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WD 2004/ 052308 PCT/ US2003/ 039479 TOPI CAL
ANTI - | NFECTI VE FORMULATI ONS BACKGROUND OF THE
WORMENFION [ 0001] Bacterial skin and wound i nf eCTiuszm®3/039479
are a significant problem particularly in 5
institutional settings such as hospitals, nursing
homes, schools (especially athletic | ocker roons) and
infirmaries. Individuals particularly at risk include
infants, the elderly, those undergoing in-patient or
out - patient invasive procedures (essentially any
patient prior to release froma hospital), those
suf fering fr drREGAL AN EGRIFECIRYEL ATEENE t hem
to skin infections, including the presence of foreign
bodi es, the inmuno-conprom sed, the i muno 10
suppressed, those conval escing, and thosewith chronic
condi ti ons requi BACKGREUEDION THE INVENSE@MN. Anong
non- human patients, those at risk 1 nclude zoo ani mal s,
. . " Lt . : } .
e 0 P R TR PP Brob gpoticylanty n
. - el ot.limted to igs, ,cattle,. s ,
g 868 b R e Bl B0 e S s oo Gy SEFER octer
at el eyated risk f.or, the skin or wound infection ta
r stzala&' Ifrieso Y ifiele Parichigdy ot HErineluge Hiagfsithgglderly, those
Further, the advent of nultiple drug resistant strains
ustergranhingratisnt g oubpatiant iyasivopioesdiresdssariealyfasy patiensipyior to
bl ocki ng and treatnent of such infections. In the
relgnke BdmSt latspisal pittonse ssidermglidor O8ripeaphditianethanfredispabe them to skin
and die each year as a result of infection from
inddctigng, eslhsdignthe PraeRaes faeipuibotits) the hegRhé-bSHpromitdd, the immuno-
the infection often 20 starting as a skin or wound

sdﬁgfe%éétd', #B8se AnPHRELiAS %na\’ﬁ{dsgwitﬁ%mcoﬂﬁlgﬁ%g‘}éﬁmﬂng frequent hospifal

spital-acquired Tnfections are cause

(UG- esi m. G- Q T sour ce of .
s QbR e RO ot G kst g anpats, anc
the, ski.n flora of other indiyiduals at e . X
gl RS O B Hoh e Ko o bl el andigelude, but
significantly )
are not limited to, pigs, cattle, sheep, goats, and the like.

o

[0002] These individuals are at elevated risk for the skin or wound infection to spread to or
otherwise damage other organ systems. Further, the adyent of multiple drug resistant strains
of pathogens increases the concern and need for timely blocking and treatment of such
infections. In the United States alone some 14,000 people are infected and die each year as a
result of infection from drug-resistant microbes acquired in hospitals, with the infection often
starting as a skin or wound infection. Around the world, as many as 60% of hospital-acquired

infections are caused by drug-resistant microbes.

[0003] The source of infection is often an individual’s own skin flora, or the skin flora of

other individuals at the institution. Thus, the incidence of infection could be significantly



WO 2004/ 052308 PCT/ US2003/ 039479 reduced if an
adequat e topi cal prophylactic treatnent was avail abl e
wo eoodessboni ze the skin flora of those enteri PQI/ER2003/039479
institution experiencing cases of infection. It would
be desirable for decolonizing fornmulations also to
have utility in treating wound and skin infections
once they have becone established. 5 [00041 Staph.
reducediif amadbqPate tefnoad pesphalectitirerdiventayas aamdade tordecoiosize the skm
frequently encountered pathogens in primry and :
fl6RGIHELRE ¥ntekh g an fsBRtivaBEperitAging edseaof infictbn CE vediddb@desirable for
mupi roci n cream and neonycin are not always effective

d&%lo?ﬁz%?é fo?ﬁufaﬂ@ﬁ@alkd"fo%%b QB3 thedtfe woindl 44 skin infections once they
preval ence of nmulti-drug-resistant bacteria has even

furt her t he useful ness of 10 traditional

haﬁ’ﬁtble%?m? egﬂ}ﬁsﬁ 051 S. aureus is a highly virulent
human pathogen. It is the cause of a variety of human

3 di seases, ranging fromlocalized skin infections to

life- threatenl ng bacterem a and infections of vital

[60QM eap/| uraws andaBiedilgmersy veniginege as amopedhe meairequently
spread quickly fromthe initial site of 15 infection

ericounitfed pathogarssn pAhtamyoarghsetdrelafyokin infectinfie opmal andipiotics such as
not be obvious, organs particularly susceptible to

mupir&sh bRRmi e |n@61@y&1ﬁ ard @A hlwaya kifedive it clByigs thbdeigctions and the
bones, nenlnges and the skin in bum patients. [00061

1§ ﬁ%g&@ﬁl@ﬁ’& %%ﬁteﬁﬁbé&@laqas th&, APt &@mw%é’usefulness of
ntere pat oge s in 20 primary and secondary
“%gﬁ t cH;ons Infections are usually acquired from
? %é U5 wat er and sol utions. Types of infections
include "swinmer's ear"” (contam nated pool water),
eye (contact |ens solutions), osteonyelitis in
children (nail puncture through sneakers), and
(AR Somiraiis isadpghlsvanlpnt mean pathogem [ isthe cowsgred a variety of human
(especially burn) infections.
diseases, ranging from localized skin infections to life-threatening bacteremia and infections

10

of vital organs. If not rapidly controlled, S. aureus can spread quickly from the initial site of
15 infection to other organs. Although the foci of infection may not be obvious, organs
particularly susceptible to infection include the heart valves, kidneys, lungs, bones, meninges

and the skin in burn patients.

[0006] Pseudomonas aeruginosa is one of the most commonly encountered patﬁogens in
20 primary and secondary skin infections. Infections are usually acquired from contaminated
water and solutions. Types of infections include “swimmer’s ear” (contaminated pool water),
eye (contact lens solutions), osteomyelitis in children (nail puncture through sneakers), and

nosocomial respiratory tract, urinary and wound (especially burn) infections.
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-2 WD 2004/ 052308 PCT/ US2003/ 039479 [0007]
Lysostaphin is a potent antim crobial agent first

w0 deansfBoed i n St aphyl ococcus si mul ans (f or mer PQT/KRINE1039479
as S. staphylolyticus). Lysostaphin is a bacteria
endopepti dase capable of cleaving the specific
cross-linking polyglycine bridges in the cell walls of
st aphyl ococci, and is therefore highly |ethal thereto.

: sed. in i_ngl

REEERE b lieds T ERYF RS ERTE e EREl el B35 %gfcw

The cel | bri dges of St occus .aureus,
SHBHGB %fgléneﬁlyslﬂwWSs% /@rl@la {;%L oLysogigplialTA %aqtﬁr@h endopeptidase
proportion of glycine, therefore Iysostaphln i's

qepatile ofitleaving ‘érsfsp@;nﬁia/qossqhmlygg p@ygycmgbm@;g in the cell walls of
Lysost aphi n has al so denonstrated the ability to |yse
stipapldybat end isthereifate hightl kthbDthareth. dityeessed aphyihgie polyabptide chain,
strains. [00091 U.S. Patent No. 6,028,051 to Clino, et

1?4ostaﬁﬂ1'n%ls Q%ﬁﬁecﬁalwgﬁﬁ of %ﬁprbﬁﬁlatdl}e@d reat of

St aphyl ococcal di sease. el atively high doses of
| ysost aphi n of at | east 50 and preferably 100
mlli-granms of |ysostaphin per kilogram of body wei ght

d for eatment, The relatively 15 hi gh doses '
s} T6S e b Geroid StpelilBrarcuf gl é&gﬁgﬁﬁgmﬁm Saptylococes
or nultiple-dose treatnments. The |ysostaphin can
cggiEin &hig E@rww f glycigg ﬁlw#aﬁ lmswpblﬁ 1%1%¢1Wléﬂﬁpffectlve in lysing S.
antibiotic agents. The 051 patent al so discloses
avpats. fLiyeostpbii Ing aksadlesmqstericd thg 2bfity hedyleyBagviqshians epidermidis
gene permts the isolation of variant forns of
anyl 9G&t 8@plhyioddead] straiwe. properties sinmilar to or
different fromthose of wld-type |ysostaphin. 20
[0010] U. S. Patent No. 6,315,996 to O Call aghan,

di scl oses a nethod for using |ysostaphin as an

ﬁ{d‘o@ﬁ{ﬁ PRt NQ & bié: Of Plo (tf‘lﬁﬁb Ce’f‘hl tcﬁ%ﬁ%@?ﬁ‘ efod for the treatment of
a

[[6Ccoccus cdrnéa ect’
staphylococcal disease. Relatively high doses of lysostaphin of at least 50 and preferably 100

milli-grams of lysostaphin per kilogram of body weight are used for treatment. The relatively
high doses of lysostaphin can be used in single dose treatments or multiple-dose treatments.
The lysostaphin can be used singularly or in combination with additional antibiotic agents.
The ‘051 patent also discloses that the cloning and sequencing of the lysostaphin gene
pérmits the isolation of variant forms of lysostaphin that have properties similar to or

different from those of wild-type lysostaphin.

[0010] U.S. Patent No. 6,315,996 to O’Callaghan, discloses a method for using lysostaphin
as an effective antibiotic for topical treatment of staphylococcus corneal infections. U.S.

Patent No. 5,760,026 to Blackburn, et al., discloses a method for using lysostaphin on a wipe
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Patent No. 5,760,026 to Blackburn, et al., discloses a

nmet hod for using |ysostaphin on a wipe -3 WO
wQo@408538808 PCT/ US2003/ 039479 to elinm nate apdr/tszne3/039479

st aphyl ococcal infections including the cure of

mastitis by intramanmary infusion. The nethod is

directed to use in/it, i -rows [00111 Lantibiotics are

pore-form ng lanthionines that, in conbination with
to etielratd 21d cagenishyldosdal evtions mchididedhb dkeSof nFRANS by
pot ent bactericidal activity against both .

: . a . N
o T R e B eI e
produced by bacteria and characterized by
post-translational nodifications resulting in the
ration of serine and threoni ne residues and the “
l‘ﬁi mﬂ%%i?%af AT TR B FHICO Staap cppygEon with chelating agents
structures | ant hi oni ne and 13- net hyl | ant hi oni ne)
or peyHARiA gurf: , 6howi @otenhigpstearigidehactivép raiastdotli gramTusitive and
natural utility of the lantibiotics as food
gram-esg@tivabigaesnisad.abiisotidsarae goag off yntimivrobial peptidePreticed by
products such as yogurt, cheese, sauerkraut, fernented
badtéridandah@ratieizéd epost-BansiffbibEiFicathhnd resulfindin Wed @il dration of
preparation of the lantibiotic N saplinTm has been

serfRIE tﬂﬁgonﬁ’l‘@fe'sfa‘%gﬁlldgﬁf 8(811{5?%31‘ ﬁlicrgl!nofe?ﬁlgr @%cgetﬁ%r %ﬁh&é’ Structures

for over 50 years. Isint1s
teri d t wi.del. d of the. . .

e e S RS 5 RS GEefhe 505 e g e
naB PGS oA oS B et b e enbnt i i

Streptococcus | actis. The m crobicidal activity of
ferpgpted Aradycts seddcisaosurtiheeset sauenkiavg Semesntad fishgarfd bmlikheor
t hi oether bridges and with the dehydro residue. Nisin
centidsadt 26 76 byl aleight preparatiomdf tha tapeibivkic isaplipn S hid been marketed
bacteria, which can be 20 attributed to at |east four

wolloeile a0 bn atlub®eial fdodhrat kel fop¥ed J00ca@NDhi ne to: (i)
form pores in the nmenbrane that all ow el ectrol ytes and

smal|l netabolites to

[0012] Nisin is the best characterized and most widely used of the lantibiotics. It is a 32
amino acid, 3.4 kDa cationic peptide with 5 lanthionine rings produced by certain strains of
Lactococcus lactis, formerly known as Streptococcus lactis. The microbicidal activity of
nisin is associated with the rings resulting from the thioether bridges and with the dehydro
residue. Nisin is bactericidal for a broad range of gram-positive bacteria, which can be

attributed to at least four modes of action that are believed to combine to:

63 form pores in the membrane that allow electrolytes and small metabolites to
pass, disrupting the cell’s osmotic regulation and energy metabolism;

(i)  prevent effective peptidogylcan assembly for cell wall construction, so that
the bacterial cell is unable to assemble fresh cell wall structures in order to
divide and multiply; and

-4
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pass, disrupting the cell's osnotic regul ati on and

energy netabolism 25 (ii) prevent effective
w@epiioshsgs/| can assenbly for cell wall construcPCDOS2088039479

that the bacterial cell is unable to assenble fresh

cell wall structures in order to divide and multiply;

and -4 WO 2004/ 052308 PCT/ US2003/ 039479 (iii)

I nt e t Whibhof ?2{1 gs%grecc%%heto %rrse%r o %ﬁm Hggqgérgfeentc Icgmpletmn

to p 0

Each of t%fﬁ? GRiPRfEe ndently results in cel

aﬁk fh V\hl I e nisin alone has bactericidal
Baghqfifhe @r?aom&@éenead@ﬁlaﬁ?qy&ig it ¢olledegthgani sms, nisin in

conbi nation with chel ati ng agents such as EDTA or
noni oni ¢ surfactants such as Tween 20 shows potent
bactericidal activity against gramnegative organisms,

[00¥3i Whaeinisin fonclpdsibactblicitlal ackivity @ited ¥ SaGt sitﬁ/'e %S%a’msms nisin in
wi th m ni mum bactericidal concentration (

consition vﬁﬂﬁéﬁelajﬂ%?ta R sdchiaé Eﬁlt)@ofﬂ&ﬁcfﬂfmdr&%{agkﬁ 26N as Tween 20

concentration for a given targe organ
5,691, 301 and 5, 753

shgPepifntbaBtert ﬁffag%fﬁl"%??ﬁ%aﬁnﬁf SRE-HPe e oreglsm, Gptiisdy £ coli. Nisin
br oad, r e.of bactericidal activity against

is gk h%%%f?ﬁ il Wik PR Rt PR PricitabroRsAnirationd MB Grelassiungplly cqual
1g U S. . Patent 5,762,948 discl oses the use of

tog §Y1ﬁe the igimpan inlbitory conderization. (MIE) fitren giveviardet orzanibm.
mastitis in dairy cattle. U S. Patent No. 5, 804, 549

di scl oses the use of nisin to treat Helicobacter
gastro-intestinal infections. U 'S. Patent Nos.

[0E4B865.F38naNds. HED1IN1408 5071530 1a98scIRE WbiRhdORBeQbntibiotics as
nisin and other lantibiotics for par ent er al J b

hawd} a%%@%@ﬂﬂya&tsﬁﬁﬁél%@u??}z %ﬂglgg%%fneﬁégﬁﬁgéaﬂ)ac‘? Gl VLY, combmed

agai nst St aphyl ococcus
with a chelating agent. U.S. Patent 5,762,948 discloses the use of nisin and other lantibiotics

for the prevention of mastitis in dairy cattle. U.S. Patent No. 5,804,549 discloses the use of
nisin to treat Helicobacter gastro-intestinal infections. U.S. Patent Nos. 5,866,539 and
5,910,479 disclose formulations of nisin and other lantibiotics for parenteral and sub-
cutaneous administration having bactericidal activity against Staphylococcus, Streptococcus
and Enterococcus bacteria. U.S. Patent No. 5,985,823 discloses the use of nisin and other

lantibiotics to treat C. difficile infections of the colon.

[0015] Decolonizing the skin to prevent infection and treating existing cases of skin and
wound infection remains particularly challenging because of the delicate balance between
populations of skin flora. The pathogens of skin flora can re-emerge disproportionately in

drug-resistant form if this balance is disrupted, for example, by treatment with formulations



and Enterococcus bacteria. U S. Patent No. 5,985, 823
di scl oses the use of nisin and other 20 lantibiotics

wo eooioemds C. difficile infections of the col onPCT/084863/039479
Decol oni zing the skin to prevent infection and
treating existing cases of skin and wound infection
remai ns particularly chall engi ng because of the
del i cate bal ance between popul ations of skin flora.

tAdtéadhadtieotestsssigabii Iihtﬁdééﬁ@ e§iRBiallf iEHER Q?gxp%ﬁtilogs gre more effective

di sproportionately in 25 drug-resistant
ab@h&He8- ' 0 . reatment with. . ‘ .
e A B 3B B b0y S by Bt iown promise
: fectiveness agai nst pathogens, especially
s abichl e B P Pe 8 Retzens e pinyin pdequatd for
dqg@éﬁatho%g s. Many snmal | -nol ecul e antibiotics that ,
A L %&%?at@ﬁam sigp eRvernd mffections when formulathdr fon tppical
in vitro tespin%‘against pat hogens have proven
aPmH’G@@ﬂJH’t the sloin. Thercotmaing aneaifoopoteitgopic elabmmilbtics capable of
skin or wound infections when formulated for topical.
décodmting ttei siin to@réeat gdthopen et nBARLFEDILoMRRHAnE Ofisting cases of
potent topical fornulations capable of decol onizing
skihendWotind thfgteMent pat hogen i nfection and capabl e of
treating existing cases of skin and wound infection.
-6 WD 2004/ 052308 PCT/ US2003/ 039479 SUWMARY OF THE
| NVENTI ON [ 0016] This need is nmet by the present
invention. It has now been discovered that topica
formul ati ons can be prepared from |l ysostaphi n and
| anti biotics such as nisin that are effective in
treating dermatol ogi cal infections and wound
i nfections w thout disrupting the balance of 5

non- pat hogeni ¢ and pat hogeni ¢ popul ati ons of skin
flora to an extent that would result in the
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emer gence of drug-resistant pathogen strains. Infected
wounds suitable for treatnent include, but are not

wo 2onsa30g 0 | nf ect ed skin abrasions, skin or sPeT/ESM03/039479
cuts, bunms and surgical wounds, as well as decubiti.
10 [0017] Therefore, according to one aspect of the
present invention, a topical anti-infective

conposition is pryjy mﬁ%ﬂ'ﬂﬂmﬁf&@t i ve anount

of | ysost aphin or =@ tantrprotitc rm a pharmnaceutically

t.a .carrjer. for tapic application. .Accor .

(OB EEIG RS B ik b toe s om0 Ry gs%ftbgﬁrhﬁﬁcoaﬁre% that topical
lantibiotic is effective to treat skin or woun

formypletionsaiss be pserapfsym ysestapipn aud lagtibigtes suchas eew thet are effective
in the formof a spray, mst, aerosol, |otion, cream

inaxspa‘éngjdemratqi@gieeﬂd{mfe@ims sod woid irxﬁectilohsqwitﬂoutdiislrupt'g@ the balance of
powder, ointnment, paste, unguent, enul sion,

noausHiesRShe tind @ﬁﬂhogdﬁ@c poptdatiohbaf skimyloabia I@ﬂiehythbte\vould result in the
coated on the surface of a topical applicator, such

en?e?%éﬁcg 3p Qﬁ%@:& 3itf HERES btrfRY SRR IedVRIMUO M ERLI fB?trea%Hl‘ént include,

i ke cr eam f or rrul ations according to

bug ale sI}(Ot thmé{eﬁ,g i fgcrfecp eabqgg 5]11 éﬁ&%ﬁ nl%r a}ggapt%t lﬂl%vﬁidgs%?glcal wounds,

|nﬁepe dent.ly possess bacter|C|daI activity and

as GG'WHB activity of anti-infective active agents.
However, the present invention is not limted to
creams for topical application. Essentially any

OPEBERUSLTEsEOR 7 Tt R 3 ‘3@* *éﬁ%f@g%anfm
04/ 052 8 PCT/ ) 0 79
RO AT PR bl e ne

di scovered to produce synergistic effect when use
ph@ﬂnecs%@%uaepmtabf%wﬂf@‘w toRisalgnplicationa Aqcaiing to gpg em odlment
Concentration of nisin and |ysostaphin against
the arapimtiod dysostaphin aslaptibiatie uattective todrdabgen @h%mundwlefqvh@ls
agai nst staphyl ococcus that woul d be expected to be
contri buted by each antibiotic in a

[0018] The topical composition can be in the form of a spray, mist, aerosol, lotion, cream,
aqueous or non-aqueous solution or liquid, oil, gel, powder, ointment, paste, unguent,
emulsion, suspension, and the like, that may optionally be coated on the surface of a topical
applicator, such as a bandage, swab, moist woven or non-woven wipe, and the like. Topical
cream formulations according to the present invention have been discovered that have good
skin compatibility, promote wound healing, independently possess bactericidal activity and
enhance the activity of anti-infective active agents. However, the present invention is not
limited to creams for topicaf application. Essentially any pharmaceutical carrier formulation

suitable for topical application is within the scope of the present invention.



5 conbi ned formul ati on based on the known MC s of
both anti biotics al one agai nst staphyl ococcus.
wab@aessoe, the topical anti-infective conposiPCDNS200$/039479
the present invention include enbodi nments that
contain both | ysostaphin and one or nore |antibiotics
such as nisin. [0020] Because the topical
conpositions of the present invention containing
[0D} Y dstsapiptin and hitibibtcssuca honisindtave beaaiiftionati anprodts a
effective in decol oni zi ng popul ations of skin

syRéghae effsct vaRe vséd ' Raibiiof K TRat3s dh¥PrBEoraD ﬁﬁﬁ&t&jﬂ Soncentration
another aspect of the present i nventi on provid

C X g@hgcﬁstt%)?\gr}]geéﬁnwgggg c%géds\h%s ?g&ﬂggﬁﬁcl fogjr'éziess hac? tfhe MIC
AR DR s Bl Sy

infection an ef fective anount of a topical conposition
5 cogbansddpmgulation based an fredaenn MKvsaf beth an@bzpwe;f eneagpingt
of lysostaphin or one or nore lantibiotics effective
stapbyloteasas. ‘Thérefors, theaopidali antigofactnsconfmstiods nfjtht present invention
anot her enbodi nrent, a nmethod of decol onizing skin
in¢laddaglestimeny kgl camsinibsthoilyeosthth andyonk @phfoad laytibiotics such as nisin.
applying to a patient in need thereof at a site
requiring decol oni zati on an effective anmobunt of a
t opi cal conposition according to the present

[OII?ﬂ)X , Eéuﬁ@ {1 8!:‘6191’?91 c%ﬂl\yg%Uﬂg oi%f: layé&ﬁﬂlggaﬂh g&mﬁnmg lysostaphin or

Iotic eftect decol oni ze

ations on the surface o: ski n.
o widRE kg SutEnetia SBE TRt ﬁ%% Qskiigpethogens

| ysost aphin and one, or nore Iantlblotlcs in

ang m?aﬁlag.sgw and yequizd irHECARE B hen asPRE of ShppTRtAN! BrYsntim provides

sostaphin and raisin. The uses of the topica

m ds-oif néefor thedngentiye sompesiidonst A¢mordging seorte anrhodirthénsra method is
exhibit -8 WD 2004/052308 PCT/ US2003/ 039479 t he

provédalr foatrbaingta dkirt ¢ waunddnfetiden Zetopichlly patlyiagena patient in need
popul ations to the point of eradication and block

theptTRE QR of BrfécPioNRh 2BEHAR ahfuneXft LOFRE RRIPJ0R®N @bcording to the
time heretofore unknown. The
15 present invention having an amount of lysostaphin or one or more lantibiotics effective to
treat skin or wound infections. According to another embodiment, a method of decolonizing
skin pathogen populations is provided, by topically applying to a patient in need thereof at a
sité requiring decolonization an effective amount of a topical composition according to the

present invention having an amount of lysostaphin or a lantibiotic effective to decolonize

20 pathogen populations on the surface of the skin.

[0021] Methods according to either embodiment include methods using lysostaphin and one
or more lantibiotics in combination, including methods using combinations of lysostaphin

and nisin. The uses of the topical anti-infective compositions of the present invention exhibit

-8
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topical anti-infective conpositions of the present
i nvention thus serve to inhibit the spread of

whompiosahs acqui red bacterial strains within a POBEPE1088/039479

as well as anong the conmunity at large. 5 [00221

VWil e the present invention is not limted to topica

creamor lotion fornulations, another aspect of the

present invention provides topical creamor |otion

tho rerndrighloabilityiatdecdianiee gan Pathbgdh gopaREbRNolthd Meint of eradication and
pronot e wound heal i ng, independently possess .

K186k Qibb&udd re-BRnizdl; é@l&ﬁ A6 bkl |

anti-i nchlelct ir\e/zéJ g’%ﬁé&gﬂ%gﬁ@a ccof1 %Pﬁéﬁg géﬁékofféreg@%%%vtm The
: 1 . ' ' n_anti-i.nfective topical

oAb RS Koo RS R PRt olt B s 2 Bt the spread of

r. enul sion of. .an aqueous phase contai ni ng

ai | - i.n- wat

hospildhprated basterplags Fitin abespipl, as pigH g amengithe cmmunity at large.
oi | phase containing a hard fat, an anti-infective

active ingredient, and an enulsifier that is an.

i nverse enmul sion of a water-soluble polynmer in an oil

{9922 Whith éhe resehtinventionrismbtainiosn tb Sopied] kreami draetidroformulations,
use with | ysostaphin and | antibiotics because it 15

apothbsished of tedreseOiRtdirtiod HEoidattopiOal RAdanfiGNBEM forlE5Bns that
proteins. [00231 Regardl ess of the form of topica

heed 'gé&lrs‘kin édilﬁpa‘{?iﬁﬂﬁﬁ %I (9{10’(% Iﬂ'&mg ﬂgﬁﬁ%i{ %@%}%éﬂﬁ%{{tﬁ%g%&%s l82((:‘(61‘icidal

the inventive conpositions and tre

A S 0 Oy 01 SRS A5 s o

neral popu

infection i.n a co ity is. 20 inportant given the ,

s F%EF%‘X eron Ay ‘"‘Pﬁ%&&@eﬂ%ﬁcé‘t %{?ﬂrlrnp phlofien fogmuéatt&oailwowded that is
Regucin t he nunber of new infections in turn reduces

ap RE-1p-gyaker SPuRenof Aegueisipbesernontoining etboxyigedpartial ghycazides of
com i,dpl ete appreciation of the invention and many ~

fagfyraeids; am @ihplede aetveininggdsrd fan Apentilitfectivechctiye ingredient, and an
reference to the detailed description of preferred

etanistit thenssangincbred ahufsion Whh ahteissSRbRIRIFAS in BA bl phdce The
of the invention and the best nodes presently

erB ORIoRTBatIeEb 10 fveBAnfdt R8 ubd e ith Ribstaphn and lantibiotics because it

emulsifies under conditions that do not denature these proteins.

[0023] Regardless of the form of topical delivery, the spread of skin infections is reduced by
the inventive compositions and treatment methods, thereby reducing the overall frequency of
infection in a general population. The global reduction of infection in a community is
important given the emergence of multi-drug-resistant bacterial strains. Reducing the number
of new infections in turn reduces the rate at which new resistant strains appear. A more com-
plete appreciation of the invention and many other intended advantages can be obtained by
reference to the defcaﬂed description of preferred embodiments and claims, which disclose the

principles of the invention and the best modes presently contemplated for carrying them out.
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WD 2004/ 052308 PCT/ US2003/ 039479 BRI EF DESCRI PTI ON OF
THE DRAW NGS [0024] FIG 1A shows the efficacy in a
wa@ kion/0s23bect i on nodel of | ysostaphi n agai nst SPCHUSENF039479
in a topical creamfornul ation according to the
present invention; 5 [0025] FIG 1Fi shows the
efficacy in a skin infection nodel of nisin against S
aureus and P. aeruginosa in a topical cream
formul ati on according to the present invention; [0026]
FIG 2 shows the dose-response propertles for
| ysostaphin creanms accordi 0
i nvention in aBRIEFDRESCR 3 S ang
al so t he i ndependent bacter|C|daI act|V|ty of the
[@P%‘H G 1 Ashevs ths efficaphinm;skingpiEetiorpeslel of bispgianhis against S. aureus
| ysostaphin topical cream according to the present
ih pepital creatnoforrRAGTRCRAM diRpda thei presant iBvendiongus ski n
i nfection nodel; 15 [0028] FIG 4 depicts in a skin
i nfection nodel the dose-response properties of a
nisin topical creamaccording to the present

[00RSP I, qm ﬁm/s m{eeefﬁaa{&gﬁxga sitih %&ﬁwnaodeh@s@mgﬁfagalﬁ%tvwéﬁﬂreus and P.

ni sin and ysostaphl are used.in combinatio

POBUER PR AR LA O B BAT AL e R Ron o

nodel of a nisin topi cal cream according to the
present invention against P. aeruginosa, and the

(ﬁﬁgﬁﬁﬁf ﬂt of this efficacy when EDTA is added to

[ N BR doserrgsRABsO HyaPtIS Su dyspetIphissrery G891 dag to the
[00301 FIG 6 depicts the efficacy of a topical cream

Prggend inyetmd ay St @reheskin wéestion impdeh pdalso the independent bactericidal

activity of the cream without lysostaphin;

[0027] FIG. 3 compares a lysostaphin topical cream according to the present invention to

BACTROBAN Cream in an §. aureus skin infection model;

[0028] FIG. 4 depicts in a skin infection model the dose-response properties of a nisin topical
cream according to the present invention and the synergistic result that occurs when nisin and

lysostaphin are used in combination in a topical cream éccording to the present invention;
[0029] FIG. 5 depicts the efficacy in a skin infection model of a nisin topical cream according

to the present invention agamst P. aerugincsa, and the enhancement of this efficacy when

EDTA is added to the formulation;

-10-



fornmul ated wi thout an anti-infective agent agai nst S.

aureus in a skin colonization nodel, and the
wendanssnent of this efficacy resulting from apdi/ng2003/039479

DMSO to the fornulation; 5 [0031] FIG 7 depicts the

enhancement of the efficacy in a skin colonization

nodel of a topical creamfornul ation according to the

(BRI, SR e PR A B e B PRERL s fnvention
[00 2]. FI.G 8 depicts. the dose-response, properties for
13 Bihoud, po el?tga%ct%@g%aaanﬁto? gA&Us iR %ﬁ) @lppization model, and
|nvent|on agai nst S. aureus in a skin colonization
thn@dleqn,cemglm% thiy\effizagyreastiag ompcriding M8 008 97 Hrmulation;
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0033]
The present invention provides topical antimcrobia
conposi tions containing |ysostaphin or a lantibiotic

5 [0@91:]*1:1@5 7AeSicR thd GfhahE8redHt bF Bie CORROPInt d ékﬁh&cc%ﬁz&'t&ﬁf #bdel of a
inthe 5 prevention and treatnent of wound and skin

topRpEeibdg W?é@?%pﬁ* atho PRAEICh A SURBEALER G Githout an agent
WL sl e et AT BE PR E LY on of the

conpositions of the present invention to decol onize

skin pathogen popul ati ons. 10 [0034] The term

"Igsostaphln as used herein, enconpasses any enzyne

[083Z]dHA¢: 8 depiaisitiyd wwwbn@ggnpem@wfonglsmtgpledl opeangs according to the

activity, invitro and in vivo, against pentaglycine-
10 preent miventivg dgrindig® suiaus titne sikielcblongdtiopmptiéldogyl can of

st aphyl ococci. Lysostaphin within the scope of the

i nvention enconpass: wld-type |ysostaphin and rel ated

proteins or anti- staphyl ococcal agents, |ysostaphin

mut ants, variants, fully synthetic and partially

synt hetic

15
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15 | ysostaphins, and reconbi nantly expressed

| ysostaphin proteins. Lysostaphin variants may be
w@esasa3es] by post-translational processing of P€TES2003/039479

protein (either by enzynes present in a producer's

strain or by neans of enzynes or reagents introduced

at any stage of the process, or by nutation of the

structural gene. Mutations may include site-deletion,

insertion, point nutations, domain renoval and

replacenent mut ati ons. Lysostaphln i ncl udes, for

exanpl e . I

peoviciL i Hicde o .@@@ﬁﬂﬁwmﬁrs

Baci | | us sphaerlcus and avallable fromNutrition 21

[0033] e [pyesANBRYergion m@mggmcmnmg:ﬁ 1algepypositions containing

Lysostaphin purified froma Lactococcus lactis

lgsoptaphinion i latibietin snch annifin. dleiinveatips esspasitiosy ateampful in the

and truncated |ysostaphin as set forth in co-pending

REbnGE BRI WrdarRumed wolld 034 8A 2fectome chdse€ BY bity bacteria susceptible to
| ncor porated by reference herein. -12 WO 2004/ 052308

%Qr ¥ ;%ﬁ%ﬁ%ﬁlhg@@’é&v C?H@éﬁﬁ‘ mf.eét%ﬁ%%rﬂﬁary or secondary.

ave g ter speC| I ¢ act

1%8%9%/1 ?155;1?%1 1188§¥ é%}ng%} agplbcgilf)% Pf compgéf%?%_o%ﬁ ese%t invention to

that is later prot ot){pj cally processed to produce the
degelopige HEB pathazen pRIVIAHPEY st aphin is i sol ated from

bacteria, both the active formand the |ess active

pro-enzynme formare present 5 in the resulting

preparation. The pro-enzyne formis approximtely

[0@34] -The il ‘@g®saphiny eastusehhertingermampases @agtdnegné or mti-

Active fornms of naturally produced |ysostaphin in turn

stdpalleeisecal aghl itk flqaetslylt Xcibfitypsl wpe phd Hesvo, hBhifst pentaglycme—
heterology is attributable to the proteolytic

cBhi2 ﬂ‘%ﬁﬁﬁ@e?in B HANSR H&Bagyl%fan by ﬁﬁ?ﬁ{y?&'abé'i L-{/_EBs%‘aphm within the

pro tIc processing occurs at a nurber

ngp oogrtgegﬁy%{t}a?ﬁ%npgﬁéass {]Xglla t;h)%rlggr gtlldglng%gﬁ g%gteéi ngQ%HS or anti-
fin active Iysostaggin no| ecul es.

sgaghy pqcp@ragg%ﬂéfsqs?g Igbfﬁplﬁ variants, fuﬁy syntﬁgt“ a%partlaYIy synthetic

lysostaphins, and recombinantly expressed lysostaphin proteins. Lysostaphin variants may be

generated by post-translational processing of the protein (either by enzymes present in a
producer’s strain or by means of enzymes or reagents introduced at any stage of the process,
or by mutation of the structural gene. Mutations may' include site-deletion, insertion, point
mutations, domain removal and replacement mutations. Lysostaphin includes, for example,
Lysostaphin purified from S. simulans, Ambicin L (recombinant lysostaphin produced in
Bacillus sphaericus and av.ailable from Nutrition 21 (formerly AMBI) of Purchase, NY), and
mature Lysostaphin purified from a Lactococcus lactis expression system or an E. coli
expression system, and truncated lysostaphin as set forth in co-pending and commonly owned

WO 03/82124, specifically incorporated by reference herein.

-12-



preparations derived fromnatural sources. [00361 The

presence of |ess active forns of |ysostaphin dilutes
wo@io4kasogoncent rati on of active |ysostaphi n PET/UR®03/039479

preparation, which is further diluted by the presence

of the pro-enzyne, 15 thus decreasing the specific

activity of a fornul ation contai ni ng naturally derived

In contr reconbln sost aphi n
lﬁ@i Rt e P AT b e A PPy LA BB £ AHRYAL of activity per
sostaphin. In such a preparation, there is no |ess
va o/ fhmuation. prysosaphinis nagiraliy producsd by attaeteriomi asiatyo-enzyme
of the mature form of |ysostaphin. Thus, topica
tian id latenprtdtypiealtyoproossdd opsoduoathe mamﬁeqimtefnemhhi Rasstaphin is
| ysost aphi n have a hi gher specific activity than their

1§bﬁtéﬂ AbinYbablRFib MRAh 818 aefvoah RAd e 1edsQR8Vel proaddlzib Brhf e present

belong to the class of peptide bacteriocins containi ng

5 1ﬁ glgtr%guﬁﬂi eﬁa{rﬁ% T éﬁ“ - %iﬂe%ﬁg @%{@P&lﬁﬂ%ﬁy ﬁh@?(ﬁd lésg active than

n|3|n

s, TARE aﬂ“ra"%?s@&e%e?ﬁﬁ" DRt Renae

2004/ 052308 PCT/ US2003/ 039479 _different
hgferolegoug aHK efROlyPRRtSR r This heferolqgy ippttaiuiadde torthpproteolytic

certain cultures of Bacillus subtilis, and epidermn
polstssinge the prorengymnagiof lysodtanhine sThos p@tt@fb}‘tgpl eesssing occurs at a number
epi derm dis, have been found to have nol ecul ar
o$ Hiffeednti siess neer thie N-terhatus bofill Hahgtbilysnstaphin ab¢kads® Dicterologous
the nolecular simlarities, the other |antibiotics

10 Wk bl ke aegualybosthithbRekIeY ThasSyaRhBilily @% @I an®ong lysostaphin
i nfective agénts. Thus, the term"lantibiotic" as used

t hi - t
PiElls GREORBRAER ARl i oni e, cont al ning

pepti dogl ycan assenbly necessary for bacterial cell
wal | construction or to formdisruptive pores in

Q?)ggi ’E]Flclr ]gqlesé]glg lpglggggcrt% zqrﬁg,o? asg%jtlgpehzli gyg{ggt%gg‘t f g E:cgjnrcgrlltration of active

reconbi nantly. o _
lysostaphin in the preparation, which is further diluted by the presence of the pro-enzyme,

15 thus decreasing the specific activity of a formulation containing naturally derived lysostaphin.
In contrast, recombinant lysostaphin preparations contain a single fully active form of
lysostaphin. In such a preparation, there is no less active form or pro-enzyme to dilute out
the activity of the mature form of lysostaphin. Thus, topical anti-infective compositions that
contain recombinant lysostaphin have a higher specific activity than their naturaliy derived

20 counterparts.

[0037] Lantibiotics belong to the class of peptide bacteriocins containing lanthionine rings.
Also included among that class, in addition to nisin, are subtilin, epidermin, gallidermin,

cinnamycin, duramycin, ancovenin and Pep 5. These lantibiotics are each produced by
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10 [0038] Lantibiotics within the scope of the

i nvention enconpass wld-type lantibiotics and the
woraoaissoand vari ants thereof, fully syntheti cP@n@s2003/039479

partially synthetic |antibiotics, and reconbinantly

expressed lantibiotics. As with |ysostaphin, variants

may be generated by post-translational protein

processing or by structural gene nutation. Mitations

diffecentiécreoriganisitie] Bloivefer, subsbh bbRhed BRI berflit @ﬁlhﬂ&sof Baczllus
domai n renoval and replacenent mut ati ons. Ni sin,

su%'f’tlz@ 680 RpRerhiAIbHERS! fadhic 1H bﬁ’l e #f&ﬁ@gocfoécourpepzdermzdzs, have

lact’is, Anibicin N(a purifie orm o
t
SR .

rate i ng ] ysi nes th | ess polar o o
SRR a‘i}‘i?% §‘§| Oglmlwbm @bwﬁég% equRbly @ pHeCtive as nisin as anti-
gql%let herlands), including nisin variants H27K and H3
VREentso i@l}lsnth@temcﬂ@nbmuq abs wset hoieiry enformpessas ang lanthionine-
ordinarily limted to gram positive organi sns.
cobengbactatvein Inivingithe abilioy touhlabie gept doalyRag Asb@abiyn@cessary for
agent it also shows potent bactericidal activity

bad@aikinel] veH1BEBnBR @R \68 td RinQidraptivil pokdy th %th@ﬁald cell membranes
formul ati ons according to the present invention

ref PO ik ﬁitél%hb&%ﬂéﬁj goﬁﬁ’mm Yti gfgdﬁbéalxggmmanﬂy

about a 1 to a to a
concentration of a chelating agent such as EDTA. -14
WD 2004/ 052308 PCT/ US2003/ 039479 [0040] The activity

[ an al so _be enhanced by fornulation with a
(05 TgHPIoHER prigSt 8 Soorao S oErioB e eMESS HlGhiypslagtiatics and

Wt % Exanpl es of non-ionic surfactants suitable for
thfn@étanw apd verantp therehtiulln smthetio and partialle syithatierdaitibiotics, and
nonol aurate, sucrose esters such as sucrose
reqoadbinantly explpsﬁe;l $antibatties.2As witRIFoMapli@OvarlaatasiyehdigcAbrated by
ARLASCLVE 200L, Lauram ne. 5 oxide, Decyl pol ygl ucose,
posthesplandiad bebtélh Gro VbR AL strliBfral 3Bk tbitibh KAutaltbSd Mclude site-

formul ati ons according to the present invention

defeh&R, A RHRNNBYinPRUIBBAL et AbPal 8l YE&ptatement mutations. Nisin, for

example, includes native nisin purified from L. Jactis, Ambicin N (a purified form of nisin
available from Nutrition 21), and mature or variant recombinant nisins such as the over 20
variants generated by replacing lysines with less polar residues available from NIZO Food

Research (Netherlands), including nisin variants H27K and H31K.

[0039] The bactericidal activity of nisin is ordinarily limited to gram-poéitive organisms.
However, when nisin is formulated with a chelating agent it also shows potent bactericidal
activity against gram-negative bacteria. Nisin topical formulations according to the present
invention thereforg also include embodiments containing from about a 1 to about a 5 mM, up

to about a 10 mM concentration of a chelating agent such as EDTA.
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about 0.01 and about 5.00 wt % of a non-ionic

surfactant. [0041] The activity of nisin is also
wendvanssas by carvacrol (2-p-cynenol), an essenPCHUSINE/039479

10 extracted from oregano and thyne and al so produced

synthetically. Carvacrol is approved as a flavoring

substance by the FDA. Nisin formulations according to

[0646]3;1% SRR okﬂysﬁféa&loarﬂso deli ﬁfc@& By mugatﬁﬁ v&mg&@ {dnYe surfactant

aln a toncentration O carvacr etween a

nd bout 0 sa )
ot QRS I O Yo P RS B EP R SR Gy ftable for use
i nvention_ include  various m xtures and conbi natjons
withiibg presgit Beapen mekyde glyceral monelagrats sucrossesters sugla s sucrose
spreadi ng and absorption into cutaneous and nucosa
palsutafeapelysorbata2p) ERITON X106, Isgetefis 20, AREASOLAE 231l $auramine
| otions, creans, aqueous and non-aqueous sol utions or
oxilde,qUécgolyilhcose, Pabspholipid i, SAEROXAROL $05, 288 tieslike. Nisin
unguents, enul sions and suspensions. The |ysostaphi ni

forﬂﬁllagt, nd Q&chﬁﬁgtd the gﬁ@erﬁ EnvThXQHERERE ndlyphibBally contaim between

condi t1ons osmeceutically or pharmaceutica

abo&?ﬁg)? g ﬁoﬁ%64ﬁ{ ?ngo WS e ﬁﬁ{:' pi ents, buffers

ants e require Topi ca
fornmul ati ons are prepared by conbi ni ng | ysostaphin or
a lantibiotic with conventional pharmaceutical or
cosnmeceutical diluents or carriers conmmonly used in
[00ddloTheactivigy f nisingigialso cehanged BinerreastJdS10-e3erenghain ensgntial oil
Both Iiquids and powders can be delivered as -15 WO

ext200:4/ 052 368aRCTIA I8N 311384 7@ dusydrsaytheticrllyt $apvacrol is approved as
aerosol s. The present invention includes both

a fIRAdriRHubSiReE Hyl the HD2AQESInffofmiE ationd S.cystling a6 the present invention
non-patient-specific nmulti-dosage forns that can be

theh¥Gg nsag/ foﬁawédn@am QQ&&UeﬁﬁétRﬂl%f%’éﬁ@%ﬂbét@een about 0.025 and
pathog ns such as ant hrax (agai nst which nisin has

MM%E ated activity) as a consequence of a
oterrorism attack.

[0042] Dosage forms for topical administration of the compositions of the invention include
various mixtures and combinations that can be applied topically and will permit even
spreading and absorption into cutaneous and mucosal surfaces. Examples include sprays,
mists, aerosols, lotions, creams, aqueéus and non-aqueous solutions or liquids, oils, gels,
powders, ointments, pastes, unguents, emulsions and suspensions. The lysostaphin or
lantibiotic can be mixed under sterile conditions with a cosmeceutically or pharmaceutically
acceptable carrier, and with any excipients, buffers, or propellants that may be required.
Topical formulations are prepared by combining lysostaphin or a lantibiotic with
conventional pharmaceutical or cosmeceutical diluents or carriers commonly used in topical

dry, liquid, cream and aerosol formulations. Both liquids and powders can be delivered as
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5 [00431 Powders can be fornmed with the aid of any
sui tabl e powder base, e.g., talc, lactose, starch,
wa@ee45e308 | ke. Sol utions can be fornmul ated w t PCHIS2003/039479
aqueous or non-aqueous base, and can also include one
or nore dispersing agents, suspendi ng agents,
sol ubilizing agents, and the like. Topical gels are
prepared using polymers having a nol ecul ar wei ght and
spiapy; aiste or a¢rosmdn cEe prasanbimveriticacnclvdes wth patientrspaciwodesages forms,
sol ution or colloidal gel of an aqueous or non- : ,
as @@llas usn-patidttispetiHE maliboeagd me that ¥&0ss @Rb ke d@onRminate
| anti biotic. Polymers fromwhich topical gels may be
Ll :
Do R 8 Y RO SRS AR B SR BN gemonsteated
h ropyl cel luloses.. chitgsan, polystyrene
zm%ﬁgég%%ﬁgg,%gw.ePt%tmﬁﬁogs%éﬁﬁ 0san has been found to
increase the solubility of nisin and woul d thus be
expected 15 to increase the solubility of other
| anti bi otics, [00441 O ntnents, creans and |otions are
[0043} Reivvégre dan botormgd mithdhe #ifl of amnsuaigblsmgsvder bas) a/g., tales lactose,
and addition of a suitable thickening agent,
stagph] dndnife fifenBSolutividiahibzifoguudged tvith@malséduy iongon-agentis base, and
di spersi ng agent, suspendi ng agent, or consistency

carl A8Hn3tuid8 SndeLMmbre (ﬂél%réiﬁgea%eh{s?sus &dentsN§d1wiBzing agents, and
wat er, an al cohol or an oil, such as liquid paraffin,

; an | :
the' T3 F[%blc91 éelsr%’i'e gﬁe@ﬁfﬂgfsg% é)%l}%elr?]haﬁ%'%% rrg)zecﬁgag g&éighg’ bnd level of

castor ol nt’s t hat
accor.ding.to the nature of the base .i,nclude soft
oGty ool av e feahtn S8R aipf ek Camigincous ornon-
ropyl ene glycol,. p et hyl ene gl ycol.s, . .
aq 8?@%1%@%%%@@%@ ﬁ%ﬁ%ﬂ & 3P Riptic. Rolmsry SRy which topical
cel lul oses, _hydroxypropyl cellul oses, cellul ose guns, :
gelamay bg peepaesadynepde pHyphospivicsters, pdyethignaglaenls highmmolagylar
2004/ 052308 PCT/ US2003/ 039479 chitosan, polystyrene
wemght pap@ictic) pads, ydowypropy okl osesohaiosaye palysisirehia mdfdnates, and the
beeswax, and the
like. Chitosan has been found to increase the solubility of nisin and would thus be expected

to increase the solubility of other lantibiotics.

[0044]} Ointments, creams and lotions are formulated, for example, with an aqueous or oily
base and addition of a suitable thickening agent, gelling agent, stabilizing agent, emulsifying
agent, dispersing agent, suspending agent, or consistency regulating agent, and the like. Bases
include water, an alcohol or an oil, such as liquid paraffin, mineral oil, or a vegetable oil, |
such as peanut or castor oil. Thickening agents that can be used according to the nature of the
base include soft paraffin, aluminum stearate, cetostearyl alcohol, propylene glycol,
polyethylene glycols, polyphosphoesters, poly(lactic acids), hydroxyethyl celluloses,
hydroxypropyl celluloses, cellulose gums, acrylate polymers, hydrophilic gelling agents,
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i ke. [0045] The ointnents, pastes, creans, gels, and

| oti ons can al so contain excipients, such as 5 ani nal
ware4wsjes abl e fats, oils, waxes, paraffins, sPEr/TR003/039479

tragacant h, cellul ose derivatives, polyethylene

gl ycols, silicones, bentonites, silicic acid, talc,

zinc oxide, and m xtures thereof. Powders and sprays

can al so contain excipients such as silicic acid, :
claitosan, ipoiystyyetecul foegte, petbdletunywaiolfat; aydegamtediatolmybewax, and the

powder, or m xtures of these substances. Sol utions,
likd&ispensi ons or di spersions can be converted into '

aerosols or sprays by any of the known 10 neans

routinely used for making aerosols for topica

application. In general, such nethods conprise

I uri.zing,or providin means of pressurjzing.a
ORRY Tie pimihs, basfesu oS el iR pob el coplafs Aipients, such as
ysual ly with an inert carrier gas, and passing the
%m&ﬁ%‘{s‘?‘@aef@’a@afafﬁmﬂﬁuwe& Repaffins, stareh, Segacepibagallulgsg derivatives,
aerosols can al so contain customary propellants, e.g.,
pddywtiylend glyeadh piliconesy bantanites, silisiciadid, daloydubetiie, uné chixtures thereof,
hydr ocar bons, such as butane and 15 propane. [0046]
Pdxderpareidpsayisieah blde canaipeusigntshath iy i@t ecigkdliiminum hydroxide,
absorption, such as dinethyl sulfoxide (DMVMSO),

calidithisfllcattk ¥R@pbIYBRiIdR okl ¥r AItERs oPidsd ﬁ%ﬁtﬁh&%@ Sf}lutions,

present at |levels up to about 10 wi%of the tota

£ L i : I ' i.d
S erT g P TR Py BED b fuatt B ki v ggnow
A I IR NACIE - M ME—
formul ati ons may aL%g optionally include inactive _
COfRYISE BTCSTHILIRELT RG0S 2 coranbpl RIesfuEang alsontaingr of a solution,
including but not limted to, humectants, ‘
sugpengias oa Atspersionagpualicwih ae éledrdartipr gg% and passingl the presaired gas
fillers, and the like. -17 WD 2004/ 052308 4
thieGgl bISRA0 8tifid@43i%ays and aerosols can also contain customary propellants, e.g.,

chlorofluorohydrocarbons or volatile unsubstituted hydrocarbons, such as butane and

propane.

[0046] Excipients include compounds that promote skin absorption, such as dimethyl
sulfoxide (DMSO), partial glycerides of fatty acids, and the like, present at levels up to about
10 wt% of the total formula weight. Examples of partial fatty acid glycerides inclﬁde, but are
not limited to IMWITOR 742 and IMWITOR 308 available from SASOL North America,
Inc. of Houston, TX. The topical formulations may also optionally include inactive
ingredients to improve cosmetic acceptability, including but not limited to, humectants,

surfactants, fragrances, coloring agents, emollients, fillers, and the like.
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[0047] The. topical conpositions may al so include

ot her anti-infective agents, exanples of which
WO p@iossobaci t raci n, neonycin, polym xin, betaPCHUSZN®)39479

including penicillin, nethicillin, noxal actam and

cephal osporins, such as cefaclor, cefadroxil,

cefamandol e nafate, cefazolin, cefixine,

cefinetazol e, cefonioid, cefoperazone, ceforanide,

cefotanme, 5 cefotaxine, cefoteta cef.oxitin,
10087 b bikosepivel GReaitons e Aa RO artih by Hagents, cxamples of

ceftri axone, cefriaxone, cefuroxine, cephalexin, .
whishia¢ludgleacitrac, newpyain, FOPERiKiR. betadantams, srgleding penicillin,

cephal ot hin, cephal ot hin sodium salt, cephal othin
meihiyilinairexaleetpimagaid cephal asppitinsa diahens cefaelonroefadmealy e¢famandole

| oracarbef, and the like, glycopeptides, antibacteri al

ndTRRY S80S ritth &) G e Bdthzosd, 3yt @epbrassiity CfSraide]\calStanme,
nmut anol ysin, lysozynme, or cellozyl nuram dase, 10

cequttaﬁﬁ%glégfo{e% gé;f%iélglg,e % 1 rglgﬁﬁl‘ées @ngaﬂ, Aol ARG @ERBbxime, ce@uone,

peptides sut : ntially any .
o, Bl B LA AR P B s
e

met hods in which | ysostaphin or one or nore . _ ,
cdfenoithéanteiils doragagbedmptliteallikes ghygenatifigs, antitagterial enzymes, including
conbi nation, either with no other anti-infective
ardgenphyledocvdl thzyaies|sedsis ouenolybn dysveymaydricellodyd oturareidase,
agent. [0048] The topical conpositions can be

arfhaAt R8It RKiBEI84, hBE bihyr Mibhéreriglpeplidtg sadh & R@MERE, Essentially any
sprayi ng of an aerosol or by spreading a filmof an

mﬁf—ﬂﬁ’é@%& ’ggéég ﬁﬁga@st if%&iﬁé“wh&péﬂ#ﬁﬁ:@ BpRallgehn bOuselih fqh%l% éche methéds

esire skin usi'ng the finhgertips o

i heal thear e or gui : N
o Bhpmmerianodh oo i FRE A Ghr S i geclonizing g pathogen

as a swa
product . maype fjrst -applied to, the skin and r ead .
paAionR il 1k gurtbadsan BIEchVSasisP BT GRS 8F mapnrioRs drpeppticd
fingertips and spread over the skin. The conpositions
singylardy siingpnibrraPRyeither with Be othshprHIertive aeilbrar aeith rleast one
a topical applicator, such as a bandage, swab, noi st
othewvani-mfection aggmven Wi pe and the |ike, which is

[0048] The topical compositions can be administered directly by the dusting of a powder,
sﬁraying of an aerosol or by spreading a film of an oiﬂtment, cream, lotion, solution or gel to
the desired area of the skin using the fingertips of the patient or a heaithcare provider or other
conventional application such as a swab or wipe. The product may be first applied to the skin
and spread with the ﬁngertips or an applicator or applied to the fingertips and spread over the
skin. The compositions may also optionally first be coated on the surface of a topical
applicator, such as a bandage, swab, moist woven or non-woven wipe and the like, which is

then applied to the portion of the skin to receive the composition.
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then applied to the portion of the skin to receive the
conposition. -18 WO 2004/ 052308 PCT/ US2003/ 039479

wQ 0@405230%he topi cal conpositions of the presenPCT/US2003/039479
i nvention can be prepared with base formnulations that
are essentially conventional to one of ordinary skill
inthe art with respect to the ingredients enpl oyed,
quantities thereof, and methods of preparation, all of

[O@héé}gﬂgelrt% gélrc%m Bﬁtiéxﬁ’sr SR pféﬁéﬁ EdvRhti O ean 1RPrEfHred with base

ns according to the present |1 nvention can

al so', be 5 prepared as a cre or |oti :
foBmBIR BB ER A O P o8 ey e AR 88 aft ith respec o
unrecogni zed bactericidal activity, |[n_, addition t . .
thg dugted kith empleyed: Bty herepl @drpetheds qfrPﬁePa{?rt‘BBeﬁlf‘Pfe‘@mCh require
that is particularly well-suited for fornmulation wth ‘
né@firihet ddsedptione Taptcale@mpasifiond nesording 1othp pose)t invention can also'be
Emul si ons that are independently bactericida
5 praf&ed 84 Derelud ok MRioRIHAsENIn dretelbion forarulatisni poksessing heretofore
anti-infective topical creans or |otions can be based

Lo b R WAL PR 0o @ 8IHA QUBpRAIAEE, and wound-healin
B R S ’
ermul si on. of 3. wat.er- 0] t ' - O
suaies e aer i B gl R Rt n it i Rl RRA e
_enbodi ment of the present invention are prepared by
ingepdi®é- an anti-infective active ingredient to the 15
bactericidal enulsion. This enbodi nrent of the present
invention is not limted to the use of |ysostaphin or
| anti biotics such as nisin as the active ingredient. ,
10 [0056] Emdijres dewn bieyinddpandantly daciaticidehaceirding tehetigsent invention on
present invention will enhance the activity of
wﬁfc‘ﬁeaﬁﬁiiﬁfewv@tam%icalamdmg difletidris\cah ae based atengil-adivetst emhlstons of an
Is effective en applied topically, while at the sane

. t wound, healiisiter #adisehnlavetsS@nulsion of a water—soiuble
m%%ﬁﬁ%%@%%?@ﬁ%ﬂg%od skin conmpatibility. It is not just

P Ok 121210;{%120? ﬁﬂaiﬁeg | gﬁé\% i ‘jl“;ti/‘)eéi t%ﬁ@g?%ﬁgatgfﬂg g@é&&‘iﬁg td@dis érfibodiment of
the present invention are prepared by adding an anti-infective active ingredient to the

15 bactericidal emulsion. This embodiment of the present invention is not limited to the use of
lysostaphin or lantibiotics such as nisin as the active ingredient. The independently
bactericidal emulsions of the present invention will enhance the activity of essentially any
ahti—infective’active ingredient that is effective when applied topically, while at the same time
promoting wound healing and otherwise demonstrating good skin compatibility. It is not just

20 the bactericidal activity of the emulsions that is unexpected. The inventive emulsions also

unexpectedly enhance the activity of anti-infective agents beyond the contribution that would

be expected from the activity of the emulsion and the activity of the anti-infective agent.
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unexpectedly enhance the activity of anti-infective

agents beyond the contribution that would be expected
wo e@niosizes activity of the enul sion and the actPeT/U§2003/039479

the anti-infective agent. -19 WO 2004/ 052308

PCT/ US2003/ 039479 [0051] Anti-infective active

ingredients for use with the i ndependently

bactericidal emulsions of the present invention for

[0S WAL inRR RS activh ‘i}@ﬁé‘cﬁénﬁ fRaE Rith et i eh&é‘dt}&%cteheldal

addition to |ysostaphin and |antibiotics, othér

ergﬂltsionk BF %%%ﬁ%égntqﬁ\%nﬁg% ﬁ?’%{xﬁul? y&pasaasto%%ﬁ dc&éa?r? bplotlon include, in
(@]gtgc};fgﬂ a&%gﬁapﬁgtaplg fﬂgﬂlb %E@E |a]%[|1-1 ggwgdlp’%yﬁ qgents such as bacitracin,

cef amandol e naf at e, cef azolin, cefixinme,
nesayCie PALBIED, beid-Bsiamisginchingnenieslinanetbisilipanpyaiactam and
cef otanne, cefotaxime, cefotetan, cefoxitin,
ce@hﬁlpqﬂmms,rnac]p pooedddldr, cafairbmilqdfmndcleﬁmfaza)xeﬂamhn cefixime,
ceftriaxone, cefriaxone, cefuroxine, cephal exin,

ccEBRb1e SeRBdtisid Cef@RRAAbhG TEREANI cSothithe) Cbthxime, cefotetar,
cephal othin, cephal othin sodiumsalt, cephal ot hi n

e?b;ﬁ?{ﬁ! r@ doﬁ Bt %ﬂﬁzﬁg@?@%ﬂ%m&%f APk IR2 ¥ Stk one,

or a and t’he ycopepi [ des
nti- bact e cl udi.n ant (o]} .
ce ?iﬂ%e cent exglg ?H?f{‘fm ﬁ%(f yS hcepg@lo%) %o i 5 %1% fﬁﬁﬁaﬁ&hn,
dase, a ter| ant i bod| es, t her : .
ceﬁﬁﬁlpmbwdéw &t ﬁ @ﬁa s opapith crrading cgfyoximeaxetil,
ot her anti-infective act ive agent that is effective

lovgatyeh opd thedikeoglyecmeptides Tansi-hactssiehenzymes iedleding Aeti-giekylococcal
all possible nmultiple conbinations of the

enajpoeestichst editanotyisin, hsegmiee aijend saurdbidp@) s@]-bideniy aatibodies,
i nverse enul sion as an enulsifier permts formulation :

othédr dn€iffacRtialciep el satltlas dePérsaRsarndnalglothe vhii-@neeatddtiee agent that is
and shear conditions that do not degrade or denature

eff!:% ¢ whéflap 5)%!8% %gﬁ%ﬂys Thé gfésélﬂtlﬁvehﬁ&?ﬁfclu\f@s ﬁgfégsﬁ;léﬂﬁmple

ysost a antibiotics. Wen ad

combinations of the above-listed anti-infective agents.

[0052] Using an inverse emulsion as an emulsifier permits formulation of topical creams and
lotions under low temperature and shear conditions that do not degrade or denature heat- and-
shéar sensitive anti-infective agents such as lysostaphin and lantibiotics. When added to
water, the emulsifier inverts to release the water-soluble polymer, thereby forming a
polymeric gel base for the cream or lotion that serves to stabilize the oil-in-water emulsion on

which the cream or lotion is based.

[0053] A suitable emulsifier is SEPIGEL 305 (Seppic, Inc., Fairfield, NJ), which is an
inverse emulsion of polyacrylamide in liquid paraffin. SIMUGEL 600 (Seppic, Inc.) may
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water, the emulsifier inverts to rel ease the

wat er - sol ubl e polyner, thereby formng a 20 polyneric
w@edo4loseses f or the creamor |lotion that serves POI/US2003/039479

stabilize the oil-in-water enmulsion on which the

creamor lotion is based. [0053] A suitable enulsifier

is SEPI GEL 305 (Seppic, Inc., Fairfield, NJ), which is

an inverse emulsion of polyacrylanide in liquid

ghereeffsedy. wiSHIMYGRLINGEE ¢nBdpipn of pélpacrylamide. Ba2Rrididal topical cream

2004/ 052308 PCT/ US2003/ 039479 al so be used, which is

fRfnilaNEIs Sl R Obilafi HBuDT aiDABCAE BY) Belght, Balh6rel t§hidaAly between about

topical cream formulations will contaln about and

2R oB 490 by YRR bt Bl £3hd agfqeﬁ i
3 angoaboutYS%%? V\%I?gﬁtegg gn Cfﬂna\%er séémerru s?%%&glg&{hﬁéomcal
emul sifier. Baecterjcidal topic t fornul ation ,
R Pl DTGl SerPoifh b Bis? 0 SEGY<fibt Ghf more
and re 5 typically between about 3 and about 5 % Db
5 typealy emeeaﬁww\ﬁe%néizabem %4 yrveighis ofan dmysrss; eupdsion as the emulsifier
[ 00541 Bactericidal topical creamfornulations
according to the present invention will contain
bet ween about 2 and about 20 % by wei ght, and
[0054]] Battenicibalttvgiesl cadamiformubatidnadouitdinglto the prysene irglhtiedf will
an oil phase. Bactericidal topical lotion formulations

cWhthin HeBRdeRl aBotel MBI olP2 AR wdi oRN S PP R OtX8Y about 6 and about

wei ght, and typically between about 3 and ‘about 5 % by
1928 O9 et AoiEbhacp BaGer R s AR o aR ety I Bhfhin between
s _soli.d,at. .rqom tenpperature ch as SOFT] SAN.378, ., :

o ey o8l PRy SRR e R D R R 4Gt geby weignt
EOOS@) Bac;rgriéi gal togi cal creamformulations will |
of #heik Phassn The 0B shiesesan e aahary fpteywhich ket (g Acid i glycerile blend that
and about 90 % by weight, with an agueous phase of :

isstobid et BOMicmpendirgtauch pePQFTISAN 828, Wil isevaitdbdfrom SASOL North
topical lotion forrmulations will contain an aqueous

Apfeaee, Inc.

15 [0055] Bactericidal topical cream formulations will contain an aqueous phase at a level
between about 70 and about 90 % by weight, with an aqueous phase of about 80 % by weight
being typical. Bactericidal topical lotion formulations will contain an aqueous phase
between al;out 85 and about 99 % by weight, and typically between about 93 and about 98 %
by weight. In both the bactericidal topical cream and lotion formulations, the aqﬁeous phase

20 includes the anti-infective active ingredient and aqueous phase excipients, with the balance

present as water.

[0056] Typical bactericidal topical cream and lotion formulations include in the aqueous

phase as an excipient between about 2 and about 10 % by weight of a skin absorption
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bet ween about 85 and about 99 % by wei ght, and
typically between about 93 and about 98 % by weight.

WO 200B053308 he bactericidal topical cream and | oP€DNS2003/039479
formul ati ons, the aqueous phase 20 includes the
anti-infective active ingredi ent and aqueous phase
exci pients, wth the balance present as water. [0056]
Typi cal bactericidal topical creamand |otion
frompotek sichern HNEO! arghartiah glyberides o fitty acidb aseh RIVBNITOR 308 and
exci pi ent between about 2 and about 10 % by wei ght of

IVWKTOR 48 Hoth bPWhichade Wai1d810 408PLROB81. North Am '
PCT/ US2003/ 039479 pront er such as DVSO of partral TWITOR

MG TR RO S ——
08 d
B TR RS et o

ag ?don1nantl a blend of nono-, di- and triglcerides

f Iotiogfprantlafipns £ppipin 25 aqupans Phaspsreipientslsers phewtdsds to about 5 % by
cream 5 and lotion fornul ati ons contain as aqueous ‘
weihghscand aqrp iaiadly frapmraldi U tand ARt 8% hly owetighs o¥sater soluble

wei ght, and nore typically fromabout 1 and about 3 %

eﬂwxy\bate_g ptrtinf ghyedrites 96 Faylaeids edublo %y $ OFEIGINITEY 3k hich is also available
glycerides of fatty acids, such as SOFTIGEN 767, which

filosn SASOLVGHH ARlefica, fh@m SASCL North Anerica, Inc. 10
[ 0057] According to one embodi ment of the pr esent

i nvention a bactericidal creamor lotion fornulation
IS prepared by pre-blending a hard fat such as

SAN..78 wi th ch asSPIGEL 305
o oS AR 8 b b RSt e B eSorrbacersidaeream or otion

such as . SOFTIGEN 767. The e- bl end can be heated

famulatiop s RTSP‘FP by pre-lgadingp galﬁafat steh as $@TPEYN U evithreaemulsifier
will not 8r ade or denature the anti-infective agent :

such aB@SEgE@EH 308 omd amethgxHetedpatiakbgpesride obfatiySicids such as SOFTIGEN
tenperature and body tenperature, and typically about

730 The prie-bhead chebpbeabdislizhily tpliqudfy the hard fat at a temperature that will not

degrade or denature the anti-infective agent to be added, typically between about room

15 temperature and body temperature, and typically about 30° C. Higher temperatures, up to
100°C and higher, can be used. However the mixture must then be permitted to cool before
any ingredients susceptible to denaturing are added. Water, one or more anti-infective agents
and an absorption promoter, if present, are separately pre-blended. The amount of water
employed will determine whether the formulation is a cream or lotion. The two pre-blends

20 are then combined with low-shear agitation to form an oil-in-water emulsion.

[0058] Emulsions in which the oil phase contains a hard fat and the aqueous phase contains
ethoxylated partial glycerides of fatty acids have been found to possess, in addition to good

skin compatibility and wound-healing properties, skin contact properties that promote the
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100C and hi gher, can be used. However the m xture nust
then be permtted to cool before any ingredients
wGemaof3hl e t o denaturing are added. Water, OPET/U82003/039479
nore anti-infective agents and an absorption
pronoter, if present, are separately pre-blended. The
anount of water enployed will determ ne whether the
formulation is a creamor, lotion. The two pre-bl ends
traxgpert ef tha enti-defadiivesdtivi agent vibes hiface afja pathbgen. tSuch dermulations
an oil-in-water enulsion. [0058] Enulsions in which
art bterage Istableas eoano ingierdur® aha hthidtaih thed icthx@ﬂﬁ'&%ﬁle point of
phase contains ethoxylated parti al Pycerl des of

déil@&t%/}foﬁﬁb @B‘hg’ﬂ?&’ﬁuﬁ@ﬁé’bd@@ R GehiPnda® Sm%mdlaoﬁsdﬁég 1?)01(1%%

good skin conpatibility and wound- heallng properties

00853 B PRSP G ARGl B S

anti-infective active agent to the surface of a
8@ihogen Such fornmul ations are storage stable at
roomtenperature and maintain the topical product at
the point of delivery for the length of tine needed
for treatnment. Such enul sions also provide a
[007%) (Tle cieams mad tationadbf the@resentrihvention dat weriyddpeadently bactericidal
mai ntains the activity of the anti-infective 5 agent.
mdyBimulhed & tediBangditht bOéiedrSndtt ahtnenfBEtReRtive @éﬁ&tﬂe%en about
that are independently bactericidal may be fornul ated

0. Wi5taRd aBo1 @ TBWR by Hei @ Br RordTRES «AR b thdlfo ?gﬁ%}lg sgge'ﬁ{%{ differ only

agents between about 0.125 aRd about

byW(?Sr% {)‘8 %&&8 Q%Ehxg /hgéyrag\g ?}B«%e Véj ?r%la % E@gon embo%lments thus

epresent allve cre d | otion errbodl rrents t hus
m‘il‘h‘% LG8 /%PYoW?}gﬁ‘*o}OﬁgC%Plgrﬂtwtléw?me%ﬁ’@éﬁ% this ragge of one or
|ncrerrent within this range of one or nore

mogp, piti-nfective p¢idveagenise agents. [0060] Typi cal
anti-infective active agents in formulations in which

the creamor lotion is

[0060] Typical anti-infective active agents in formulations in which the cream or lotion is
independently bactericidal include lysostaphin, lantibiotics, neomycin, bacitracin,

combinations thereof, and the like. Typical combinations include lysostaphin and nisin.

[0061] As discussed above, the present invention is not limited to topical cream or lotion
formulations, let alone formulations in which the topical cream or lotion is independently
bactericidal. Topical formulations based on conventional sprays, mists, aerosols, lotions,
creams, aqueous and non-aqueous solutions or liquids, oils, gels, ointments, pastes, unguents,
emulsions and suspensions will contain an amount of lysostaphin, or a lantibiotic, or a

combination of Iysostaphin and a lantibiotic, and optionally one or more other anti-infective
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15 i ndependently bactericidal include |ysostaphin,
| anti biotics, neonycin, bacitracin, conbinations

wo benoesd3ps and the |ike. Typical conbinations iPCT/usm03/039479
| ysostaphin and nisin. [0061] As discussed above, the
present invention is not limted to topical creamor
lotion 20 formul ations, let alone fornmulations in
whi ch the topical creamor lotion is independently

aghats tie pitathldmincertoion af bétweanabout 0425 padadwubh0 % by weight or more,
conventional sprays, msts, aerosols, |otions,

red0zRR2 IRy agauRaptiand dongeanuediifr sl by i0003s%dy wenglm ststhat
oils, gels, ointnents, pastes, unguents, enul sions

reﬁ?é&nﬁtﬂ%@ SRR 1¥¥idd erﬁﬁﬁ?ﬁﬁérﬁs 1 ARRIBval d. M%y%%igm

a lantibrotic, or conbi nation of |ysostaphin and

i PR SR80 0 BB ] G i

%ents in a total concentration of between about
cogibyPEOLNg about 10 % by wei ght or nore, recogni zi ng
agai n that optiml dosages may differ only by.0.05 %
by wei ght, so that representative creamand |otion
enbodi mnents will include every 0.05 % by wei ght
[0@62h damingathé abwovierlisteslnaptionali antitinfectinesactiszio ggentsitiopp iypadally used
formul ation uses |ysostaphin and nisinin 5
inG1AdBN PRy cRNbadiPLEE |andii kel Retyplravenhbisitimh, amichaaaklso be used
anti-infective active agents, those typically used

Wl,ﬂp& A Snd REIY %I‘iﬁmﬂg’cﬁﬁl‘s ¥ RGicA ’th@{SH@e Eﬁ‘ﬁlsﬁdﬂ‘ﬁ 111d‘ép5ﬂdéhﬂ?baoten01dal

I nat1 on, can al so be used crean1an

is iyﬁcés&?@}{{jlgﬁzct%b?%l Z&PIH{C]EIL ggﬁlcﬁllﬁi%} an&?ﬁg%cg{% tﬁfcﬁﬁc nor neomycin. A

subORGe oAt RS RPRITRLn RS MEORT Y BRe LB Tt Efeeive o

of bacitracin or neonmycin is defined as that anount
presfeficthe epergence pflesastap sighalnSy 6WeEs-of

| ysost aphin-resistant S. aureus. [0063] The topica

conpositions of the present invention are used to

treat skin infections such
[0063] The topical compositions of the present invention are used to treat skin infections such
as impetigo and wound infections such as surface wounds and penetrating wounds. Wounds
suitable for treatment include wounds in skin abrasions, skin or surface cuts, decubiti, burns
and surgical wounds. The topical compositions of the present invention can be used as well
to decolonize populations of skin pathogens to prevent secondary, including the pre-treatment
of areas prior to surgery or catheter insertion. For purposes of the present invention, skin
pathogens are defined as including organisms that are native skin flora as well as non-native

organisms, in both vegetative and non-vegetative states, including, but not limited to, S.

aureus, S. epidermidis, P. aeruginosa, Strep. pyrogenes, and the like.
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15 as inpetigo and wound infections such as surface
wounds and penetrati ng wounds. Whunds suitable for
wo e@anssnt | ncl ude wounds in skin abrasions, SRCTUS2003/039479
surface cuts, decubiti, burns and surgical wounds.
The topical conpositions of the present invention can
be used as well to decol onize popul ati ons of skin
hogens .t o prevent secondary, including the )
[(@3%1 & wisdihsrrin, “gploaized srefs @rt}'/‘? shbslipigal Rressnce of sk pathogens,
insertion. For purposes of the present invention, skin
whereipatifoefedsrefore talad ricad thfeation wf thedkingorarfgahinswsurtdn atreatment
are native skin flora as well as non-native
methgddacsorling 1o the bfesitf Giteation/ frus @ lude BtaviegelIRsigyhficant reductions in
states, including, but not limted to, S. aureus,
. o i : ‘ he
Rl i e STV e g S
used herein, "colonized" refers to the subclinica
presence of skin pathogens, wherein "infected" refers
inical infectiqon of the skin or of a skin wound, .
(0Pt st G e arehion ﬁgiﬂteste{f FR2 Bredodit tentingma paient with a
thus include statistically significant reductions in
clingral skididection o Ryqvng anfadipanine Biding netiepts edtbrabrastons, skin or surface
clinical and subclinical |evels. 5 [0065] Thus, one
cugss pedtcubiti, bhum patiesing patients svithi ineataechldralesicas thé gatddnts with
treating a patient with a clinical skin infection or
impetigs] biyntiedhiserng ileehtidhRReirabpieftcompotifiofds AR BRSation.
skin or surface «cuts, or decubiti, burn patients,
patients with intravascul ar devices, and patients with
i npetigo, by administering the anti-infective topica

0§):L i . Of e 1qQn, . 10 [ 0066]. in. L
R R N T e
effective.if after application of an anti-infecti :

of B B4Rl IeE RPOGUISN I BHMHLRIHERE 1 FRuses digeeraible or
di scerni bl e or
medically meaningful improvement in the progress of the infection, for example, as measured

by the skin colonization assays described herein when applied to a sample taken from an
active infection site subsequent to treatment. Accordingly, the “treatment™ of an clinical skin
or wound infection encompasses the administration of an effective amount of an anti-
infective topical composition of the invention to the site qf infection in one or more doses,
with an effective amount being that amount sufficient to result in a medically meaningful,
discernible, or statistically significant reduction, amelioration, alleviation, or eradication of

the infection.

[0067] Another aspect of the invention is directed to a method of decolonizing sub-clinical
skin pathogen populations to prevent secondary pathogen infections in patients susceptible

thereto, such as patients with respiratory viral infections, transplant patients, HIV-infected
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medi cal | y meani ngful inprovenent in the progress of

the infection, for exanple, as neasured by the skin
w@odoans2zes i on assays descri bed herei n when appPCPUS1003/639479

sanpl e taken froman 15 active infection site

subsequent to treatnent. Accordingly, the "treatnent"

of an clinical skin or wound infection enconpasses

the adm nistration of an effective anount of an anti-

i nfective topical conposition of the invention to the
pasients, fm patients, ipetentnwih intewvaseslag depggesor foxgignpogies, convalescent

effective anount being that anount sufficient to ]
pdtiefitd] dnd the Hikeydgiadalitiyteriemmi effifctive amdinstod the ditieinfastive topical

statistically significant reduction, anelioration,

co?ﬁ(#o%ﬁioﬁg bPihe i¥enBbRE hakkiAlin 6fder Blklinkiate AfpeiRidrpSource for
067] Another aspect of the invention is directed to

net ho . decol oni zi ng sub-clinical skin pathogen
“%8%@?@?gg%ém£o prevent secondary pathogen infections

in patients susceptible thereto, such as patients
Wth respiratory viral infections, transplant
patients, H V-infected -25 WD 2004/ 052308 o S effective i
[00681 Ars2unarfodiye tapicy SPTRATTEON MGPTARE IO IR PEsCTl JFyegHpr s ettectivetn.
w th intravascul ar devices or foreign bodies, . _
devolonidies Sam pathpgdn peptktionsid athnanipeBent3it sasenp disegrpiplpe decrease
an effective anount of the anti-infective topical _
inGREBEGIEP BEp@tiviehalturey entecoversde binterikdiken fomrademangatient who
elimnate a primary source for subsequent infection.

is %11[3&8&%31%@ 8 Srle-dr M R€ bitiM Pathe pirs dlefozo tRABtitihfRbtive topical
according to the present invention is effective in

cogxg@ol%lgﬁ)? oﬂtﬁe?ip@&tﬂmq?&gﬁ 0P DH% l%féﬂi-%l%cti\)'é t8piBaMBhposition of the

causes i scerni decrease in the

. frequency,.of paositiye cul tures. r i A :
i SR PR aer b iy e EPRUERA e ARELFokAve
for one or nore skin pat O%FHS hefore, t he .
cxgw(cq:s_ta]gﬁne@(tm@émp@mp@g@ntw o had positive pathogen cultures prior to the

application.

[0069] One embodiment of either treatment method is directed to the eradication,
decolonization or blocking of skin colonization, and also the treatment of active skin and
wound infections, in which any critical isolate of staphylococci is present, including any of
tﬁe various capsule types, as well as strains that are resistant to methicillin, vancomycin,
mupirocin and other antibiotics. The present invention thus has the added benefit of
inhibiting the spread of an‘gibiotic-resistant strains of staphylococci to the community by
reducing the frequency and spread of staphylococcal infection.

[0070] Topical compositions are considered effective in decolonizing skin pathogen
populations if the composition is able to either decrease the number of pathogen colonies on

the skin of a mammal or the frequency of positive skin cultures for the presence of pathogens,
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10 conposition of the invention is admnistered. An
anti-infective topical conposition of the invention

w0 egoaifzses es” skin pat hogen colonies if after PCT/US2003/039479
application there are no positive cultures taken from
a human patient who had positive pathogen cultures
prior to the application. 15 [0069] One enbodi nent of
either treatnment nmethod is directed to the

N i o e T e G
R MR NE R -

vari ous capsul e t¥Pes, as well as strains that are )
o fEain gengiel exposse hiFer justapce, ga Artiffestive topieglicemppsitiam gecording to
ot her antibiotics. The present invention thus has the ,
tha ghsenthipvention isdonddeied leffbétivierig dedvdorspy thadkinfif the number of bacterial
antibiotic-resistant strains of staphylococci to the
cot@iifeathit danthy gréved Begsaitite b kilenckinndatsRideadasell after topical
st aphyl ococcal infection. [0070] Topical conpositions

adfiRisE A S&he fbpﬁafl 8&hpkRidng. A8GALAR 'eétii\F@toﬁgz;hﬁogg;o@Rﬁﬁ r&ccording

popul ati.ons | e conposition 1s able to

cr -t he.nunber. of .pathoegen, cqgl-oni €s..aon, . the skin
to R AR P Ty P PO M R o TR R il assavs
for, the presence. of pathogens, _-26 WD 2004/052308
AP OS SB 4 RGeS A5 GROPISRY ASICFORPLath § 100%. One
adm ni stered before, concurrently with, or' after
huadredngreent decolpigatipn veslgeies ‘er %llﬁ]é’r’ that exposure
results fromthe intentional installation of the
pat hogen or from general exposure. For instance, an
anti-infective topical conposition according to the

[007HYeDint]-Mfedtive @it cEapSHitiar RdodiHa6 the/Sreéedt invention is considered
decol oni ze the skin if the nunmber of bacterial 5

to @808l Sthd R lcofmivalbn HiLIMALE" O Brede | AP58n e6108#shorPEf Pmammal

skin swab is decreased after topical admnistration
wifdy (hQ &tg-ﬂﬁt&%‘e t(?)ﬁg;ﬁ QS Hbb Rk isAlmALebreh BHEF o % ohQREEAY with,
conposition accordi ng
pathogen exposure, whether by intentional installation or otherwise. An anti-infective
composition according to the present invention blocks colonization, as in the skin
colonization assays described here, if no pathogen colonies can be grown from a sample of
skin tissue, or skin swab, taken from a mammal treated with an anti-infective topical

composition of the present invention for an extended period, such as 12 hours to 24 hours or

longer after exposure.

[0072] Because a goal of the decolonization method of the invention, in which skin pathogen
colonies are eradicated, decolonized or blocked, is to reduce the frequency of subsequent

pathogen infections, the administration of an effective amount of the anti-infective topical

~ composition of the invention includes that amount sufficient to demonstrate a medically
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to the present invention effectively decol oni zes the

skin, as in the skin colonization assays described
wheorogiom3osvhen it decreases the nunber of col onPEBUBN0H039479

| east 30% up to 100% One hundred percent

decol oni zati on woul d be "eradication.” 10 [0071] An

anti-infective topical conposition according to the

present invention is considered to "block"” pathogen
mealioghuy, discemitlé, or statistically sighidicptiteleebselil eheSKidNhood of subsequent

col oni zation of a manmal when the anti-infective ,
infeREbE Xbor SRS, IsyiteRic ififcpdsd, 1ol hok [

concurrently vvis ﬁ&ﬁ cﬁgfeﬁ%%% ﬁk gfg%@’ﬂ? gt,rth%%e: (ﬁfet?augi/a or surgery. Such

j b j t4 t.her wi . An . . ) )
AR R SR BbA B Belnl® AR By ¥ tvinel s etpricnts
.Lnvention b ﬁcks cql oni zation, as in the skin o
riseofr G Al RCAE g torio BV PasBR A ETAuFe e pRSRRs T crgoing

. colonies can be grown froma sanple of skin tissue,

5 mpplegkenOnMisnt fUaREY uFbHcHmaEnatiants recetvinginwvwdilimpcatheters, stents,
_anti-infective topical conposition of the present ,
Joinhyephacewants.omdghe Bike, gadatrlc patidntsl patianeswials bddPsdhes hisd these with

24 hours or longer after exposure. 20 [0072] Because
genetpally, dibmidadly deoRhIBruppicsed imRivaedy@dmd. he i nvention,

i n which skin pathogen col onies are eradicated, :

decol oni zed or bl ocked, is to reduce the frequency of

subsequent pat hogen infections, the adm nistration of

1 f the anti-i tive topical .
(06731 BL& BERLSSAR 1t pRselie Po AP €aBE naffheeR Relibes in o human
10 polsy GAS e B RD 00 9 DSy AR HeaRF SRR bacteral medium often after

di scernible, or statistically significant decrease in
an pRernighf enrichesat sep By hatetuaniure. | Peeithess arefsopred famtpk eresence or

system c infection, or infections at the site of A
abgepeg wfepathogsn colenies. Butbfs type of qualitative assay system, it may be difficult to

distinguish between blocking of new colonies and decolonization of existing colonies. Once
blocking or decolonization has occurred, the patient may be recolonized from an external

15 source. For the purpose of qualitative assays, for example using skin swabs, an anti-infective
topical composition according to the present invention “blocks™ colonization if a human
patient who at the time of treatment tests negative for skin pathogen colonies remains

negative for an extended period, such as 12 to 24 hours or longer.

20 [0074] A “medically meaningful” treatment encompasses any treatment that improves the
condition of a patient, improx}es the prognosis of a patient; improves the prognosis for a
patient; reduces morbidity or mortality of a patient, reduces the likelihood of future
colonization or infeption, or reduces the incidence of morbidity or rates of mortality from the

bacterial infections addressed herein, among a population of patients. The specific
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denonstrati ons may enconpass, for exanple, aninal
studies or clinical trials of patients at risk,

WO p@koshi3ngy heal t hcare workers, newborns and prBOBUS2083/039479
i nfants, persons undergoing 5 inpatient or outpatient
surgery, burn victins, patients receiving in-dwelling
catheters, stents, joint replacenents, and the |iKke,
geriatric patients, patients with bed sores, and those

devérininatige petdeatfitayion ofie fistatidticyllyosignificaitT? yesslippll dspead the exact
i mmune systens. [0073] In a clinical setting, the

stA-BSA NGB uRY. THRTGRTREy 8l511An BR HOGA FesTlyQBloR8izk A statistically
hunan 10 patient is determ ned by culturing skin swabs

56l SHR BB Sh RO Lk LU TAHARD, R o e
PRI 0L HE Tl Y b ek 4 B ae Bhipde, but are

system it may be difficult to distinguish hetween
nobimitef ey thy ChieSaiseidoFase Sudsar sliseloF 4ot MiissorFigfer Test Fxact,

exi sting colonies. Once blocking or decol onization
Bihemniah Exact (e, PolssondtaceTst, oayg way or beovey repeated mpasures analysis of

external 15 source. For the purpose of qualitative
vafiaseyy end daddulatioaradlcerrelaficigeffikient Pemben ardtSpearman).

anti-infective topical conposition according to the

present invention "blocks" colonization if a human

patient who at the tine of treatnent tests negative

. (o) . a . L2

[Oéﬁ] elﬁ ﬁhgc&%xg, &R0 zgggf%ffl}%%ﬁbﬁﬁld@&g ‘Eﬂe\’iﬁ:gr%g gnregﬂlﬁlgful if the

nded peri1od, suc ours or

mf%ggfz géogﬁq dEIl %:t?]tlglgizgl ag}i}ggafn? lﬁeélugticgﬁbﬂﬁﬁgﬁ}ﬁoeogf&;%&ées Elonization or
atient, inproves the prognosis of a patient; .inproves,
inghféorpr ogﬁ%btg) eplprgpatign fﬁfg%t il%ﬁ& 12 lil%%fe@glfﬁﬁfﬁﬁr fipglyadgyinistration of the
mortality of a patient, reduces the |ikelihood of ) :
intentive enti-odtrohiak tpicehcampaisitionr (3) e medinally sthaniag il héscernible or
i ncidence of norbidity or rates of nortality fromthe |
stdigtié 2Ty sidni fisuheddcransinatidnaabatskingiathogemvalgnias within at least 4 to
popul ati on of patients. The specific -28 WO

abSROH RRE3NEn HIC HAEISERD 368394 % on of the inventive anti-infective topical

composition; (4) a decrease in the frequency of positive cultures taken from the skin within at
least 4 to about 24 hours or more after final administration; (5) continued activity of the anti-
infective topical composition on the skin for at least 12 to about 48 hours or more after final
administration; (6) eradication, decolonization or blockage of skin pathogens by a single dose
up to ten doses or more of the inventive anti-infective topical composition; (7) any medically
meaningful, discernible or statistically significant blocking or prophylaxis against future skin
pathogen colonization; or (8) any medically meaningful, discernible, or statistically

significant reduction in the likelihood of infection in the treated patient.
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determ nation or identification of a "statistically
significant” result will depend the exact statistical
wo eat/osesesl. One of ordinary skill in the art CBEI/US2003/039479
readily recognize a statistically. significant result
in the context of any statistical test enployed, as
determ ned by the . paraneters of the test itself.
Exanpl es of these well-known statistical tests
i nclude, but are 5 not limted to, the Chi-Squared
[0026]t “Mticatkympeagingdt jredtmensin, thdwdngstt of Fkieal sinsdr wound infection
Exact, Binom al Exact Test, Poisson Exact Test, one
ingiapesnyttiatniay tHaegmvech the asidiesh SMalayientsiriroves the prognosis for a
vari ance, and cal culation of correlation efficient
D Rl Rtioh of Pl Tec MY lhodl of future
ani.ngful ' .f the 0- t.hod. produces (.1
cof Aok im0 SRR GAOR R bokieron e tton doses or
fut¥re CQLo?ization r infection; (2). no colonization
5 mergolfie anpizafecyve igpispkoampastion of fiedpveritiong
adm nistration of the inventive anti-nicrobia
topi cal conposition; (3) a nedically neaningful,
di scernible or statistically significant decrease in
[00T Inmuievest thé dis&lbsurp atdvirpanthe almitiigstioh bhithe aati-ihRagte épical
to about 24 hours or nore after final adm nistration

coftipotitiénd SMBALHvERGHTE hwithf 86 tda¥®-HoRPdriddkpdiBence of one with skill in the
conposition; (4) a decrease in the frequency of

o A r‘ 3 . « . N .
artgf ‘11? g&g\ﬁgl&, lﬂiééaf éfﬁguanrt g)?lglr% rﬁrr%% r@fég %SP&F%‘%ZSWP% BB %qun]eg,acsotmbmatl ons
admnistration: {5) continued activity of the antj:- .
o wifl BRI hedoiE PR oBf bt per BRe g bing pide range
12 t o ahout, 48 hpurs _or re after f.inal . ) ) '
ba%?glrﬂnrﬁ‘f iy Wmled(%e yo e il Ctiho depprting BAmAhe plgimestinvention. Tn
bl ockage of skin pathogens by a single dose up to ten
onglgwbedigienhiheansitinfastive tepioal ¢anepogition-mayf ecadiministesgsi @mk, twice,
conposition; (7) any nedically 20 neani ngful,
threk Bmes aidly er moresbnatiledst aad day of ugtil the affedtiohlreivesgtodr maximum of
prophyl axi s agai nst future skin pathogen
tenCdAyO NS Ed 4 AddingQegitrith vadild Peelifeaivk ¥n Wedohs§ Phtients, very old
di scernible, or statistically significant reduction

15 pati_i%‘léi BSnaldsBink BRGGS brdgRhRGho R, tRodehRdLeERE G pRAL: &P but-patient

invasive procedures (essentially any patient prior to release from a hospital), and patients
suffering from various conditions that predispose them to primary or secondary skin

infections.

20 ' [0078] A patient can be any human or any non-human mammal in need of prophylaxis or
treatment of a clinical infection. Representative patients intended for topical administration
are any mammal subject to S aureus or other skin pathogen infection or colonization,
including humans and non-human animals, such as mice, rats, rabbits, dogs, cats, pigs,

horses, primates, ruminants including milk and beef cattle, sheep, goats, buffalo and camels,
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WD 2004/ 052308 PCT/ US2003/ 039479 [0076] "Medically
meani ngful " treatnment in the context of a clinica

wa@ kion/osa3oswound i nfection includes any treat nePCT/URBID3/039479
i nproves the condition of a patient; inproves the
prognosis for a patient; reduces norbidity or
nortality of a patient; or reduces the Iikelihood of
future colonization or infection of a patient; after

aPR8I Bl Bl hRbd R urdfhefd SliRglse APPSR lh%riteryt RS S An %nﬁeled and

nor e of t he antl-lnfectlve toplca conposi tion of
ks ] | t scl osure provided,

ﬁ?ﬂgg dm ﬂ;d%gg 85 gyﬁﬁﬁe an fgﬁﬁgéctlve t opi ca

conpositions of the invention is within the know how

and experience of one with skill in the art. In

particul ar, the amount of the anti-infective topica

[086’%% pregsht megutiondg fortheriiusaated hy thecfollpwing #spmplss it teach those

carriers, the dosage schedul e and anmount may be vari ed
ofwirtlinary iliindtbe phge to prestice the isteaticlar Thdfotiotvadgsaiiples are merely

the field without departing fromthe cl ai ned

illusty@iveio@the ihVention ane BRObdRaHous bE:fidll hropBHRE bf ¥&tain embodiments
topi cal conposition may be adm ni stered once, tw ce,

ofithé ﬁﬁeﬁﬁdﬁ 31“1% 9w RE IRLE1eh Qﬁou"l’d n&t%%‘%%néﬁrh%d qgﬁm‘?ﬁn the invention
until the in ectlon resof ves, maxi mim of -t e

zm%%ﬁ Such a dosi ng regi nen mould be effective on very
young patients, very old 15 patients, conval escing
patients, pregnant nothers, those undergoi ng
in-patient or out-patient invasive procedures
(essentially any patient prior to release froma
hospital ), and patients suffering fromvarious
conditions that predispose themto primary or
secondary skin infections. 20 [0078] A patient can be
any human or any non-human manmal in need of
prophylaxis or treatnent of a clinical infection.
Representative patients intended for topica
admnistration are any mammal subject to S aureus or
ot her skin pathogen infection or col onizati on,
i ncl udi ng humans and non- hurman ani mals, such as mce,
rats, rabbits, dogs, cats, pigs,

-
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horses, primates, rumnants including mlk and beef
cattl e, sheep, goats, buffalo and canels, -30 WO
WQo4/0832808 PCT/ US2003/ 039479 as wel |l as f urP@EEF2008/039479
and herd animals, zoo and | aboratory animals, farm
kennel ed and stabled animls, donestic pets and
veterinary aninmals. [0079] The present invention is

further illustrated by the foll ow ng exanpl es that

% KRfpLEyose S5 of ordinary skill in the art how to
E‘pT'a'C‘[‘I‘C"e the invention. The foll ow ng exanples are .
M el Me stdratlve of the invention and discl ose

i al pr opertl es of certain enbodi nents

of the |n ent ) exa s should no
(ORI Mt SR D AgeTs eI T O 3C Rl Hisger BT (SAS);
WO 2004/ 052308 CT/U82003/039479 EXAMPLES Materi al s

rargg vemHoig$ X 080T Uniuls wessicentrifgedct 1000 xgdaep minutes and
Overnight cultures of S. aureus grown in TSB (SA5);

" redudpagided) irf aroequal todurfe Xf AiBpICEe b firedweatie (BRS). i SKIgddhta) hairless

4000xg for 8 mnutes and 5 resuspended in an equal

mﬁé@byﬂﬁv&f CPhaseh@he rl@éﬂﬁfv@izg(ibré sddated WiltBS) mL SRkt {hine (30 mg/ke)
hairless mce or shaved 1 mce (Charles River) were

an§§ Al &d éﬁ( @% %ﬁl égflfl&%e T e Qll}( SPhd B Bbackd Blthe _ﬁlce were

azin Intraperitoneally.

h b %
RN E e T
4-0 silk sut h :
magpRYEP PR gaduéﬁc%gfgowb‘é@?ﬁm} oot i B %agﬁ'hug@s tied just
10 bel ow the neck on the upper back. Bacteria
bebmathisadclooethepperdiark.cRagipidhwer e§W@P1queDV6r the stitch Wl'fh a sterile,

cotton-tipped applicator until the area was saturated with the solution. The next morning the

mice were restrained and the stitches were removed from their backs.

[00081] Pathological Evaluation of Infection Model: Hairless mice were infected as
described with SA5. Mice were sacrificed on Day 1, 2, 3 or 10 by CO; asphyxiation. The
0.5 cm” section around the infection was excised and fixed in a PBS solution containing 10 %
formalin. Control mice were either completely untreated or had a suture stitched on their
back but were not swabbed with bacteria. Both control groups were sacrificed on Day 1.
Tissue sectioning and histopatholo gy was performed at Taconic Anmed (Rockville, MD).
Samples were evaluated by a pathologist for an achantosis, subcutis inflammation or fibrosis
and were scored for severity~of change based on a scale from O (within normal limits) to 4

(severe).
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cotton-tipped applicator until the area was saturated
with the solution. The next norning the mce were
wo e®i0533ped and the stitches were renoved fronmP¢hes2003/039479
backs. [00081] Pathol ogi cal Eval uation of Infection
Model : Hairless mce were infected as 15 descri bed
wth SA5. Mce were sacrificed on Day 1, 2, 3 or 10 by
CX2 asphyxiation. The 0.5 cnR section around the
infection was excised and fixed in a PBS solution .
[0082]nEagiani Ggearo The chtirembpanatiogovashsrformedatyeea tenperafure and with
conpletely untreated or had a suture stitched on their
simpRManb uiixing using atpadilebéeweaighbabat g of SEPIMEEL BOE @ng o 0SOFTISAN
groups were sacrificed on Day 1. Tissue sectioning

378208 NS SORTIGERTN TWATe RETHeS RS0 Al dlagUthkerARI®slxed until a
(Rockville, MD). 20 Sanples were evaluated by a

hongc%tep%oo%hﬁ)touﬂ@ gvgéﬁ)rﬁl%ﬁ,aﬂﬁ)ﬁls%é%rnﬁﬂ@: U d i bl %&Eﬁ@ \kf&e}@ prepare(i

rosrs a were score or severity o nang

. base from Lthin, normal Lints) to 4
with Sy iTolE )b A1 el AT b sl ot Rsbilesyes then
Topi cal Cream. The entire preparation was _perforned ah
added alhpt enep anrdmixesl domlywniihthickenine Segan abQHE it g THigpies dhe
paddl e-styl e weigh bar. 3 g of SEPIGEL 305, 8 g of
resuBRET trSAN waB T8 ranxdd 2igyraislySorI? ernds? eneyre vadomeity anda
250 nmL gl ass beaker and m xed until a honbgenous
horSep¥ReN drhwetnal 00 A dof vadiay tomaiaingian wppropAadiaticonadf drug, was then
sanples were prepared 5 with 5 g of IMNTOR 308 and 5
238 tMAL TR miES ROt bahiutcd7 ML of sSterile was then
added all at once and m xed slowy until thickening
began, about 1 to 2 minutes. The resulting cream was
then m xed vigorously for 30 seconds to ensure

[ .m and ono ei ty. The f}nal n of tefr.
oo i Rl s ERRORe Cace SRS e ol B g f Tl tin
added to the creamand m xed faor .1 tQ 2 m ngllttes. :
(Biosynexus Incorporated, Gaithersburg, MD) and nisin (IQIutntmn 21) formulated in the

topical cream was tested for anti-infective activity against S. aureus and Pseudomonas
aeruginosa (PA). Lysis of live SAS and PA bacteria was measured by adding lysostaphin (0
to 10 pg/mL) or nisin (0 to 6 pg/ml) to an SAS or PA suspension in PBS (% transmittance =
40 at 650 nm; Spectonic 200+, Spectonic Instruments). Alternatively, S mM EDTA was
added to the nisin-treated samples to determine if its presence enhanced the peptide’s activity,
particularly against gram-negative bacteria. The sampleé were incubated at 37° C for 30
minutes and then streaked onto blood agar plates to determine viability after treatment. After

overnight culture at 37° C, colonies were counted and compared to untreated samples.

[0084)] Treatment of Infected Skin with Topical Cream: Treatments to eradicate S. aureus
infections in the mouse mode] were started on the morning after infection following removal

of the suture (Day 1). Topical creams containing varying amounts of Lysostaphin (0 to 0.5%
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10 [0083] In Vitro Efficacy of Topical Cream The
anti-infective efficacy of |ysostaphin (Bi osynexus

wo p@anpn@at ed, Gait hersburg, MD) and nisin ( NUPCT/USZING/039479
21) formulated in the topical creamwas tested for
anti-infective activity against S. aureus and
Pseudononas aerugi nosa (PA). Lysis of |ive SA5 and PA
bacteria was neasured by addi ng | ysostaphin (O 15 to

/i oS 0t t SA5
W/l‘% ‘%‘8 r%g%ﬁfto %’é@v‘é Bye{eosgf@ ﬁff({m\)gﬁ ec?ed %Sa t?reg gl(ijnqsla[ﬂay on Days 1
Spectoni ¢ 20. 0+, Spectonic Instrunents
ang) % using4 §t @é’ieyco@nﬁmpeﬂ)mlwa tor. Q%Qj@épetvgserﬁ facrificed by CO, asphyxiation

ni sin-treated sanpl es to determine if its presence
orethh areeitg ofBapdpind dd). Scmtpateh efiskin grawnd thelinfettyd agaiwas excised.
gram negati ve bacteria. The sanples were incubated at

The/skin daniplS@ras Bistutésndplabeti hed asést edeedniaitiey bhiiosk RRRAr Bacteria
plates to deternmine viability after treatnment. After

wel dRYSIeBl 4Bk ©Hkikiremple béﬂsoﬁcat?&ﬂ O BhiBSteWREEn r%gmple w1th
and conpared to untreated sanples. [0084] Treatnent

alt%%nghﬁ% §GLS gd? lﬂ i‘S W tculi]d i ?@c‘o@@ at gWa %%61\5’5%0% d\’%’]?h microtip

ate aureus fons I nthe m)use Mo

(Vll{gilrﬁi grrrtglgagqg?léy gcgfeﬁng(g tl%g? af;xtsglgaak%%f:s £ Esgxltol 191\6\”08 cgigar plates,

cont ai ni ng varying amounts of |ysostaphin (0 to 0.5%
incubstedet 3604 oY apttha sopucsy wiEe squrterad gyd egraparedtorpntreated

(0 to 2% w w) were swabbed over infected areas three
copirples a day on Days 1 and 2 using a sterile,

cotton-tipped applicator. The mce were sacrificed by

CO2 asphyxiation on the norning of Day 3 and a 0.5

cn2 patch of skin around the infected area was
R&RE sed. The skin sanple was bisected and placed into
Ta test tube containing 1 nL of PBS. Bacteria 5 were

[Ot?ési Ll??rgiﬁﬁztrfo egf?&até;g%f ‘F&Ebﬁ p%%{]mﬁler ng@{[ﬂl&@ihggtge% o@kﬂ%e%m was

teﬁ%ﬁdgargawtpg auresu.es %n&] emgznosa IG1sm aYclmF\é lbeen S ovvn to rI]1avc: no activity
against gram-negative bacteria. But if it is formulated with a chelator or surfactant, its
bactericidal activity crosses over to many gram-negative strains. Therefore, nisin was
formulated in the topical cream with or without 5 mM EDTA. Lysostaphin and nisin creams
were both potent against S. aureus and the nisin cream containing EDTA had bactericidal
activity against P. aeruginosa (FIGS. 1A and 1B). As expected, nisin alone had no activity
against the gram-negative strain P. aeruginosa but addition of 5 mM EDTA to the
formulation made the bacteria as equally sensitive to nisin as S. aureus. Addition of EDTA
to the nisin cream forrnulatic;n also enhanced the peptide’s efficacy against S. aureus,

especially at higher drug concentrations.
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(Virtis). After mxing by vortex, 50 L of each sanple
was streaked onto bl ood agar plates, incubated at 37
w@2eneF2308ht , and the col oni es were count er ed BOMUS2003/039479
conpared to untreated controls. 10 Results [00851
The in vitro efficacy of |ysostaphin and nisin
formulated into the topical creamwas tested against
S. aureus and P. aeruginosa. Nisin alone has been
shown. tq QE 0 act' ! qairnst, qg}negatlve
Rt e AL o2 chel at or or
surfact ant its 15 bactericidal activity crosses over
[0989] kaxsrstaghiany clgrmplpied él@tpélil%fgpwﬁlrf%?a@m‘ést 15 eé”ﬁ?ﬁ%gamsts aureus
formulated in the topical creamwth or without 5 niV
in E@PAousE ylsivnfapitmmadel (RIGi2h Bixelones ofinel-&obyorhlypestaphin cream
against S. aureus and the nisin cream containing EDTA
applied dvectvey dajis daddicatedtinfertion inghien of fddr ndes agi the sdnaining mouse ‘had
(FIGS. A and 1B). As expected, nisin alone had no

jusR @ fdw | b&lﬁme@gﬁie@%% REwa§idta B3bdanLalss B@honsRated considerable
aerugl nosa but addition of nM EDTA to the 20

actl';]\g l gs&xen(ﬂﬁqﬁreg gﬁg%’%ﬁg%ﬁﬂc%@?tﬁ&%&g& olu¥ t1?e§ 'B§ 'o% flo%@ in the

?n as aur eus

ot}g@ g\?qr? g)glorggyllg%tfele@gn ?elnetg nn gqr%fegtq\éei tlﬂﬁlll 8}&{,& %E\Y@/ l%crs{apﬁm cream,

. concentrations. -34 WD 2004/ 052308 PCT/ US2003/ 039479
indisesing pe ponentia)idpse-ersporsadyr this theyapys (SHsRRITiNgtBhe Blacebo cream
Cream [ 0086] Lysostaphin was fornulated into the

alsb &pd cadsiderabderstephyieotcal kilied ddtivdyyredupangsactesial digrssinghe skin by
in the nouse skin infection nodel (FIG 2). Six doses

ab@ft 180-PoldYTh¢ wetivits aatibypbble tclyessmphapptirasisapparehtiya daylsinatorial
eradi cated infection in three of four mce and the

or SRR fHcn@reB81S811R8 By both lysostaphin and the base cream.

[0087] The efficacy of the 0.5% w/w lysostaphin cream was compared to a commercially
available 2% mupirocin cream, BACTROBAN Cream (Glaxo SmithKline). On a mole basis
there is 100-fold less lysostaphin in a 0.5% w/w cream than there is mupirocin in a 2%
cream. However, the 0.5% w/w lysostaphin cream was far more effective in treating the
mouse skin infection than 2% mupirocin cream after two days of 3 applications per day.
(FIG. 3). The typical application for BACTROBAN Cream is 3 applications per day for 10
days, within clinical results expected within 3 to 5 days, so it is not entirely unexpected the
mupirocin treated infections still show significant bacterial titers after just two day of therapy.
In contrast, the lysostaphin c-ream was able to eradicate infection in one of three animals and
reduce titers in the other two animals to fewer than 100 CFUs after two days of therapy,
despite using 1/100th the amc'>unt of drug compared to mupirocin. These results demonstrate

that lysostaphin is not only more potent than mupirocin in the skin infection model, but it also
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5 just a few colonies. The 0.25% w w | ysost aphi n cream

al so denonstrated considerable activity, clearing one
w@bootlosses m ce and reducing the infectious titBCT/D§2003/039479

over 3 logs in the other two, but was nore than

ten-fold less effective than the 0.5% w w | ysostaphi n

cream indicating an exponential dose-response for

this therapy. Surprisingly, the placebo cream also

hit 3P RNEH ARG oF aSit D Pt RE BRERRY Hédréds@ %e%ﬁblbé&l‘ity that the
reducing bacterial titers in the skin by 10 about

lyéngeg)h?A ges1sﬂilx?st?§i£ Vf s ¥¢wae% Wn‘i’a{l&b' e to |ysostaphin
conbinatorial or synergistic
ef f ect of k||||ng by both | ysost aphin and the base
cream [0087] The efficacy of the 0.5% w w | ysostaphin
cream was corrpar ed to a commercially available 2%
L L QRies Maxo Snit hKline).
Cn a nDIe baS|s 15 there is 100-fold I ess |ysostaphin
[0088ENBirb¥asformulagdrmtoibatopivel @eirs tortepl itozfficadyragain®@98. aureus and
cream However, the 0.5% w w | ysostaphin cream was far

PWr@gz%jaeiﬁtthé’ﬁlohié dktiEiatdctign hlddel (FUES.& Sid 3), WhicB &toulhhelp prevent
t han 2% nupirocin cream after two days of 3

th@ %H{ef%eat:é qul%' %ggﬁf&f dr?]ésﬁ)ls e ndoitieAkyith EDTA, nisin’s

tion amis 3 appllcatlons per
Wi t hi

b%?%ﬁ cﬁi gc]t{V6ty§xgeg§}%1nto %ramt Gie %atlp{ o?a%tén 3 hjlg z%/re aﬁg)‘% F%aﬁfcatdt causes of

t he 20 jrocin treated infections stlll show
méqcaﬂv% frke%ﬁisor&aet drhongh &eéal%n SERRS PRIsAs (e %f&be bfsostaphin cream
t her apy In contrast, the lysostaphin cream was able

(HeSe? amﬂ ®anisin sifleas isignificaniossviey agamseS. aurewalier Al days of therapy.
reduce titers in the other two animals to fewer than

THOQ 5 %GRS afstresredamvdiddeny sradicatelinfeatdyn in ag o iteemisalabut did reduce the
1/ 100t h the anmpunt of drug conpared to rmupirocin.

babheREtiteShi} AButl®H0GE! Nére impbidintlyy &t apdll dTbsle§$0113% w/w each) of
only nore potent than mupirocin in the skin infection

1y£’%%%b1820031}1élh it S QoritirediR 28044 B2 ABrmulation, the skm infection was

039479 has a nore rapid onset of action,

oomp ofyserettdl @e}teﬁyallda%%{lﬁ§§e§te§ih% ®1 Qb@}% Lﬂe&ﬁé otflgﬁﬁertlys%staphm or nisin

alone was not sufficient to eradicate infection and only reduced the bacterial titers to about

10* CFUs, compared to 10° CFUs for the untreated‘ controls.

[0089] Nisin was formulated with 5 mM EDTA in the topical cream to treat P. aeruginosa
skin infections in the mouse model (FIG. 5). The infectious titers achieved with P.
aeruginosa were not as high as those With S. qureus but the clinical observations of infection
were more pronounced: strenger inflammatory response and more reddening over the
infected area. Upon dissection of the infected skin, it was also apparent that the infection
penetrates beyond the dermal layer of skin wherein the S. aureus infection was primarily

contained within the subcutaneous skin layer. Nisin in combination with EDTA was very
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| ysost aphi n-resi stant strains of S. aureus will arise.
Exanple 2 - In Vivo Efficacy of Nisin Topical Cream5

WO 0@38%23b8 sin was formul ated into the topi cal PCHEAWD®039479
test its efficacy against S. aureus and P. aerugi nosa
in the nouse skin infection nodel (FIGS. 4 and 5),
whi ch woul d hel p prevent the energence of
| ysost aphi n-resi stant organi sns. In conbination with
eFEb Ve ABhRLIP. SrerhRfSs8 skin iBRELHAEL tefa\flictaﬁn§fﬂf&;ﬁgﬁ it 56P6 mice and
gram negative bacteria that are al so significant ‘
sfERRERPloanbilh AN A% b h S AR Ry ol dnOuaN the

I'SIn cream 1S no e

as active as ysosetaphi n cream

10 (FIGS. 2 and 4), nisin still has significant
activity against S. aureus after two days of therapy.
The 0.35%vvlw nisin creamdid not eradicate infecti or)&

titers by about-3.5‘logs. More inportantly, when snal
5 [a096FEThe O vivaefficacye@ityeant forinyktish sph demeamstrated vinra skéxr @lonization
combined in a single creamfornulation, the skin
modéIe ClHeQRinVEFhairfRSTHi L WwAscofmHIGANES dufeid!bly svabBRE Bacteria over the
tested. A 0.1 %ww creamof either |ysostaphin or '
sttaRh Bf dre sROR8 W@d P Etiremy fTh%'cSE)hizteQ sEinHs$RLRd 3 times a day for two
nd only reduc e ba to

I nfection a dt cteriral titers

a t.. 1 CFUs, conpared t 06..CE or. .t he .

AR bt . ShiA rES BB B b el s ase
DRI P EROER Bl PER LViBHESD e DG 13y 0P gHgream only reduced

infectious titers achieved with P. 20 aerugi nosa were
10 sl eolgsizpfigrhbiagbouhbalé wihpress ®lditingradiise shgorptine eglhanaerdaMSO tfo the

observations of infection were nore pronounced:

credmovitheut lysddtarmiradcmy otles potirsefecivg agenteesuttdd envirtgalbywihe complete
the infected area. Upon dissection of the infected

cledthiite dflcolmizedbaGedp@GER). that the infection
penetrates beyond the dermal |ayer of skin wherein the
S. aureus infection was primarily contained wthin
t he subcutaneous skin layer. Nisin in conbination with

E)I?B;lr[’li\lew-slnv E"{vX Etﬁ@acv of Topical Cream Without an Anti-infective Agent

15 [0091] Example 3 was repeated, except that the DMSO topical cream was replaced with two
topical cream samples, one in which the DMSO was replaced with IMWITOR 308, and one
in which the DMSO was replaced with IMWITOR 742. Lysostaphin in the topical cream
reduced skin colonization by about ten-fold, whereas the addition of the IMWITOR
absorption enhancers to the cream resulted in virtually the complete clearance of colonized

20 bacteria (FIG. 7).

Example 5 ~ In Vivo Efficacy of Nisin Topical Cream For Skin Decolonization

[0092] The nisin topical creams of Example 2 were formulated with 5% w/w IMWITOR 742.

The skin of hairless mice was colonized with S. aureus as in Examples 3 and 4. The
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WD 2004/ 052308 PCT/ US2003/ 039479 effective against P.

aerugi nosa skin infection, eradicating infectioninb5
w@bood/opzee and significantly reducing the bacPer/igto03/039479

titer in the remaining nouse. Exanple 3 - In Vivo

Effi cacy of Topical Cream Wthout an Anti-infective

Agent 5 [0090] The in vivo efficacy of a cream

formul ati on was denonstrated on a skin col oni zation

colBfigdd. skihWastédledthrddainids@Siy ToBdNBS Nesth @MNhLGedh }éﬁué‘ed skin
aureus by swabbi ng bacteria over the surface of the

co%ﬁi’atl()g% %H@déf)‘ém%ﬁ'r't frffég%er ahllGc Q\re‘&rﬁen %Inﬁiétg c¥éﬁx2ance at a 1% wihw

treated 3 tines a ayS|
t ORLC: base prepared in Exanple 1, or the

d°t5§§|f%1§‘|n(§ (ng base prepared in Exanple 1, plus 1% ww
DVBO. Lysostaphin in the topical creamonly reduced
10 skin colonization by about half whereas addition of
the absorption enhancer DMSO to the cream without

Exapmpie qtrg F.{fins sindrteam nf ecti ve agent resulted
invirtually the corrpl et e cI earance of col oni zed

[0628¢ tAetoipival Erkéin (600 g)Examptrel by haativg e weixks a@Cyilh about 70° C.
Topi cal Cream Wthout an Anti-infective Agent 15

NikiAGR &b afRUPSluforn\Ras IREE 8f&he B6a8Mad LB&E i@ oRMefdperature. The

topical creamwas replaced with two topical cream

R Y et i PR -SRAEE i ormvon
with | M\ TOR 742 Lysostaphin in the topical cream
Warsé éid skin col oni zati on by about ten-fold, whereas
the addition of the | MWTOR absorption enhancers to

the creamresulted in virtually the conplete cl earance
of colonized 20 bacteria (FI 7). Exanple 5 - In

Vivo Effi clegredfenki sin Topi call Cream For Skiw/w

Decol oni zati on [0092] The nisijn topi cal creans of
MigalpLe 2 were formulated with 5% ww I M T&Roy 42

The skin of hairless mice was|colonized with S. aureus
S@FTISANPFaNpres 3 and—#.—The 25.5%
Petrolatum® 28.9%
Paraffin, white, block’ 3.6%
Beeswax" 3.6%
Aluminum stearate” 0.5%

' Condea Vista

> Fluka

? Riedet de Haan

4 Aldrich

[0094] To test the anti-infective activity of the nisin-based cream, and to compare this

activity to that of the same concentration of nisin in PBS, 20 pL of a suspension of 9 x 10°

CFU/mL S. auieus was added to 1 g of cream and 1 mL of PBS at the nisin concentrations
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-37 WO 2004/ 052308 PCT/ US2003/ 039479 col oni zed skin
was treated three tines a day for 2 days. Nisin in

w0 baog/osa3eam reduced skin colonization in a  PCT/US2003/039479
dose- dependent manner and achi eved near conplete
clearance at a 1 %ww dose of nisin (FIG8). 5
Exanple 6 - In Vitro Efficacy of Nisin Cream[0093] A
topi cal cream (100 g) was prepared by heating the

sk iRde R § 5\5 Q%ﬁ'ﬂ?y&ler%%ogexed\!bﬁﬁ agﬂ hﬁ:ﬂ})gtg&' GOYP C for 60

ded ‘a a

solution was a ter the cream cooled to room

b SR b of sl e SR RRREL B B Rp Bl
a3l o gTa09h OBKBIEGE: B 44 B Stompghe viabl

Beeswax 4 3.6% Al um num stearate 2 0.5% 1 Condea

n serial

celfs fereack nsingacentRiiedet de Haan 15 4 Aldrich
5 TABLE 1
Nisin (ug/ml) PBS (cfu/ml) Cream (cfu/ml)
0 70,000 50,000
0.5 TNTC 1082
2.5 TNTC 140
12.5 482 12

[0095] Example 1 demonstrates the dose-response curve of lysostaphin to be exponential in a
cream formulation. The example also shows the cream based emulsion to be independently
10 bactericidal. The example also demonstrates lysostaphin to be more potent than mupirocin in
a skin infection model, and also to have a more rapid onset of action. Example 2
demonstrates the synergism between lysostaphin and nisin when the two compounds are used
in combination. Example 2 also demonstrates the effectiveness of nisin in combination with
EDTA against P. aeruginosa. Example 3 demonstrates; the independent bactericidal activity
15 of the topical cream base and the enhancement of this activity with DMSO. Example 4
demonstrates the enhancement of the bactericidal activity of the topical cream base by other
absorption enhancers. Exan;ple 5 demonstrates the enhancement of nisin activity in a topical
cream base by an absorption enhancer. Example 5 demonstrates the enhancement of nisin
activity in a different cream base. Example 6 demonstrates the enhancement of nisin activity

20 with surfactants in a gel base.
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[0094] To test the anti-infective activity of the
ni si n-based cream and to conpare this activity to

wo ba/0sf308 he sane concentration of nisin in PBSCT/BS2003/039479

of a suspension of 9 x 108 CFU nL S. aureus was added
to 1 g of creamand 1 nL of PBS at the nisin
concentrations -38 WD 2004/052308 PCT/ US2003/ 039479

indicated in Table |I. The sarrpl es were vortexed to rrix.
(P61 SASHSRGknite ol Tevealemenocsia i obise oo BF e apostantin

then serial _dilutions were pI ated for enuneration of

axgi hagl g etfeqtive in qoprodiingpapwlatigns ef skinspashpgenesughalSeaureus and P.
cells for each nisin concentration. 5 TABLE I N sin

aérykinoya BRBhéCbw cvhyenGatoms togdtherrekhibit@ syAer@Bc eDOactivity. The
0.5 TNTC 1082 2.5 TNTC 140 12.5 482 12 [00951

cxnaTRy Asolddedtiaste tiad Rse LhalsiNs of RIPRAGE6N cdxsevi@ld@ﬁendenﬂy
| ysostaphin to be exponential in a cream fornul ation.

B R A o S

denonstrates |ysostaphin to be nore potent than
mupirocin in a Skln i nfection nodel, and al so to have

rapj d..onset act| on Ie 2 denonstrat es
o0 é@ﬁé%\#%@@ﬂé ipyepgien %Eixoﬁ BB s PR Seupalied he axt from
two conpounds are used in conbination. Exanple 2 also
capeidsration af the sppritiestivn end peastiesoidhe mveitipn disadenet) ihaestii. olit is
with EDTA agai nst P. aerugi nosa. Exanple 3
intkaded giat theepedifimtipn dep erarits Hzaohadered datxemgilhtyionyy, with a true

scope and spirit of the invention being indicated by the following claims:
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15 of the topical cream base and the enhancenent of
this activity with DMSO. Exanpl e 4 denonstrates the
wenrdansspent of the bactericidal activity of tP€I/US2003/039479
topi cal cream base by other absorption enhancers.
Exanpl e 5 denonstrates the enhancenent of nisin
activity in a topical cream base by an absorption
enhancer. Exanple 5 denonstrates the enhancenent of
WHAT IS AAIMEDYIS:n a different cream base. Exanple 6
denonstrates the enhancenent of nisin activity 20.
wWth surfactants in a gel base.' -39 WO 2004/ 052308
PCT/ US2003/ 039479 [0096] The foregoi ng exanpl es thus

s 2?%%‘6%05%?§eﬁt9 1 £ I'n fP’? 8@}&3 ]é)fe:a{ﬁé% g%r?&#ﬁiﬁlg togically applying to a
paﬁ%ﬁﬁ% Bl graaéatttﬁ%%qp%w‘égens Vot Gyl BF R icH composition

exhibit a synergistic |level of activity. The _exanples
comipsising @msHsetivetamnaunkoblysestaphin anden one et mRee lppikiati¢son a

to be independently 5 bactericidal, thereby enhancing
phiimeacaatidaity tiycepfablerdairiérfoetopiceleapptitative. agents. [ 0097]

O her enbodi nents of the invention will be apparent to

those skilled in the art from consideration of the

speci fication and practice of the invention disclosed

her & n.rpbbydiod 31 dée?ﬂldle@oﬁﬁ%ﬂgm B8a tﬁ‘%eag\hréﬁrﬁﬂhfé% oﬁ@éiected from

exanpl es be conS| as” exe Iy, a true

e and sp h nvent | ndi .ed
infiired FERTGRT PR, Clrardisule 5%60&5@8&%8%3%%@ b
PCT/ US2003/ 039479 WHAT IS CLAIMED IS: 1. A method of
treating a skin or wound infection conprising
topically applying to a_ patient in need thereof at
t he 3si fl&e ofethasf efelaimnl , arheesin aad fopécahpraaprsitsm eomsispe Fpm about
conposi tion
0.10 to about 10.0 wt% lysostaphin selected from the group consisting of wild-type

lysostaphin, lysostaphin mutants, variants and fragments, synthetic lysostaphins and
recombinant lysostaphins, and has proteolytic activity against pentaglycine-containing

bridges in the cell wall peptidoglycan of staphylococci.

4. The method of claim 1, wherein said topical composition comprises from about
0.10 to about 10.0 wt% of one or more lantibiotics selected from the group consisting of

nisin, subtilin, epidermin, gallidermin, cinnamycin, duramycin, ancovenin, and Pep 5.

5. The method of claim 4, wherein said topical composition comprises nisin and a

surfactant, and/or a chelating agent and/or carvacrol.

6. The method of claim 5, wherein said chelating agent comprises EDTA.
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5 conprising an effective anmount of |ysostaphin and/or

one or nore lantibiotics in a pharmaceutically
wa@ewepsmbs e carrier for topical application. 2pCTN82003/039479

met hod of claim11, conprising treating a wound

infection selected from infected abrasions, skin or

surface cuts, burns or surgical incisions or decubiti.

10 3. The method of claim 1, wherein said topica

- conpRsiTheastbadF dlsigs4, fwieeia bad topidhl EdmbesiaiPstmpifeda

W % | ysost aphin sel ected fromthe group consisting of
reMohiadd RRin Y@t aphi n, lysostaphin nutants, variants

and ?ragnents, synt hetic | ysostaphins and reconbi nant

| ysost aphi ns, and has proteolytic activity agai nst

pent agl yci ne-contai ning 15 bridges in the cell wal

pept i dagl ycan of  staphyl ocqcci.. 4. The nmethod of claim

. neridemedindpt MchiWhes gt EQP&%IEWSF%CWWS nisin and

about 0.10 to about 10.0 w % of one or nore
lysogfiaphiBi ot i cs sel ected fromthe group consisting of

nisin, subtilin, epidermn, gallidermn, cinnanycin,

duramyci n, ancovenin, and Pep 5. 20 5. The nethod of

claim4, wherein said topical conposition conprises

ni sion  gRd nthodWiicafmal) uhertsd topiaNEdAddsRbnd@RRE:r comprises at
and/ or carvacrol. 6. The nethod of claim 5, wherein

teag oty GBS B e bt PERE 56 rebithin of ot ) i 1
4, wherein said topical conposition conprises a
reconbi nant nisin variant. 8. The nethod of claim4,

wher ei n_sai d _t gpi_cal conBosi tion comprises nisin and .
10.  The method of claim 9, wherein each anti-infective active agent or antibacterial

enzyme is selected from the group consisting of beta-lactams, polymixin, glycopeptides,

mutanolysin, lysozyme, cellozyl muramidase, antibacterial antibodies and antibacterial

peptides.

11.  The method of claim 9, wherein said topical composition further comprises at

least one of bacitracin and neomycin.
12. The method of claim 1, wherein said pharmaceutically acceptable carrier for
topical application is in the form of a spray, mist, aerosol, lotion, cream, aqueous or non-

aqueous solution or liquid, oil, gel, ointment, paste, unguent, emulsion or suspension.

13.  The method of claim 12, wherein said pharmaceutically acceptable carrier for

topical application is an oil-in-water emulsion-based cream or lotion comprising an aqueous
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5 lysostaphin. 9. The nmethod of claim1l, wherein said

topi cal conposition further conprises at |east one
wa@paoAsa3bect i ve active agent other than | ysostBEhiUs2008/039479

a lantibiotic. 10 10. The nmethod of claim9, wherein

each anti-infective active agent or antibacteri al

enzyne is selected fromthe group consisting of

bet a-| actanms, polym xin, glycopeptides, mutanolysin,

ﬂlmseawﬁmmng&iﬂh@@ydtedwmpg%%ﬁd Pkt d?sf
anti bodi es and anti bacterial e|§ept| hﬁbliphalsﬁ comprlsmgahard

e bhPsh GhulsisR} M -
farther clcl)rrprlfsgglsg}m Efeg%%ﬁgéﬁgnéfgté%r S&ggf rmanoﬂ phase.
neomycin. 12. The nethod of claim1, wherein said

phar maceut i cal I y acceptable carrier for topical

appl i.gat n the for m of , a spray, m st, aerosol,
lotid % kg Oédlfé@é@ 18y wheggin spigl %&%@uﬁlamqmmr@m oskin
liquid, oil, gel, ointnent, paste, unguent, enulsion

5 abtp‘Ongg@p‘mﬁ seleged fthm the ghxu;j cotﬁsmtinglorthl\ZSOVdn& fpeitial fatty acid
sai d pharmaceutically acceptable carrier for topical
ghpptidesati on is an oil-in-water enul sion-based cream or
| oti on conprising an aqueous -42 WD 2004/052308
PCT/ US2003/ 039479 phase conpri si ng et hoxyl at ed
partial glycerides of fatty acids, an oil phase

conprksi gk AcMaE s ?laﬁﬁ 1 @H&eﬁ% g?%léélfcﬁlo%{pg%ﬁ%ﬁ 1saq,]cr8?rp formulation

i nverse enul si on of a wat er-sof
cc%ﬁ 14. The nmethod of claim 13, vvherel n said
61u% phase corrprl ses a skin 5 absorption pronoter

seI ected fromthe rou consi sting of DMBO and
10 par t PRut PdLe Jo ahquy Ogﬁ’gﬁé‘é@ighb@f lyspstaplrineangior voel ovnore lantibiotics;

cI aim1l, wherein said topical conposition is a cream
f or nehoat 2 émabout 10 % by weight of SOFTISAN 378;

about 0.25 to about 3 % by weight of SOFTIGEN 767,
about 2 to about 8 % by weight of SEIGEL 305 or SIMUGEL 600;
0 to about 10% by weight of IMWITOR 308 and/or IMWITOR 742; and

15 about 70 to about 90 % by weight of water.

16. The method of claim 1, wherein said topical composition is coated on the

sutface of a topical applicator.

20 17. A topical composition comprising an effective amount of lysostaphin and/or or

one or more lantibiotics in a pharmaceutically acceptable carrier for topical application.
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conprising: 10 about 0.125 to about 10 % by wei ght of
| ysostaphin and/ or one or nore (antibiotics; about 2
W eooalosins 10 % by wei ght of SOFTI SAN 378; abouPCOURH03/a39479
about 3 % by wei ght of SOFTI GEN 767; about 2 to about
8 % by weight of SEIGEL 305 or SIMJGEL 600; O to about
10% by wei ght of I MNYTOR 308 and/or I MNTOR 742; and
15 about 70 to about 90 % by weight of water. 16. The
met A8d ‘Bhe opiiahvompostiemaifclasnild, vhpreadhe spopugifiysostaplgn or
coated on the surface of a topical applicator. 20 17.
lanfibiotipiiceffectioamogsédt sloif infeanms st deciet] whlieitseiéeted fduninfected
of |ysostaphin and/or or one or nore lantibiotics in
abi@siBR SRR &R YhifseRl ks, BHHE B @lkiBal GAiIbRY orf REutiApi cal
application. -43 YWD 2004/ 052308 PCT/ US2003/ 039479
18. The topical conposition of claim17, wherein the
amount of |ysostaphin or lantibiotic is effective to
tre skin infections. or .nfected wounds. sel ected fro
S o o R ioRiof Bt d SoaaBiR LOmBRr L 1o Bout 100
surgi cal incisions or decubiti. 5 19. The topical . )
wi ptaplyn selected fom thy grovg eprsigingpimrikhivae bigestaphin lysgstaphin
about 10.0 wt % of |ysostaphin selected fromthe group
mutamibss v s dmtganslf fragnhahits, yypehdtiedprostapliinsnand sesambiaphii Ipsostaphins, and
mut ants, variants and fragnments, synthetic
had ti6 pRt@tictiaing age:0 pbitagindind-yaosinmgitiridges @nbe cdlb®all
the proteolytic activity against

peRRBLHSY S RHhGRBE&AINI ng bridges in the cell wall
peptidogl ycan  of staphylococci. 10

20. The topical composition of claim 17, comprising from 0.10 to about 10.0 wt%
of one or more lantibiotics selected from the group consisting of nisin, subtilin, epidermili,

gallidermin, cinnamycin, duramycin, ancovenin, and Pep 5.

21. A topical composition according to claim 20, comprising nisin, and a surfactant,

or a chelating agent or carvacrol.
22. The topical composition of claim 21, wherein said chelating agent is EDTA.
23. The topical composition of claim 20, comprising a recombinant nisin variant.

24. A topical composition according to claim 20, comprising lysostaphin and nisin.
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20. The topical conposition of claim 17, conprising
fromO.10 to about 10.0 wt% of one or nore

wo a0viof30t i cs sel ected fromthe group consi stiPgr/o$2003/039479
nisin, subtilin, epidermn, gallidermn, cinnanycin,
duranycin, ancovenin, and Pep 5. 15 21. A topica
conposition according to claim 20, conprising nisin,
and a surfactant, or a chelating agent or carvacrol.

22. JFhe TheRbsiadl c@ﬁﬁi’@ﬂﬁbﬂ bfdlaied 17 fdder 2dmpikias i Bas dhelanti-
chel ating agent is EDTA. 20 23. The topi cal ‘

infeRHIPORive APer lotte] ol BstaMAABE b Mol econbi nant
nisin variant. . t opl cal conp05|t|on according to
claim 20, conprising |ysostaphin and nisin. -44 WD

2004/ 052308 PCT/ US2003/ 039479 25. The topi cal

gﬁgp Q%ilt ,t | olrgﬂ;)lf%%t%lp%gn%%??q thclf a\?}]{he “@‘{E?Fgl; IeQS | %%tﬂ%;felctwe atlctwe agent is
| ysostaphin or a lantibiotic. 26. The topical
seteotep divint thergrop einsistinges behlactems, ralphixamtglydopemisies.vautanolysin,
active agent is 5 selected fromthe group consisting
lysizyfaef allbad tnuramidasd, yntibdcteriabdntiboiep tndlasgtibacterial peptides.
mut anol ysin, |ysozyne, cellozyl nuram dase,
anti bacterial antibodies and anti bacterial peptides.
27. The topical conposition of claim25 wherein said

ant iyj nigetd \{ %gﬁlhyﬁtlﬁggf%m%wm&%? sl a 1{1@@%0’{%%9\56 agent

baci't'facin neomycl n he topica
conpositio erei.n said pharmaceuti cal
CORPLISE 4 Effaépo ‘?’f%a‘élfm?larah? 8PS ™ appl | cgt ionisin't hey
formof a spray, mist, aerosol, lotion, cream aqueous
or non-aqueous sol ution or quuid oiI, gel, ointnent,
paste, unguent, emul si on or suspension. 15 29. The
t opi28al Thotgmedl pomposmorw@lannz@p whigeiesaid phargraceutically acceptable
pharnaceutlcally acceptable
carrier for topical application is in the form of a spray, mist, aerosol, lotion, cream, aqueous

or non-aqueous solution or liquid, oil, gel, ointment, paste, unguent, emulsion or suspension.

29. The topical composition of claim 28, wherein said pharmaceutically acceptable
carrier for topical application is an oil-in-water emulsion-based cream or lotion comprising an
aqueous phase comprising ethoxylated partial glycerides of fatty acids, an oil phase

comprising a hard fat, and an emulsifier that is an inverse emulsion of a water-soluble

polymer in an oil phase.

30. The topical composition of claim 29, wherein said aqueous phase comprises a
skin absorption promoter selected from the group consisting of DMSO and partial fatty acid

glycerides.
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carrier for topical application is an oil-in-water

enul si on- based creamor | otion conprising an aqueous
wW@b@gm5308mr i si ng et hoxyl ated partial gl yceri decT/082003/039479

fatty acids, an oil phase conprising a hard fat, and

an enulsifier that is an inverse enulsion of a

wat er-sol uble polynmer in an oil phase. 20 30. The

topi cal conposition of claim?29, wherein said agueous

phase conprjises a skin absorption praompter sel ected

fr oflt hé lgPisalroEmesition asrPrAS Ewée}naﬁa 18 £he; fogn of g fqpjeal cream

acid glycerides. -45 WO 2004/ 052308 PCT/ US2003/ 039479
coprisiAgt opi cal conposition according to claim17, in

the formof a topical cream conprising: about 0.125

t o abewto. 103 Roabyutvieiog vt welght w6 hasbaghhimamiisl @i 0d eretantibiotics;

nore lantibiotics; about 2 to about 10 % by wei ght of

SOFTHRAN B 4Boutd 0B W twdeid 3 BOFIROAN 398% by wei ght of
SOFTT GEN 767?uabouw?fvt%}§about 8 % by wei ght of SEIGEL

rFR e AR ar 0 WA FER TR ALY 0% o abour
compheiiel Bitbar ledbiaric of SEEELANS o ST 80061 o

topi cal applicator. 33. A nethod of decolonizing skin
pat Rdgehod i b woisht ofdMOWVIEPRG OB opi/eaINWITO 4% Aef t o
a patient in need thereof at a site requiring
decabauti7dad abeut &0 % by ecight ef wawunt of

32. The topical composition of claim 17, coated on the surface of a topical

applicator.

33. A method of decolonizing skin pathogen populations comprising topically

applying to a patient in need thereof at a site requiring decolonization an effective amount of

the topical composition of claim 17.

34, The method of claim 33, wherein said topical composition comprises from about

0.10 to about 10.0 wt% of lysostaphin selected from the group consisting of wild-type
lysostaphin, lysostaphin mutants, variants and fragments, synthetic lysostaphins and
recombinant lysostaphins, and has proteolytic activity against pentaglycine-containing

bridges in the cell wall peptidoglycan of staphylococci.
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15 the topical conmposition of claim17. 34. The net hod
of claim 33, wherein said topical conposition
w@oopnsses from about 0.10 to about 10.0 wt % BET/US2003/039479
| ysost aphin selected fromthe group consisting of
wi | d-type |ysostaphin, |ysostaphin nutants, variants
and fragnents, synthetic |ysostaphins and 20

recondd n | ysost aphi n nd .has, praoteolytic activity

agai nr%;t S@f‘ﬁ 15%@9@ Pﬁ glf‘% 2? 7Y saig trieal somposifien eemprises from
%@II 8@ tido %%5an of staphyl ococci. -46 WO 4 _
§849- u BP0 9ne gowpLe lagthiotitseselvetetl fmothegraimeonsisting
33, .wherein said topical conposition conprises from

cdBesin, spbtiley, epidetsuing galifdemin, Yinnfmytis, duramydie, ancovenin, and Pep 5.
| anti bi otics selected fromthe group consisting of

nisin, subtilin, epidermn, gallidermn, cinnanycin,
duramyci n, ancovenin, and Pep 5. 5 36. The net hod of

5 cl ai mg35; j k i Sitian ri ses . .
i o1 mand SRR SRR 5B ighn BBl SolbofRBR bomBRses nisin and
rol.. . t hod of claim 36, wherein said

Sc é%%?ﬂ%ﬁ‘?é%ﬁ?ggéﬁbrﬁ%%%wEEWA. 10 38. The net hod of

cl ai m 35, wherein said topical conposition conprises a
reconbi nant nisin variant. 39. The nethod of claim 35,
wherein said topical conposition further conprises

| ysos{aphhsymethgd gbclaipy 86, mehaieid seid chelafing A8nt vdrepriien EDTA.
said topical conposition further conprises at | east

one anti-infective active agent other than |ysostaphin

or a lantibiotic selected fromthe group consisting

10 of b&8.a-TiecheaBd oPAbYABS,iwhekdin s8l Y6208 Bbind&dtion comprises a
mut anol ysin, |ysozyne, cellozyl
recombinant nisin variant.

39.  The method of claim 35, wherein said topical composition further comprises

lysostaphin.
15
40.  The method of claim 33, wherein said topical composition further comprises at
least one anti-infective active agent other than lysostaphin or a lantibiotic selected from the
group consisting of beta-lactams, polymixin, glycopeptides, mutanolysin, lysozyme, cellozyl
muramidase, antibacterial antibodies and antibacterial peptides.
20

41.  The method of claim 33, wherein said topical composition further comprises at

least one of bacitracin and neomycin.
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mur am dase, antibacterial antibodies and anti bacteri al
peptides. 20 41. The nethod of-claim 33, wherein said

W0 opiosd30gonposi tion further conprises at | eaBCT/ORMOBH39479
bacitraci n and neonycin. -47 WD 2004/ 052308
PCT/ US2003/ 039479 42. The nethod of claim 33, wherein
sai d pharmaceutically acceptable carrier for topical
application is in the formof a spray, mst, aerosol,

| ot kon, TRE ﬁ@ffbd %ﬂéﬂﬁﬁ’ﬁ'% SQWhd?OiR sai@PHERR e RlaltYy 'a Fﬁﬂ)le carrier for
liquid, oil, oi nt nent , paste, unguent, sion

topj Jal %ﬁjpﬁﬁgpgﬂ 1%'?11 h% aﬁ%il of § gpxﬂgtiﬁlb{j Q0 . 8hs ! Bl %?ealﬂ\’qgﬁ%élg or nén—

ar rraceu I'C e cartirer for

ap ligation |s.an 0|I er emul si gn-based cream or
aqyess Wl}qg; QllagFl’dﬂﬁ paﬁﬁ,&glegu nRISIOR QT suspension.-

et hoxyl ated partial glycerides of fatty acids, an oil

phase conprising a hard fat, and an enul sifier that

is an inverse emul sion of a water-soluble polyner in

an 63| Pheamethod dOclditn 4T hehareih said pbirmcdcaitinall@ acash@blei qarrier for

sai d aqueous phase conprises a skin absorption

topRiaP Al htisieis @6 bHdn AP chtifsion-BhHed oAt Sitlbtich &m an aqueous
and partial fatty acid glycerides. 45. The nmethod of

pha%g@¢ﬁpﬁﬁP%@Gﬂ8£ﬁ5@d gl %18&&%& of AIPASHL A0ill hal Eifiling  hard

tion conpri si about 125t 0 abo

fat, aé]qtapgﬁglﬁsil %r thé’t éOSt g grls‘? Smg%b of%ow% ST Lolih]S 8%]%11118{; in an oil phase.

SOFTI SAN 378; about 0.25 to about 3 %by wei ght of
SOFTI GEN 767; about 2 to about 8 % by wei ght of SEI GEL

305 or SIMJUGEL 600;
44. The method of claim 43, wherein said aqueous phase comprises a skin

absorption promoter selected from the group consisting of DMSO and partial fatty acid

glycerides.

45. The method of claim 33, wherein said topical composition is a cream
formulation comprising:

about 0.125 to about 10 % by weight of lysostaphin and/or one or more lantibiotics;

about 2 to about 10 % by weight of SOFTISAN 378;

about 0.25 to about 3 % by weight of SOFTIGEN 767;

about 2 to about 8 % by weight of SEIGEL 305 or SIMUGEL 600;

0 to about 10% by weight of IMWITOR 308 and/or IMWITOR 742; and

about 70 to abou;c 90 % by weight of water.

46. The method of claim 33, wherein said topical composition is coated on the

surface of a topical applicator.
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20 0 to about 10% by wei ght of I MANTOR 308 and/ or
| MWV TOR 742; and about 70 to about 90 % by wei ght of
wowie/0523d6. The nmet hod of claim 33, wherein saPdI/US2003/039479
topi cal conposition is coated on the surface of a
topi cal applicator. -48 WO 2004/052308
PCT/ US2003/ 039479 47. An oil-in-water enul sion-based
topi cal creamor |otion conposition conprising an. L
aquedius Asheibin-waiep pinaisieg-hesetbiopicat weeamp aF lotign composition comprising
gl ycerides of fatty acids, an oil phase conprising a
anhwgeofsphaseaongmisingietliomylatddatartiad ghycetides of fattyearidssaroeil phase
a water-soluble polynmer in an oil phase, and an
coffpRfilsl Mfr @ UntenffisiABGh s BR i eB thuisitnesita WaeBEdHiBIE polymer in
agents in said 5 aqueous phase or said oil phase. 48.
an GO H00 26} i ERURRS blloBht SHon o ¥ i-WARKGE BetfRldllents in said -
aqueous phase conprises a skin absorption pronoter
sel ected fromth roup consi sting of DMSO and partia
aQF§FF§%§%%65w5%§H§P? es. 10 49. The topical conmposition
of claim47, coated on the surface of a topica
applicator. 50. The topical conposition of claimA47,
wherein said emulsifier is an inverse 15 enul sion of
pol yicr Jha tepdeal icompositidmofxdaing 47, whesin saithequeops pldse comprises a
conposition of claim47, wherein at |east one
skildbsorptibe ptdnveeralected froagdpterod coakistiigel DNISD drftepartial fatty acid
group consi sting of beta-l|actans, polym xin,
zﬂgkﬁg&peptides, nmut anol ysin, |ysozynme, cell ozyl
mur am dase, anti bacterial antibodies and anti bacteri al

49. The topical composition of claim 47, coated on the surface of a topical

applicator.

50. The topical composition of claim 47, wherein said emulsifier is an inverse

emulsion of polyacrylamide in liquid paraffin.

51. The topical composition of claim 47, wherein at least one anti-infective active
agent is selected from the group consisting of beta-lactams, polymixin, glycopeptides,
mutanolysin, lysozyme, cellozyl muramidase, antibacterial antibodies and antibacterial

peptides.

52. The topical composition of claim 47, wherein each anti-infective active agent is

selected from the group consisting of lysostaphin, lantibiotics, bacitracin and neomycin.
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20 peptides. 52. The topical conposition of claimA47,
wherein each anti-infective active agent is selected
wo e@ai0s13es gr oup consi sting of |ysostaphin, PCT/US2003/039479
| anti bi otics, bacitracin and neonycin. -49 WO
2004/ 052308 PCT/ US2003/ 039479 53. The topi cal
conposition of claimb51, wherein said anti-infective
active agents conprise l'ysostaphin and nisin. 54. The
topi cal conposition of claim47, in the formof a
t op$x al Thertegiral composision gf clain Ghevherein sail dnti-opfeciave active agents
conposition is a creamfornul ati on conpri si ng about ‘
con@]arﬂs@@ysbgaﬁl’ﬁﬁkihd &fdin% by wei ght of |ysostaphi n and/ or
one or nore |lantibiotics; about 2 to about 10 % by
wei ght of SOFTI SAN 378; about 0.25 to about 3 % by
wei ght of SOFTI GEN 767; about 2 to about 8 % by wei ght

of SEI GEL .305 .or Sl L.600: ,10 Q t %
i Sht B DG FCRDAOBOR AL AP i ReHO7A 57 Y topkfalfRfgycomprising
70 to, about 90 % by wei ght of wqt er. -50.. .
wherein said topical composition is a ¢ream formulation comprising: :
about 0.125 to about 10 % by weight of lysostaphin and/or one or more lantibiotics;
about 2 to about 10 % by weight of SOFTISAN 378;
about 0.25 to about 3 % by weight of SOFTIGEN 767,
about 2 to about 8 % by weight of SEIGEL 305 or SIMUGEL 600;
0 to about 10% by weight of IMWITOR 308 and/or IMWITOR 742; and

about 70 to about 90 % by weight of water.
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