprising a binding substance
comprising a sulfonate group, yielding a fabric comprising a cellulose sulfonate.
20 Reactive dyes are a class of substances used to dye fibers and fabrics, both cellulosic
fibers and cellulosic fabrics (such as acetate, cotton and rayon), and non-cellulosic fibers and
non-celinlosic fabrics (such as wool and nylon, and fabrics made from polyester or
polyolefin}. Reactive dyes comprise a reactive linker group, usually either a haloheterocycle
or an activated double bond that, when applied to a fiber in a dye bath, forms a covalent
25 chemical bond with an hydroxyl group on the fiber or the fabric. Reactive dyes are classified
according to the category of linker group that attaches the dye to the fiber or fabric. In one
embodiment, the binding substance is one or more than one reactive dye selected from the
group consisting of aminochlorotriazine (Procion® Hj,
aminochlorotriazine-sulfatoethylsulfone (Sumafix Supra), aminofluorotriazine (Cibachron F),
30 aminofluorotriazine-sulfatoethylsulfone (Cibacron C), bis(aminochlorotriazine) (Procion®

H-E) bis(aminonicotinotriazine) (Kayacelon React®), chlorodifluoropyrimidine (Drimarine



As wi |l be understood by those with skill in the art wwth reference to this
di scl osure, usi ngg 30a bi ndi ng substance conprising a sulfate group or a

sul f onat WOGPHII3®rR a fabric conprising cellul ose i s boPRTRERHEOGER

i nexpensive and suitable for industrial-scale production of facial WO
2009/ 003057PCT/ US2008/ 068225 12 masks;pccording to the present invention to
protect |arge populations fromthe transm ssion of influenza viruses and
~other human pat hogens. Further, the fabric according to the present
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decrease transnm ssion of one_or nore than.one human pathogen. 10ln one
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rayon. "According to the present invention, there is provi a material for
use i rrutferategsiupgof trect yeadisricss foxtiof aoihe homangréoghahindme grommnf fat hogen,
where the materi al rises lurality of |ayers, and where one or, nore
than' HETBE SHRGTER oF Gy o R G e e RS} B e oS o the
prese L } e i and Ej 2, there is shown,
respeg%lfl3 %/%ngfy(g%ggﬁtﬁgﬁlﬁl g%?%ﬁ“%%f%‘g’%@ﬁ%@?@aﬁS”f’}%gg"?%bri c according to
e presandivémnientéqen(-hguiceed) (radnchrdesp ant thalgenditt ey, (Chlod Thddx; Cl)
perspective view of a material according to the present invention,
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157 FptARTEShE hE% P SR E R0l L PSRRI o PR B Gnec e
here AncBimfigh Gabsthhe: Mot @hdle dl4 sclabled SR i &rbWWcd@KERS of hReg:ayers (as

shown), four 1ayers or nore than four layers, as will be understood by
t hose Rlit A, €kRedctiva Rite2 bl Reactive Biuerldfic €1 ReatthiesBlde $65.0SUReactive a

par el 2l prglerredocnbon peni.. ey plural ki L auera e e Laver

layer sci Red QW REAY €T 81 Reactive Red 78, CT Reactive Yellow 39, and CI Reactive Yellow
86, each of which comprises sulfonate groups which function as the human pathogen binding
group suitable for binding one or more than one human pathogen according to the present
invention, and each of which further comprises a linker group suitable for attaching the

20 binding substance (the dye} to the fabric. In a particularly preferred embodiment, the binding
substance is CI Reactive Blue 21 (copper, (29H,31H-phthalocyaninato (2-)-
NAZOV, NA3OY, NAZ TV, NA2Y) -, sulfo((4-((2- sulfooxy) ethyl) sulfonyl) phenyl) amino) sulfonyi
derivs] (CAS Reg. No. 73049-92-0), a sulfonated copper phthalocyanine dye with a viny!
sulfone linker group that attaches the dye to fibers and fabrics, including celiulosic fibers and

25 fabrics. The appropriate reaction conditions for attaching reactive dyes, including for
attaching CI Reactive Blue 21, to fibers and fabrics are well known to those with skill in the
art, and can be found i mstructions from the dye manufacturers, as well as in standard
textile references, as will be understood by those with skill in the art with reference to this
disclosure.

30 As will be understood by those with skill in the art with reference to this disclosure, the

binding substance cannot render the fabric impermeabie to gases when the fabric is to be



25At .l east one of the layers of the material 14 conprises a fabric 10 (here
shown as | ayer according to the present invention. In one enbodi nent,
one or dﬁpéﬁﬁﬁﬁ 50ne of the layers of the material 14 ESTASRYUSRT dabl e
fabric 16, such as a heat-nol dable fabric selected fromthe group

consi sting of polypropylene, polyester; and non-woven cel l ul ose acetate
fabric. Such heat-nol dable fabrics permt shaping of facial masks w th heat
or ultrasonic welding 30according to the present invention. In one
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to weave into a fabric according to the present invention, and cellul ose
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nnot b rude 20 .into fin i 3 ast f.ibers
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celiulose sulfonate, thereby trapping the virus particles within the fabric.

20 In one embodiment, the fabric of the present invention further comprises one or more
than one additional substance, other than the binding substance and the fibers of the fabric,
that decreases the pathogenic capacity of one or more than one human pathogen. Ina
preferred embodiment, the one or more than one additional substance is one or more than one
type of multivalent metallic ion, such as for example multivalent copper, multivalent silver or

25 multivalent zinc, all of which are viricidal, bactericidal and fungicidal. In a preferred
embodiment, the metallic salt is a divalent metallic sait. In another embodiment, the one or
more than one substance is a metallic salt, such as for example copper oxide, zinc acetate,
copper acetate, or copper sulfate all of which are bactericidal, viricidal and fungicidal.

As will be understood by those with skill in the art with reference to this disclosure, using

30 a binding substance comprising a sulfate group or a sulfonate group on a fabric comprising

celiulose is both relatively inexpensive and suitable for industrial-scale production of facial



Next, the nethod conprises adding one or nore than one binding substance to
the fibers. Adding the binding substance to the fibers _can be acconplished
usi ng téﬁﬂﬁWﬁG@@ﬁgnomm to those with skill in the art, PQE/URFIOp/OHE2S
understood by those with skill in the art with reference to this
disclosure. In a preferred enbodi nent,, the binding substance added is a

bi ndi ng 30substance according to the present invention. By way of exanple,
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a human at hogen bi d| n rou%}tt hat 009/ 00 057P 2008/ 068225 14
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of sul ticular preferred enbodi nent,
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0.21. The degree of sulfation for sulfated or sulfonated fibers or fabric

can bean egubEsEEDOyeE] tatd lagems hes thoms), foeiseputaimeorsthanelye Ryers. as
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nder StoH boSssdydntit with PR et aP Rl ofeheb 87 BhL ARuoRber s
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another particularty preferred embodiment, the plurality of layers is four layers.

25 At least one of the layers of the material 14 comprises a fabric 10 (here shown as layer B)
according to the present invention. In one embodiment, one or more than one of the layers of
the material 14 is a heat-moldable fabric 16, such as a heat-moldable fabric selected from the
group consisting of polypropylene, polyester and non-woven cellulose acetate fabric. Such
heat-moldable fabrics permit shaping of facial masks with heat or ultrasonic welding

30 according to the present invention. In one embodiment, the heat-moidable fabric comprises

polypropylene webbing which traps airborne particles, but 1s relatively water repellent so that



WO 20091003057PCT1US20081068225 15 sul fati on. As the degree of _sulfation
i ncreases above 0.2 for a cellulosic fabric, the water solubility of fibers
i ncr eas @¥0VAEAERBosed to |iquid water or water vapor,P€gﬁ§?%ﬁmﬁ%€’fabric
to forma hydrogel and decrease gas perneability through the fabric. This
tendency to solubilize is not Sacceptgble for a fabric used in a facial
mask where relatively unobstructed passage of air is required. Therefore,
in one enbodi ment of the present invention, the nmethod further conprises

crosslirdcing the fibers of the fabric, before.or ter attachjng the
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that the fabric_is contacted with the solvent is gdj usted to _optimze fiber
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surfacge.t 100, il | be understood by those with skill in the art
wth S’gl e?eéc%g}elge?% @Eidéﬁgjlsﬁ%l' osure. 25Next, the solvent treated fabric is

cont act eth W dintd@mbitN thenBetBotbsbamGes, e prasidirgr fisscanptdlafosukd atd ng
reagent. Suitable sulfating reagents depend on the solvent used, as will be
under Stlwoufayeeisasee ticttrrnsiission| oy onh @7 arEe Wanpie duge mediogen.t Hi ane
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b ot RYTIO0ITER 6 i ETRE Gt A0 g P adBeise o SrIRRBTPY obf i omeies ur
tri OXirtQﬁ);f %Qﬁ 393 iulbdd; aMQL RSt BHRASNTBAlce HNQISRISY EBErsi 1 commercial

30di e mam de, and the sulfating reagent is dinethylformam de treated
wi t h sukfases is from wood pulp; however, celluiose fibers obtained directly from wood pulp are

100 short and coarse to weave into a fabric according to the present invention, and cellulose
derived from wood pulp is relatively insoluble in organic solvents and cannot be extruded
20 into fine fibers. By contrast, rayon fibers are produced from naturally occurring cellulose
polymers derived from wood pulp and other plants. To form rayon fibers, the cellulose is
first derivatized with solubilizing groups (such as for example acetate), formed into spun
fibers, and then, the solubilizing groups are removed yielding cellulose fibers that can be
woven into fabric, as will be understood by those with skill in the art with reference to this
25 disclosure.
Next, the method comprises adding one or more than one binding substance to the fibers.
Adding the binding substance to the fibers can be accomplished using techniques known to
those with skill in the art, as will be understood by those with skill in the art with reference
to this disclosure. In a preferred embodiment, the binding substance added is a binding
30 substance according to the present invention. By way of example, the method will be

disclosed with respect to binding substances comprising a human pathogen binding group that



trioxide (DMF-S03). Contact with the binding substance is maintained until
a satisfactory WD 2009/ 003057PCT/ US2008/ 068225 16 degree of coval ent
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excess binding substance binds to the fibers, which in the case of sulfate
woul d render the fabric inperneable tg gas upon contact with Iiquid water
or water vapor, as will be understood by those with skill in the art with
reference to this disclosure 5In one enbodi ment, the nmethod further
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enbodi ment of the present invention, nmet hod further conprises
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20 substance and the human pathogen.

The degree of sulfation is determined by any suitable analytical method that measures
sulfate, sulfonate or total sulfur, such as for example by elemental analysis. The sulfur
content of cellulose fibers without a binding substance attached or nonpigmented celluiose
fibers or fabrics is extremely low or undetectable. According to one embodiment of the

25 present invention, the present method results in a degree of sulfation between 0.02 and 2. In
a preferred embodiment of the present invention, the present method results in a degree of
sulfation between 0.05 and 0.5. In a particularly preferred embodiment, the present method
results in a degree of sulfation of between (.09 and 0.21. The degree of sulfation for sulfated
or sulfonated fibers or fabric can be regulated by adjusting the time, temperature or reagent

30 concentrations in a sulfation or sulfonation reaction, as will be understood by those with skill

in the art with reference to this disclosure, to produce fibers with the required degree of



human pat hogen essential for. human pathogenicity. In a preferred
enbodi nent, the one or WO 2009/ 003057PCT/ US2008/ 068225 17 nor than one
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copper, nultivalent silver or nultivalent zinc, all of which are viricidal
bactericidal and fungicidal. In anothgy enbodinment, the one or nore than
one substance is a netallic salt, such as for exanple copper oxide, zinc
acetate, copper acetate or copper sulfate, all of which are bactericidal,
viricidal .and fungicidal. In a preferred enbodi nent, the netallic salt is a
di val éHt*Hfftal lic salt. Acetate is advantageous as an anionic salt
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or directly fornmed.into nonwoven, fabrics, .20The net hod of the present
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vinylcyclohexene dioxide.
Adding one or more than one binding substance comprising a sulfate human pathogen
binding group to the fibers can be accomplished, for exampie, by first, contacting the fabric
20 with a suitable solvent, such as for example dimethylsulfoxide (DMSO) or
dimethylformamide (DMF). The amount of time that the tabric is contacted with the solvent
is adjusted to optimize fiber sweliing, thereby increasing exposure of hydroxy! groups on the
fiber surface to sulfation, as will be understood by those with skill in the art with reference to
this disclosure.
25 Next, the solvent treated fabric is contacted with the binding substance, such as for
example a sulfating reagent. Suitable sulfating reagents depend on the solvent used, as will
be understood by those with skill in the art with reference to this disclosure. For éxampie, in
one embodiment, the solvent is dimethyisulfoxide, and the sulfating reagent 1s DMSO treated
with sulfur trioxide (DMSO-S0,). In another embodiment, the solvent is

30 dimethylformamide, and the sulfating reagent is dimethylformamide treated with sulfur

trioxide (DMF-S0;). Contact with the binding substance is maintained until a satistactory



30pol ypropyl ene nesh of approximately the same size. Next, the rayon fabric

on the nmesh was subnerged in chilled acetic acid for 15 m nutes. Then, the
i sopr opa‘ﬁglzf'%"{ﬂo?qf?i c acid mixture WD 2009/ 003057PCT/ USSAB8FHBESYS® 18 was

poured into a pol yethyl ene box (approximately 30 cmby 37.5 cm sitting on
ice. Next, the rayon fabric on the pojgyethyl ene nesh was subnerged in the
i sopropanol /sul furic acid m xture for either 5 mnutes or for 10 m nutes,

and rinsed first in cold isopropanol, and then in cold isopropanol
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a degree of sulfation greater than 0.2, and preferably greater than 0.5 sufficient to render the
fibers water soluble. Next, the soluble cellulose sulfate is then applied to a fabric and
covalently linked to the fibers of the fabric with & crosslinking agent, as disclosed above, as

20 will be understood by those with skill in the art with reference to this disciosure. In this
embodiment of the method, the fabric is not exposed to the relatively harsh sulfation
conditions and reagents, but only to soluble celinlose sulfate and to the crosslinking reagents,
and to the conditions for crosslinking, thereby reducing the potential for damage to the fabric
that can occur if the sulfation reaction is not well controlled. A concentration of soluble

25 cellulose sulfate is selected by testing, such that a fabric with acceptable pressure drop
characteristics suitable for gas exchange through a facial mask is obtained, especially when
the fabric is to be used in a mask according to the present invention, as will be understood by
those with skill in the art with reference to this disclosure.

In one embodiment of the present invention, the method further comprises contacting the

30 fabric with one or more than one substance that chemically disrupts a characteristic of the

human pathogen essential for human pathogenicity. In a preferred embodiment, the one or



30pat hogen as follows. First, sulfated rayon fabric was nade according to
the process disclosed in Exanple 1, or sulfonated rayon fabric (with C
React i veVBI2¥/%305dye as the binding WO 2009/ 003057PCTFUSIBBYEPHEE225 19
substance) was made according to the process disclosed in Exanple 2. Then,
copper sulfate and zinc acetate, both-of which are divalent nmetal salts,
were applied by aerosol to the fabric at 40 pEcnR fabric using a
concentration of 1 gramnetal salt/100 mlliliters of water. The fabric

i sing the additional sybst then air-dried yieldi | fated
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Properties
such as for example polyester fibers or polypropylene fibers, into the fabric.

15 In another embodiment, cellulosic fibers in the form of staple or tow are sulfated by the
same types of sulfation reactions used for fabrics as disclosed 1n this disclosure, and then the
cellulose sulfate fibers are washed and then formed into a nonwoven or woven fabric by
conventional methods whereby cellulosic stapie or tow are spun into threads or direcily
formed into nonwoven fabrics.

20 The method of the present invention for making a fabric for use m decreasing the
transmission of one or more than one human pathogen, will now be disclosed with respect to
the following examples.

Example 1
Preparation of Sulfated Rayon Fabric

25 According to one embodiment of the present invention, sulfated rayon was prepared
according to the present invention as follows. First, 60 ml isopropanol was chilled on ice and
0.2 grams MgSO, was added to the isopropanol to remove water. Next, 240 ml sulfuric acid,
previously chilled on ice, was added to the isopropanol. Then, nonwoven rayon fabric
having a density of 70 grams/meter® was cut into 17.5 cm by 22.5 cm rectangles and laid on

30 polypropylene mesh of approximately the same size. Next, the rayon fabric on the mesh was

submerged in chilled acetic acid for 15 minutes. Then, the isopropanol/sulfuric acid mixture



Testing antiviral properties (as a surrogate for anti-human pathogen -

properties) of a fabric is perfornmed by application of standardi zed anounts
of a vi MRQ2YRP83%7 pi ece of test fabric. The test fabri ECTASEWEASEEI rred in

cell culture nediumto elute any functional virus particles, that is, virus
particles that are not inactivated bygadherence to the fabric or otherw se
to the 30test fabric. Functional virus particles eluted into the culture
medi um are assayed for viral activity by contacting the mediumwth cells

susceptible to viral Kkilli nd_ascertajnin " .
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gently swirled until uniformly submerged and wetted. Then, 12 grams of sodium carbonate
were added with stirring, and the mixture was held at 30°C for 35 minutes. Next, the
temperature was raised to 70°C for an additional 60 minutes yielding the sulfonated rayon
20 fabric (with CI Reactive Blue 21 dye as the binding substance). Then, the sulfonated rayon
fabric was rinsed under running water until no more free dye was eluted, and the sulfonated
rayon fabric was air-dried.
Exampie 3
Preparation of Fabric Comprising One or More than One Sub.stance That Destroys the
25 Pathogenic Capacity of One or More than One Human Pathogen
According to one embodiment of the present invention, sulfated cellulose fabric made
according to Example 1 or sulfonated cellulose fabric made according to Example 2 was
prepared to comprise one or more than one than one additional substance, other than the
binding substance, that destroys the pathogenic capacity of one or more than one human
30 pathogen as follows. First, sulfated rayon fabric was made according to the process disclosed

in Example 1, or sulfonated rayon fabric (with CI Reactive Blue 21 dye as the binding
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non-sul fonated rayon control fabric 7.60 0.19 non-sul fated, non-sul fonated

rayon fabric treated with copper sulf@ate and zinc acetate 5.60 + 0.23

sul fated rayon fabric 5.73 + 0.24 sulfonated rayon fabric (wwth Cl Reactive

Bl ue 21 dye as the binding substance) 7.23
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substance) was made according to the process disclosed in Example 2. Ther, copper sulfate
and zinc acetate, both of which are divalent metal salts, were applied by aerosol to the fabric
at 40 pl/cm® fabric using a concentration of 1 gram metal salt/100 milliliters of water. The
fabric comprising the additional substance was then air-dried yielding sﬁlfated rayon fabric
comprising both divalent copper and divalent zinc ions, or sulfonated rayon fabric comprising
both divalent copper and divalent zinc ions,
Example 4
Industrial Process for Preparation of Sulfonated Rayon Fabric Comprising Divalent
Metal Salts
According to one embodiment of the present invention, sulfonated rayon fabric (with CI
Reactive Blue 21 dye as the binding substance) and comprising divalent metal salts was
prepared according to the present invention as follows. First, 100% spunlace viscose rayon
fabric having a density of 70 grams/meter® was dyed with CI Reactive Blue 21 (Novacron®
Turquoise H-GN) at a liquid to solid ratio of 20:1. Next, 50 g/L sodium sulfate, 20 g/L.
sodium carbonate and 12% dye by volume (120 ml/L) was added to a dye bath and mixed
thoroughly with continuous agitation. Then, the rayon fabric was immersed in the dye bath
for 35 minutes at a temperature of 30°C, followed by 60 minutes at a temperature of 70°C
producing the sulfonated rayon fabric {with CI Reactive Blue 21 dye as the binding
substance). Next, the sulfonated rayon fabric was rinsed under running water and air-dried.
Then, 50 grams each of copper acetate and zinc acetate per liter of water was sprayed on the
sulfonated rayon at rate 0.08 L/m” producing the sulfonated rayon fabric comprising both
divalent copper and divalent zinc ions. The sulfonated rayon fabric comprising both divalent
copper and divalent zinc ions was again air-dried.
Example 5
Assessment of Fabric for Anti-human Pathogen Properties
Testing antiviral properties {as a surrogate for anti-human pathogen properties) of a fabric
is performed by application of standardized amounts of a virus onto a piece of test fabric.
The test fabric is then stirred in cell culture medium to elute any functional virus particles,
that is, virus particles that are not inactivated by adherence to the fabric or otherwise to the
test fabric. Functional virus particles eluted into the culture medium are assayed for viral

activity by contacting the medinm with cells susceptibie to viral killing, and ascertaining a



sul fonated rayon fabric (wth Cl _Reactive Blue 21 dye as the binding
substance) conprising copper sulfate and zinc acetate undetectabl e (bel ow
3.13) OA§Sg§ﬁh6e seen, the sulfated rayon fabric pr&hdfEed*4Q6H2di ng to
Exanple 1, had a 1.87 Iog reduction in pathogenic virus as conpared to the
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20assay of pathogenic influenza A viral titer by enbryonic viability and by
a hemagl utinin assay of allantoic fluid from such eggs The results of
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not or vehicles, such as for exanple

As can be seen, the sulfated rayon fabric prepared according to Example 1, had a 1.87
log reduction in pathogenic virus as compared to the non-sulfated, non-sulfonated rayon
control fabric. Incorporating copper sulfate and zinc acetate to the non-sulfated, non-

20 sulfonated rayon contral fabric yielded a 2.0 log reduction in pathogenic virus as compared to
the non-sulfated, non-sulfonated rayon control fabric, where the reduction in pathogenic virus
was attributable t0 the presence of the divalent salts alone. Sulfonated rayon fabric (with Cl
Reactive Blue 21 dye as the binding substance) prepared according to Example 2 had a (.37
log reduction in pathogenic virus as compared to the non-sulfated rayon control fabric.

25 The lower limit of detection in the assay system was 3.13 logs, so that the minimum
reduction in HSV titer for sulfonated rayon fabric (with CI Reactive Blue 21 dye as the

binding substance) and treated with copper sulfate ané zinc acetate was 4.47 logs. Thus, a



ai rpl anes and aut onobil es; or as used in non-nobile confined spaces such
as for exanple hones, hospitals and offices, where there is sk of human

pat hogenVP28éW#EE| on. In a preferred enbodi ment, tl}i’é:TGeq\??"@@ﬁfp%q a facial

mask for decreasing the transm ssion of one or nore than one human pat hogen
to and froma human wearer of the facial mask. The 25facial mask conprises
a facepiece configured to cover the nouth and nose of the wearer of the
facial mask, and conprising one or nore than one extension for securing the

facial . K t head . of I | f.e d t, th
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2009/ @WWP@P&S?@@%@’@E?BW%WM%‘Y@% eRas of Refapre ﬁ%@ﬁ. IBCERPAEPY y of
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hoet at e g« oayrteSr Splied TRSFoETe i qomPrs e 4FERE Frll uRcobdRar |y
pr ef ersﬁﬁﬁ’te%ﬁ@%ﬁic{%@&te hile 4785 rlsgi © 15ahtpld 8, aninyel @ﬁsﬁonsebﬁe (with Rgferring

nowto Figure 3 rough Figure there are shown, respectively, a front
p@r spatdactie Bluew]alyeas ﬂmcémadhngmsibetzame)omdﬂmg:cbnimg@ Exdyople 2entd efifdnhed
present invention 10 ack perspective view of the facial mask
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back erspec ive vie C|a shown 1 n

front parmpesifhie, Morew!ha@d fr@gﬁma:lonffes&lba@cm@ia@gn tf@r@rvamﬁsngrm@dl rrent of
the present invention (Fl ure 2; and a back per@gectl ve view of the facial
mask smmkﬁntimﬁtﬁisglw e0PPeI By fatfg 189 acehye avgie pecsee i heie apddidl mask 18

The' 1 dbehvaee 528811“6@35%?%%% el ARt S Ra N ahat G o er
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28 around the front side 24 and back side 26, and the facepiece 20 is
conf i gunedvedre atowed tof dieafiro wirns aplicatse fafeitbhe ] wharrerS winudse afd@dical mask 18
by Cor}r:)I:l)attzleg Ixr? ?nd?w{igarl IEO rr?lngl;q%gtrseo? egctcl)'agtlon medium and subjected to gentle agitation for

5 minutes. Serial dilutions of extraction buffers were administered into embryonated eggs for
20 assay of pathogenic influenza A viral titer by embryonic viability and by a hemaglutinin assay

of allantoic fluid from such eggs.

The results of the testing were that the sulfated rayon fabric made according to Example 1

having a degree of sulfation (DS) of either 0.1 or 0.2, both yielded no detectible pathogenic

virus at each of the time points tested (1, 5 and 15 minutes), indicating an influenza virus log
25 reduction greater than 3 at each of the time points tested compared to the amount of virus

applied to the fabric. Similarly, sulfated rayon fabric made according to Example 1 having a

degree of sulfation (DS) of 0.2 and comprising the divalent metal salts copper sulfate and zinc

acetate also vielded no detectible pathogenic virus at each of the time points tested (1, 5 and

15 minutes), indicating an influenza virus log reduction greater than 3 at each of the fime

30 points tested compared to the amount of virus applied to the fabric.

Sulfonated rayon fabric (with CI Reactive Blue 21 dye as the binding substance), made



20t he | ower portion of the head of a wearer. Referring now to Figure 3 .
and Figure 4, there are shown, respectively, a front perspective view of a
faci al MBORIWAEHEAI ng to one enbodi ment of the present PFW&@%‘W@F’?%% gure
3), and a back perspective view of the facial mask shown in Figure 3
(Figure 4). As can be seen, in this odi nment, when viewed fromthe front,
the perineter 28 of the 25 facepiece 20 conprises a sem-circular |ower
hal f 30, and further conprises a sem -circular upper half 32 with a central

nose bridge extension 34 configured,to extend above t strjls of the
Wear ePCCoRdE GnEBAFRE brraed dHTIERE: AGSEoh Toheiesmarc! Tr9Y 2 b oWodl ment
of the.f ?:ﬁfeaz.ﬁ%iﬁ s Bimbd sl L%ﬁ&pdqﬂcﬁog% {5 nfiRlided: Eﬂeb%u?f@ﬁé/t@(?(r pard the
front side 24,"7in order to nor€ closely approximate the facial curves of a
wear efatefc e ChReakive®ike 1Bdye3BRat eindingsubonnts) aki gomprisingnt Eivgante 6,
there are shown, respectively, a front perspective view of a facial nmask
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wearer, and onto the bri dbe of the nose of the wearer. In this enbodi ment
of t hétbs@icalaceidiegg tha PEsqh SuERaethapbinds epm0eROTOIRAR 87¢ ABMADS r ont  si de

24 in order. to cl y roxi e i wear er of
the f ARtAE bl 26 or S o PR R TR ok B 8PP G dhgn e €' e
shown rediRSREG ia¥einyactidnd. NORAtproR SR @il Bnank B Abvide E@apades Egkri@ccording to
one enbodi nent of the present invention (Figure 7), and a back perspective

vi ew efcariimgfradhapreses knvshooh ImoE gubedimepFithpudayi®)is spectabiam e g58@n, in

is enbodinment, the perineter 28 of. the facepi.ece 20.conprises a top edge
b5, ° 2 SHBUT T ClseiTEe o AT AL PED 26 RIS S SOREC g EHET by B a8
W th the Lokt medae s indhg: F&Qa@dh@gﬁsuaﬁaé Wt PO ek 581Sa Blapkddr al ity of
pl eats 46 extending ?rom one [ateral edge 42 to tﬁe ot her lateral edge 44,
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form ng a convex shape toward the front side 24 of  the facefi %ce 20.
part of a body; a sanitary pad; a toilet cover, upholstery, such as for example 4 sofa covering;

a wipe; and a window covering, such as for example a curtain or shade. In a preferred
20 embodiment, the device is an air filter, such as is used in motor vehicles, such as for example
airplanes and automobiles; or as used in non-mobile confined spaces, such as for exampie
homes, hospitals and offices, where there is a risk of human pathogen transmission.
In a preferred embodiment, the device is a facial mask for decreasing the transmission of
one or more than one human pathogen to and from a human wearer of the facial mask. The
25 facial mask comprises a facepiece configured to cover the mouth and nose of the wearer of
the facial mask, and comprising one or more than one extension for securing the facial mask
to the head of the wearer.
In a preferred embodiment, the facepiece of the facial mask comprises a fabric according
to the present invention, where the fabric comprises a binding substance according to the
30 present invention. In a preferred embodiment, the fabric further comprises one or more than

one additional substance according to the present invention, other than the binding substance,



20when expanded, in order to nore closely approximte the facial curves of
a wearer of the facial mask 18. I n one enbodi nent, the faceglece 20
conpri s&¥030G48345¢ conpri si ng a bi ndi ng substance, accB8FHUSPEHRe present
invention. In a preferred enbodi nent, the facepi ece conprises a fabric
conprising a binding substance and ong or nore than one divalent netal ion.
In a 25preferred enbodi nent, the facepiece conprises a material conprising
a pIuraIity of Iayers according to the present invention. In a

t | d enbodi t, the f t |
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one or nore than one extension 22 is a strap as seen in Figure 3, or an ear
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wear el ans. view ok 304 Ifl'fs'k a%@rﬁﬁlrgrt@%n@ E of ﬂlla%pgs%ﬁﬂ @8edtpd faci al
mask (?or‘rgrlm ng a renovabl e and repl aceabl e rising a fabric
aecor dringrd 9); thechpespative visendf tin.fadRdfreaski sﬁngwnowﬂagmde FFgure4 ) adnaht Fi gur e

10, there are front perspective views of two enbodi nents of facial masks
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a fac ensi ons a rises a

mec harﬂcﬁﬁbéﬁp&,@rve Redwdbhg faeidl |n|1aisE raecoa@ﬁloao bhéther elbbdithenttdiehepieadiiment shown
in Figure 9, the nechanism48 is a t wo- part 15i nterconnecting framne

al | ovmnganraenéﬁlabteeﬂp aad emerit patpechee Viem afrthe gackné napsk sbower TbBRWEEh t he two
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around the front side 24 and back side 26, and the facepiece 20 1s configured to cover the

mouth and nose of the wearer of the facial mask 18 by comprising a form configured to fit
20 the lower portion of the head of a wearer.

Referring now to Figure 3 and Figure 4, there are shown, respectively, a front

perspective view of a facial mask according to one embodiment of the present Invention

(Figure 3), and a back perspective view of the facial mask shown in Figure 3 (Figure 4). As

can be seen, in this embodiment, when viewed from the front, the perimeter 28 of the
25 facepiece 20 comprises a semi-circular lower half 30, and further comprises a semi-circular

upper half 32 with a central nose bridge extension 34 configured to extend above the nostrils

of the wearer, and onto the bridge of the nose of the wearer. In this embodiment of the facial

mask 18, the facepiece 20 is molded to be convex toward the front side 24, in order to more

closely approximate the facial curves of a wearer of the facial mask 18,

30 Referring now to Figure 5 and Figure 6, there are shown, respectively, & front

perspective view of a facial mask according to another embodiment of the present invention



20enbodi ment, the filter conprises a.material according to the present

i nvention, conprising a plurality of |ayers. According to another

enmbodi meW e 28¥9/087 pr esent i nvention, there is provi ded PATABEHERH28F nuki ng
a device for use in decreasing the transm ssion of one or nore than one
human pat hogen, including viruses thajs cause human respiratory tract
infections. In one 25enbodi nent, the nethod produces a device according to
the present invention. In another enbodi nent, the nethod produces a device

selected fromthe _ group consistin f an.article of ¢lothing, such as for
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cover ihalf, 32s\iigh tvee chiask caieanpne @ ladgiakni Ad grecgialeose bpydee extension 34
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wearer of the facial nmask, according to the present invention. The facial

mask cadepof deschackfsadeht seareand therfecial magr . tand theosrairekesa dirdge axteaddbied to
the facepi ece for securing the facial .5mask to the head of a wearer. In a
br of 1 aa COMBBMER R H e B S Bl a9, A e TS BE P& ofmok

conpr i T iblh €S | 9100 18, fiRBfdcpicRE 20N el Rt @ Ry esent
inventtlﬁ%ggml%ﬁ mgﬂ%ﬁ%ile%%ﬁ etggg%goé}aﬁen?’, ﬂcht%hgédegleﬁ\gigcg]pro Sced y the

h@t hodrarms saieCdvienirdey th adora cloacly abproagkatothebfaeat bimes efppacatust thedahialas f or
exanple a | ayer of fabric that can be attached to an existing facial mask
or br &8sk g apparatus (such as for exanple a 10respiratory or gas mask),

wher e, tNBCRONSY L0 1) BELEET SR T BH! B1: 8L SheyvEALer 0L Lo acial mmsk or

br eat hi ng~ap ecreasi e ansni ssi on or nore than one

hunman Rajfaegen & caadadiilofd RusRmaWeame endbdinhe: batiealred¥RsHvetidar eat hi ng
apparatus, as the wearer is breathing through the covering. In another

pr ef er(FegireAbedi wénck petspectioiviyy pf bddesd rasktshewnen e ¢ (Bigued §)-fA$ ter,

iﬂtc gné‘%SE}gig,gengﬁne g‘gg 0 g(gc{ig]rﬁnt\f eﬁfgé ;():ér?rﬁéters é’é:gf &2 fz];c%g)iegc)a( 95“3&%98%45%' t%B %agea nd
38, a2 bottom edge 40, two lateral edges 42, 44 connecting the top edge 38 with the bottom
edge 40. The facepiece 20 further comprises a plurality of pleats 46 extending from one
lateral edge 42 to the other lateral edge 44, the pleats 46 allowing expansion of the facepiece
20 centrally thereby forming a convex shape toward the front side 24 of the facepiece 20

20 when expanded, in order to more closely approximate the facial curves of a wearer of the
facial mask 18. _

In one embodiment, the facepiece 20 comprises a fabric comprising a binding substance,

according to the present invention. In a preferred embodiment, the facepiece comprises a
tabric comprising a binding substance and one or more than one divalent metal ion. Ina

25 preferred embodiment, the facepiece comprises a material comprising a plurality of layers,
according to the present invention. In a particularly preferred embodiment, the facepiece
comprises a material, according to the present invention, comprising three layers, where one
or more than one of the three layers is a fabric according to the present invention, and where
one or more than one of the layers is a heat-moldable fabric, such as a heat-moldable fabric

30 selected from the group consisting of polypropylene, polyester or non-woven cellulose acetate

fabric. In a preferred embodiment, the heat-moldable fabric comprises polypropylene



non- nobi |l e confi ned spaces, such as for exanple hones, hospitals and
offices, where there is a risk of human pathogen transm ssion. The_ net hod
conmpri se¥ OB g a fabric made according to the pref&AUEHEEAREdn, and
incorporating the fabric into the device. In one enbodinent, the nethod
conprises enclosing or surrounding thg fabric conprising 20the binding
substance with one or nore than one heat-nol dable fabric. Such
heat - nol dabl e fabrics permt shaping of nasks with heat or ultrasonic

wel di n f the facial mask I n one enbodi nent, the method conpri ses,
first, &i ng a fabric according to the present invention, where the
fabric c j R ;i ; 1 ety i tion. In
o ef er o R R e Y an “one
25addifhdcpivat 28 dtrsicamdey tedariali maskt 18 hbe heagsent weargenin o, erobddémentthdia t he

bi ndi ng substance, that decreases the pathogenic _capacity of one or nore
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for exanpl e 30copper oxide, zinc acetate, copper acetate or copper sulfate.
I n a paaskilGubahd yepees 81cced enbodi ment, the nmetallic salt is a dival ent

metal lic salt. V\Q 20 9%8%@0575%‘{[/ S2008/ 068225 28 ln one enb ]di nt,
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enbodi ment, the facepiecé of the facial nmask conprises a plurality of

l@yer sFigmieer sdafiguer 1 Ondiicge titeafnommperspbcthvoer ity ef svecanprdisests af falh intasks
according to the present 5invention, conprising a binding substance, and
wher e GAPTEMEOEEIOV AR HHRE2GOTURR 19 Q‘g‘?é’? SEPSINEETHOR - Hofdal ¥Chal9%€, such as
for e I I I FOF I ‘ ven fabric.
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| ayers is four |ayers. Wien the facepi ece conprises a plurality of |ayers,
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mask. en, the fabric and the one or nore than one |layer material are
assentthe iciah ntable 18 cdmprieds 4 fes haydlsindfa tlelifyackpitecens 2Adajdiunedr t oget her .
'n Onecog}rggggsl zgglrf’]:(t:ﬁangsrz]nedié ?(%‘rﬂeﬁdi%g 91 fﬁtrtla?, aor{d a filter 50. In a.preferred ermbodiment,
the filter comprises a fabric according to the present invention. In another preferred
20 embodiment, the filter comprises a material according to the present invention, comprising a
plurality of layers.
According to another embodiment of the present invention, there is provided a method for
'making a device for use in decreasing the transmission of one or more than one human
pathogen, including viruses that cause human respiratory tract infections. In one
25 embodiment, the method produces a device according to the present invention. In another
embodiment, the method produces a device selected from the group consisting of an article of
clothing, such as for example an absorbent tissne, an apron, a glove or a scarf, socks and
shoe inserts; bed clothes, such as for example a sheet or a blanket; a cosmetic pad, a diaper,
a dry sanitizing patch attached by an adhesive to any surface or any part of a body; a sanitary

30 pad; a toilet cover, upholstery, such as for example a sofa covering: a wipe; and a window

covering, such as for example a curtain or shade.



15nmore than one | ayer of material are joined by ultrasonic welding. In a
preferred enbodi nent, the fabric and one or nore than one | ayer of materi al
are j oi &8 2PP/4E45F asoni ¢ wel di ng and by the applicatioﬁc$ﬂmﬁ¥@@§ﬁF%. I n one
enbodi ment, the facial nask has a perineter and the fabric and one or nore
than one |ayer of material are joined-y ultrasonic welding along the
perineter. In one enbodi nent, the nethod further conprises |abeling the
facial mask with 20text or graphics or both text and graphics. Next, the

facepi el Lo e BTy TG FaBrreiced i TEra RS uf Fhoh EXhaN B ayer
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t he netho ? rther conprises joining two or nore than two seans i n 25the

f acepiveaesrtod tehAangematie datordmodb nBnsiessmalinwehtioct The fafial ik fcanepkece. | n
one enbodi ment, joining conprises weldi nggé{ he facepj ece or applying. an
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pat hogen. In one enbodi nent, the nmethod conprises providing a tacial mask
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wearing the facial. . th h th t i ti h b
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enbodi ﬁg'% Sttalel al?F’)ggﬁ%%ﬁ%@ﬂﬁnﬁEl@oP%ﬁﬂhﬂ{gﬁ%ppgﬂi%se(fs%}?as fobexsgpee of the

appen(?e claims shou be limted to t description of preferred

ehbodiremitasorg anteas mask) Sivhetehhs covestigaseresses tiE7@ 16y 2PEE WBérer of the facial
mask or breathing apparatus by decreasing the transmission of one or more than one human
pathogen to and from a human wearer of the facial mask or breathing apparatus, as the
wearer is breathing through the covering.
In another preferred embodiment, the device produced by the method is an air filter, such
15 as is used in motor vehicles, such as for example airplanes and automobiles; or as used in
non-mobile confined spaces, such as for example homes, hospitals and offices, where there is
a risk of human pathogen transmission. The method comprises providing a fabric made
according to the present invention, and incorporating the fabric into the device.
In one embodiment, the method comprises enclosing or surrounding the fabric comprising
20 the binding substance with one or more than one heat-moldable fabric. Such heat-moldabie
fabrics permit shaping of masks with heat or ultrasonic welding of the facial mask
In one embodiment, the method comprises, first,providing a fabric according to the
present invention, where the fabric comprises a binding substance according to the present
invention. In a preferred embodiment, the fabric further comprises one or more than one
25 additional substance according to the present invention, other than the binding substance, that
decreases the pathogenic capacity of one or more than one human pathogen. In a preferred
embodiment, the one or more than one additional substance is a multivalent metallic ion, such
as for example multivalent copper, multivalent silver or multivalent zinc. In another
embodiment, the one or more than one substance is a metaliic salt, such as for example
30 copper oxide, zinc acetate, copper acetate or copper sulfate. In a particularly preferred

embodiment, the metallic salt is a divalent metallic salt.



WHAT IS CLAIMED I'S: 1. A facial mask for use in decreasing the transm ssion
of one or nore than one human pat hogen to and from a human wearer of the
faci al MEQRIORYS aci al mask conpri sing: a) a falEpiled¥Wseeibtising a
front side, a back side and a perineter around the front side 5and back.
side, and the facepiece is configuredgo cover the nouth and nose of the
wearer of the facial nmask; and b) one or nore than one extension
attached to the facepiece for securing the facial mask to the head of the
wear er ; where the facepi ece ¢ rises.a material .conprisin hree or
more t haf Q%Fgg)q%%s,%e f%?ﬂfgﬁsé:ub?wo %Fmﬁ‘i%mteﬁggpeo?{letﬁ%f&fﬂgmﬂ?ﬁ@@ %F nor e
than LA 88 oY Br SORRENSES iyl Bhid © GOTRIA HiaR one or more than one

bi ndi ng subst ance; ere the one or nore than one bindi ng substance
conpri ses Mnehed emitodigmehhahe trepibematinthp didvd geask kbmgiing gplorgity of lagkmwmi cal |y
attachi ng the human_pat hogen to the bindi ng substance; 15where the human

pat hoF&NIDPREITIGOT BT OlsE MICETUCATRRIMED A RICOARSOTIREIOSHE REESER. a sul fate

oup.and..a sul f onate gr ; e fahri. rt.her. c i .one or
CoP RS R, R supsat i e BT nd b liine SRR a9 100
wher e heRemeliah®e Fehrid Ao 0P bx ¢ toblypeoB e pElyEN@ot deflast ayeits conpri ses
a 20heat - nol dabl e fabric. 2. The facial mask of claim1l, where the

f acepineseocanfbiisedn a peuisstaaiytirafersed sarviodimenyl te pPhwelly dhapfers Bidreeonpri ses
an upper hal]f with cheek extensigns _|aterally, and a.central. nose bridge
et onCISH DUt HSLHT PRERE G CeBR R erEarene: By R Poth ST EE L ehaiisdve © he
nostri tehe. : L . 253.
The. f A e e R P g Pl SRkl Than

ohe r ¢act bueodye@re than éne ]léiyér badie dhcapiesk obdthechalnm3sk. wherre anftedieaet ihee dye
is selected fromthe group cqgnsisting of Cl Reactive Reacti ve

Bl ue Zabricyr the 4T OBPRIE tha ibrie anfdbie FaldiapRie 2Eeed o3 Telksid U Brfown 23,
0 e 0ty eSS PRt hofPRgL Ve, o0 207, 0 Feact e
Cl React TN, Yed 1:®Wc:88d the one or more than one layer material are assembled in the order of
the layers of the facepiece, and joined together. In one embodiment, the fabric and one or
15 more than one layer of material are joined by ultrasonic welding. In a preferred embodiment,
the fabric and one or more than one layer of material are joined by ultrasonic welding and by
the application of pressure. In one embodiment, the facial mask has a perimeter and the
fabric and one or more than one layer of material are joined by ultrasonic welding along the
perimeter. In one embodiment, the method further comprises labeling the facial mask with
20 text or graphics or both text and graphics.
Next, the method comprises shaping the facepiece. In one embodiment, shaping the
facepiece comprises cutting the fabric, and the one or more than one layer of material if
present, into the shape of the facepiece.
In one embodiment, the method further comprises joining two or more than two seams in
25 the facepiece to change the three-dimensional structure of the facep£ece. In one embodiment,
joining comprises welding the facepiece or applying an adhesive to the facepiece.
Then, the method comprises attaching one or more than one extension to the facepiece to
create the facial mask.
According to another embodiment of the present invention, there is provided a method of
30 decreasing the transmission of one or more than one human pathogen. In one embodiment,

the method comprises providing a facial mask according to the present invention, and



17816-2PCT 31 5. The facial mask of claim1l1l, where the nultival ent
metallic ion is selected fromthe group consisting of nultival ent copper,
mul ti valVBRRM0¥SY and mul tival ent zinc; or wher e t RETHSEYRP223alt is
selected fromthe group consisting of copper acetate, copper oxide, copper
sul fate, and zinc acetate. 56. A faci%? mask for use in decreasing the
transm ssion of one or nore than one human pathogen to and from a human
wearer of the facial mask, the facial mask conpri sing: a) a facepiece
conpri sin g%fgon si de, a back side and a perineter around the front side
and b&@%”gg - fagidyméfle facepiece is configured to cover the mouth and nose
of the . I 2l ; ; si on
at t ached T ighany BAgeN AR TR e Rt B er o B b PRI =aP " e
wear efgriain pabferred ehdofiaeani etder eabpdinses @ac balitle. dhepfdrs) thg sone @rtharor e
t han one bindi ng substance conprising one or nore than one human pat hogen
bi ndi BgPeied plais shckdherdie imisgd Wwdhe Agscripdon ghirefgsdoaruilimentt REUBIPEYI ng
%#bstan N anp 15where the human pat hogen binding group is selected from
e gﬂ%gﬂ ggﬁgﬁgFlng of a sulfate group and a sul fonate group. 7. The
facial mask of claim®6, where the one or nore than one human pat hogen is
sel ected fromthe group consisting of bacteria, fungi and viruses that

cause human di seases. 8. The facial mask of claim®6, where the
human pat hogen is one or nore than one virus 20t hat causes human
respiratory tract infections. 9. The facial nmask of claim6, where the

one or nore than one human pathogen is selected fromthe group consisting
of adeno-associated virus (AAV), herpes sinplex virus (HSV), hunman

papi |  omavirus (HPV), influenza viruses, rabies virus and respiratory
syncytial virus (RSV). 2510. The facial mask of claim®6, where the binding
substance is one or nore than one reactive dye.



11. The facial mask of claim 10, where the reactive dye is selected from
the group consisting of Cl Reactive Blue 4, Cl Reactive Blue %g 5%%
Reactive Blue 140, CI Reactive Blue 163, Cl Reactive Brown 2§; {9' Ective
Orange 4, Cl Reactive Red 1, Cl Reactive Red 302, CI Reactive Red 6, C
Reactive Red 11, CI Reactive Red 78, Cl Reactive Yellow 39, and Cl Reactive

Yel | ow 86. 17816-2PCT 32 12. The3Ffacial mask of claim®6, where the
fabric further conprises one or nore than one type of nultivalent netallic
i on. 13. The facial nmask of claim 12, where the one or nore than one
type ofwMATIivalemyBreisal lic ion is selected fromthe group consisting of

mul tival ent copper, nultivalent silver 5and nultival ent zjnc. 14. The
faci al nekskAdJRCia) Mgk for usgHa decrepdng Hp (iapsmigHEh 8F ORCRFIRPIESBAPRS I8 adpr e t han

one Tefahbig A3hh i35l £ibAM LEAM M8e USHRLLNNL Thdd Rk SARAGRAC Al e,
e, copper sulrta . .

copper * OXl e and zinc acetate %he facia
mask of cl)aifidpiechbenpridiiea fivaepia aehacb it iagés parinBiee hicdbhd denpeitsideg a
1q$lurality of layers; and _ where one or nore than one of the plurality
of | aya&ndbasmife. gbd therfacepigns iscorbmped & eryet He mereh apd pgseof thgamed®ecibi ndi ng

subst ance,, . 6..4he facial mask of claim 15, where one or nore than one
of theﬂglanfpgé’ggilayers conpri ses a heat-noldable fabric. 1517. The

faci al magknefor elaaé Mahne Whengomaecksd wokefdchgeedoesaeiirihd tefhdiilahiskyo of
| ayers conprises a fabric selected fromthe group consisting of
pol ypr dpyicad of thsovspddt er or cel | ul ose acetate nonwoven fabric. 18. The

oo Tl S e GRS TR RN

| ayers CONPrises p ené ‘Webbi n
wier e t hewmlrtihad bt yoef thhayes of eOMed Sedoichheeréyaras comprise®.a e f aci al

mask of claim 15, where the plurality of |ayers conprises four |ayers.
comprising one or more than one binding substance;

where the one or more than one binding substance comprises one or more than one human
pathogen binding group for chemically attaching the human pathogen to the binding
substance;

15 where the human pathogen binding group is selected from the group consisting of a
sulfate group and a sulfonate group;

where the fabric further comprises one or more than one type of multivalent metallic ion
or metallic salt; and

where one or more than one of the three or more than three layers comprises a

20 heat-moldable fabric.

2. The facial mask of claim 1, where the facepiece comprises a substantially semi-
circular lower half, and comprises an upper half with cheek extensions laterally, and a central
nose bridge extension between the two cheek extensions configured to extend above the
nostrils of the wearer, and onto the bridge of the nose of the wearer.

25 3. The facial mask of claim 1, where the binding substance is one or more than one
reactive dye.

4. The facial mask of claim 3, where the reactive dye is selected from the group
consisting of CI Reactive Blue 4, CI Reactive Blue 21, CI Reactive Blue 140, CI Reactive
Blue 163, CI Reactive Brown 23, CI Reactive Orange 4, CI Reactive Red 1, CI Reactive Red

30 2, CI Reactive Red 6, CI Reactive Red 11, CI Reactive Red 78, CI Reactive Yellow 39, and

CI Reactive Yellow 86.



21. The facial mask of claim®6, where the perineter of the facepiece
conprises a semcircular lower half, and a sem -circul ar upp%z Qf#é ith a
central nose bridge extension configured to extend above the" DRy of
the wearer, and onto the bridge of the nose of the 25wearer. 22. The
facial mask of claim®6, where the facepi ece conprises a substantially

sem circular lower half, and conprisesl an upper half with cheek extensions
| aterally, and a central nose bridge extension between the tw cheek

ext ensi ons configured to extend above the nostrils of the wearer, and onto

the bridge Dhe tabal paseodlaithe wieat . mdO2dent Thealfia¢dnak seleqkd abmehai m 6,
where the facepiece is convex toward the front side, in order to nore

cl osel groypensistingt ol mEByaent copREesmBitvilpy siwer d peltiyHentizng 8F mask.
17816- 2P i ' : ' f th
%éﬁp m%.“inee%ﬁﬁ}g sipg%' sgigatg??llérrg{cl)}e g&&ipfﬁé)glgs%ﬁogp& A%g{a{emé&epg;%r 0 €

f acepi ece conpris ttrome eral edg connecti ng

t he topxigdgeppért ke alDiihomeedge, and where the facepiece further
conmprises a plurality of pleats extending fromone |ateral edge to the
other | atter Alfadggnaskifpeuss| i degeaindoip HGNBXpHAL PoereoTr rgre thancsihwern

[], h [ f th
cent r ablhod NSt SRy ROl A, AcRONVeye PARSAPYAL At fiflt ohpslle of L he

facepigc en expanded, 1 nh or nore closely I OXI e the faci al

curves ofa)a fuedices cehplidify § aohadiddTasdack side 2bd a PoembRe b@undagkraft skleai m 6,
where the one or nore than one extension is selected fromthe group

consi seihpackisids, an¢ Bis fageRiceqis qopBPUEhE eryentisaBpufe asd nesg of the wearer of g A
facialigﬁg- f u in decreasing the transm ssion of one or nore than one
human 1 pa&#&ééﬁ‘?@iand froma human wearer of the facial nask, the facia

MEsk conmicsi: BEimore tiah ofle EacapireaackanD theiaogpiccelfbomcusngte facidlagickss de and
a perineter, and configured to cover the nmouth and nose of the wearer of
t he fadiedicagrabibe wearqs) a renpvable filter conprising a fabric conprising

one or m{&}?eré nl%r}g%g%fglg@g{} ms3 %%Bﬁ&c%%ﬁ;{r{s&%ﬁoengi#gﬁ rggﬁfl%rﬁg bHai P! € than one

human pat hogen; chanism acepi ece for hol ding
the fi kigtanc@fnprising one or more than one human pathogen binding group for chemically

attaching the human pathogen to the binding substance; and
15 where the human pathogen binding group is selected from the group consisting of a
sulfate group and a sulfonate group.
7. The facial mask of claim 6, where the one or more than one human pathogen is
selected from the group consisting of bacteria, fungi and viruses that cause human diseases.
8. The facial mask of claim 6, where the human pathogen is one or more than one virus
20 that causes human respiratory tract infections.
9. The facial mask of claim 6, where the one or more than one human pathogen is
selected from the group consisting of adeno-associated virus (AAV), herpes simplex virus
(HSV), human papillomavirus (HPV), influenza viruses, rabies virus and respiratory
syncytial virus (RSV).
25 10. The facial mask of claim 6, where the binding substance is one or more than one
reactive dye.
11. The facial mask of claim 10, where the reactive dye is selected from the group
consisting of CI Reactive Blue 4, CI Reactive Blue 21, CI Reactive Blue 140, Cl Reactive
Blue 163, CI Reactive Brown 23, CI Reactive Orange 4, CI Reactive Red 1, CI Reactive Red
30 2. CI Reactive Red 6, CI Reactive Red 11, CI Reactive Red 78, CI Reactive Yellow 39, and
CI Reactive Yellow 86.



where the binding substance conpri ses a human pat hogen bi ndi ng grbup

sel ected fromthe group consisting of a sulfate group and a ig%ﬁ%ﬁ
group. 27. The facial mask of claim26, where the binding S eis

one or nore than one reactive dye. 2028. The facial mask of claim 27, where
the reactive dye is selected fromthe group consisting of C Reactive Blue
4, Cl Reactive Blue 21, C Reactive Blue 140, Cl Reactive Blue 163, C
Reactive Brown 23, CI Reactive Orange 4, Cl Reactive Red 1, CI Reactive Red
2, Cl Reactive Redo, CI Reactive Red 11, CI Reactive Red 78, CI Reactive

Yel | ow 39,2 angh fetiaReadd dfvgaied, lvharStie f2RR%urdibiecdigeisad omBikn@® tednadnm 26,
where the fabric further conprises one or nore than one type of nultival ent

met al | Bpeichmul@elenTmetdliciosl mask of claim 29, where the one or nore than

one type of il £¥AL Sl TELA! 1 GabAnl $uSE BElEHS LOMENS: BLoNRcgoNST St ng

of multi copper, nmuttivaren ver an I zZi nc. 31. The

faci al nivagkc ©h ifiedddaddBom \WeE@u B@sfsﬁb%bﬁmhﬁ[ﬁa&@f cEPER Mnfeeal@Reiler nor e
than one netallic salt selected fromthe group consisting of copper

acket at end poppelenoginde, copper 17816-2PCT 34 sulfate and zinc acetate.
32. A gas]4gg‘fl§eofé§1%l I?%&a(l?] Ocl%dxglcér i engletfgh%ictf{lﬁﬂérgnoﬁpi%ggs 81{8 s (?(r%q;t%%lo({ig than

one human rorma human wear er gas mnms e gas mask

conpri sieflic salt selected ffn ﬁa_erge&g%/@ﬂbi@tiﬁg bt @bp&OPiateS chisheR okiabr dopp&onpri si ng
one or nore than one binding 5substance that binds the one or nore than one
human pafaio guhzingargtate. b) a mechani sm attached for hol ding the

e o e S I SR PR SR ABAROST
s f onaheal@y @ Rwvers; and

where one or more than one of the plurality of layers comprises the fabric comprising the
one or more than one binding substance.

16. The facial mask of claim 15, where one or more than one of the plurality of layers
comprises a heat-moldable fabric.

15 17. The facial mask of claim 15, where one or more than one of the plurality of layers
comprises a fabric selected from the group consisting of polypropylene, polyester or cellulose
acetate nonwoven fabric.

18. The facial mask of claim 15, where one or more than one of the plurality of layers
comprises polypropylene webbing.

20 19. The facial mask of claim 15, where the plurality of layers comprises three layers.

20. The facial mask of claim 15, where the plurality of layers comprises four layers.

21. The facial mask of claim 6, where the perimeter of the facepiece comprises a semi-
circular lower half, and a semi-circular upper half with a central nose bridge extension
configured to extend above the nostrils of the wearer, and onto the bridge of the nose of the

25 wearer.

22. The facial mask of claim 6, where the facepiece comprises a substantially semi-
circular lower half, and comprises an upper half with cheek extensions laterally, and a central
nose bridge extension between the two cheek extensions configured to extend above the
nostrils of the wearer, and onto the bridge of the nose of the wearer.

30 23. The facial mask of claim 6, where the facepiece is convex toward the front side, in

order to more closely approximate facial curves of the wearer of the facial mask.



. Th as mask of claim 32, where the filter conprises a materi al
ggnp?igigg a 10plurality of layers, where one or nore than one of the
plurality of layers conprises the fabric conprising one or ”D[ﬁﬂkﬁﬁﬂﬁone
bi ndi ng substance that binds the one or nore than one human pathogen.

34. The gas nmask of claim 32, where the binding substance is one or ore
than one reactive dye. 1535. The gas sk of claim34, where the reactive
dye is selected fromthe group consisting of CI Reactive Blue 4, C _
Reactive Blue 21, CI Reactive Blue 140, Cl Reactive Blue 163, Cl Reactive

I : | , active Red 1, Cl Reactive Red 2, C
React i ve. Aed 0 g KBsbPOaRE s Fore T il dhepise emprgict iove Yel | ow
39, anckdgk. Reademi vizeyeld RwrAbkdgd0@neching 1gasp with @O:nlg}nS‘%igc;v\?n%re t”e_
fabric further C%Fmr,ises one or nore than one type of nultivarent netallic

I . . , o Lent
i on sel ect'8frerthy ?m%cegflﬂﬁhﬁf coBmEiset 4 plgrabify efipledty eltentingCipperne ldtkdal £a68
SLiver 8 dh i eile, Bl lears atlowing BandDe of BB MBS K Oyl I 32, where
the fabric further COMpri ses ope gre FAasieh Sh g dacepiere pentalls flerebye| ect e

' hayid ' i 25sul fate
t Herngnguponanshayd 10920 he HRREEIAELHA RepAPRAEN Kbl GORAES (,25sUl
;Lgmzi nc ngcgt gte. Sﬁ38.g? A device for use |}r31 decr ea%?ﬂng the (?Preangm ssion

of one THC FBPEY PRRINX e tharfarialsaries 9 n wentee ofl i fesialooagar i Sing a fabric

isin - n_one.bi ndi ng substapnce conprising one or nore
Chan one. iy ‘St TBER or gl Sngtdf Ok Ry b e wERt Fgcksd hunmn

il ; e i fromthe
dront ietgheubéondiisiig SUPSERNER car3OVh Bt RBdOYieE 1S Sel ected
S?E)ngcon IS giﬂngfb‘:)f angai rf ia%t er, an%z;rti cle of c]lio?hl ng, bed clothes, a

cosneti c phd? fACRIgNsKitpusedR dacreasingathe trasdmistsiomobateir ngora PRAr R WSmad

- [ itizing.patch, a sanitary pad, a toilet
ég(gé? %Eﬁ%%‘?? 2’?3%?;‘ %ﬁ%‘gg%%" g o %‘88&”@&?@?& the facigh gnask comprasiee:t he bi ndi ng

subst ancer) ediagpicse sorapidingn fpat H8gebRk Bidk Agd 939Hﬁeéﬁ' a%gt%&?é{“gﬂ t he group

isti ulfate group and a sulfonate group; ‘an O_he fabric
198??;12%‘5‘2686%@2‘&5 agh 80880 ﬁ?}?g’eﬂh@ﬁffbﬁ@da}wsm mul tival ent netallic ion or

metal I'i ¢ 3altmovable filter comprising a fabric comprising one or more than one binding
substance that binds the one or more than one haman pathogen; and
I5 ¢) a mechanism attached to the facepiece for holding the filter; and
where the binding substance comprises a human pathogen binding group selected from the
group consisting of a sulfate group and a sulfonate group,
27. The facial mask of claim 26, where the binding substance is one or more than one
reactive dye,
20 28. The facial mask of claim 27, where the reactive dye is selected from the group
consisting of CI Reactive Blue 4, CI Reactive Blue 21, CI Reactive Blue 140, CT Reactive
Blue 163, CI Reactive Brown 23, (1 Reactive Orange 4, CI Reactive Red 1, CI Reactive Red
2, CI Reactive Red 6, CI Reactive Red 11, CI Reactive Red 78, CT Reactive Yellow 39, and
- T Reactive Yellow 86,

25 29. The facial mask of claim 26, where the fabric further comprises one or more than

one type of multivalent metallic ion.

30. The facial mask of claim 29, where the one or more than one type of multivalent

metallic jon is selected from the group consisting of multivalent copper, multivalent silver

and multivalent zinc.

30 31. The facial mask of claim 26, where the fabric further comprises one or more than

one metallic salt selected from the group consisting of copper acetate, copper oxide, copper



39. The device of claim38, where the binding substance is one or nore than
one reactive dye. 40. The device of claim 39, where the reactive dye is
sel ected fromthe group consisting 10of Cl Reactive Blue 4, A73RedEfilve
Blue 21, CI Reactive Blue 140, Cl Reactive Blue 163, Cl Reactive Brown 23,
Cl Reactive Oange 4, Cl Reactive Red 1, CI Reactive Red 2, O Reactive Red
6, Cl Reactive Red 11, CI Reactive Red478, Cl Reactive Yellow 39, and C
Reactive Yell ow 86. 41. The device of claim 38, where the one or
nore than one type of nultivalent metallic 15ion is selected fromthe group
consi stsigte @hd Bt kkseakent copper, nultivalent silver and multivalent zinc.
42. The device of claim 38, where the one or nore than one netallic salt is
sel ect ed $%-owgthmagyfoupsecionisishiingytheftranapipeipn af etadrenocahfesneNing®, copper
sul fate_and zj nc .acet at e. 43. The devi ce_of cl aj m 38, further
conpri $FAGSH @&“837%’”&98%’? PEPTTE oL G 8 B PIORAS Tk OPRIISBAd  where one
or nore thaneadRal) filecdipHsdlel 4 bbAL cbBYSlite GAH ﬂ§&$ﬁ£dﬁ(§)eftﬂmih% conpri si ng
the one or nore than one bi ndi'ng substahce. ) e device of claim43,
wher e ewestace ot bintlhthe coner ofore Henphe hahat patbgehayet s conpri ses a

-nol dabl e fabric. 2545  The. devi f claim43, where one or nore than
gﬁgt o;mt h %ﬁﬁ?’%ﬁgwtt&%‘eﬁi%}?@&%%ﬁ@ggaﬁff :Ibm c selected fromthe group
consi sti ngn&t dRObiNDHLO RHsENEs cARhYRSh Blimeh ggtﬁ!) o t@ﬁcﬁnﬁgl%tuﬁtsgle&%]ﬂ%%etﬁe the

fabric. 46. The device of claim43, where ne or re than one 0
pl ur al igreupofonsisiyngr of acwtipici sewp pul aypifopytt ene:pnebbi ng. 3047. The devi ce of

| ai m 43, th I Li I . onprjises three |layers. 48. The
ges: ?e of 3%l %aﬁégasgﬁg%@n%‘hé’ %LQFF%}{‘?G{’&SW%P%W@%W@H&?%*Sﬁ@lﬁr | ayers.
313?316- ?ﬁ%}itg’» &t ‘ﬂa@fgrsﬁ\#gﬁltehﬁg ok Kor8 Bl e B¢ FRGIA1TRT Hay%?sc&fn%rﬁgs 1@ gl M 3
e nmethod conpri sing:

comprising one or more than one binding substance that binds the one or more than one
human pathogen.

34. The gas mask of claim 32, where the binding substance is one or more than one
reactive dye.

15 35. The gas mask of claim 34, where the reactive dye is selected from the group
consisting of CI Reactive Blue 4, CI Reactive Blue 21, CI Reactive Blue 140, CI Reactive
Blue 163, CI Reactive Brown 23, CI Reactive Orange 4, CI Reactive Red 1, CTI Reactive Red
2, CI Reactive Red 6, CI Reactive Red 11, CI Reactive Red 78, CI Reactive Yellow 39, and
CI Reactive Yellow 86.

20 36. The gas mask of claim 32, where the fabric further comprises one or more than one
type of multivalent metallic ion selected from the group consisting of multivalent copper,
multivalent silver and multivalent zinc.

37. The facial mask of claim 32, where the fabric further comprises one or more than
one metallic salt selected from the group consisting of copper acetate, copper oxide, copper

25 sulfate and zinc acetate.

38. A device for use in decreasing the transmission of one or more than one human
pathogen, the device comprising a fabric comprising one or more than one binding substance
comprising one or more than one human pathogen binding group for chemically attaching the
human pathogen to the binding substance;

30 where the device is selected from the group consisting of an air filter, an article of

clothing, bed clothes, a cosmetic pad, a covering for a facial mask or breathing apparatus, a



a) providing a fabric conprising one or nore than one binding substance
conpri sing one or nore than one human pat hogen bi nding group for chemcally
attachi ng the human pathogen to the binding substance; and 5b)7816-2PCT
incorporating the fabric into the facial nask. 50. The nethod of claim
49, where the facial mask conprises a renovable filter conprising the
fabric; and where the nethod conprisesgsincorporating the renovable filter
into the facial nmask. 51. The nethod of claim49, further
conprising enclosing or surrounding the fabric 10conprising the binding

subst anggepet (}(ﬂﬁ%ﬂﬂiﬁﬂi‘ﬁgtpﬁtcﬁf a RedhryRladalir: EaRE] lﬁ)holsterﬁ,za wi g ?ﬁ[ﬁﬁe hod of

claim51, further conprising heating or welding the sheet at - nol dabl e
f abri c wiod@y bevering; and 53. The nethod of claim49, further conprising

addi ng ong, or nor.e.than one additi onal substance, other than the binding
subst gnce‘,”h‘frﬁ dhe l&‘@‘é?%é@&?"f"ﬁ gorB%rgsr%dngfn@n OAPaE™ W“‘gflg SHEPSElCqsdHo@ Yifan one

human %ﬁ%d}p@ﬁg&stins Oﬁﬂsulfg{@_egrgﬁ;mgifﬁhﬁig%@gFWere the one or nore than
[

one ad ional substance is a multival ent net c ion or nmetallic salt.
557 A net Whetedlic Bboe 8agiengomprses pansninesi than ofie ype odmuirbmient manllznen hunan
pat hogen, t thod conprising: 20a) providing a facial nmask according to
claim f* H%Fﬁagﬁ%gﬁheari ng the facial mask. 56. A nethod of decreasing the

transm ssiOnTR JORG GeldmrR, Whak @0 GBI 96R: dortzxggseffﬁédﬂ&&% CARE i sing:

a) providing a facial mask according to clalm®6; an wear | ng
faci al dyesk. 57. A material for use in decreasing the transm ssion of

one or 4P, Hhef.one, AUmEnpahonen.  Lhe gat el el pomprising  plurali Y of
the fabficy readRE BN, ENReRASe Blue €1RIANIRMud AMIARAHRRIBNE $63, 1
Reactive Brown 23, CI Reactive Orange 4, CI Reactive Red 1, CI Reactive Red 2, CI
Reactive Red 6, CI Reactive Red 11, CI Reactive Red 78, CI Reactive Yellow 39, and CI
Reactive Yellow 86.
41. The device of claim 38, where the one or more than one type of multivalent metallic

15 ion 1s selected from the group consisting of multivalent copper, multivalent silver and
rmmultivalent zinc.

42. The device of claim 38, where the one or more than one metallic salt is selected from
the group consisting of copper acetate, copper oxide, copper sulfate and zinc acetate.

43. The device of claim 38, further comprising a material comprising a plurality of

20 layers; and

where one or more than one of the plurality of layers comprises the fabric comprising the
one or more than one binding substance.

44. The device of claim 43, where one or more than one of the plurality of layers
comprises a heat-moldable fabric.

25 45. The device of claim 43, where one or more than one of the plurality of layers
comprises a fabric selected from the group consisting of polypropylene, polyester or cellulose
acetate nonwoven fabric,

46. The device of claim 43, where one or more than one of the plurality of layers
comprises polypropylene webbing,

30 47. The device of claim 43, where the plurality of layers comprises three layers.

48. The device of claim 43, where the plurality of layers comprises four layers.



30where the binding substance conprises a human pat hogen bi ndi ng group

sel ected fromthe group consisting of a sulfate group and a sul fonate
group; and 17816-2PCT 37 where the fabric further conpri seg16d8CHr nore
than one type of nultivalent nmetallic ion or netallic salt. 58. The
material of claimb57, where the binding substance is one or nore than one
reactive dye. 559. The material of claggm57, where the reactive dye is
selected fromthe group consisting of CI Reactive Blue 4, Cl Reactive Blue
21, Cl Reactive Blue 140, Cl Reactive Blue 163, Cl Reactive Brown 23, C

Reacti ve a | M.e: . Cli. Reactive Red 6,
O React {% %g’getﬁqfi @én@ T d ??‘3@3%?%3%@6 ‘%eéé%%{‘%vgﬁ%’é‘%ﬂ“é’%cg’é‘?“%ﬁ% C
React i ve dgirbuidin@6. fatid6 Complrivngdiieasrimbre dfianchri bindidy sib@h& ¢RerRRE @ nore

t han one type of |tivalent netallic ion is selected fromthe group
consiSPFHﬁxgﬁmﬁﬁWgMV%@%Hﬁh@ﬁﬁﬁgﬁym%ﬁﬂwpééﬂ@Wﬁ“@ﬁWﬁ@ﬁdwﬁﬂmﬁﬁpﬁmValent zi nc.
61. Th%aﬁ'i%%&ﬂo%e@%dﬁa' aRiafe: Waere the one or nore than one netallic salt
is selected fromthe éroup consi'sting of copper acetate, copper oxide,
copper subfiat@pandng ikdaateiat ke (X asfhe nmaterial of claimb57, where one
or nore than_one of the plurality of Iayers conprises a heat-nol dabl e
fabric. -680€ Ogré’féltaﬁ%ﬁgoWh@FélﬂerﬁaS‘?,mﬂﬂ%W%ﬁés sremmiebletfligh one of the
pl ural ichymAtinh AeHEECURri ses a fabric selected fromthe group consisting
of polyprgpyl ne, pol'yester or cellul ose acetate nonwoven fabric. 2064. The
mat eri al wherelilad meddd covhprises arerporatingrite tdharvabigilef idth thefheliiahidgky of |ayers
conpri ses pojr ropyl ene webbing. 65. The material of claimb57, where the
pluralit y510f TYfg?;lg d ob R &dsiufthereeompsipeesenclosing or surrounding the fabric

10 comprising the binding substance between sheets of heat-moldable fabric.

52. The method of claim 51, further comprising heating or welding the sheets of
heat-moldable fabric together.
53. The method of claim 49, further comprising adding one or more than one additional
substance, other than the binding substance, that decreases the pathogenic capacity of one or
15 more than one human pathogen.
54. The method of claim 53, where the one or more than one additional substance is a
multivalent metallic ion or metallic salt.
55. A method of decreasing the transmission of one or more than one human pathogen,
the method comprising:
20 a) providing a facial mask according to claim 1; and
b) wearing the facial mask.
56. A method of decreasing the transmission of one or more than one human pathogen,
the method comprising:
a) providing a facial mask according to claim 6; and
25 b) wearing the facial mask.
57. A material for use in decreasing the transmission of one or more than one human
pathogen, the material comprising a plurality of layers;
where one or more than one of the plurality of layers comprises the fabric comprising the
one or more than one binding substance;
30 where the binding substance comprises a human pathogen binding group selected from the

group consisting of a sulfate group and a sulfonate group; and



66. The material of claim57, where the plurality of layers conprises four
| ayers. 17816-2PCT 38 ABSTRACT A facial mask for use in decreasing the
transm ssion of one or nore than one human pathogen to and fr prgig-apaman
wearer of the facial mask, the facial mask conprising a facepi ece; where
the facepiece conprises three or nore than three |ayers; where one or nore
Sthan one of the three or nmore than tRree |layers conprises a fabric
conprising one or nore than one binding substance conprising one or nore

t han one human pat hogen bi nding group for chemcally attaching the human

at hogen hadi e, Where the fabric further conprises one
gr m)?e th&alﬁltegﬁ% Ib?/ige 0 eélrafgﬁlijﬁgegldgﬁtor %qr%hapgn? Srpe st %‘f‘@fﬁlﬁt @egglF% oRand
wher e cnemasllioesle than one of the three or nore than three | ayers conprises

a heat- rmlSE?.a%lg mlagefrg?glle c(::léim 57, where the binding substance is one or more than one
reactive dye.
5 59. The material of claim 57, where the reactive dye is selected from the group
consisting of CI Reactive Blue 4, CI Reactive Blue 21, CI Reactive Blue 140, CI Reactive
Blué 163, CI Reactive Brown 23, CI Reactive Orange 4, CI Reactive Red 1, CI Reactive Red
2, CI Reactive Red 6, CI Reactive Red 11, CI Reactive Red 78, CI Reactive Yellow 39, and
CI Reactive Yellow 86.

10 60. The material of claim 57, where the one or more than one type of multivalent
metallic ion is selected from the group consisting of multivalent copper, multivalent silver
and multivalent zinc,

61. The material of claim 57, where the one or more than one metallic salt is selected
from the group consisting of copper acetate, copper oxide, copper sulfate and zinc acetate.

15 62. The material of claim 57, where one or more than one of the plurality of layers
comprises a heat-moldable fabric.

63. The material of claim 57, where one or more than one of the plurality of layers
comprises a fabric selected from the group consisting of polypropylene, polyester or cellulose
acetate nonwoven fabric.

20 64. The material of claim 57, where one or more than one of the plurality of layers
comprises polypropylene webbing.

65. The material of claim 57, where the plurality of layers comprises three layers.

66. The material of claim 57, where the plurality of layers comprises four layers,
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ABSTRACT

A facial mask for use in decreasing the transmission of one or more than one human
pathogen to and from a human wearer of the facial mask, the facial mask comprising a
facepiece; where the facepiece comprises three or more than three layers; where one or more
than one of the three or more than three layers comprises a fabric comprising one or more
than one binding substance comprising one or more than one human pathogen binding group
for chemically attaching the human pathogen to the binding substance; where the fabric
further comprises one or more than one type of multivalent metallic ion or metallic salt; and
where one or more than one of the three or more than three layers comprises a heat-moldable

fabric.



