METHODS AND COMPOSITIONS FOR LIVE ATTENUATED VIRUSES Priority [0001] This
application claims the benefit of priority of provisional U.S. patent application No. 60/910,579, filed on
April 06, 2007, which is incorporated herein in its entirety. Field [0002] Embodiments herein relate to
compositions and methods for stabilizing live, attenuated viruses. Other embodiments relate to
compositions and methods for reducing degradation of live, attenuated viruses. Still other
embodiments relg{g?ég?gs"ﬁ%g@'&%%ggﬂ% & WEW&$BE§M%WCX{%H§%%d methods.
Background [0003] Vaccines to protect against viral infections have been effectively used to reduce
the incidePdemfshuman disease. One of the most successful technologies for viral vaccines is to
immunize animals or humans with a weakened or attenuated strain of the virus (a "live, attenuated
virus”). Dygyin fimitedyanlicriian.atietiawBrmzationo e atinouatsrkstraindess Holicayse disease.
However,_the limited viral replication is sufficient to express the full repertoire of viral antigens and
generates Pofht Shet forteheBiny ithifunl e SHY AL S R it <R dS G EBsequent exposure to
a pathogenic strain of the virus, the immunized individual is protected from disease. These live,
attenuatedielthl vaccines are among the most successful vaccines used in public health. [0004] Ten of
the sixteen viral vaccines approved for sale in the U.S. are live, attenuated viruses. Highly successful

live viral viyaamesdieludrihenyeioveiaves ddkpuienSabimraliiinds dupasheiard 3, measles,

mumps, rubella, varicella and vaccinia viruses, Use of the vaccinia virus vaccine to control smallpox
outbreaks e 1B e FPse UGART TES‘EF@H%T%%&W&W@%%@W@%@ GifoVitEs vaccine has
helped prevgntietmpling-diseasediihvighveit SHE vwhstdabddareeingelisetinsthe effiests to eradicate
polio. Chil((:jhoo(gjSi %%g:ipa};[;% c\}/}/it% m laeséesligg imp ghaurgetg%%nd varicella vaccines prevent millions of
deaths and The8ses interna |0|Raﬁ[y NuThDer of ﬁve, viral vaccines developed with recombinant DNA
technologies are in human clinical testing, including vaccines for West Nile disease, dengue fever,
malaria, tHRsHENEM! and HIV. These recombinant viral vaccines rely on manipulation of
well-characterized attenuated viral vaccines, such as adenovirus, vaccinia virus, yellow fever 17D or
the dengu@ia]sy RxENe? tb Pist&3 aghiessafen affectimtebavirises aifecgenigticatiengineahed to express
protective,antigens,far,alheriral. ordacteril paihagens.Severaliecanibinan virel yaceines have
been approved for Animaj use, including a cénarypox??eﬁne‘ieu emia recombinant virus, a
canarypoxfeaninecdisteniper hoowirbiridne Weakenedanaiypoxid sseiNie fecombitaittveirus and a yellow
fever/WesfNjig.feg OmRAMS NS ARa AR e IRV IS YRRGIRES AtEApongst the

most successful medical interventions in human history, second only to the advent of antibiotics and
hold the pPohfigstdlisppoVEPLBIRE-HBalimithrgHstR i g e iBoos s orgst s fitk, attenuated

viral vaccipgsigiReceifeetive; dhey.mustRe.canaiie: ahiapligatinghafiemimnmiirationohys, any factors

that inactivate the virus can cripple the vaccine. For example, widespread distribution and use of the
smallpox VA%Eine ProHRSTBPRT WA ARATRE P HRRETHS %H%"Q/l‘?ﬂsggﬁ/%guiﬁé VAR KitEr only a few
days at anmbigfidiginperatarasirontldesd832 OBhdseaineh) aoismitstsvdrinarsinasior: b fpatzeadsied vaccine
provided Io&gh ler %tagilite\é an Egc%'mfugs {t%r large-scale manufacture of freeze-dried vaccine were
developedgln the S f‘see%%r e>Pamp e Collier 1955). In addition to freeze-drying, various additives
have been identified that can help stabilize the viruses in live, attenuated viral vaccines (See for

example BOPRA] Hsa et hesogesn YHakraseitsh ApPEoNpidanyalscrie bhe arcivte’drinaifbiiowing
CO?:IOIOne;ﬁﬁhﬁﬂ&?ﬁ%@ﬁﬁﬁl&&%sﬁliﬂfmséi?%b&@%ﬁ@l%k%lﬁfi@{ﬁh@)lf&lwelﬁwérlgﬂw_ ﬁsﬂ-%ﬁb@ﬁose, |_aCtOS€,
trehalose), polyols (e.qg., glycerol, mannitol, sorbitol, polyethylene glycol), amino acids, protein
oS LT i O SRR eI o R A TG (S B¢ Gblatin
human sethn, atbiinin o obimasdegotexit ok QOB iLsHalve ke, fevemavithi fhesacatidilizing
agents, many ol commonly Lsed vageines stil require efrigeration for stabilization. Otner
commonly USed VACCINES dre Sensitive oc{emperature extrerﬁ)es;pel%er excessive heat or accidental
freezing camringhtiviate: therldaasine bMaintsdd g hth i ot dootraihc aterpeigh obhdidweisution is particularly
difficult in e devRIoRIng MoK Thbs O ersdemalns.Aaasd fosimprouing thaiRiabitafRoth existing
and newly developed live, attenuated viral vaccines. 100081 Flaviviruses are amongst the most labile
viruses. THBY dicBavEtpeionilses with a RNA genome of approximately 11,000 bases. Most of the
flaviviruses are transmitted by an arthropod vector, commonly mosquitoes. There are over 70 different
flaviviruse §lhe] aRe@roupddinicivieed) ajohcateganesnbasedvorscgeatogy atldedidngue group, the
Japanese encephalitis gr nd the yellow.fever group. Amongst the known flaviviruses, 40 are
ranamtod B e B R R A B RES, £  vector
Thus, most flaviviruses have evolved to replicate in both their arthropod vector and their vertebrate
host species (often birds or mammals). Expanding urbanization, worldwide travel and environmental
changes (such as deforestation or rain patterns) have lead to the emergence of several flaviviruses as
threats to human public health, Such viruses include, but are not limited to, yellow fever virus, the
dengue viruses, West Nile virus, Japanese encephalitis virus, and tick-borne encephalitis viruses.

10009] Through intensive mosquito control and vaccination efforts, yellow fever was eliminated from
miich of Nlorth Central and <nirith Amearica the Carihbean and Eirirone However in the lact 20 vaarce




[00010]Live, attenuated viral vaccines have been developed that are safe and protect against flavivirus
diseases, such as yellow fever and Japanese encephalitis. The live, attenuated viral vaccine, 17D, has
been widely used to prevent yellow fever. The current flavivirus vaccines are lyophilized in the
presence of stabilizers. Nonetheless, the vaccines require storage and shipmentat2 -8 C, a
requirement that is difficult to achieve in the developing, world mare remote regions of developed
nations. FHTRSFRABIECUBEH RIS TRIBRPER: Jgp‘f%gsb %%Iilctﬂ[)?llgogséeﬁo g Ie%séenl%v en Stored at 2 - 8
C. [0001 LkFhemsdsie snieackinevisdnatier @xamyile dfadabilengtiefuvateohalirnis, tabedsimsed worldwide
to prevent disease Neasles Wiise, A0, SIMEIORSth A SEIMERIED NSEAURSiEARGEAINA virus of the
Paramyxovirus family. Keadies is aﬂlg ly contagious, seasonal disease that can affect virtually every
child befortepuiedtyiiml thes cibse nuehai vdenimaitionyaec iy Eioing: Bowraes 1 iid paths denescin
measles-infected-chidigR aan by a9 RIghkER 240 Rk ndesd desnigeffrds deJagfitute worldwide

immunization, measles still causes greater than 7,000 deaths in children per year. The measles
vaccine iPEIRMvaEHEIBEPURTS NI OTRAHETR RABASFNBrif AT 2R HRHS B s he vaccine
is stabilizegwithgelstiaaadaanitol asd isdhamyophilizgh e siakilizad fvaphiized vacgine has a
shelf life of 2 years or more if stored at 2 to 8 C. However, the%lgﬂ)ehiliﬂag vaccine still r.eoguires a cold
chain thatti SR G IS PR HE BRI G Wo AG ETPRZImMGHE  UFo TELBHEHNER, the vaccine
loses 50%0f itsoiemeyewithin Nikoreahtonm: iemperatarer¢ap, thve xtddRadLiThes, a need exists
in the art for improved vaccine formulations. SUMMARY _ [00013]Embadi erein concern
methods gﬁ%%&%%gséﬁlgﬁ%s%%r% S(S:%Iesg?cﬁr%%uzrﬁ?e é%@r?(%%x{%ﬁ or m%ﬂé%%ﬁ%? 1;JIi%r/geé{);{%(taenuated virus
compositioniyGe ttaindsempbsitidnstidiseiddeddoln imeitige toombipetiprislicfealhpgbrashottideduce
deterioration of a live attenuated virus. Other embodiments herein concern combinations of excipients
that greatly enhance the stability of live attenuated viruses. Yet other compositions and methods
herein are directed to reducing the need for lower . temperatyres. (e.qg. refrigerated oBfro en storage)
while incré%&88h hardraiptity orLgresed v ??&W?gbeéﬁ%ﬁﬁfz PRV atten gé&%‘f?@% tf)a 14]In
accordangepnifitithese-eimbagimaits, Tadaimivecadte tuaiedorivaseh aréndirectedmpldlthdviruses. Some
embodiments,, directed to compaositions, can include, hut are. not limited to g e live,
attenuated %ﬁﬂ%%:,ﬁ RSV RS %n‘%l%%rs r%ar% |\§’g}%1t 13%&&&3%3%&?&&:@ o%ér%cg%%aﬁﬁlp V\g/)?t[h one or more
high moleditaid/Weéight sasfantirtdeproseiths, and vasbotyiiatess: fo0onisS|CHMposiisisbitemplated
nerein cen pisareihastaplizAoRandlarsrteadisitaaliyaton Aucloudegtadaion of a ve

attenuated virus including, but not limited to, a live attenuated Flavivirus, Togavirus, Coronavirus,
Rhabdovinreyripghirs [earsiribiamdbktechmimien sasvigs; ssesyamacre At -tttovirus,

Hepadnavijiiis; RestiViis Bikr A USGAlCY b1 REpM U RATVAY US [damevayiftszAdenovirus,
Herpes virus, or Poxvirus, [00016]Other embodiments corg‘:ern live, attenuated V.il’lfS compositions and

methods diFS@Ed Py AL HECE BT STOHS AR bFAR 8RB AT LR R SRS & Bf a medical
condition cadsesdayaaevasonesekthe vinsge bartentplatecHedin. Theacsaidance twitkalhese

embodiments, medical conditjons include, but are not limited to, t I\élile inf §H< n, dengue
fever, Japg?'?i% e@ﬂ%@ﬁﬁﬁfﬁﬁp@a@%l%@%? ?éléegs?éfl%fa%f Z\ilté?lrés‘)’/%\{h?c%s gﬁl[tlssgl _%rﬁsfma
hemorrhagitciewes, Btal agisetoe poatitis, tickebomehanssphalitids Yeliowifevml.anehhéplatitis C virus
infection. sorbitol, polyethylene glycol), amino acids, protein hydrolystates (e.g. casein hydrolysate,
lactalbumin hydrolysate, peptone), proteins (e.g. gelatin, huran serum albumin) or polymers

{e.g. dextran).

[0007] However, even with these stabilizing agents, many of the commonly used vaccines
still require refrigeration for stabilization. Other commonly used vaccines are sensitive to
temperature extremes; either excessive heat or accidental freezing can inactivate the vaccine.
Maintaining this “cold chain” throughout distribution is particularly difficult in the
developing world. Thus, there remains a need for improving the stability of both existing and

newly developed live, attenuated viral vaccines.



[00017]In certain embodiments, compositions contemplated herein can be partially or wholly
dehydrated or hydrated. In other embodiments, protein agents contemplated of use in compositions
herein can include, but are not limited to, lactalbumin, human serum albumin, a recombinant human
serum albumin (rHSA), bovine serum albumin (BSA), other serum albumins or albumin gene family
members, Saccharides or polyol %&Ent can inofltéqe’ but arergot Iimitede}(c)) r%%ri\rggeasc&ﬁtgrides,
disacchafMBIEGXPATEEIAE FRAEELaC QRFOBRITATESES, I<6MERSSET Ceiibiose . gentiobiosc,
laminaribeseA xohiese, amanxekiese | lBetOdeséudibse pEonbifblyimankitets laetiolitiedivyl aerythritol,
raffinose, amylse, cyclodextrins, chitosan, qr ¢ it ' nt agents can
include, b%%%y?@ %do}]él(f:rtﬁ}l]i’e%)%rpghr%m%% 31{803 rsfa?ga'lér%%sé%c ngfy a?lalél;}]f %@gﬁg%%ﬁ%egﬁgggopolymers of
poly(ethylemersride) dncepajqpraiogiams bxide pIBoRoeichk eemigaier.) thsdkitdmsst pyrroloidone),
alkyl polvg%%gﬁ&%? agﬁaﬁihaaé FUGOSR PP HISArAtaRHEK: digisasifa. ausasbitan monolaureate,

and decy

octyl glucoside ¢ maltoside), fatty alCohols (cetyl'alcohol or olelyl alcghol), or cocamides
(cocamid & MIERtted e PIEgk A EoEamRId X ickscertg)invatss B dailfieiiticthe surfactants

can includg,kut argmotiimitaskigatheiRlsaniceRl 3ike P leranitda@8n BitroniaRRsped atesrEO-PO
block copolymers ofe%r}%ater than 3,000-4,000 MW. 10001 ﬁlnfome emb%diments, vaccine

compositiBP BER HERRIRCHOSRE TGt [RATBIFHSS ShEET A SRS PR 8 rum albumin; one

or more sagehbride egentibabisehalosehang: o (wdr sndedosenttactant polypageragemtvihat is the

O PO bl S RoNeL El ORI F 14 1 AQ0RT S0me. ATERAMENS NEfRINEOASRIRaelly or wholly
dehydrate§iR/&, ‘AitsRTERE Vital compositions. Th accordance with these embodiments, a composition
may be 20rbude rhorers3gdioriwbie yd0H Grviavoreus 0% damgisrsinege Brephdfde YOW% or more; 80% or

more; or 9}3‘% L @}%ﬁ%@%ﬁxgwﬁg-a[{?;ﬂﬁ)&&ﬂﬁ?ﬁh@s&%mm{@%mg@ncefn methods for decreasing

inactivationor a live attenuated viruses including, but not limited to, combining one or more live
attenuated viruses with a composition (_:apableﬂi)f reducing inacti%ation q[ a Ii%/e, attenuated virus
including, BA0RbE HFRHER THCHHE SHBIE SATLMH GYerREBHEB B E5eRKARYESSF polyols agents:
and one ogimakerkighom elackier NeighC sutrd ciahSsuihenein thateofapibbitiornué Ereapes inactivation of
the live attenuated virus..In gecordance with these embodiments, the live at ( i ay
e, DUTS TOCTMBS 2 P Fosaar SRt e R RS ISOURLE Vs
ParamyxofidrasyDushonoyx ewiicsicBu nyavimiertitrendvidosa Red SoiriisA repeiditsl 4a18¢ Pestivirus,

Picomavikis, Rl YIHRLR IR ST HUAM I RERAYR KO aNAUIEU S SUBERY is OF & POXVITUS.

Additionally, m and compositions disclosed herein can include freeze drying or other
dehydratirxghestiods eseunanaoribitrading T390 dsribe withth &I dtiodsishg Eompositions, the

methods aid, coMRQSIIANG Aegisass ipactvalionqfitae-laeae Hrirdupaitiallyienwhaly dehydrated

live attenuated virus. In other methodsz compositions fogﬁ%?creaﬂg maciva%gﬂ] fa/t.livet attenuated
virus may BRI 8 aiBBiedrtin GERIBAAF P ASF RSN SRR ﬁ‘%ra F égglf%%ea‘({fter
dehydratiomaGomposiinis eesckibacnietain-arecapabieatiinstéaxing thieshslf tife mban aqueous or

rehydrated live atfenuated virys. [000221In certain particular embodiments, a Live attenuated virus for
use in a véégﬁﬁtﬁlég'&‘ﬁ?&ﬁgﬁ%%ﬁe%é% é%eﬁsé:re%l?r?lr%%a%%%ﬂf e (f}%llg %t%gfi{fﬁilgﬁéa? El(S?rf’lél(l)or more live,
attenuatechitavitian v A6Gideshinsduding bupaciclitaite o ito] atdrmuad dNest oW devar wiaises (such as

L70). atenyaial annshe ROEAINR USSRl 99 SAd 4 1 RnrieRupadyslonaue vituses

(such as D _ 3 or DEN-4: ecombinant chimeric flaviviruses. [00023]In certain
embodimemissqedimpeniiiisicare infietrsbirdrein e Cmaabiods but also caused disease and

mortality in humans and horses. West Nile virus spread throughout the United States and
into Canada and Mexico. Since its introduction, West Nile virus has caused over 20,000
reported cascs of West Nile disease leading to 950 deaths in the United States.  Japanese
encephalitis virus causes 30,000 to 50,000 cases of neurological disease annually, primarily
in eastern and southern Asia. 25-30% of the reported cases are fatal. The tick-borne
encephalitis viruses are endemic to parts of Europe and Asia and continue to cause cpisodic
outbreaks affecting thousands of individuals. Related viruses with more limited geographical

spread include Kunjin virus (a close relative of West Nile) and Murray Valley encephalitis



decreasing inactivation and/or degradation of a hydrated live attenuated virus for greater than 24 hours
at room temperatures (e.g. about 20' to about 25 C) or refrigeration temperatures (e.g. about O to
about 10 C). In. more particular embodiments, a combination composition is capable of maintaining
about 100 percent of the live attenuated virus for greater than 24 hours. in addition, combination
compositions contemplated herein are capable of reducing, inactivation of a hydrated live attenuated
virus durifgut ReAdssaiaang Nay %W%y‘gﬁe]s?’@%ﬁéi‘%k&h 8¥18&18§ﬁ%m8i§83 Hbositions
capable ofxeeduainKinactivating vhandydiaiesh live\ flitanuedeChvipascierate it 34utiounadacabout 50 days
at refrigeration temperatures (e.g. about 0" to about 10" C). Compositions contemplated in these
methods, [6dftidtlude, bivcarsamobitditadl toscomeOianobecprdteaoneé itad bsesefmaatbpreliect one or more
saccharidg, agenk afiliehalese. And, e QL MAGE QR e BIask CuRalmEl R0aRLqfRluronic F127. In

certain em o%lments,?ﬁiaﬁve, attenuated virus composmi% remains at about 100% viral titer after 7

days at appeoxaisdtsirbiaGiand 2Bobrslioogswidatiterbar sodayalav i rie i B beratures

around 4 &, Qiher emladinensherela MayRRlMdR IIYE saliandates virissapRsitiopifgmaining at
about 90%, or about 80% viral titer after 7 days at approximately 21 C and about 90%, or about 80%
viral titer AREHET GRS AP FHiRRNiGhterf perat Fed s dhatd Bitetempdifeid ontemplated
include livgsaitganatest Ming compesitionsfrmadiing abphondidnio Bheirddxthpeoncentration of
viral titer after several hours (e.g. 20 hz)tr“isg ata roximatekl{ 37*: C ompal, %to other compositions
known in THECEHIPLISE e SREHIBIETARITY B SRP B E SR SETBL Hiedbsad herein reduce degradation
of the liveJeatanpated Vitusmehdes the compesitiber iskstapkdodh dgploximatelyd3ir@. §80024]Other
embodiments, congern,kits for. decreasing,the inactivation of a li ttenu ' sition
including,lgﬁ?r%c{rﬁ“ﬁ%%t?o? rgvggtnct%%l%gegﬁ'ang%é%%ﬁ%%si%%}nglﬁ:% ﬁ?g%t?g%?ﬁ\ﬁr{#eﬁg% o%ge or more
protein aggrimd BAbtorimoed thadnempeosinpofyolihg dviessisdsoriesbbnsoraBonR &HK copolymer
agents, Whereln g em&%ﬁ&q&&w@@eﬁm@ﬁ%&%ﬂl%mﬁmﬁmue@ﬁ@éium{temuated virus.
In accordance with these embodiments, a kit composition mgel/ilnclude one or more one protein agent

of serum SBHRRNBREVBHIRDFEBH AR A G fRelRAehiltiansra BY ATdreBd PO bitek

copolymeragesnt. fdsiionaiig @ kiteaniernplaiest harminimayfurbandsctutde.ons gremearalive,
attenuated vir se's'('k%cludi, , but not limited to, a Flavivirus, Togavirus, C(t)rgnaviruhsr,tRhabdovirus,
Filovirus, PAranisbvitS BAHLATXEUiruS) BURYAANIS Afeld iHrs, Hetatitus et

us,nﬁépac’lbhavirus,
Pestivirus nRigeraist sy GatiaivinisciRe ditirolslaRanlByirlise Rapavaisistsi Aabeneiirgs]aHerpds virus, or

Poxvirus. [ ePin PR IRt SempReline e B SRR NPlde LR 0shcfiS feaerhayide agent. In
accordance Wl%ﬂ tghese emnbgaPmen S, tre aS|OS€ COﬁCg ration may be equal to or greater than 5%
(W/V). In certaiprembotiharitse 8dMpbsitions Hbrdirppbifidadiversipoiiar EIRT 4 eld #@UPO block
copolymeragentiA ARG IIANEEINESR IR UIMRNE PRNNGL LR consRniaNAnmaay be about

0.1 to about 4 percent (w/v). [00025]In other embodiments, compositions contemplated herein may

contain trat¥ERTdess W neldivarmeatishiy EBPeasise, Comiaitions atefplated herein may
have traceggoeynts or neGalciuey Magnasiuen{Ger e BRIER RESERIRTION OF THE
DRAWINGS The following drawings foiiit part of the instant specification and are included to further
demonstr spects of particular embodiments herein. The embodiments may be better
understoo reference to one or mare. of these drayings in combination. wit thg C11 t Nilggtdescription
presented?ﬁgyéﬁ. [000 fé.Enreéjﬁsrélgléeﬁ?scgrﬁcg%%%%%gﬁ%%&% Oséﬁ%?ﬁgrfﬁngﬁtsouegf% various

compositichseforaestimg thasrabiitpbi drcettmypid ifnsSODEMIHRDECRT avivhesstivnihe
compositiodqgcl&[s;g(p 9&7$€ﬂ9d@c6%96ﬁ1§,ﬁ8|¥é P é%’t%?%@&&%ﬁmﬁi% an exemplary

virus, DEN-2 PDK 53 flavivirus, for viral inactivation at 37 C in various exemplary compositions
[00028]FiRtBruHresEnS AthexemiamImstbeit CORI AL AP Euprar YrleEesbN-2 PDK 53

virus, storediahdd hdQlaB iR vy AlRS. € BXREESYRH AR RREpEAIRGS Afdhridtakiiigeremaining
after incubation relative to the inﬁut titer, Formulation percentages refer to (w/¥2 of the respective
excipient. ¢ directed to reducing the need for lower temperatures (e.g. refrigerated or ffozen storag

whilie increasing the shelf life of aqueous and/or reconstituted live attenuated virus.

[60014] In accordance with these embodiments, certain live attenuated viruses are

directed to flaviviruses. Some embodiments, directed to compositions, can include, but are



[00029]Fig. 4 represents an exemplary histogram of an analysis of an exemplary virus, DEN-2 PDK 53
virus, stored at 37 C for 23 hours in different compositions. Values are expressed as a percentage of
the viral titer remaining after incubation relative to the input titer. [000301Fig. 5 represents an
exemplary histogram of an analysis of an exemplary virus, DEN-2 PDK 53 virus, stored at 37C for 23
hours in different compositions. Values are expressed as a percentage of the viral titer remaining after

incubatior P& IFNEL RS AS tRATRHY FHE RIS ré Tdice A o RO fRIoRYS st icabRdates in the

experimenta {83034 Fit ISRIESE Aishh 3L MO N dH ot AR alysi s aFamaexe pAplans \iflds, DEN-2
PDK 53 virus, after two freeze-thaw cycles when stored in different formulations. Values are expressed
as a percé“ﬁ{%@ Fifi& viral titer remaining after freeze-thaw cycles relative to the input titer.
[00032]Fig. 7 represents an exemplary graph of a kinetic analysis of an exemplary virus, DEN-2 PDK
53/WN redtfibfant fiaCmirnesifonaciousepletehhergincamposivesisthestirali mbenvaton 8dpsC over

several W?@é‘&?&%’f"m&@%ﬁ?’% 2 SRR ARG AR JFRALY fg?‘ﬂﬁiﬂ%l{‘iiﬁ{?é'é’ s of an

exemplary virus, DEN-2 PDK N recombinant fiavivirus, in various exemplary compositions for
viral inactistisiicarated Bysivdaselaendars ePome it dafrieyiorefHosaits BTEREIAPENY histogram
analysis ob RS SLOPIALY, M REN A2 ENirS3 RirksvialieHyprhilizatioPiarsigus exemplary
compositigns. Viral inactivation was assessed as described above after two weeks at different

temperat H B SERBHGN DRSPS TRATRE MBI BINHEN S 198 Hir blygpes virus. or

Poxvirus.

[00016] Other embodiments concern live, attenuated virus compositions and methods
directed to a vaccine compositions capable of reducing or preventing onset of a medical
condition caused by onc or more of the viruses contemplated herein. In accordance with
these embodiments, medical conditions may include, but arc not limited to, West Nile
mfection, dengue fever, Japanese encephalitis, Kyasanur forest disease, Murray valley
encephalitis, Alkhurma hemorrhagic fever, St. Louis encephalitis, tick-borne encephalitis,

yellow fever and hepatitis C virus infection.

100617) 1n certain embodiments, compositions contemplated herein can be partially or
wholly dehydrated or hydrated. In other embodiments, protein agents contemplated of use in
compositions herein can include, but are not limited to, lactalbumin, human serum albumin, a
recombinant human serum albumin (rHSA), bovine serum albumin (BSA), other serum
albumins or albumin gene family members. Saccharides or polyol agents can include, but are
not limited to, monosaccharides, disaccharides, sugar alcohols, trehalose, sucrose, maltose,
isomaltosc, cellibiose, gentiobiose, laminaribose, xylobiose, mannobiose, lactose, fructosc,
sorbitol, mannitol, lactitol, xylitoi, erythritol, raffinose, amylse, cyclodextrins, chitosan, or
cellulose. In certain embodiments, surfactant agents can include, but are not limited to, a
nonionic surfactant such as alkyl poly(ethylene oxide), copolymers of poly(ethylene oxide)
and poly(propylene oxide) (EO-PO block copolymers ), poly(vinyl pyrroloidone), alkyl
polyglucosides (such as sucrose monostearate, lauryl diglucoside, or sorbitan monolaureate,
octyl glucoside and decyl maltoside), fatty alcohols (cetyl alcohol or olelyl alcohol), or

cocamides {cocamide MEA, cocamide DEA and cocamide TEA).



[00035]As used herein, "a" or -an" may mean one or more than one of an item. [00036]As used herein,
"about" may mean up to and including plus or minus five percent, for example, about 100 may mean
95 and up to 105. [00037]As used herein, "saccharide" agents can mean one or more
monosaccharides, (e.g. glucose, galactose, ribose, mannose, rhamnose, talose, xylose, or allose
arabinose.), one or more disaccharides (e.%%rehalose, sucrose, maltose, isomaltose, cellibiose,

gentiobios¥4&8hinaribdaethsrspiadimsinibbivsiciaren Bicdeibst yehrbbRisAdRde.g. acarbose,

raffinose, pRglizitose2 PINGSRIOrase folHese Par sUgai R POEPS (B @ kdessBmeotanthatapullulan,
cyclodextrins, amylosc, amylopectin, starch, celloologosaccharides, cellulose, maltooligosaccharides,
glycogenflﬁarﬂtérgg '%QQQnM?‘i(f 1000381As used herein, "polyol" agents can mean any sugar alcohol

(e.g. manpiboll gorbitol akahitadnbeydhmitets madtitnt, coptitokighyeitaln ghebalg golygly citolipatdethylene
glycol, polypropylene glycol. or glycerol).As used herein, "high. molecul ight syrfactants” can mean
a surfacet cﬂ‘\}%?‘é%%’"rgngﬁﬁ%“rﬁg?gél%%?ggsré%ﬁ%‘?t?%ﬁ%o%“r%o ergﬂ .85%%%%%6%%039 As used herein,
"EO-PO hiebklcspetyhvar @anomeanzeopehyner ceesishisig ohbbekBG bk tetiene oxide) and
poly(propﬂﬁp&)igigifj%. In addition, as used herein, "Pluronic” can mean EO-PO block copolymers in
the EOx-POy-EOx. This configuration of EO-PO block copolymer is also referred to as "Poloxamer" or

"Synperonf¥036D040]ASosemierimenta ersimreasaugetsl s arhal vidrb st e iSnstrates reduced

or no clinigalsighg ofdisease e adninisiered (RmaNMabJREAMYL. ERBESERITIONS [00041]in
the following sections, various exemplary compositions and met%&)ds are descriped in order to detail
that

various eribodithehtaoiewi’pe'dBNb e (¢ STl hThB T thae SYaBRn § tHe Uan8lrs
embodiments, doppRobrequirertheremplaymednt of all or even some of the specific details outlined

T A TR S g e o

descriptioatienuated virases including, but not limited to, combining onc or more live attenuated
viruses with a composition capable of reducing inactivation of a live, attenuated virus
including, but not limited to, one or more protein agents; one or more saccharides or polyols
agents; and one or more high molecular weight surfactants, wherein the composition
decreases inactivation of the live attenuated virus. In accordance with these embodiments,
the live attenuated virus may include, but is not limited to, a Flavivirus, Togavirus,
Coronavirus, Rhabdovirus, Filovirus, Paramyxovirus, Orthomyxovirus, Bunyavirus,

~ Arenavirus, Retrovirus, Hepadnavirus, Pestivirus, Picornavirus, Calicivirus, Reovirus,

Parvovirus, Papovavirus, Adenovirus, Herpes virus, or a Poxvirus. Additionally, methods
and compositions disclosed herein can include freeze drying or other dehydrating methods
for the combination. In accordance with these methods and compositions, the methods and
compositions decrease inactivation of the freeze dried or partially or wholly dehydrated live
attenuated virus. In other methods, compositions for decreasing inactivation of a live
attenuated virus may comprise an aqueous composition or may comprise & rehydrated
composition after dehydration. Compositions described herein are capable of increasing the

shelf life of an aqueous or rehydrated live attenuated virus.

[00022] In certain particular embodiments, a live attenuated virus for use in a vaccine
composition contemplated herein may include, but is not limited to, one or more live,
attenuated flavivirus vaccines, including but not limited to, attenuated yellow fever viruses

(such as 17D), attenuated Japanese encephalitis viruses, (such as SA 14-14-2), attenuated



[00042]Stability of flavivirus vaccines has been assessed for both the existing yellow fever and
Japanese encephalitis live, attenuated viruses. When tested in 1987, only five of the twelve yellow
fever vaccines manufactured at that time met minimal standards of stability. Subsequently, addition of
a mixture of sugars, amino acids and divalent cations was demonstrated to stabilize the lyophilized
vaccine, so that the vaccine lost less than 1 log of potency after incubation at 370 C for 14 days.
StabilizingdypphilizedsféinehlatiDhaia R 8 er PN AMDOR ERIBIREE s HBSESbed (see for example
u.S. Pat.d&\ll\\c,)“ﬁége :512). U.S. Patent No. 4,500.512, describes a combination of lactose, sorbitol, the
divalent cations, calcium and magnesium, and at least one amino acid. While this formulation may
help to stabilize the lyophilized vaccine, it fails to provide stabili tt%tpe vaccin?l i&%q&eous form.
Another stifFakamindd THEH AP O SE0S S WRSrEMT F R AS NG th& E8mpositions

describediabieys anddhe eftectaf/ sudsosetiehafadey dnt:thitalbuenintod tiestabiitptof then lyophilized
yellow fever vaccine. Formulations consistin 10%.sucr. f%e(ﬁlﬁ 9 [ ith. 4% inositol, or
10% sucrcz)ezs{é1 Wih55R9Eta Sﬁ%?ﬁfe % 12%331%&%) a%)c? ]608?71? o/ g‘s%%gt?gggﬁhﬁ% ﬁrréogv_ide the best
stability (dee fab@xdiiplebdebiyo). SimBrandenturendodimguRy AP AR E dfter
resuspensiglo kP IVEKAGEIR FstlbYety snaiable AMd i diseardad-alier By about one
hour (see for example Monath 1996; Adebayo, Sim-Brandenburg et al. 199@8{4. This leads to vaccine
wastage dndthdnssidieal torehisEoAReMRSHEaBN WABREIA]E YAt GRERF RER B REtions, if an

unstable acGingisiusess{aPR4BIARathandive viigauatechflauius rasginadarpreiattion against
Japanese encephalitis has been licensed and is in. widesp adfsain CThir]at(gete forfexample Halstead
and Tsai 3002 MR 9% BAHEEE CPH AR COTRHIO At A B8 R B pimary hamster
kidney celly aagdhe-cettsupainatanitis favestedasdchersely fieredc@igerpievious composition
included 1% gelatin and 5% saorpjtol added.as.stabilizers,.Using these stabili : cine is
Iyophilizedegf'gﬂﬂgﬁﬁs(esgaﬁ 25 1B ?J:nf(ﬁ)‘j(r) a?f cast 1 Sf/té%r}%?%ﬁtfc %ﬁ%%@lé %%%tﬁg%%{(?gom
temperatucendncid. day satrd7 iGnike withuther yedie\pievey ageotivics e ibomstitaisPVEEEhe is very
abile and {2 S{ADE. LA A0S ALIOBH IEHBR BIBASEBACLAAMRILNARGrYARGR! &l 1990).

certain embodiments erein, live, aftenuated flavirus virus compositions for stabilizing or reducing the
degradatidi 3t Jhapeartie eredimanits hedizerempritediTeDemPREtOR NP A V8% Hitenuated

flavivims Vxﬂ?aqiﬂ%ﬁ@éepﬁ%gggéﬁgﬁgxﬁﬂ%amd%M%m aability ofidyepbilseghfermulations at

temperatures greater than . In addition, no formulation has heen des%rgi%e&,that prevents loss of
e

titer, stabif¢EEERHSHIERSHRYFSS é‘i?é‘ﬁdo?oa(ﬁuggﬁé RbesRs TS gra Bh g / fiours.
[00045]Fogrusationsifar edhaidiveraitenusaiedvituse Sty eralsoubser dastribedfl{se® daysexample

Burke, Hsu et al, 1999), One common stabilizer, referred tg as SRGA. is.a mixture of 2.1q 10% sucrose,
phosphate?l’ﬁé?éggﬁ}ﬁ% ﬁtfﬁ’?&fje%!& 654 ﬁéjéoélér%an#’ Athunmin. s%%’%gf%%grﬁﬁffggﬂ%#%ck, Miller et
al. 1950). WatjexsursdifisatiolsCoDihis bmbimiimntmlaﬁmammaee@é@iﬂ@_bhtﬁi@ﬁwhht@iﬁ@ﬁéht cations,
with substitutions.of starch fvdrolvsats of feMEan 6 sieioRc.ARdMilT SHbsiiutions gheagein
hydrolysate orppo y-viny pyrrofﬁéone for serum albumin. Other formulations use hydrolyzed gelatin
instead of kextnealbrinuas at Brotewieishcs (BT PIEtde sthagommsivevekngemiththan cause
allergic reagtions in immunizegi childien Andcaulsiae R R4S Nasrinatiltes-atiriserevents. U.S.

patent 6,210,683 describes the substitution of recombinant human scrum albumin for aloumin purified
from humaheseyeratianyats Ta e MaTEs FSTIRBARIE HiEB L ARE REPEHI st loSe compositions that
enhance the stability of and/or reduce deterioration of live, attenuated virus vaccines compared to
those in theppaint art. Cedtaim enhpdsitionsodisciosidhedemapsmgdecstaiotitytonajiddds viruses for up
10 2 hours:, g, 10, 2 LS RIS RIS ANADIRAR: AN ROU SANARADON PlofanCustign
compositions diSclosed here prowde stability of aqueous viruses for up to 1 day to about 1 week or
more, at oiabatintgobm nterhiveitaduire fec@r 2HG) PRIBGERHEN P ORIBMPDRISHIEM PREWe increased
protection of & Jive, aURDUALESHY S FEPBIIY @pRMRle: fiRsENIRAYOh WMpGsiandRERiBvated

temperatures. In certain embodiments, compositions herein can stabilize, redﬁtﬁ:%deterioration and/or

prevent indBAVATRSIPBAUERY APSTACETI0R ChfteNGatda W RdrBUtclE ATTYGHTSE IR ASFe conditions (e.g.
about 25 GliptheneMkR PR GOMPOBItNAaS cantemplatest heseim agemstebitizey reduce
deterioration and/or prevent inact‘[?}/}?ti%w of aqufeo%s live, ataenuateg1 V;?%@B%%%% t about 25 C or up
to or aboutPMER: P AH SO RCHRT I SRTBHE TERRILS T8RS R PhGfitate the storage, distribution,
delivery anebpeiministigtionsafiviialaiac ek séntceyélieddd mntnumndtrteveidpdd aegiomeof0004 7]Other
embodiments can include compositions for live attenuated virus vaccines including, but not limited to,
Picornaviruses (e.g., polio virus, foot and mouth disease virus), Caliciviruses (e.g., SARS virus, and
feline infectious peritonitis virus), Togaviruses (e.g., sindbis virus, the equine encephalitis viruses,
chikungunya virus, rubella virus, Ross River virus, bovine diarrhea virus, hog cholera virus),
Flaviviruses (e.g., dengue virus, West Nile virus, yellow fever virus, Japanese encephalitis virus, St.

Louis encephalitis virus, tick-borne encephalitis virus), Coronaviruses (e.g., human coronaviruses

(common cold), swine gastroenteritis virus), Rhabdoviruses (e.g., rabies virus, vesicular stomatitis
virticace) Eiloviriicee (e A Marbhiira vvirtie Ebola virtiel Paramvvynviriicee (e A meaclac viriie canine



(e.g., human reoviruses, human rotavirus.), Birnaviruses (e.qg.,infectious bursal virus, fish pancreatic
necrosis virus), Retroviruses (e.g., HIV 1, HIV 2, HTLV-1, HTLV-2, bovine leukemia virus, feline
immunodeficiency virus, feline sarcoma virus, mouse mammary tumor virus), Hepadnaviruses (e.g.,
hepatitis B virus), Parvoviruses (e.g., human parvovims B, canine parvovirus, feline panleukopenia
virus) Papovaviruses (e.g., human papillomaviruses, SV40, bovine papiltomaviruses), Adenoviruses
(e.g., humiue.atenarthd siroassimre idasobirlrotBBVIRE Bl @fdeRYSusof Ry Hdfe KO Merpes viruses
(e.9., herpgs SITRIEX YiisaTs WHSEIARISIE OAllmiRSHAU B BRMDRhiRAtachsilis virus, human

cytomegalovirus, human herpesvirus 6), and Poxviruses (e.g., vaccinia, fowlpoxviruses, raccoon
poxvirus, BRUAKEE% Hrnadrasike isesvirts, REAme wiuS AHuEEuRF Ootsd BRI Wius).

1000481 Thpeeskilledapcths iam VHkAREAGRIZ & L Irak cRMPRS tivnm@nbsdiaad) eseipdstatasto viruses
that arc attenyated by any means, including byt not limjted to, cell culture passage,.reassoimint,
incorpora P Br LIS FR TR U RS 26 EP5e D REHEe SR RSB or RNA
manipulatieshalosadditientrthosenskilbe ddnatine arpwvetlaetagdize(thad othecembeadiméntsntelate to
viruses thay are engineered lo.cxpress annaiiermrateing arRNAnlding. buiaql lipited to.
recomblnan{IWavwlruses, recombinant a noviruses, recombinant poxviruses, recombinant
retrovirusesgestombintntesterbadsooittard Hirgds Ahdomesoninamaydnpebow (e, ®aeh viruses
may be usegl &%Met%q(;’bgs for infectious diseases, vaccines to treat oncological conditions, or viruses to
introduce express proteins or RNA (e.g., gene therapy, antiscnse therapy, ribozyme therapy or small
inhibitory RNAlﬁtherapy) to treat djsorders. [00049]In some embrgdirip nts, compositionts herein can
contain ond¥rflore vir[i“s‘été?}\'/ﬁﬁ‘1 éfﬂ]ﬁ%ﬁﬂéo G988 GER o%é(d“\l/ﬁllf%’ecsﬁ%aﬂhéaﬁﬁogavirus.
Flavivirus aGotamnestnusdRitatxdavious, Filovitusp P arammostvimescddrthiayedovires, Bankaxdrus,
Arenavirus, Retrovirys, Hepadnavirus, Herpesyirus,gr Boxvirus families. In certain embodiments
compositigfr?gcc%rﬁ%lﬁl{so%emgrc ?ﬂ%‘rigl/emn%qgsﬁgtg glﬁA/&ﬁjsgs of the Togavirus, Flavivirus, Coronavirus,
Rhabdovirus, Filovirus, Paramyxovirus, Orthomyxovirus, Bunyavirus, Arenavirus, or Retiovirus
families. IBBHER BRBEHIEIILNORH FSLBRAYINF R antontain one or more enveloped, positive
strand RNA virus of the Togavirus, Flavivirus, Coronavirus, or Retrovirus families. In certain
embodimetits, fabmpogifiansearfaonpan oitie: onstaot s cttenuatba ¢lasivirdsesshgr, dengue virus,
West il yiiS.JelloIeneh iR & Japanase sassRtaliR Uk Smdintaginame sy hadiments herein
relate to compositions for |vé',pa fenulted viruses in aqueous or lyophilized form. Those skilled in the
art will recbeftivendrstimdiviasisreneade ipnp eoveotsarhitasei drrstasiity erpbireiehvibébe-thaw
inactivatiog Wi MRS IR PHGIS ek at8rliquid, powdered, freeze-dried or lyophilized and prepared
1)5/ methods known in'the art. After reconstitution, such stabilized vaccines can be administered by a
variety roﬁ%s i%frl]udingg_btﬁ not Iimi;[ed to intratdelm.aé admini§trationn, s&?gq{gnggryosugdministration,
intramusc rﬂﬁ inistratfo ,T?Rst?{é%%{‘ﬁa?ﬁ?ﬁuéwa‘ﬁ%r?,%au rr?or%?ff administration or oral
administratienpdsiviatie fprat st crs subilayoanrstiematfon deliER-GfRBK Vactavevinaludities, but not
limited to, ggrrrilng&%%g needle injection, bifurcated needle administration, administration by intradeonal
patches or pur%ps, needle-free jet delivery, intradermal particle delivery, or aerosol powder delivery.

[00051]Embodiments can include compositions consisting of one or more live attenuated viruses (as
described H98¢8) and alisd @SN TRIHIY RTARGIBE A GRE SEH LA FE PRI Bhe or more
proteins inva-plysivlopepkastertable uierir sastaiaembosiimenis;compesitigns;nclude, but are
not limited to one.qr more live attenuated viruses, one or more high molecular weight surfactants, one
or more prEtBIRE HR% one or more carbohydrates, in a physiological acceptable buffer. [00052]in other
embodiments, compositions can contain one or more high molecular weight surfactants that increase
the thermal09@a8lity of Iiig. Attepisatat oirasespBUHHetaEIhalasealY Hc B PARSPIATY Vktine

foimulationgte RreyR0s NAlGLakiRSs 10390efases Siechsas MassMalpieer ok eRrmieBuske, Hsu et al.
1999). However, certain embodiments herein include high molecular weight surfactants with some

unusual bidehERICHPHFRRTIBE BESIRGH PEP YO FRBEERI BHESIP Hh EtRb FOTHUIELR A HEFRIREFhe EO-PO

block copolymeis(Gan incihee:fleaks: ekpptyethylene oxide (-CH2CH20- designated EO) and
polypropylene oxide (-CH2CHCH30- designated PO). The PO block can be flanked by two EO blocks

n a EONP ity rrangamepty Soge (1S R\ comaRsL a byl anlilc abcine £ sapoopent

hydrophob rall hy ty, molecular weight the surfactant properties canbe adjusted by
varying x aRBY-hRK B3 vireyseoeddibdk’ Strinstd dom sigui B sotamesitiag ERPesESck copolymers
will self-assemble into micelles with a PO core and a corona of hydrophilic EO groups. EO-PO block
copolymer foimulations have been investigated as potential drug delivery agents for a variety of
hydrophobic drugs and for protein, DNA or inactivated vaccines (e.g. Todd, Lee et al. 1998; Kabanov,
Lemieux et al. 2002). At high 8



concentrations (for example. > than 10%) certain of the higher molecular weight EO-PO block
copolymers will undergo reverse gelation, forming a gel as the temperature increases. Gel formation at
body temperatures permits use of the EO-PO block copolymer gels to act as a depot in drug and
vaccine delivery applications (see for example Coeshott, Smithson et al. 2004). In addition, due to their
surfactant properties, these polymers have been used in adjuvant formulations, and as an emulsifier in
topically applissedrecapsmaeniags|ef e EOHROPIOtR BB BTGP RISl B HIS HFWh to accelerate
wound artqum healing and to seal cell membranes after radiation or electroporation-mediated
damage. [00053]In other embodiments, vaccine compositions can include one or more surfactants
with molecular weight of 1500 or greater. In a Fertgintembod' agn%ashe sufrfactggt isIaa n%pﬁ'onic.
hydrophilit?43R)oxyethiieme BER GRSV e Dotk Eopalymer (of EO-PA'biock opolymer). While
BO-PO bipekichpDignaramavedpabn 33ed fis Adjuvanis diftdelivemposhiotesVelugsastivated vaccines,
protein vaceines ot DN vageines: el o8 e RIBYENINACHYRlRA RladiE UiSHS Aghanticipated in
the art. Ina*pdrticular é’mﬁoélr%en{, a formulation can contain one or more EO-PO polymers with a
moleculartiteeigiht ofv8 000 for grelaformividtipthepeasino dimlerriss db AP SSRFBAECEAN include in part an
EO-PO block copolymer Pluronic F127 or Pluronic P123. Those skilled in the art will recognize that
modificatipp®fjthe surfaciarisreambachamisaty inaseat mepsicoiplatadrgreinvany, essentially

equivalent surfactant polymers are considered. 1000541Embodiments.herein can,include
compositiGhdsf & Pg‘cg} MBPS: AT é‘ﬁgEﬁgfgaﬂ\?l‘?]u%‘écg?“o‘r%eﬁe&srt%ere1§ur fﬁ;ﬁ?ﬁ%gﬁ‘&%ﬁ’g 'or more

proteins. Ivgestair exppadichentsyadgpraieinvtdr bedntatramamiSerder bamihes ondesf the most
common QE?&%L%%? vertehr tgr blood and has multiple functions. The protein is 585 amino acids with a
molecularweight o %6%81(5. uman serum albumin is not glycosylated and has a single free thiol group

implicated in some of its myriad binding activities. Serum albumin is predominantly a-helix with three

structural f¥32hs, eadiSbRiERsat B FiroRalisd FARR RS ARRFIG I RISWH D Y5ERRIly bind a

variety of maleautes.incixdingwirugesyshas aspivitudbupraiens balethiance@ropefidbanid:warfarin as
well as fatty acids, amino acids, steroids, g|utathione, metals, bilirubin, lysolecithin, hematin, and
prostagIan‘ﬂfﬁ%‘.“?ﬁévﬁti]ﬁ&@r?tsstﬁl%\’ﬁf:ﬁ%% é{‘fﬁ%kéPeF {HiiSticated in drug binding; most small molecule
drugs and hormones bind to one of two primary sites located in subdomains IIA and ILIA. Due to its
lack of imrit#883knicity FigbBmsiprescosnamasiilsausenh ebs e SroteaviH b My aMpléRucts. Since the
protein dogg, cqptaineg ik a iuRnelienARsLYIial NAGRING Gandhs diestions efmiateasasm (derived
from 103 to 105 viral particles), an inert carrier protein is used to prevent loss due to absorption and
non-specifie B HHFRY [ Yiass’ QéPé’ﬁE B et ersFatEe e However, as demonstrated herein, an
unexpected improvement in stability was observed with the combination of an albumin and EO-PO
block copaigngss suggEssirrintesactionschetween ivotmacampsiaiteardlop botween the
componenzand g viral artisles. (3 adelinn, sroansre siaizatianbiiyses idhe presence of
albumin is'not likely due {0 fURCtion a8 a general carrier protein: other proteins such as gelatin and
lactoferrin faiktyatigprove visessetabilopclboos5Nvs cERRi @ MpddiAt SHIS QB fGAPSTBIFTH may be from a
human or other mammalian source. For vaccines intended for human use, particular embodiments can
include hupagETPTION OIMELDUSTER ATOVICEMBODEENT ©rder to reduce or eliminate adverse
immune responses. Those skilled in the art will recognize that albumins specific for each species may
be used inﬁg@m llo\‘/lgccines (e.g. canine albumin for canine products, bovine albumin for bovine
products). In turther embodiments, the protein is a recombinant human albumin. Standard methods
exist for expressing recombinant human albumin or portions thereof ir}|1a varie of.e>r<l[?ression systems
including bHO%¥H:, yeastS§SLOFEIHt, ARl SFLIFE: FRRSGENE SR EICYSBBME™ N addition,
serum albumin or portions thereof can be produced in cell-free systems or chemically synthesized.
RecombindMasinan alliusmirdhoticdtout ey ondenamyieinidreydiaspiysREsnIB¥ated herein. Those
skilled in tl%)%r%glyv%lrggglgagigeamg Q%%%r%ggg%ga&]@gp%itmg for albumin. For example, albumin is a
member of a multi-gene family. Due to théir structural and sequence similarities, other members of the
family (e.g. a-fetoprotein, vitamin D‘biadinﬁ‘bg}_rgtgin, or afaming mg%?s(yrbsgltutgl fg&%k%‘ﬂg}{&ig”
compositioHd methdtiSshhshTHlatsdf R, SRR T R AR Wi aISS Yecognize that
modificationsgcatubeamadectosal bibore hymoyanbtansdsaowivin, theaart, dorlbxanrmplentse feedmbinant
DNA technology, by post-transjatio odification, roteolyii a -.and =hemical means.
Those subgtriﬁ‘? 5en%¥56iigﬁc g g%é%ﬁ’sp%ﬂg‘%ﬁmﬁ%c{ at é%%%é%’égs%éﬂ%%l yye%%%%%en sgbfabﬁg%lg function to
serum albularmnaitbaset sylobiitstionsnapiieitelaions ArBusoptempiateehRefei{[BOTSEM certain
embodiments, compositions having a high molecular weight surfactant, a protein and a carbohydrate
in a pharmaceutically acceptable buffer are described. In some embodiments, the carbohydrate is a
sugar or a polyol. Sugars can include, but are not lifited to, monosaccharides, (e.g. glucose,
galactose, ribose, mannose, rhamnose, talose, xylose or &lose arabinose), disaccharides (e.g.
trehalose, sucrose, maltose, isomaltose, cellibiose, gentiobiosc, laminaribose, xylobiose, mannobiosc,

lactose, or fructose.), trisaccharides (e.g. acarbose, raffinose, melizitose, panose, or cellotriose) or
crinar nolvvmere (e a deviran vanthan niilhiilan evelodevirine amvloece amvilonectin otarch



more EO-PO block copolymers, one or more proteins, and trehalose in a pharmacologically
acceptable buffer. In certain embodiments, trehalose can be present at concentrations ranging from 5
to 50% (w/v). Trehalose has been used to enhance the stability of protein formulations. It is widely
known in the art as a cryopreservative and is used in nature to protect organisms from stress.
Anhydrobiotic organisms that can tolerate low water conditions contain large amounts of trehalose.
Trehaloseriffiadecm st tpapravent dadthrmendranaifpsiymensdnts. daxkphasemthansitions that can
cause membrane destabilization during. drving. .Str ral analysi  tha alose fits well
between tﬁlé%ﬁlé(})alré’r eczggcé( #Sﬂfasamj%%% B‘%giypé%ré: E‘*”r%%%kc?sce%g s%% Pg\%e%hgéé e%’g%t}g%%% of labile
proteins dontgodigaprscharsddso aylpgent ehetlagoser skibilizes proteins by hydrogen bonding with polar
protein residues. Trehalose is a disaccharide consisting of two glucose molecules in a 1:1 linkage. Due
to the 11 lingmps; trehalose:amlifdm Orpo 6ETAIGNG REWREANGYS s Assientially memeactive with

amino acids proteins. This.lack of reducing activit improve the stabilizing affect of trehalose
on protein%‘.)rﬁ{gé{eﬁ%ﬁ tnfn gk@?[%??aﬂfg%br%&ﬂégﬁ%fw c%)ﬁ%?lé% %5‘{@3’ l\?lrrllﬁises. This
activity of pleballgsdymayendyubytolitsrathilityrdd . stalilidedroth, thHegmemleralresvanditcoat proteins of the
viruses. 1000a84In lunherempadimentscompasiians satnslde anan maie pRRAplock
copolymers, one or more proteins and one or more carbohydrates, where one of the carbohydrates is
chitosan, inagbhysiological acceptable buffer to provide improved stability to Live, attenuated viruses.
In certain embodiments, compositions can include chitosan at concentrations ranging from 0.001 to

2% (e.g atigopbhpf about £, R4 hipsan s ROCHkicRIG PolsREChatidR derivash Bndeasaiytation of chitin,
the structural polymer of crustacean. exoskeletons. It js a polymer of N-acetyl-glucosamine and
glucosarnfﬁ%{f%‘fg’c%?rﬁgwf%?’ﬂeémtm%é%l X gﬁ‘éoéjﬁlgﬁ%)n‘i’fé/ enE & eifle(’rrl‘fé %geeagglectlﬁlé]ﬁon. Chitosan's
positive chi@igeraitbwanihicabiRO-Pnbgakivehobhergad surked Grydbislethiesomsaitdpinfs musosal
surfaces [ ught to promaote mucos SOrpj i . cap: bind and form
nanopartii#egs_ﬁv(a%qﬁ%é?ﬁ%ﬁlgnlé %@%gﬁ%éﬁ%ﬁﬁ%’é%%? h%g E@g)ﬁ?&% in non-viral gene

delivery. Certain embodiments herein demonstrate that chitosan increases live, attenuated virus

stability. 16048)In cerfaintsshBerdieAtSPEBThYE o RER B déseBYditna Ry et de a
physiologigaly assrptakies babdekathaserskiled:intoe @rinesagnize that a variety of physiologically
acceptable buffers exist, including, but not limited to buffers containing phosphate, IRIS, MOPS,
HEPES, bBﬁ‘PRE@ﬁ) Btﬁg Q.ﬂt wn in the art ad combinations of buffers. In addition, those
skilled in the art recognize that adjusting salt concentrations to near physiological levels (e.g., saline or
0.15 M total salt) may be optimal for parenteral administration of compasitions, to prevent cellular
damage att8#Hain at IEISIRIFHREITOROTN SUURITETIR HRe SHTRISY WA PRESYHTREHRES as
carbohydratecanrdenisalions deieasto sadhlicapiations it bedes eased dalfeaintaia @guivalent
osmolarity to the f%)rmuI%tion. In cert%i)rhembt(?diment , a buff ringmmfedia W{thfphi(%ree\gterség%n 6.8 is
contemplatdd R HE TS & SRR ERPOHELY S5 S ALV H%"ég? are bivetable At dow oA GRother

embodiment tighysiclibgitadijs anteptdblerdiuffer cahebéh phosphatebuifctiod salihet(PBS}cific
1000601S [ e iral vacei W rejp.concern c itions that increase
Stabilty 2 e s auing odiced
immunogemieity GO MEALIRATH DicRNibesh Reksiibindbaesatiiseembodiments, compositions can
include one or more protein agents; one or more saccharides or polyols agents; and one or more high
molecular yeeigiz) surfactaniitwbenaine canpesitiandecrsasssdlactivation efithiadivelattenuated
virus. Thertefore, %ejrtajn chIPQS'ti ns contem Iatte herein P\%\ée r d-lfl--%ﬁ% ri\gé/,?rsel reaction when
administered To4 suaéi‘éncci? NSShe é%(seﬁ‘{[cﬂg‘ryc c%arﬁpgél ions, & SUffactant age‘r?tl@f consists of one or
more EO-Ri:blodkcopmiyriens; the prsteimatieni(s) artgciectatefromithel growlerdensisting of

ctaibumi S ﬁlBﬁéégrggf%%{%@%aV&MQ B QNAIIAHRIS I ALY BRKECL QD 2 ertebrate

species; and the'carbo agent(s) Is one or more of a saccharide and/or a polyol. In certain
embodimeftsiawtrsesiootrd i thelvaebdirsbreewine. op theichepssyialesalgentian ddretdd from the
group congsjstingyofteehalosgiciaroser ehitesany Saliel-aRdy spannital dmrritaiis MR Particular
embodiments, in order to reduce immune reaction tQ a vaccine, the scrum albumin can be derived
from a vertsbiatefepEciRe B ReytRscR AR RIS, ff?Bﬁ’Hﬂ&’@a%@'s%ré@é@ﬂ?e%%jééts(e.g. human).
In other enpaedimentsstee carbekydste aganhisdiebalasesdnetiainembodimenisoat least one
surfactant agent is the EO-PO block coePQI mer Pluonic.Fl o stgm? Iivelattenuat dlvigal vaccine
compositiofi AT A% BREESIEBhiH AL e&ge‘%ﬁeiéfﬁ'&ﬂé‘f’&%e. Incertiin five- attenlated Aral vaccine
compositions include, the EO-PO block copolymer Pluronic F127 where the concentration is from 0.1
to 4% (w/v); and/or serum albumin concentration from 0.001 to 3% (w/v) and/or the trehalose
concentration can be from 5 to 50% (w/v). PharmaédButical Compositions [000611Embodiments herein
provide for administration of compositions to subjects in a biologically compatible form suitable for
pharmaceutical administration in vivo. By "biologically compatible foim suitable for administration in

vivo" is meant a form of the active agent (e.g. live, attenuated virus composition of the embodiments)
tn be adminictaread in which anv tovie affacte are niitweinhed hy the tharaneritic effecte nf the activie



[00062]In some embodiments, composition (e.g. pharmaceutical chemical, protein, peptide of an
embodiment) may be administered in a convenient manner such as subcutaneous, intravenous, by
oral administration, inhalation, transdermal application, intravaginal application, topical application,
intranasal or rectal administration. In a more particular embodiment, the compound may be orally or
subcutaneously administered. In another embodiment, the compound may be administered
intravenosishyilize 6re empiibdichentitive icfritpaupnd vitgystobi Rtntiriktersdinvinnaseins Soeh as
inhalation, 0PG4 FANIRRKAC NG BE, BRIRIRIARIGR BURIRGHUA A ARRIRARiate carrier or diluent,

co-administered with"the composition. The term "pharmaceutically acceptable carrier" as used herein

is intendeeptanprititde éprsehes sheveasdlIneiTariAsiREes BeitdpSeandisra PRRESLRY TS agent may also
be adminigtgrad RriaRISHANNEINEABR KRReAYeRISTRESIANG SR RisRsBR e PRrE ditrglycerol, liquid
polyethylene gly%ols, and mixtures thereof and in oils. Under grdinar)é condifgi n g%étzra%e and use,
these prepanRidns PRV UIMEIA"A Brsleh &Rt IaveNithe §r c o?cﬁ]z s é”

1000641 Rygrsaceutitak camosiivnspsuiiabledor injedit e (sseforay depadmitiatereiy means
known in the ayt. For ex sterile aqueous solutions (where water sgluble) or dispersions and
sterile poﬁ&%‘%%&fﬁe%%?ﬂ% ra?f{%%ﬁ‘g%rlgpagrﬁ Ioiike esl:tge?ﬁ%s?r%%sé?gbfg %%\ivug%ﬁg garcgligﬁébrsion may be
used. In amnam,mbmmmmmwmmf@mmmﬂaim fh@eé&wn@m@ &banpidyringability
oxists. It MBYJURRGERS RIFSBNEER '}5;%% 1he sntaminging astion- Ak migiagrganisis such as

bacteria and fungi. The phaimaceutically acceptable carrier can be a solvent or dispersion medium
containingydtsnBxampesavdtenistasian o HaRE (o sxerimsiangydisidl conraismend! giyeaHakiA liquid
polyetheylgpe;glycql.and the like), and suitable mixtures thereof The proper fluidity can be maintained,
for example, by the use of a coating such as lecithin, by the maintenance of the required particle size

in the case of dispersion and by the use of surfactants. 100065]Sterile injectable solutions can be
prepared E?/%I?]% rporatfﬁ&og%?\)ivgbarﬁﬁ%‘ﬁaﬁ??inagﬁr%rﬁ%?fﬁ Wi %ﬁ%‘éﬁ%é&ﬁé éi%?\%ﬁ?cor with one or a
combinatiencopintjtadientscerinecsteniabove]dsyegdined ifdllonettsyfeterilizaioHaboBd661Upon

. formulation, sluaf.saheaHmUIIRLeR A VAR sAmPaUbIa With e ARsaae faiuation and in
such amount as Is therapeutically effective. The formulations are easily administered in a variety of
dosage fohamssudiidasitheltypid sherjelt mbRmssintisrvdesaisad sosily s tenteRfoltE@ihat slow

release capsylesi imaripanse, ieParices apidhaulke sarsisbe emploirdfor administering

compositions herein. These particular aqueous solutions are especially suitable for intravenous,
intramuscotabilébeikaaetiacas & priderb DcRdh iR Aierto F06087 FrfsshtithePeutic agents
may be forgiiated withinsadristiriempardngtigdelabauy 00001 o Advniligrayeroeriahout 0.001 to 0.1

milligrams, or aboyt 0.1 to 1.0 or even about | to 10 gram per dose. Single dose or multiple doses can
2150 b acHTHESBEGHPA BBEHAERS Seh B A Ao TRTah T A o bt 128

Si uﬁa ion. In some embodiments,
doses cantb@mpadministeccidrizatonejdviing Aadéor afte?IBypdsuretsmnamirodicentehsptateldvherein.

attenuated flavirus virus compositions for stabilizing or reducing the degradation of Japanese

encephalitis are contemplated.

{00044 No formulation for a live, attenuated flavivirus vaccine has been identified that
provides long term stability of lyophilized formulations at temperatures greater than 2 - 8° C.
In addition, no formulation has been described that prevents loss of titer, stabilizes or

reduces degradation of aqueous vaccines for greater than a few hours.

[00045] Formulations for other live, attenuated viruses have also been described (see
for example Burke, Hsu et al. 1999). One common stabilizer, referred to as SPGA s a
mixture of 2 to 10% sucrose, phosphate, potassium glutamate and 0.5 to 2% serum albumin
(see for example Bovamick, Miller et al. 1950). Various modifications of this basic
formulation have been identified with different cations, with substitutions of starch

hydrolysate or dextran for sucrose, and with substitutions of casein hydrolysate or poly-vinyl
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[00068]In another embodiment, nasal solutions or sprays, aerosols or inhalants may be used to deliver
the compound of interest. Additional formulations that are suitable for other modes of administration
include suppositories and pessaries. A rectal pessary or suppository may also be used. In general, for
suppositories, traditional binders and carriers may include, for example, polyalkylene glycols or
triglycerides; such suppositories may be formed from mixtures containing the active ingredient in the
range of @B&6lida0%er peaferalbyntitn Svkcio0BSID ek felnbidrioivasth eklansnskadsynmemremployed
excipients, {61 £XPRAS, RbGDsSHIcH drades omanial.dagiasen siarehmagngeium stearate
c

sodium saccharine, cellulose, magnesium carbonate and the like. In certain embodiments, oral

pharmacegieipeoimnposiwrRedan drenrad seriddi %IHE‘éﬁt‘tfr%%%%ﬂ?l@&@%ﬁﬁY@S@aﬁYFéﬁx?oprﬁay be

enclosed i ard ol sefhshedBrlatie cansuiaoRbLMBYRMGAMMassRdNa ihiets F AalBinbe
incorporated directly with the food of the ,dieftg For oral therapeutic administration, the active

compound¥is BETHRSHB SEM e B IOR NS sed in the form of ingestible tablets, buccal
tables, troches, capsules, elixirs, suspensions, syrups, wafers, and the like Such compositions and
preparatid#@téduld cohtaindiriedshordivdiicirtiveanaspbemdhatalparsaheagediane esdiositions

and prepayalions M.l SRR hearieth 39 NaCROVERIETY RERRIMERR:3RRKLA to about 75% of

the weight of the unit, or preferably between 25-60%. The amount of active compounds in such
therapeuticaTyinSeraPeBHIBs SifIRsT: kel maydstinbibiy gbsayecarBecs el KRe¥60070]Further

embodimepts,cPReIS KitsFapusanithmethads anshsamnpositansdescibaghesaiposRmpositions
and live virus formulations may be provided in the kit. The kits can also i clud? a suitable container,
S e e

live, atten G5 IE BORBBAH R UL et NI SHE oSt aRARy Sl BrabRite ShitAgents such

as other amtbvibdagentsaapitfmngadof a3tidadiaitaldagentscdabniiddchkitsmpayvfdether include a

suitably aliquoted,compositio (()f.u__se in a subject in need thereof. In. addition, compositions herein may
be partiall§/n81fc\°}v‘°ﬁ8ﬂ)§°é£ex%§) rg?ea “6?’5&5%%%%8%%536%%r%lbfgt%%plln%rr%élcﬁzﬁlwlgf %dgosrr}oﬁréef& "room
temperatuzed/or @it vefrigenated ttenspdnatenies as bisivhosesl hemginstepe hdinig opntblebplazticular

formulatiop, {0007£16 EANMAIDSY MERNS:ALRC.AER Yl GSARRINCILES AlleATEaneoiRkstest tube,

flask, bottle, syringe or other container means, mtoowhich a composition may be placed, and
preferablyimstfesbpraliefabiscondierasd s additwnal compBrefeisPROGESETHORPNIieISo generally

contain ong,Qk.Mae-additional comainers e whish this RasnbepRBIRANRAL MBY euplreed. Kits
herein will also typically include a means for containing the a}ient_ﬁcqrreﬁosition and a?r:gyéother reagent

containers i ciEawHiHEhRINORS CHAPRETGAI Safls "B (R AT rsma§ TR HEEtion or
blow-moldgd:piaistin sciRtIRers itk hithathehd esiregh viids-avaisataiciecr i XAMRLnStHH60 731 The
following e m%]es are in.cllﬁde to‘age%‘nﬁpns%rati? ceirtainrembgdiments presented herein. It should be
appreciated B oS 8F sk iy e S iRat e teChs’iuesditiosed in the Examples which follow
represent techniques discovered to function well in the practices disclosed herein, and thus can be

consideredédhstituteOrerembadinanssfay sipracerpatives Br ssdaralst e art should, in
light of _thw%mﬁﬁﬁﬁﬁgy% ApPresiRtehalMARYCRANGES GNP QifiadB N HiensResific
embodiments which are disclosed and still gbtain a like or similar result without departing from the
spirit and égwéewé?éqp]pahcwmuses (e.g., SARS virus, and feline infectious peritonitis virus),

Togaviruses (e.g., sindbis virus, the equine encephalitis viruses, chikungunya virus, rubella

virus, Ross River virus, bovine diarrhea virus, hog cholera virus), Flaviviruses (e.g., dengue

virus, West Nile virus, yellow fever virus, Japanese encephalitis virus, St. Louis encephalitis

virus, tick-borne encephalitis virus), Coronaviruses {e.g., human coronaviruses (common

cold), swine gastroenteritis virus), Rhabdoviruses (e.g., rabies virus, vesicular stomatitis

viruses), Filoviruses (e.g., Marburg virus, Ebola virus), Paramyxoviruses (e.g., measies virus,

canine distemper virus, mumps virus, parainfluenza viruses, respiratory syncytial virus,

Newcastle disease virus, rinderpest virus), Orthomyxoviruses (e.g., human influenza viruses,

avian influenza viruses, equine influenza viruses), Bunyaviruses (e.g., hantavirus, LaCrosse

virus, Rift Valley fever virus), Arenaviruses (e.g., Lassa virus, Machupo virus), Reoviruses



Example 1 Base stability of DEN-2 PDK 53 fiavivints in liquid phase 1000741In one illustrative method,
the thermal stability for flaviviruses in liquid phase was investigated. In accordance with this method,
the base stability of the DEN-2 PDK 53 parental vaccine vector, stored in phosphate buffered saline
(PBS), at different temperatures was determined (Table 1). In one example, 1x104 pfu of DEN-2 PDK
53 virus in a total volume of 0.5ml PBS was incubated, in 2m1 screw capped vials at either 4' C, room
temperatureg(- RIN®) toBTuSEs Aftenar dlovire ol IRETBEeTS/ (et e iRy WWas dbermined by a
Neutral Rg&he&%%&x&@@mﬁ%&wﬁﬁzm @SSty Yareeellsrasdiusiratedinsbakle 1, incubation of

DEN-2 PDK 53 in PBS at 4' C results in an average fourfold decrease in viral titer and complete loss in

viral activi§HhAREA 1R EIERS Snartedel ¢ CarN L ETBE SPHOT AL S EH R SHE BRI W atively poor
stability ofthe DEN=2RPK.SR {laviviesstindmahsgreeelsabilizng axcipignisoviaklis.| Stability of

Den-2 PDK53 virus stored for 24 hours at different eerratures Terplgerature. ormulation
Percentad@VitaP et THss” E‘?ﬁﬁ%ﬁ%"lﬂé PR Fapovaviruses (e.g., hliman papiilomaviruses,

SV40, bovine papillomaviruses), Adenoviruses (¢.g., human adenovirus, canine adenovirus,
bovine adenovirus, porcine adenovirus), Herpes viruses (e.g., herpes simplex viruses,
varicella-zoster virus, infectious bovine rhinotracheitis virus, human cytomegalovirus, human
herpesvirus 6}, and Poxviruses (e.g., vaccinia, fowlpoxviruses, raccoon poxvirus, skunkpox

virus, monkeypoxvirus, cowpox virus, musculum contagiosum virus).

[00048] Those skilled in the art will recognize that compositions or formulas herein
relate to viruses that are attenuated by any means, including but not limited to, cell culture
passage, reassortment, incorporation of mutations in infectious clones, reverse genctics, other
recombinant DNA or RNA manipulation. In addition, those skilled in the art will recognize
that other embodiments relate to viruses that are engineered to express any other proteins or
RNA including, but not limited to, recombinant flaviviruses, recombinant adenoviruses,
recombinant poxviruses, recombinant retroviruses, recombinant adeno-associated viruses and
recombinant herpes viruses. Such viruses may be used as vaccines for infectious diseases,
vaccines to treat oncological conditions, or viruses to introduce express proteins or RNA
(e.g., gene therapy, antisense therapy, tibozyme therapy or small inhibitory RNA therapy) to

treat disorders.

[00049] In some embodiments, compositions herein can contain one or more viruses
with membrane envelopes (e.g., cnveloped viruses) of the Togavirus, Flavivirus,
Coronavirus, Rhabdovirus, Filovirus, Paramyxovirus, Orthomyxovirus, Bunyavirus,
Arenavirus, Retrovirus, Hepadnavirus, Herpesvirus or Poxvirus families. In certain
embodiments compositions contain one or more enveloped RNA viruses of the Togavirus,
Flavivirus, Coronavirus, Rhabdovirus, Filovirus, Paramyxovirus, Orthomyxovirus,
Bunyavirus, Arenavirus, or Retrovirus families. In other embodiments, compositions herein
can-contain one or more enveloped, positive strand RNA virus of the Togavirus, Flavivirus,
Coronavirus, or Retrovirus families. In certain embodiments, compositions can contain one
or more live, attenuated Flaviviruses (e.g., dengue virus, West Nile virus, yellow fever virus,

or Japanese encephalitis virus).
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37C PBS 100 Example 2 Stabilizing Effects of Compositions [000751In certain exemplary
compositions, pharmaceutically acceptable cxcipients contemplated herein that aid in thermal stability
of live viral vaccines are known in the art. In one exemplary method, PBS was used as a base
composition to assess the stabilizing effects of different excipients. In these examples, a stock solution
of each excipient was made in PBS and the pH adjusted to approximately 7.1 with NaOH, except for
chitosan itE0the pH Sftice stockrsoittivmaivaslatl s tetrpsippreim bl Beguseipients were diluted
in PBS to the-{INal ConGERfRtaNfIadlicalsd cuiiad Takle a%g RaecqifaneRsthisRibed Ix 104 pfu

of DEN-2 PDK 53 virus, in serum-free medium, was added to 0.5m1 of each composition and stored at
37 C for 2urnewistteanaluiial siebibation prearaciioasedhariterusaigaihinweons piadistitration in
Vero cellsyas fessliRegaReyss, Asdlvstrates iRdabiesd e sahilaing alfedis dheamposgitions
including a single excipient, at various cgncentrations comparahle to previous experimental examples,
was mininfdh. AEFEGEm LB R NS FErEYASHIBRS, FRAL 8L BN S HESEhINSR serum
albumin (FiSdJinwearer manmaitdatvetthtmathedmal stabiiizing EiNeaus Blnh3svisdsmt 37 C. Results of
the study represented in Table 2-also revealed.that increased stabilizing effects of several excipients,
including t‘ﬁ%&l%cc‘l‘?flfe#a o%lét,r%é?lnblé}%% Qihed Wi lﬁg\;aélé)ﬁaﬁ\ar%lﬂa%rg% %6“&%?1%3‘[%&?& theseIO
excipientsadmthigrpacticularaicanubles tiohalswss mire afféotild wrgoncenessors above 15% (w/v)
and F127 at concentrati tyee %. 1.8 : Eff if ini DEN-2
D153 S B B B e e e B
administration by intradermal patches or pumps, needle-free jet delivery, mtradermal particie

delivery, or acrosel powder delivery.

[00051] Embodiments can include compositions consisting of one or more live
attenuated viruses (as described above) and a mixture of one or more high molecular weight
surfactants and one or more proteins in a physiological acceptable buffer. In certain
embodiments, compositions include, but are not limited to one or more live attenuated
viruses, one or more high molecular weight surfactants, one or more proteins, and one or

more carbohydrates, in a physiological acceptable buffer.

[00052] In other embodiments, compositions can contain one or more high molecular
weight surfactants that increase the thermal stability of live, attenuated viruses. Surfactants
have been incorporated into vaccine formulations to prevent material loss to surfaces such as
glass vials (see for example Burke, Hsu et al. 1999). However, certain embodiments herein
include high molecular weight surfactants with some unusual biochemical properties of
utility for compositions and methods disclosed herein. The EO-PO block copolymers can
include blocks of polyethylene oxide (-CH,CH,0- designated EO) and polypropylene oxide
(-CH,CHCH;0- designated PO). The PO block can be flanked by two EO blocks m a EO,-
PO,-EO, arrangement. Since the PO component is hydrophilic and the EO component is
hydrophobic, overall hydrophilicity, molecular weight and the surfactant properties can be
adjusted by varying x and y in the EQ,-PO,-EQ, biock structure. in aqueous solutions, the
EO-PO block copolymers will self-assemble into micelles with a PO core and a corona of
hydrophilic EO groups. EO-PO block copolymer formulations have been investigated as
potential drug delivery agents for a variety of hydrophobic drugs and for protein, DNA or
inactivated vaccines (e.g. Todd, Lee et al. 1998; Kabanov, Lemicux et al. 2002). At high
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100.0 10% Sucrose 99.9 Formulation Percentage Viral Titer Loss 15% Sucrose 98.3 20% Sucrose
96.4 25% Sucrose 93.4 2% Trehalose

concentrations (for exampie: > than 10%) certain of the higher molecular weight EO-PO
block copolymers will undergo reverse gelation, forming a gel as the temperature increases.
Gel formation at body temperatures permits use of the EO-PO block copolymer gels to act as
a depot in drug and vaccine delivery applications (see for example Coeshott, Smithson et al.
2004). In addition, due to their surfactant properties, these polymers have been used in
adjuvant formulations, and as an emulsifier in topically applied creams and gels. The EO-PO
block copolymers have also been shown to accelerate wound and burn healing and to seal cell

membranes after radiation or electroporation-mediated damage.

[00053] In other embodiments, vaccine compositions can include one or more
surfactants with molecular weight of 1500 or greater. In a certain embodiment, the surfactant
is a non-ionic, hydrophilic, polyoxyethylene-polyoxypropylene block copolymer (or EO-PO
block copolymer). While EO-PO block copolymers have been used as adjuvants and delivery
vehicles for inactivated vaccines, protein vaccines or DNA vaccines, their use to prevent
inactivation of a live virus is not anticipated in the art. In a particular embodiment, a
formulation can contain one or more EO-PO polymers with a molecular weight of 3,000 or
greater, In further embodiments, compositions can include in part an EO-PO block
copolymer Pluronic F127 or Pluronic P123. Those skilied in the art will recognize that
modifications of the surfactants can be chemically made. It is contemplated herein any

essentially equivalent surfactant polymers are considered.

[00054] Embodiments herein can include compositions of one or more live, attenuated
viruses, one or more surfactants and one or more proteins. In certain embodiments, a protein
can be an albumin, Serum albumin is one of the most common proteins in vertebrate blood
and has multiple functions. The protein is 585 amino acids with a molccular weight of
66500. Human serum albumin is not ghycosylated and has a single free thiol group
implicated in some of its myriad binding activities. Serum albumin is predominantly a-helix
with three structural domains, each subdivided into two subdomains, Albumin is known to
specifically bind a variety of molecules, including drugs such as aspirin, ibuprofen,
halothane, propofol and warfarin as well as fatty acids, amino acids, steroids, glutathione,
metals, bilirubin, lysolecithin, hematin, and prostaglandins. The different structural domains
are implicated in drug binding; most small molecule drugs and hormones bind to one of two
primary sites located in subdomains ITA and IIIA. Due to its lack of immunogenicity,

albumin is commonly used as a carrier protein in biological products. Since the protein dose
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98.3 5% Trehalose 97.0 10% Trehalose 93.3 15% Trehalose 83.3 2% M.ann tol 100.0 5% Mannitol
100.0 10% Mannitol 99.8 15% Mannitol 86.7 5% Sorbitol

contained in a live, attenuated viral vaccine can be fractions of a microgram (derived from
10° to 10° viral particles), an incrt carrier protein is used to prevent loss due to absorption and
non-specific binding to glass, plastic or other surfaces. However, as demonstrated herein, an
unexpected improvement in stability was observed with the combination of an albumin and
EO-PO block copolymers suggesting interactions between the two components and/or
between the components and the viral particles. In addition, enhanced stabilization of viruses
n the presence of albumin is not likely due to function as a general carrier protein: other

proteins such as gelatin and lactoferrin fail to improve virus stability.

[00055] In certain embodiments, serum albumin may be from a human or other
mammalian source. For vaccines intended for human use, particular embodiments can
include human albumin or other human products as needed in order to reduce or eliminate
adverse immune responses. Those skilled in the art will recognize that albumins specific for
each specics may be used in animal vaceines (e.g. canine albumin for canine products, bovine
albumin for bovine products). In further embodiments, the protein is a recombinant human
albumin. Standard methods exist for expressing recombinant human albumin or portions
thereof in a variety of expression systems including bacteria, yeast, algae, plant, mammalian
cell or transgenic animal systems. In addition, serum albumin or portions thereof can be
produced in cell-free systems or chemically synthesized. Recombinant human albumin
produced in these or In any similar system is incorporated herein. Those skilled in the art will
recognize that other proteins can substitute for albumin. For example, albumin is a member
of a multi-gene family. Due to their structural and sequence similarities, other members of
the family (e.g. a-fetoprotein, vitamin D binding protein, or afamin) may substitute for
albumin in compositions and methods contemplated herein. Those skilied in the art will aiso
recognize that modifications can be made to albumin by any means known in the art, for
example. by recombinant DNA technology, by post-transiational modification, by proteolytic
cleavage and/or by chemical means. Those substitutions and alterations to albumin that
provide essentially equivalent stabilizing function to serum albumin without substitutions and

alterations are contemplated herein.

[00056] In certain embodiments, compositions having a high molecular weight
surfactant, a protein and a carbohydrate in a pharmaceutically acceptable buffer are
described. In some embodiments, the carbohydrate is a sugar or a polyol. Sugars can

include, but are not limited to, monosaccharides, (e.g. glucose, galactose, ribose, mannose,
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100 10% Sorbilol 99.9 15% Sorbitol 99,9 1% Polyvinyl Pyrrolidone 100.0 5% Polyvinyl Pyrrolidone
100.0 10% Polyvinyl Pyrrolidone 100.0 0.2% F127 99.6 0.5% F127 99.6 1%F127

rhamnose, talose, xylose or allose arabinose), disaccharides (e.g. trehalose, sucrose, maltose,
isomaltose, cellibiose, gentiobiose, laminaribose, xylobiose, mannobiose, lactose, or
fructose.), trisaccharides (e.g. acarbose, raffinose, melizitose, panose, or cellotriose) or sugar
polymers (e.g. dextran, xanthan, pullulan, cyclodextrins, amylose, amylopectin, starch,
celloologosaccharides, cellulose, maltooligosaccharides, glycogen, chitosan, or chitin).
Polyols can include, but are not limited to, mannitol, sorbitol, arabitol, erythritol, maltitol,
xylitol, glyctiol, glycol, polyglycitol, polyethylene glycol, polypropylene glycol, and
glycerol.

{80057} In a particular embodiment, formulations can contain a combination of one or
more EO-PO block copolymers, one or more proteins, and trehalose in a pharmacologicatly
acceptable buffer. In certain embodiments, trehalose can be present at concentrations ranging
from 5 to 50% (w/v). Trehalose has been used to enhance the stability of protein
formulations. It is widely known in the art as a cryopreservative and 1s used in naturc to
protect organisms from stress. Anhydrobiotic organisms that can tolerate low water
conditions contain large amounts of trehalose. Trehalose has been shown to prevent both
membrane fusion events and phase transitions that can cause membrane destabilization
during drying. Structural analysis suggests that trehalose fits well between the polar head
groups in lipid bylayers. Trehalose also prevents denaturation of labiie proteins during
drying. It is thought that trehalose stabilizes proteins by hydrogen bonding with polar protein
residues. Trehalose is a disaccharide consisting of two glucose molecules in a 1:1 linkage.
Due to the 1:1 linkage, trehalose has little or no reducing power and is thus essentially non-
reactive with amino acids and proteins. This lack of reducing activity may improve the
stabilizing affect of trehalose on proteins. In certain embodiments, trehalosce provides
stability to live, atienuated viruses. This activity of trehalose may be due to its ability to

stabilize both the membranes and coat proteins of the viruses.

[60058] In further embodiments, compositions can include one or more EG-PO block
copolymers, one or more proteins and one or more carbohydrates, where one of the
carbohydrates is chitosan, in & physiological acceptable buffer to provide improved stability
to tive, attenuated viruses. In certain embodiments, compositions can include chitosan at
concentrations ranging from 0.001 to 2% (e.g at a pH of about 6.8). Chitosan is a cationic
polysaccharide derived by deacetyiation of chitin, the structural polymer of crustacean

exoskeletons. It is a polymer of N-acetyi-glucosamine and glucosamine; the content of the
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99.5 2%F127 99.5 10%F127 99.9 0.1% rHSA 91.2 0.5% THSA 95.0 1.0% rHSA 89.0 3.0% rHSA 89.0
5.0% rHSA 97.5 0.05% Chitosan

two carbohydrates depends on the extent of deacetylation. Chitosan’s positive charge allows
it to bind to negatively charged surfaces and molecules. Thus, it binds musosal surfaces and
is thought to promote mucosal absorption. Chitosan also can bind and form nanoparticies
with DNA, RNA and other oligonucleotides and has been used in non-viral gene delivery.
Certain embodiments herein demonstrate that chitosan increases live, attenuated virus

stability.

[00059] In certain embodiments, compositions can be described that typically include a
physiologically acceptable buffer. Those skilled in the art recognize that a variety of
physiologically acceptable buffers exist, including, but not limited to buffers containing
phosphate, TRIS, MOPS, HEPES, bicarbonate, other buffers known in the art ad
combinations of buffers. 1n addition, those skilled in the art recognize that adjusting salt
concentrations to near physiological levels (c.g., saline or 0.15 M total salt) may be optimal
for parenteral administration of compositions to prevent cellular damage and/or pain at the
site of injection. Those skilled in the art also will recognize that as carbohydrate
concentrations increase, salt concentrations can be decreased to maintain equivalent
osmolarity to the formulation. In certain embodiments, a buffering media with pH greater
than 6.8 is contemplated; some live, attenuated viruses (e.g. flaviviruses) are unstable at low
pH. In another embodiment, physiologically acceptable buffer can be phosphate-buffered
saline (PBS).

[00060] Some live, attenuated viral vaccine compositions herein concern compositions
that increase stability and/or reduce deterioration of live, attenuated virus in addition to
having reduced immunogenicity or are non-immunogenic. In accordance with these
embodiments, compositions can include one or more protein agents; one or morc saccharides
or polyols agents; and one or more high molecular weight surfactants, wherein the
composition decreases inactivation of the live attenuated virus. Therefore, certain
compositions contemplated herein have reduced adverse reaction when administered to a
subject. In some exemplary compositions, the surfactant agent(s) consists of one or more
EO-PO block copolymers; the protein agent(s) are selected from the group consisting of
lactalbumin, serum albumin, o-fetoprotein, vitamin D binding protein, afamin derived from a
vertebrate species; and the carbohydrate agent(s) is one or more of a saccharide and/or a
polyol. In certain embodiments, compositions can include one or more of the carbohydrate

agent(s) selected from the group consisting of trehalose, sucrose, chitosan, sorbitol, and
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99.0 0.1% Chitosan 99.0 Example 3 Stabilizing effects of compositions including specific
combinations of excipients 100076]In the following illustrative procedure, compositions including
multiple excipients in differing combinations and concentrations were tested for stabilizing effects on
the parental DEN-2 PDK 53 flaviviral vaccine. Excipients were diluted to the indicated final
concentrations in PBS from stock solutgjci)n_s sfgescribed in Extameple 2. 1x1%lpf%t%‘ Dt(I)EIQI-Z PDK 53
vaccine VIFAEWAls IRcHBRtB FQr e B PO FEREH S Sh S iR AR5 {THBERS TG ™D Br'over a 48
hour perieddfig, R Shiheipedifieshtiaddnted/atswiraktitdrandpactbsity wadhdetermined by a plaque
fivation assay, as desciibed o xample L Fig. LiSRIERENt SABMPIANESUIB N i dgponstration
expressea as percentage of viral titer remaining after | bation, relative to input, and as logio titer
loss in Figathohydiysiseohdifferbalosombinatisnsmbediipsient st isaxisnsaceatni REsHadhe revealed

that formulayipns FORSISHOR LAARRIFIZE: 1 RIMIPINE CRARIMLGRANIRNIC Suffpclagand a protein
were optimal at improving DEN-2 PDIC 53 stability at 37C. Formulations including trehalose, F127 and

rHSA had\¢hs efie srekohsaisivAHens idreialove P erEd i e HSHIBISE N IEhBIGSIRY effect of these three
excipients WasBGR Haatr! thandhesumcrtiiatphseruadmithieachhindividua eampinest

suggesting synergism between the components. Improved thgrmah;}t yi%fof’f th/e DECDJI.?_ DK 53
fiavivirus WA Qo tRSUGRA0s SHE: 8l RH A HRATEL B A OB bHTALSH G Y OHABLE Ff27 and
rHSA coulebpgbhiaye beenanticipatetihasad sovpiak-art examples. Figs | and 2 also illustrate that the
stabilizing effect of the trehalosc/F127/rHSA mixture was further enhanced by the addition of 0.05%
chitosan. i&@%&w&gh%‘ﬁ&;&%gj viral_ inactivation when stored over a 48 hour period at 37 C is
significantly reduced by compositions containing trehalose, F127 and rHSA. Examples in the art

suggest that the stability of flaviviruscs can be enhanged by formulations containing Ca 2- and Mg 2*
divalent cAMd] Howegé’?P%@?@BFé Sﬁgd’fﬂvf—‘%ﬁ ‘fLagﬁﬂni%ltfﬁgogoocgt%ﬁl%(fs&g%‘t?ogb%ﬁéﬁ/ﬁnand Mg 2-
(0.0005M tovialfpiatikatiompeniber sfaenaddlitiblealstatiilimng beiefitsdMinesnasoltsifromveig. Bysuggest
that additign of divalent cations may have a negative.impact to long term ligui Vi tability in
the context 6‘?%% ??:{Hlécro renr%ag%) (frrlw%(én sSTb%%‘}%ﬁl %arll%ugi%zr%%ﬁri}?rﬁgevt' 01 , %ﬁm%%ﬁé?géﬁ lfi{;‘l!(}:ll%uding
trehalose, 027 agaot (4 8Aiva s osessbdifos ionapabiivingf jhepertiesimimithiathsadaiiifiisés. The
stability Ofifb IRRHCEN:E kRS GHRIESHIACHNGD HBAIANE S0k Ay Blone LN liam either
West Nile N-2/WN), Dengue 1 (DEN-2/D1), Dehgue 3 (DEN-2/D3, or Dengue 4 (DEN-2/D4)

viruses waddurirriie o dbaenpei Wy EXAYR rRoEMIpE RS HRSUHS foTRRIResdSlsligrdatly

improved liguid phase stabilite ofalldhg shimenis fRyiviusesinbansined o acdampasiisitdncluding
trehalosc, F127 and rEISA. The different chimeras expresstifferent envelope and mer(ﬁbrane proteins

from five S&RlIbgicallisamnkcRrReRREREallh SHRBMOWES! RiIFS VRIS GRS EE YRS are
significantiylivergrAt a7 hig resulissuggestsithat comgositighs b rain imbyidelsaflither diglilg phase
stabilization of diverse members of the family of Flavi iriga wel ,%é/' g; ,we%s The ability
to stabilize{gﬂgfl RS % %815%1 SRETS: ?‘é%—ﬂ@%’flakﬁq At a 0\3\?5% i%%nec?u ggy reagal?éseﬁ?ative
proceduregrasidutlinedtionExhmpleutic Tera@awemplary results, illustrated in Table 4, reveal that a
composition including trehalose, F127 and rHSA effectively preserves viral activity for 7 days at 21 C

and for 48 ggygat 4 C. i abla-3estkiliwnl diferantahimeric fruivitveasslaiemads 7ptofen2l hours
in PBS or a composition (F1) including 15% trehalose, 2% F127 and 1%.rHSA. Virus Fo[lmu_[ation
peptide of an cmbodiment) “may be administered 1 a convenient manmer Such as
subcutaneous, intravenous, by oral administration, inhalation, transdermal application,
intravaginal application, topical application, intranasal or rectal administration. In a more
particular embodiment, the compound may be orally or subcutaneously administered. In
another embodiment, the compound may be administered intravenously. In one embodiment,

the compound may be administered intranasally, such as inhalation.

[00063] A compound may be administered io a subject in an appropriate carrier or
diluent, co-administered with the composition. The term "pharmaceutically acceptable

carrier" as used herein is intended to include diluents such as saline and aqueous buffer
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solutions. The active agent may also be administered parenterally or intraperitoneally.
Dispersions can also be prepared in glycerol, liquid polyethylenc glycols, and mixtures
thereof and in oils. Under ordinary conditions of storage and use, these preparations may

contain a preservative to prevent the growth of microorganisms.

{00064) Pharmaceutical compositions suitable for injectable use may be administered
by means known in the art. For example, sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporancous preparation of sterile injectable
solutions or dispersion may be used. In all cases, the composition can be sterile and can be
fluid to the extent that easy syringability exists. It may further be preserved against the
contaminating action of microorganisms such as bacteria and fungi. The pharmaceutically
acceptable carrier can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (for cxample, glycerol, propylene glycol, and liquid polyetheylenc glycol, and
the like), and suitable mixtures thercof. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithin, by the maintenance of the required particie size in the

case of dispersion and by the use of surfactants.

[06065] Sterile injectable solutions can be prepared by incorporating active compound
in an amount with an appropriate solvent or with one or a combination of ingredients

enumerated above, as required, followed by sterilization.

[00066] Upon formulation, solutions can be administered in a manner compatible with
the dosage formulation and in such amount as is therapeutically effective. The formulations
are easily administered in a variety of dosage forms, such as the type of injectable solutions
described above. It is contemplated that slow release capsules, timed-release microparticles,
and the like can also be employed for administering compositions herein. These particular
aqueous solutions are especially suitable for intravenous, intramuscuiar, subcutaneous and

intraperitoneal administration.

[00067] The active therapeutic agents may be formutated within a mixture can include
about 0.0001 to 1.0 milligrams, or about 0.001 to 0.1 milligrams, or about 0.1 to 1.0 or even
about 1 to 10 gram per dose. Single dose or multiple doses can also be administered on an
appropriate schedule for a predetermined situation. In some embodiments, doses can be

administered before, during and/or after exposure to a virus contemplated herein.
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0.3 FI 30 DEN-21D4 PBS FI 28 Table 4. Stability of flaviviruses stored at different temperatures for 7

or 48 days in PBS or a composition (F1) including 15% trehalose, 2% F127 and 1% rHSA. Virus
Temperature Formulation

[00068] In another embodiment, nasal solutions or sprays, aerosols or inhalants may be
used to deliver the compound of interest. Additional formulations that are suitable for other
modes of administration include suppositories and pessaries. A rectal pessary or suppository
may also be used. In general, for suppositories, traditional binders and carriers may include,
for example, polyalkylene glycols or triglycerides; such suppositories may be formed from

mixtures containing the active ingredient in the range of 0.5% to 10%, preferably 1% 2%.

[00069] Oral formulations include such normally employed excipients as, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine,
cellulose, magnesium carbonate and the like. In certain embodiments, oral pharmaceutical
compositions can include an inert diluent or assimilable edible carrier, or may be enclosed in
hard or soft shell gelatin capsule, or may be compressed into tablets, or may be incorporated
directly with the food of the diet. For oral therapeutic administration, the active compounds
may be incorporated with excipicnts and used in the form of ingestible tablets, buccal tables,
troches, capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and
preparations should contain at least 0.1% of active compound. The percentage of the
compositions and preparations may, of course, be varied and may conveniently be between
about 2 to about 75% of the weight of the unit, or preferably between 25-60%. The amount
of active compounds in such therapeutically useful compositions is such that a suitable

dosage can be obtained.
Kits

[00070] Further embodiments concerns kits for use with methods and compositions
described herein. Compositions and live virus formulations may be provided in the kit. The
kits can also inchude a suitable container, live, attenuated virus compositions detailed herein
and optionally one or more additional agents such as other anti-viral agents, anti-fungal or

anti-bacterial agents.

(06071} The kits may further include a suitably aliquoted composition of use in a
subject in need thereof. In addition, compositions herein may be partially or wholly
dehydrated or aqueous. Kits contemplated herein may be stored at room temperatures or at

refrigerated temperatures as disclosed herein depending on the particular formulation.

[00072] The container means of the kits will generaliy include at least one vial, test

tube, flask, bottle, syringe or other container means, into which a composition may be placed,
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and preferably, suitably aliquoted. Where an additional component is provided, the kit will
also generally contain one or more additional containers into which this agent or component
may be placed. Kits herein will also typically include a means for containing the agent,
composition and any other reagent containers in close confinement for commercial sale.
Such containers may include injection or blow-molded plastic containers into which the

desired vials are retained.
EXAMPLES

[00073) The following examples are included to demonstrate certain embodiments
presented herein. Tt should be appreciated by those of skill in the art that the techniques
disclosed in the Examples which follow represent techniques discovered to function well in
the practices disclosed herein, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes can be made in the specific embodiments which are disclosed

and stiil obtain a like or similar result without departing from the spirit and scope herein.
Example 1
Base stability of DEN-2 PDK 53 flavivirus in liquid phase

[08074] In one illustrative method, the thermal stability for flaviviruses in liquid phase
was investigated. In accordance with this method, the base stability of the DEN-2 PDK 53
parental vaccine vector, stored in phosphate buffered saline (PBS), at different temperatures
was determined (Table 1). In one example, 1x10° pfu of DEN-2 PDK 53 virus in a total
volume of 0.5ml PBS was incubated, in 2ml screw capped vials at either 4° C, room
temperature {(~ 21° C) or 37° C. After 24 hours of incubation viral titer and activity was
determined by a Neutral Red agarose overlay plaque titration assay in Vero cells. As
illustrated in Table 1, incubation of DEN-2 PDK 53 in PBS at 4° C resuits in an average four-
fold decrease in viral titer and complete loss in viral activity when incubated at 37° C for the
same period. These results demonstrate the relatively poor stability of the DEN-2 PDK 53

flavivirus in the absence of stabilizing excipients.
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Table 1 Stability of Den-2 PDKS3 virus stored for 24 hours at different temperatures.

Percentage Viral
Temperature Formulation Titer Loss
4°C PBS 735
~21°C PBS 78
37°C PBS 100

Example 2
Stabilizing Effects of Compositions

{00075] In certain exemplary compositions, pharmaceutically acceptable excipients
contemnplated herein that aid in thermal stability of live viral vaccines are known in the art. In
one exemplary method, PBS was used as a base composition to assess the stabilizing effects
of different excipients. In these examples, a stock solution of each excipient was made in
PBS and the pH adjusted to approximately 7.1 with NaOH, except for chitosan where the pH
of the stock solution was adjusted to approximately 6.8. Excipients were diluted in PBS to the
final concentrations indicated (w/v) (Table 2). In accordance with this method, 1x10" pfu of
DEN-2 PDK 53 virus, in serum-free medium, was added to 0.5m! of each composition and
stored at 37° C for 24 hours. Following incubation, viral activity and titer was determined by
plague titration in Vero cells, as described above. As illustrated in Table 2, the stabilizing
effects of compositions including a single excipient, at various concentrations comparable to
previous experimental examples, was minimal. However, some excipicnts for example,
trehalose and recombinant human serum albumin (ftHSA), were more effective than others at
stabilizing DEN-2 PDK 53 virus at 37° C. Results of the study represented in Table 2 also
revealed that increased stabilizing effects of several excipients, including tHSA and
trehalose, can be obtained within certain ranges of concentrations of these excipients. In this
particular example, trehalose was more effective at concentrations above 15% (w/v) and

F127 at concentrations between 0.5 and 3%.

Table 2 Effects of different excipients on DEN-2 PDK 53 stability when stored at 37° C for

24 hours
Percentage Viral
Formulation Titer Loss
PBS 100.0
10% Sucrose 999




FI 1000 4C PBS 00 4C FI 100100 Example 4 Use of alternate components [00078]Another
exemplary method was used to compare the stabilizing effects of

Percentage Viral
Formulation Titer Loss
15% Sucrose 98.3
20% Sucrose 96.4
25% Sucrose 93.4
2% Trehalose 98.3
5% Trehaiose 97.0
10% Trehalose 93,3
15% Trehalose 83.3
2% Mannito] 100.0
5% Mannitol 100,0
10% Manniiol 99 8
15% Mannitol 86.7
5% Sarbitol 100
10% Sorbitol 99.9
15% Sorbitol 99,9
1% Polyvinyl Pyrrolidone 100.0
5% Polyvinyl Pvrrolidone 100.0
10% Polyvinyl Pyrrolidone 100.0
0.2% F127 99.6
0.5% F127 99.6
1% F127 99,5
2% F127 99,3
10% F127 99.G
0.1% rHSA 91.2
0.5% tHSA 95.0
1.0% rHSA 86.0
3.0% rHSA 86.0
5.0% rHSA 97.5
0.05% Chitosan 99.0
0.1% Chitosan 99.0

Example 3
Stabilizing effects of compositions including specific combinations of excipients

[00076] In the following illustrative procedure, compositions including multiple
excipients in differing combinations and concentrations were tested for stabilizing effects on
the parental DEN-2 PDK 53 flaviviral vaccine. Excipients were diluted to the indicated final
concentrations in PBS from stock solutions as described in Example 2. 1x10* pfu of DEN-2
PDK 53 vaccine virus was incubated at 37° C in 0.5m! of each composition for 21 hours (Fig.
1) or over a 48 hour period (Fig. 2). At the specified time intervals viral titer and activity was
determined by a plaque titration assay as described in example 1. Fig. 1 represents exemplary
results of this demonstration expressed as percentage of viral titer remaining after incubation,
relative to input, and as log, titer loss in Fig. 2. Analysis of different combinations of

excipients, in this particular illustration, revealed that formulations consisting of a saccharide,
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bovine serum albumin (BSA) and, gelatin, to that of rHSA and of different pluronic copolymers. DEN-2
PDK 53 viral stability assays were conducted as outlined previously for Examples 1 and 2. The
previous examples suggested that folumlations including trehalosc, F127 and rHSA optimally improved
the thefmat stability of the DEN-2 PDK 53 parental vaccine virus. As shown by example in Fig. 3, the
stabilizing effects of bovine serum albumin are comparable to those of rHSA either alone or in
combinatioplwithitrehaidsmerpiFigric Figfatan gubhpcimres et g i soigaw srafENt, gelatin is
comparale, o HSA i RNz RENZIGRY. 530k 3% Haliowever idhisexamniaryaetod, unlike

BSA, gelatin does not dappear to be an effective substitute for rHSA in compositions also containing

trehalose wHdliAr2 7ifesins Unereeprdiitbeaprabired s ihdEings 5t QELeSh LoshSiEARSA vith trehalose
and F1274gsaichin siebibizatiannefliavefitalimncines whe ¢ afavsaiinocalponin eiglesaly related
proteins is more sujtable in accordance with this exemplar thod. In iti j illustrates that,
as isolated BREHEREMRE ﬁ%ﬁﬁ?}&?%ﬁﬂ%n}glﬁﬂ%§88%%§¥%%T%3’t8d’;5 r@%‘?ﬁl‘—'?ﬁ%i ability to
stabilitze tiePiN-? R DKoz ¥isupiovevearsin dhissexenmplafitimethddpRib2d tioelshot appear to be
an effecti bsititute for F127 .in compositions also containi r r lbumin. As
eompii o B T e S S AL e e
pharmacealsicdhsurisctaithssehibsiRotfisot oA thoemloseh 20y iilistaat ot e pwateweceo-polymer, are
not effectiyg,in, stahllizing kN2 PRIs G- felative p, formylations Genialing AIRIHANIEeA-polymer.

These exemplary methods suggest better stabilizing efficiencies of foimulations containing distinct high

molecularwisypeaRTsicactt pelyherad #tadiahts Jen0ire T xEdpady Y SEIROTHMEY illustrated in Fig 4.

Fig. 4. repigsants stabilitysef theRENE D Kxamyitdsithe M pesiionscendatatigdifierent surfactants.
DEN-2 PDK 53 was stored at 37 C for 23 hours in each tormglationgé%ga(%%g s evaluated in this
0

example ifANIHEHS SRALLE FH2BRGE SPVARBLIHE N P E B 6 sofB 581 &6batc 80 (P 80
) and F12 Hiime@ther danmdtatio h camponents inchddé e balosé” (T)@0and 5 (). “Values are

expressed centage of the viral titer remaining after.incubation relative ta the input titer.
ampte 4 A T B e D R T B
propertiessofgrne texemigiaoy chdipisitionwer ey iparedegrthatiopeoplssig crskipwhpirithe art. A

stabilizing co ition [ ivi | I d in the art (U.S. Pat. No. 4,500,512),
includes 4&%@:&%@38942%0%%?%{(E)ﬁlrg}/llﬁ(%%icﬂg& 89(%%9%804 and amino acids on the order of

0.0005M to 0.05M in PBS. Another composition reported by Adepayo et al (1 consists,of 10%
sucrose, S Haibumif @?iﬁﬁ?@ﬁ%?ﬁm%.6?%”&78%8%8&?“@’1%1%‘%??8?%p%§2)7rﬁ%8ﬁ§§%tabiIizing
propertiespf¢hesestarmulatians wene mopeparedita martic dlaviembediftertdbéhicir fichoneriexample
compositiqq,. is. composition inclydes 13% trehalose, 2% F127 and 1%.rec j HSA. F2is
the formum% VEIHEE RS2 %elgl%nt 16UT AMiRo gc(f esigﬁ%lll—lﬁ is %gl{s%#‘]\ew (g)t?ﬁ%%ation with the
amino acid® RSN anttaganih€DFN e, Somposkiahidf-Xaebery/oreut 40BN Bl o DEN-2 PDK
53 vaccine ¥irug were IcHbaIed Al3déhin BPRLAhRACHHQMBASHIR.IA B3 haurs afier which viral_

activity and titer was assayed as described in Example 1. As exemplified in Fig. 5, some
embodimegigstio irarenyisididoifrrhatrorebilife pfedeheschiBIgHFBanyiIfpTO VORTeHP PR those previously

described compesilians.laheRxampleshow Mrgmalyaondabactiinewas-acqverealter storage in
the formulations known in the art (formulations F3 and F4), whereas upwards ot@(%g@ aof the initial viral
I

titer was réBOoIRS ARG SIBFARR SR FRTBLTEAERRRIEl R FHAYE RSy Ethat previous
formulationg arevineffectivedahpaemeingrive wikalivaifineistabibiysdurifinidiepsic pggesstorage.
Example 6 Preservation of.viral activity.after multiple freeze-thaws 1000811In on exepg‘_]:ary method,
" . R . B 1

tho abiity GFEBRULCBHSGENRE 13 HICLIGb I Precs SabiAEHE: o e BHELRS

family of Flaviviradae as weli as other virus families. The ability to stabilize flaviviruses at

room temperature (~21° C) and at 4° C was examined by representative procedures as

outlined for Example 1. The exemplary results, illustrated in Table 4, reveal that a

composition including trehalose, F127 and rHSA cffectively preserves viral activity for 7

days at 21° C and for 48 days at 4° C.



activity after freeze-thaw cycles was demonstrated. 1 x104 pfu of DEN-2 PDK 53 vaccine virus was
suspended in 0.5 ml of each composition in screw cap vials. For the first freeze-thaw cycle vials were
frozen at -80 C for 24 hours and thawed rapidly at 37 C. This was immediately followed by a second
freeze-thaw cycle where the vials were frozen at -80 C for 1 hour and thawed rapidly at 37 C. Viral titer
and activity was then assessed by a plaque titration assay as described in Example 1. As illustrated in

Fig. 6, pafaitiad coapisiobdilentreingactavariascrstored atd S Ace fid dwethFEEEAl&d full viral

activity thegutRienf Eé}éwhéwg;;}éfég@&a%
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Use of alternate components

[00078]

Another exemplary method was used to compare the stabilizing effects of

bovine serum albumin (BSA) and, gelatin, to that of tHSA and of different pluronic co-

polymers. DEN-2 PDK 53 viral stability assays were conducted as outlined previously for

Examples 1 and 2. The previous examples suggested that formulations including trehalose,

F127 and rHSA optimally improved the thermal stability of the DEN-2 PDK 53 parental

vaceine virus, As shown by example in Fig. 3, the stabilizing effects of bovine serum albumin

are comparable to those of THSA either alone or in combination with trehalose and F127. Fig.

-3 also demonstrates that as isolated excipients, gelatin is comparable to tHSA in stabilizing

DEN-2 PDK 53 at 37° C. However in this exemnplary method, unlike BSA, gelatin does not

appear to be an effective substitute for rHSA in compositions also containing trehalose and
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f 000841In certain methods described herein, groups of 8 or 9 NIH Swiss mice were immunized by
subcutaneous injection with 1x103 pfu of a formulated DEN-2 PDK-53/WN recombinant flavivirus
vaccine at day 0 (d0), were boosted with the same formulated vaccine at d29 and were then
challenged with 103 pfu on a pathogenic West Nile strain (NY99) on d45. Control mice (four groups of
8) received formulations 1 - 4 alone with no virus. No adverse events after administration in any of the

immunized! AicEheravlssurieias PSS hanriSaamaphs 1ebprarahnatoe rssbdtrless @ daused by the

exemplary: formylatians Wit aloN BT KARGIRR MRS (REBE Es6aHH GIBAHIH @ tadsemunization at dO,

prior to boost at d28, prior to challenge at d44 and post-challenge at d75. West Njle neutralizin
antibody ﬁ@&@wrm@@éw&é%mmm&omﬁsw@ R A e i H%Sé{“(ﬁhﬁ%). The

results of $henstudysanatrepiasiertbekiiplaineds: fehecb PNevtialP2iRt)iantinpayindoitbtection induced
o fomiges NS a0 s Dl sk L4 el (179

method, P123 does not appear to be an effective subsititute for F127 in compositions also

containing trehalose and serum albumin. As exemplified in Fig. 4, compositions containing

trehalose, THSA and other commonly used pharmaceutical surfactants such as Polysorbate 20

(Tween 20), instead of a pluronic co-polymer, are not effective in stabilizing DEN-2 PDK 53

relative to formulations containing a pluronic co-polymer. These exemplary methods suggest

better stabilizing efficiencies of formulations containing distinct high molecular weight

phuronic co-polymer surfactants.

[08079] Exemplary data is further illustrated in Fig 4. Fig. 4. represcnts stability of the
DEN-2 PDK 33 virus in compositions containing different surfactants. DEN-2 PDK 53 was
stored at 37° C for 23 hours in cach formulation. Surfactants evaluated in this example
include n-octyi-p-D-glucopyranoside (B -OG), Polysorbate 20 (P 20), Polysorbate 80 (P &0 )
and F127 (F). Other formulation components include trehalose (T) and rHSA (A). Values are
expressed as a percentage of the viral titer remaining after incubation relative to the input

titer.
Example 5
Comparison of the stabilizing effects of different compositions

[00080] The stabilizing properties of one exemplary composition were compared to
that of compositions known in the art, A stabilizing composition for live flaviviral vaccines,
disclosed in the art (U.S. Pat. No. 4,500,512), includes 4% lactose, 2 % sorbitol, 0.1g/L
CaCl, 0.076 MgSQ, and amino acids on the order of 0.0005M to 0.05M in PBS. Another
composition reported by Adebayo et al (1998) consists of 10% sucrose, 5% lactalbumin,
0.1g/L CaCly, and 0.076 g/L MgSOs. In one exemplary method, stabilizing properties of
these formulations were comparcd to a particular embodiment herein. In one example
composition, F1, this composition includes 15% trehalose, 2% F127 and 1% recombinant
HSA. F2 is the formulation of U.S. Pat. No. 4,500,512 without amino acids and F3 is the

same formulation with the amino acids histidine and alanine. F4 is the composition of



GMT % SC Survival % Survival 1 8 30 87.5 123 100 761 100 8/8 100 2 8

Adebayo, et al. 1x10° pfu of DEN-2 PDK 53 vaccine virus were incubated at 37° C in 0.5ml
of cach composition for 23 hours, after which viral activity and titer was assayed as described
in Example 1. As exemplified in Fig. 5, some embodiments, for example formulation F1,
represents a significant improvement over those previously described compositions. In the
example shown, virtually no viral activity was recovered after storage in the formulations
known in the art (formulations F3 and F4), whereas upwards of 50% of the initial viral titer
was recovered after storage in a composition disclosed herein. These results reveal that
previous formulations are ineffective at promoting live viral vaccine stability during liquid

phase storage.
Example 6
Preservation of viral activity after multiple freeze-thaws

[00081] In onc exemplary method, the ability of select compositions to preserve viral
activity after frecze-thaw cycles was demonstrated. 1x10” pfu of DEN-2 PDK 53 vaccine
virus was suspended in 0.5 m! of each composition in screw cap vials, For the first frecze-
thaw cycle vials were frozen at -80° C for 24 hours and thawed rapidly at 37° C. This was
immediately followed by a second freeze-thaw cycle where the vials were frozen at -80° C for
I hour and thawed rapidiy at 37° C. Viral titer and activity was then assessed by a plaque
titration assay as described in Example 1. As illustrated in Fig. 6, particular compositions that
include trehalose, F127 and rHSA effectively preserved full viral activity through two freeze-
thaw cycles. Additionally, compositions including these three excipients were more effective
than those containing just a single excipient. The results of this particular illustrative
experiment suggest the compositions and methods disclosed herein are an effective
cryoprotectant for flaviviral vaccines and may facilitate viral preservation during freeze-

drying, spray-drying, or other dehydration techniques.
Example 7
Stabilization of other live, attenuated viruses.

[00082] Examples illustrated previously reveal effective liquid phase stabilization of
several live, attenuated flaviviruses in compositions including trehalose, F127 and rHSA. Tt 1s
anticipated that embodiments disclosed herein may also be effective at stabilizing other live,

attenuated viruses. For example, a formulation including trehalose, F127 and rHSA may be
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used to stabilize live attenuated measles virus, an attenuated sindbis virus, an attenuated
influenza virus, a recombinant, attenuated adenovirus or a recombinant, attenuated vaccinia
virus, In one exemplary method, these non-flaviviral viruses can be suspended and
maintained m liquid phase, in a composition including trehalose, F127, and rHSA directly
after harvesting from cell culture. In another illustrative method, non-flaviviral viruses can be
suspended in a composition prior to, or subsequent to, freeze or spray-drying. Statistically
tmproved viral stability may demonstrate that the formulation of this embodiment is
applicable to other attenuated viral vaccines outside of the Flavivirus family. Those skilled n

the art recognize that application may then be extended to other live, attenuated viruses.

Example 8
Safety and in vive immunogenicity.

[00083] Molecular interactions between excipients and molecular or cellular
components may serve, not only to enhance stability of viral vaccines, but also to cause
increased cell or tissue damage in vivo. Formulations may decrease the immunogenicity of
these viral vaccines in live animals. In this example, it is demonstrated that exemplary
compositions are safe after subcutaneous injection and are essentially immunologically inert.

Four different exemplary compositions were selected for testing in mice as follows.

Formulation 1: 15% Trehalose, 2% F-127, 1% rHSA

Formulation 2: 15% Trehalose, 2% F-127, 1% rHSA, 1mM CaCly/ 0.5mM MgS0O;
Formulation 3: 15% Trehalose, 2% F-127, 1% rHSA, 0.5% chitosan

Tormulation 4: 22.5% Trehalose, 3% F-127, 1.5% rHSA

Formulation 5: PBS

[00084] In certain methods described herein, groups of 8 or 9 NIH Swiss mice were

immunized by subcutaneous injection with 1x10° pfu of a formulated DEN-2 PDK-53/WN
recombinant flavivirus vaccine at day 0 (d0), were boosted with the same formulated vaccine
at d29 and were then challenged with 10° pfuon a pathogenic West Nile strain (NY99) on
d45. Control mice (four groups of 8) received formulations 1 — 4 alone with no virus. No
adverse events after administration in any of the immunized mice were observed. Thus, in
this example, no apparent adverse events are caused by the exemplary formulations with or
without vaccine virus. Sera were collected prior to immunization at d0, prior to boost at d28,

prior to challenge at d44 and post-challenge at d75. West Nile neutralizing antibody titers in
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the sera were determined by plaque reduction neutralization test (PRNT). The results of the

study are represented in Table 5.

Table 3: Neutralizing antibody and pretection induced by formulated DEN2/WN

vaceines
Post-prime (d Post-boost Post-Challenge
28) (d44) (d78)
Formulation | Number | GMT' | % 8C* | GMT | % SC | GMT % SC Survival | % Survival
1 8 30 B7.5 123 100 761 1040 8/8 100
2 8 10 62.5 226 100 830 100 B/8 100
3 8 40 100 123 100 1810 100 B/8 100
4 9 10 66.7 137 104G 1660 10¢ 8/9 $8.9
5 9 10 66.7 109 100 1742 100G 9/9 106G
Ceontrols 32 1 0 1 0 1280 106 7/32 21.9

' GMT = geometric mean titer; titers of <10 were arbitrarily assigned a value of 1.
? 9% SC = percentage of animals that sero-converted with PRNT titers >10.

[00085] A majority of the animals receiving the DEN-2/WN vaccine sero-converted
after the first dose regardless of whether no formulation (Formulation 5) or one of the
exemplary formulations (Formulations 1 — 4) was used. In addition, all of the vaccinated
animals sero-converted after the booster administration. Geometric mean PRNT titers
{GMT) demonstrate few differences between the vaccine groups. Titers were low after the
primary immunization, increased 3 — 10 fold after the boost and then showed a dramatic
anamnestic response upon challenge. 100% of all the vaccinated animals survived challenge,
again independent of vaccine formulation. Only 22% of the control animals survived; those
that did survive showed evidence of potent neutralizing antibody responses after challenge.
One advantage is that this example demonstrates that the exemplary formulations do not

reduce the ability of an exemplary recombinant DEN-2/WN vaccine to prevent West Nile

disease 1n a mice.
Example 9

[00086] In another example, liquid compositions were used containing trehalose, rHSA
and F127 to stabilize a West Nile chemeric flavivirus stored for various periods at either 25°C
or 4°C. 1x10° pfu of chimeric DEN-2/WN vaccine virus were incubated at each temperature
and viral activity was assessed at one or two week intervals as described in Example 1. As
illustrated in Figs.7 and 8, formulations containing trehalose, tHSA and F127 significantly

improved the thermal stability of the DEN-2/WN vaccine virus during storage at 25°C and
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4°C, respectively. At 25°C loss of viral activity was less than one log over 7 days. At4°C
viral inactivation was negligible for periods up to 12 weeks when stored in exemplary
formulations including trehalose, F127 and rHSA.

Example 10

[00087] In another exemplary method, stabilizing effects of compositions were
demonstrated including trehalose, rtHSA and a pluronic co-polymer with dehydrated DEN-2
PDK 53 vaccines. 1x10* pfu of DEN-2 PDK 53 vaccine virus formulated in accordance with
procedures disclosed herein. Formulated vaccines were placed in serum vials and subjected to
conventional lyophilzation procedures. Dried vaccines were stoppered under vacuum, stored
at either 37°C or 4°C for 14 days followed by reconstitution of the vaccine to its original
liquid volume by addition of sterile water. Viral activity of the reconstituted vaccine was
asscssed as outlined carlicr. At 37°C, in the presence of compositions containing trehalose,
rHSA and a pluronic co-polymer formulated in phosphate buffered saline, an average viral
titer loss of 1 log was observed (Fig. 9). No loss in viral activity was observed for formulated
dehydrated DEN-2 PDK 53 viral vaccines stored at 4°C for 14 days. These results
demonstrate effective preservation of a dehydrated viral vaccine utilizing compositions

disclosed herein.

[00088] Fig. 9. represents stability of lyophilized DEN-2 PDK 33 at different
temperatures. Log titer loss of formulated lyophilized DEN-2 PDK 53 vaccine virus
following incubation at 37°C or 4°C for 2 weeks as indicated. Formulations F1 (15%
trehalose, 2% F127, 1% rHSA) and F2 (15% trchalose, 2% F127, 0.01% rHSA) were
formulated in phosphate buffered saline. Formulation F3 (15% trehalose, 2% F127, 0.01%
rHSA) was formulated in 10 mM Tris base.

[00089] All of the COMPOSITIONS and METHODS disclosed and claimed herein
can be made and executed without undue experimentation in light of the present disclosure.
While the compositions and methods have been described in terms of preferred embodiments,
it is apparent to those of skill in the art that variations maybe applied to the COMPOSITIONS
and METHODS and in the steps or in the sequence of steps of the methods described herein
without departing from the concept, spirit and scope herein. More specifically, certain agents
that are both chemically and physiologically related may be substituted for the agents

described herein while the same or similar results would be achieved. Ali such similar
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GMT = geometric mean titer; titers of <10 were arbitrarily assigned a value of I. 2% SC = percentage
of animals that sero-converted with PRNT titers >10. [00085]A majority of the animals receiving the
DEN-2/WN vaccine sero-converted after the first dose regardless of whether no formulation
(Formulation 5) or one of the exemplary formulations (Formulations 1 -4) was used. In addition, all of
the vaccinated animals sero-converted after the booster administration. Geometric mean PRNT titers

(GMT) dewmbiititratcrdmaiiticaniorseppuivato thessakaisd By dinrat Titciemeddadin Witko s primary
immunizagigg; it g@ée@cgncg A inld after eoasiaredtbrmaowed a dramatic anamnestic response
upon challenge 100% of all the vaccinated animals survived challenge again independent of vaccine
formulatlo 2% the control anlm Is survived; th t.did.survi how idence of
potent net Pa%yhg anti oady responses Alter tha %%Célg} r%écé @é‘hlt%lge@ tll(wlaagt is%ilglr\{l
demonstratesithiitthelaxemplanypiorm atativas oo, noidesusmkiicand tiopiofeanteksrbiary recomblnant
DEN- 2/WN | ice. Example 9 [00086]In another example,
liquid compc\ée%lﬁgf s?nvque O%llxgegcltb\cocl)%%%r%%e %ﬁle%s@% SA and F127 to stabilize a West Nile chemeric
flivivirus stored for various periods at either 25C or 4C. 1x104 pfu of chimeric DEN-2/WN vaccine virus
were incubated at each temperature and viral activity was assessed at one or two week intervals as
described in Example 1. As illustrated in Figs.? and 8, formulations containing trehalose, rHSA and
F127 significantly improved the thermal stability of the DEN-2/WN vaccine virus during storage at 25C
and 4C, respectively. At 25C loss of viral activity was less than one log over? days. At 4C viral
inactivation was negligible for periods up to 12 weeks when stored in exemplary formulations including
trehalose, F127 and rHSA. Example 10 [00087]In another exemplary method, stabilizing effects of
compositions were demonstrated including trehalose, rHSA and a pluronic co-polymer with dehydrated
DEN-2 PDK 53 vaccines. 1x104 pfu of DEN-2 PDK 53 vaccine virus fonnulated in accordance with
procedures disclosed herein. Formulated vaccines were placed in serum vials and subjected to
conventional lyophilzation procedures. Dried vaccines were stoppered under vacuum, stored at either
37C or 4C for 14 days followed by reconstitution of the vaccine to its original liquid volume by addition
of sterile water. Viral activity of the reconstituted vaccine was assessed as outlined earlier. At 37C, in
the presence of compositions containing trehalose, rHSA and a pluronic co-polymer formulated in
phosphate buffered saline, an average viral titer loss of 1 log was observed (Fig. 9). No loss in viral
activity was observed for formulated dehydrated DEN-2 PDK 53 viral vaccines stored at 4C for 14
days. These results demonstrate effective preservation of a dehydrated viral vaccine utilizing
compositions disclosed herein. [00088]Fig. 9. represents stability of lyophilized DEN-2 PDK 53 at
different temperatures. Log titer loss of formulated lyophilized DEN-2 PDK 53 vaccine virus following
incubation at 37C or 4C for 2 weeks as indicated. Formulations Fl (15% trehalose, 2% F127, 1%
rHSA) and F2 (15% trehalose, 2% F127, 0.01% rHSA) were formulated in phosphate buffered saline.
Foimulation F3 (15% trehalose, 2% F127, 0.01% rHSA) was formulated in 10 mM Tris base. [00089]All
of the COMPOSITIONS and METHODS disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and methods
have been described in terms of preferred embodiments, it is apparent to those of skill in the an that
variations maybe applied to the COMPOSITIONS and METHODS and in the steps or in the sequence
of steps of the methods described herein without departing from the concept, spirit and scope herein.
More specifically, certain agents that are both chemically and physiologically related may be
substituted for the agents described herein while the same or similar results would be achieved. All
such similar



substitutes and modifications apparent to those skilled in the art are deemed to be within the spirit,
scope and concept as defined by the appended claims. [000901All documents, or portions of
documents, cited in this application, including but not limited to patents, patent applications, articles,
books, and treatises, are hereby expressly incorporated by reference in their entirety. What is claimed
is: I.A live attenuated virus composition comprising: one or more live, attenuated viruses; one or more
high mol&dias ixelapmed¥actants; one or more proteins agents, and one or more carbohydrate agents
wherein the composition is capable of reducing the inactivation of the live attenuated virus. 2. The
virus composition of claim 1, wherein the live, attenuated viruses are selected from the group

consisting of FlaVivire &t BRSPS CBRRBERirus, Filovirus, Paramyxovirus,
Orthomyxovirus pBumyasiiSy Arenraviws viRetesyirus, Hepadnavirus, Herpesvirus, Poxvirus families

and combinations thereo1;.e . I%‘Q&H@%Q@?ﬂ&%%%ﬂaim 1, wherein the live, attenuated viruses are
Flaviviruses. 4. TheSifl corﬁpos&lon &f cia 1, Wherein the composition is in aqueous form. 5. The

virus compositiosnefocaione provkisseigethe eaposition is partially or wholly dehydrated. 6. The virus
composition of CJ,%@&%WJ&%&H&E%&&&@%@%@N agent has a molecular weight of 1500 or greater.

wherein the composition is capable of reducing the inactivation of the live attenuated virus.

2. The virus composition of claim 1, wherein the live, attenuated viruses are selected
from the group consisting of Flavivirus, Togavirus, Coronavirus, Rhabdovirus, Filovirus,
Paramyxovirus, Orthomyxovirus, Bunyavirus, Arenavirus, Retrovirus, Hepadnavirus,

Herpesvirus, Poxvirus familics and combinations thereof.

3. The virus composition of claim 1, wherein the live, attenuated viruses are
Flaviviruses.

4. The virus composition of claim 1, wherein the composition is in aqueous form.

5. The virus composition of ciaim 1, wherein the composition is partially or wholly
dehydrated.

6. The virus composition of claim 1, wherein the surfactant agent has a molecular weight

of 1500 or greater.
7. The virus composition of claim 1, wherein the surfactant agent(s) further comprises
one or more co-polymers wherein the molecular weight of the surfactant agent is 3000 or

greater,

8. The virus composition of claim 1, wherein the surfactant agent(s) consists of one or

more EOQ-PO block copolymers.
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7. The virus composition of claim 1, wherein the surfactant agent(s) further comprises one or more
co-polymers wherein the molecular weight of the surfactant agent is 3000 or greater. 8. The virus
composition of claim 1 wherein the surfactant agent(s) consists of one or more EO-PO block
copolymers. 9. The virus composition of claim I, wherein the protein agent(s) are selected from the
group consisting of lactalbumin, serum albumin, a-fetoprotein, vitamin D binding protein, afamin
derived fr8m a véheBratecoprassarf slashibivAesi HerauraD axp(§Iers s psHdsitnn Bf claim 1,
Whefe'n_t@%@s&@g&@a@a&m&mmmﬁ{m,ea-mmtg&gt@hm $PERIERg protthe Virus
composition of claim I, wherein the carbohydrate agent(s) is at least one of a saccﬁarlde, a polyol or a
combinatisi#tHedsFyed Aropha VARV BEMPRERMCH O CRIMINaRMREHFHBhe or more of the carbohydrate
agent(s) is selected from the group consisting of trehalose, sucrose, chitosan, sorbitol, mannitol and a
combination thereof 13. The virys composition of claim 1, wherein the carbohydrate agent is
trehalose.' 34, TR CEMPORITSPHF iy T REFENNT AT E8SUITAEHM AgEAts the EO-PO
block copabined RiinnicdritBrAtaidedst.one protein agent is serum albumin, and at least one
carbohydrate agent is trehalose. 15. The virus composition of claim 14, wherein the EO-PO block
copolymer Pluronic F127 concentration is from 0.1 to 4% (w/v), wherein the serum albumin
concentrafion is FoevBaDRE@Ht¢wd chid thevhahal tse cordentrategsstfromdb ke 0% (/v). 16. A

method fof g&%ﬁ?ﬁ&ga WQHYS‘.“QE&%%IA\@%%F&@H@M virus composition comprising, combining one

or more live attenuated viruses with a composition comprising one or more high molecular weight
surfactants, one or more protein agents, and one or more carbohydrates wherein the composition is

capable ofyreducifyg, IRAGHVAIRRRIANBHINE R ATENHALEH HiEls: nidke Themaibarat alaigLAf, wherein the

live, attenuated viruses are selected from the group consisting of Flavivirus, Togavirus, Coronavirus,
RhabdovirtfeHb firs DparernyRBuHiRg B tifdAg oS SBUR A SORIEN IR Rt &ftddirus,
Hepadnavigishingipe svikast, Poxvirus families and combinations thereof. 18. The method of claim 16,
further comprising partially or wholly dehydrating the combination. 19. The method of claim 18, further
comprising partially or wholly re-hydrating the composition prior to administration.

13. The virus composition of claim 1, wherein the carbohydrate agent is {rchalose.

14.  The virus composition of claim 1, wherein at least one surfactant agent is the EO-PO
block copolymer Pluonic F127, at least one protein agent is serum albumin, and at least one

carbohydrate agent is trehalose.

15.  The virus composition of claim 14, wherein the EO-PO block copolymer Pluronic
F127 concentration is from 0.1 to 4% (w/v), wherein the serum albumin concentration is from

0.001 to 3% (w/v) and the trehalose concentration is from 5 to 50% (w/v).

16, A method for decreasing inactivation of a live, attenuated virus composition
comprising, combining one or more live attenuated viruses with a composition comprising
one or more high molecular weight surfactants, one or more protein agents, and one or more
carbohydrates wherein the composition is capable of reducing inactivation of the live,

attenuated virus.

17. The method of claim 16, wherein the live, attenuated viruses are selected from the

group consisting of Flavivirus, Togavirus, Coronavirus, Rhabdovirus, Filovirus,
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20. The method of claim 16, wherein the composition increases the shelf life of an aqueous virus
composition. 21. The method of claim 16, wherein the composition decreases inactivation of an
aqueous live, attenuated virus for 24 hours or greater. 22. The method of claim 16, wherein the
composition decreases inactivation of an aqueous live, attenuated virus during one or more freeze and
thaw cycles. 23. The method of claim 16, wherein at least one high molecular weight surfactants is an
EO-PO biEREBHOHe CHRIERHOrTss BArke s ne erhE s  Steie din i R24B I BIbumin, and at

least one géthaGarhFaydiate ragans dsdwhalostiorkdhdiefmethod of claim 16, wherein the virus
composition Is administered to a subject to reduce the onset of or prevent a health condition. 25. The

method of claim 24, wherein the health condition is selected from the group consisting of West Nile

infection, Dengudieverthidpdndse dnchpthatitispfyasamundiest dibebsdchdraaydtatiey encephalitis,

St. Louis encgphg?litis, Tick-borne encephalitis, Yellow fever and Hepatitis C Virus Infection. 26. A kit
com a{ion. . . . . L. ..

for decreasing tie Thactivation of a live, attenuated virus composition comprising: at least one

container; and a composition comprising one or more protein agents, one or more carbohydrate

agents, ang oneqr.mare JighJmplesulareIgnh SHItACIAntS N SIne campasitiom decreases

inactivation of a live, attenuated virus. 27. The Kit of claim 26, wherein at least one surfactant agent is
an EO-POBIREKIEEPORMi&P PIUVGHIEA®D7, at least one protein agent is serum albumin, and at least
one carbohydrate agent is trehalosc. 28. The kit of claim 27, wherein the trehalose concentration is
from 5 to 50% (w/v). 29. The kit of claim 27, wherein the EO-PO block ca é er Pluronic F127
concentration is FSrRE oL ASIA NP> ‘f%?@ﬁé%%%ﬂﬂ%‘?ﬁfﬁ%%ﬁg )HF Paitimin
concentratigrréadrarasGOpagtdH (w/v). 31. The kit of claim 26, wherein the composition further
comprises one or more live, attenuated viruses. 32. The kit of claim 31, wherein the live, attenuated
viruses are selected from the group consisting of Flavivirus, Togavirus, Coronavirus, Rhabdovirus,
Filovirus, ParamykowiiBpOottudamyxsy imisr8utyavimppdtionalgriesRatravivatomHelrmdnavirus,

Herpesvirys, LaXYIHS IRMLE I CRIMPINATRNS PRIEST-

22.  The method of claim 16, wherein the composition decreases inactivation of an

aqueous live, attenuated virus during one or more freeze and thaw cycles.

23.  The method of claim 16, wherein at least one high molecular weight surfactants 18 an
EO-PO block copolymer Pluronic F127, at least one of the protein agents is serum albumin,

and at least one of the carbohydrate agents is trchalose.

24, The method of claim 16, wherein the virus compeosition is administered to a subject to

reduce the onset of or prevent a health condition.

25.  The method of claim 24, wherein the health condition is selected from the group
consisting of West Nile infection, Dengue fever, Japanese encephalitis, Kyasanur Forest
disease, Murray Valley encephalitis, St. Louis encephalitis, Tick-borne encephalitis, Yellow

fever and Hepatitis C Virus Infection.
26. A Kkit for decreasing the inactivation of a live, attenuated virus composition

comprising:

at least one comtainer; and
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a composition comprising one or more protein agents, one or more carbohydrate
agents, and one or more high molecular weight surfactants, wherein the composition

decreases inactivation of a live, attenuated virus.

27.  The kit of claim 26, wherein at least one surfactant agent is an EO-PO block
copolymer Pluronic F127, at least one protein agent is serum albumin, and at least one
carbohydrate agent is trehalose.

28, The kit of claim 27, wherein the trehalose concentration is from 5 to 50% (w/v).

29.  The kit of claim 27, wherein the EO-PO block copolymer Plaronic F127

concentration is from 0.1 to 4% (w/v).

30. The kit of claim 27, wherein the serum albumin concentration is from 0.001 to 3%
(W/v).
31, The kit of claim 26, wherein the composition further comprises one or more live,

attenuated viruses.

32.  The kit of claim 31, wherein the live, attenuated viruses are selected from the group
consisting of Flavivirus, Togavirus, Coronavirus, Rhabdovirus, Filovirus, Paramyxovirus,
Orthomyxovirus, Bunyavirus, Arenavirus, Retrovirus, Hepadnavirus, Herpesvirus, Poxvirus

familics and combinations thereof.
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