20 Cctober 2005 WD 02/ 085411 PCT/ US02/ 12616 SMALLPOX VACCI NE 5 This
invention relates to nethods and conpositions for usezéﬁ vgccicﬁgti on
agai nst smal | pox. Background of the Invention Variola Qe er causative
agent of smallpox, is a nmenber of the 10 Ot hopoxvirus genus, which al so

i ncl udes wonkesspax, cowpox, and vaccinia viruses. Thepgdi/gaasaieaused by
variola major strains is characterized by a | ow infectious dose (10.100
virions), long incubation period (averaging 12 days), fever, constitutional
synptonms, rash progressing to a pustular stage, death in up to 30% of those
affected, and facial scarring in survivors. The disease is spread
person-to-person via the 15 respiratory route by contact (droplets) and,
possi bly, by aerosol. Small pox was one_of the nost inportant causes of
norbidity and nortality worl dWMALLROLIMMUINE he first half of the 20th
cent ury, gHovever mudlnRfin BERZUATafld: S Earh@Sliof] PRy BRERYC [ f O L he
virus, the systerati'c use of a vaccl ne Ive, attenua EdVACE ni a vi rus)
was hi ghly efhiastsinaipoxn fighting this di sease. |ndeed, 20 between

1967- 1977, a gl obal program of small pox eradication resulted in the

elimnation of the natural disease (Fenner et al., WHO Geneva, p. 1460,
1988). Because of the absencdagkerewnd afthpdnygation he ri sk of

vacci ne- associ at . 3 i i i f children,

hospi tal per sonng&@%ﬁlgﬁ%ﬁ?ﬁ%@%&%&g?@%%@%‘%@ggg{aégltghto ﬂgend only persons
wor Ki ng Mi t lOrtte@civiiua gatmsl wigdhalsednohides S@akdypoit, bewpab didaiaodinia dlrse® S
currently i nized. Thus, a substantjal portion_of the world s popul ation
has no | edfsepss caysad PEola Tigor SEAS ﬁicgﬁa‘ﬁﬁﬁ’ﬁﬁwﬂﬂ’f’ﬁ%{lq’qﬁdﬂ% resi dual

immunity, agig. i MAA . : i vacci nation
and less t hZ%IO gg&%ggs g’l g\% taéu?oyt}dg@%%} %g%rl){%lﬁg Y%’?‘{f )é?efg%l?é%r{gﬁ%ﬂ&ﬁ smal | pox
and the cessatipomspfashaogressing onpushdaretage, eath ircupeta 88% oftlosesffidoieddi ty in the

popul ation to ?ov rt attack .or bjowarfare 30 erTPIo ing variola virus.
Shoul d such &) aé%ﬁiﬁ%ﬂﬂa’&d%?“;mé‘ﬁﬁ-d Se2551 18 SRCAASFaR FRE PR ed by an

i mune bar rixghirhidr 6B BatiRt farid1dHARM nokdidl h9LEBbo, Lancet  353: 1539,
1000, Hoader i OB B A o et o ot al o 3 AMA
281: 2127- 2137, 198ekllpaovaenebithe @Og3mportant causes of morbidity and mortality

worldwide throughout the first half of the 20" century. However, in part because of |
the lack of animal reservoir for the virus, the systematic use of a vaccine {live,
attenuated vaccinia virus) was highly effective in fighting this disease. Indeed,

20 between 1967-1977, a global program of smallpox eradication resulted in the
elimination of the natural disease (Fenner et al., WHO, Geneva, p. 1460, 1988).
Because of the absence of smallpox and the risk of vaccine-associated adverse events,
routine vaccination of children, hospital personnel, and military personnel has ceased,
and only persons working with vaccinia and related viruses in the laboratory are

25 currently immmmized. Thus, a substantial portion of the world’s population has no
immunity to smallpox. The remaining population has little residual immunity, as
vaccine immunity lasts only 5 years after primary vaccination and less than 20 years
after revaccination. The eradication of smailpox and the cessation of vaccination
have, thus, created vulnerability in the population to covert attack or biowarfare

30  employing variola virus. Should such an event occur, epidemic spread would be
unchecked by an immune barrier in the population (Anon. (Editorial), Lancet
353:1539, 1999; Henderson, Science 283:1279-1282, 1999; Henderson et al.,
TAM.A. 281:2127-2137, 1999). | |



WO 02/ 085411 PCTI USO2/ 12616 Because of the uncertainties surrounding

smal | pox eradication, vaccine was stockpiled for e C In the
United States, for exanple, 155,000 vaccine vials W&Sﬁ?&ﬁﬁg 5 mllion
doses) produced by Weth Laboratories were originally stockpiled under the
control oWotobess¢anters for Di sease Control and Preventp@iudeifels 5 Atl anta,
Ceorgia, U S At a neeting of the National Vaccines Advisory Commttee in
January 1999, the CDC reported on the status of the national small pox

vacci ne reposi t Geyausdbf thdwaiceddintes si0fouhdigy dballportlalliciongesdse wed d by Wet h,
3.4 mllion doses  had failed quality control testing_and 10.3 mllion were
beyond t he e%?#‘?llﬁdifﬁrne%‘fécwégﬁe&"F?Hﬂllt@ys"‘%t?ﬁefolf%@n}%%g?i%@@"Eaé%'ﬁefor ext ended
dating, | eavy; L hE : i fd.cafi ons
(Cenue, prosunpibmetly 15 5 R GS spyecthy Rle EUBRIGHSRGE drefilf) |

Washi ngt on DBidckpiledamder e cbatrol 18 &8)Centers fardtlistasoGontim] aftePrbventidr(@Dppl y, the

vacci ne is packaged in 0 dose yials, ic estricts distributjon and
i ncrease tfﬁfi@ﬂh Gemetiots &t%t%%ﬁggwagéf@%m CoRERPL i on t o
the U S st ogpl) B9o! HSCRC Spdited YR Rl ¥tafth oYﬁEﬁhﬁkﬁal(éﬁlaﬁfulﬁ vachetree 15

strain) stored at the National Institute of Public Health, Bilthoven,
Net her | ands, reposifory.c 8¢ thai time ofithe 16.6 uillion desehbalé by Hfypthi 24 nollios dedes pox

i ne, whi t the ti f . ti h i ncl.uded to 300
1 i on dosded Fisaale <ThnftraipE RO B P BT e e 0¥ g0 "hnave
reduced thi Ssg@dim' thladt @5%rd] RANfoPEkteRibd dARg dOSAE 1(TRNEG! @&k that SCI ence

283:1279- 128 1999). 20 Sunmary of the Invention The invention provides

st abl e sk aimel red¢asey epseifiodtivny (IeDyc,tPestntation to theNatiennl Veenines Adviseryed cells in
whi ch Dryvax{r) .has.been nr gat ed, i ch . hav haracieristics that
ket hem < SIPARRES PR EeBh TEER TR - AL S b hg PN & AL St
invention Zhe aké&ife BhHaskagasin 100 6€ $iakf wHieh efstictsistitase adliha@dtass and net hods
of using themto prevent snallpox infection and di sease. Accordingly, in a
first aspectthe 0qehad Hiaptage EIBE PHEBCIEENEY-onal strain of attenuated
vaccinia virus t LS 1L SOl f - | LC vax(r) has
been cul tured an@?gd @Ht‘ggl%ﬁilggpgrqg@tﬁoegy{]%ﬂﬁlﬁ%!fk&z{%g nohrhtﬁlsg%ecti ve to

i nduce a530 sphin} g#akd wicthoNaidme) agutt oEPublivilesil, Bihonse Naheaiands, awdiri ol a virus

in the human, i,s _acceptably attenuated in the hupman. )
certain other couxrl)tnes ha%\/fe supplies o% smallpox Vacc?ne, whlcﬂ at the time of

(=)

eradication may have inchided up to 300 million doses. However, similar problems of
stability in storage have reduced this supply to less than 50 million doses (Henderson,
Science 283:1279-1282, 1999).
20 |
Summary of the Invention

The invention provides stable strains of vaccinia virus that are isolated from
cultured cells in which Dryvax® has been propagated, and which have characteristics
that make them suitable for use as human vaccines against smallpox. The invention

25  also provides methods of generating these strains and methods of using them to
prevent smallpox ihfeétion and disease.

Accordingly, in a first aspect, the invention provides a clonal strajn of
attenuated vaccinia virus that is isolated from cultured cells in which Dryvax® has
been cultured and, when administered to a human in an amount effective to induce a

30  protective or therapeutic immune response against variola virus in the human, is

acceptably attenuated in the human.




20 COct ober 2005 WO 021085411 PCTfUS02/ 12616 The clonal strains can have,
for exanple, substantially the sanme virul ence and/or qﬁm.lg %g)p city as
Dryvax(r). Preferably, the vaccinia virus is produce bl ntially the
sanme or greater amounts as Dryvax(r) when inoculated into cell cultures,
and/ or haggaishantially the same digestion pattern aspd¥yddidsiyd when 5
digested with a restriction endonucl ease. The clonal strain can al so have,
for exanple, substantially the same virulence and/or immunogenicity as
vacci nia virus stThetlBnafSHAMSHIN hielepe skdngl, ambhstaditdlly thepearivirulice PTA- 3321 on
April 19, 2001; see clone 2, _below _when tested_ in  appr opr| ate ani mal

nodel s or |ﬁnﬁfeh%mowwaﬁww@ué’rﬁfeaa%wvmcam@mrﬁ%lsrp@ 4ed oduced in
substanti al | ] tﬁ?;gg ¢ rain ACAM
1000 when |n}(§t(’:%ﬁﬁa Snal?%(% tur es @ &5@0@3 t%?l%?igl ly the sane
di gestion p&uttmnes;amﬁonhagmbaﬂamaﬂynmmmmoﬂmﬂmjmm dhgested with a
restriction endgnucl ease.. One eqf&rpl e of a vaccinia virus that is included .

in the inverigeisd ah 2 KRERICHODBNIORIE Peposi t No. PTA 3321). 15 In a second
aspect, the inverhi Qphdpk i 16, Gstem@ b bdn@viniened udi ng a
clonal strain of va@cﬁ%%%ﬁtﬁégﬁgﬁf d%a‘tsbaglv{@ﬁg%d el séI\}\lhere her ei n,
and a phar nﬁlué/utmmbgem@apvmohmmmﬁmmmmﬂé&mosuedaaAﬁ"ﬁﬂrd aspect,

nfection i ioasgo dTA-B TR 20 aBbF st bm et b0 © V'S
conposi tion ab@'of)ﬁ'a% aﬁfhmﬁudels%% iRl han@ SPd&Rb RS su%H‘éli’a@nﬁé)m% tion for this

pur pose, as use of such a conposition in the preparation of a
medi caméﬁt fpmdumﬁls mphgmp@@bf the Spig op iBeeplvnaTRAINIs GaVacsMpOBISEEYA can be

d f | e
angi ng. 1 omC Ol EkeRh s T GAEAE o S BBy Byl T 25 1

a fourth as mege&nontﬂa@em BY RREINRVIfE Qlyal@QSAle(ﬂB@ haeh @ifestdal it Rgrictioal onal
strain of attenuat ed vaceinia virus for use as a vaccine. This nethod

invol ves (i yendonu wga@nm@imﬁsfwymﬁwsdbﬁt is ipelpdadrie theymyeaien iand (i)
isolating fr a clonal strain of vaccinia virus
t hat has subs an?&)oct é@%ﬁ@%ﬁ%%% i nmunogenicity, growth
charact d6i sti cs hzmsecdﬂdwsmct tiie i@sition pxbmden ahdmimecltzabeniposidergest i on

attern as vxr vaccjniag virus strajn, ACAMLOOQ. The virul ence of
P Dr g(a glona{ stra?no vacc?mla V{rus, as escr{bed %ove anc? elsewhere herein,

and a pharmaceutically acceptable carrier or diluent.
In a third aspect, the invention provides a method of preventing or treating
variola virus infection in a patient by administering such a pharmaceutical

20 composition to the patient, as well as use of such a composition for this purpose, as
well as use of such a composition in the preparation of a medicament for this purpose.
The pharmaceutical composition can be administered to the patient by, for example,
scarification, in an amount ranging from, for example, 1 x 10*to0 1 x 10° plaque-
forming units.

25 In a fourth aspect, the invention provides a method of obtaining a clonal strain
of atfenuated vaccinia virus for use as a vaccine. This method involves (i)
propagating Dryvax® in a cell culture system, and (ii) isolating from the cell culture
system a clonal strain of vaccinia virus that has substantially the same virulence,
immunogenicity, growth characteristics in culture, or restriction endonuclease

30  digestion pattern as Dryvax® or vaccinia virus strain ACAM1000, The virulence of

the vaccinia virus can be tested in this method by, for example, a rabbit skin test or a



the vaccinia virus can be tested in this nethod by, for exanple, a rabbit
skin test or a 3 20 October 2005 WO 02/085411 PCT/ USQ %{Q)ZG% %)Hgkl i ng nouse
neurovirul enee test. G owh characteristics in cultur SR8 O0%et er ni ned
using, e.g., human diploid (MRC-5) cells. Preferably, the vaccinia virus
identifiegousessgit hi s nmet hod, when adm nistered to a hpgBishiead anount
effective to induce a protective or therapeutic inmune response agai nst
variola virus in the 5 human, is acceptably avirulent in the human. The

i nvention prsosklide sossvenalviredwendst gewwiirdareeterstvs & cytnedanbs| y,  smal | pox
vacci ne was produ d.b in cula 0 cci.ni s into.the skin of

cal ves, fol ISiREQE @ g6y Ay lﬂ’g (@%cxg)o hi‘@ %’&1%5' Eletvﬁccﬁ’é?mt live
virus. The Gadid€ed Méﬂ%&&s?&e%ﬁr@ﬁén%@m%t&b@%da RRGE IR meinDéfRliveadr | fication
before use in vaccina human recipients, |eaving open the possibility
of pat hogen iednge amqmnvmrtheﬂp@uhmamme@p@iseamspvmusm/fént| on are
produced5| n,a cel.l cuIt re.s that is acceptable by nodem standards
for vacci'ne Wﬁfﬁ?ﬁcﬁ? %ﬁvdm?leg erﬁéﬁrﬁus'lnaﬁurl fied, thus elimnating this

probl em An addi ttheaabntRs pevideg Several élﬁ!h:ﬁ%&ﬁ'P&%iarﬁplébﬁ@ﬁwsBUCh as those of
the present invention, is that the characteristics of such viruses are

unl i kel y t o smsll MWQ@HW$SM%$#D@QW@QH ehercoigieoimeintmtetidecliri ng, as
conpar ed to Qi'vése?csllo%ﬁ) #&H f?ﬁesﬂnolﬁfl%caldepﬁ% est Ay Wse The e that a

Vi rus accor |ng t he On Al htal ns phen ot ypé under repeat ed

passage and v&umpmmnlomaﬁ@&hn@aﬂdvmmmaspﬁﬁﬁmnfﬁem G Rdtciaiigs, and is
capabl e of being produced in cell culture in amounts suitable for

| ar ge- scfll e DymaR resiighimisrdRg enee heppshifimof pathpasnsentammeately dibeages of the
i nvention W'gé § g@@ Sk fvérﬂu%héggu%d old QW cgiﬁﬁ%Jst%Etﬂ& ¢ription, the

dr awi ngs, ret tron o aw ng |gs 1A-1D are a
series of graeqmpmblsrhymadgmtstmdarmwe&cmémﬂa«rﬂurasmﬂslnghlwwrrﬁlad,tﬂﬁ suckl i ng

m ce were chal | enge i ndi.ca vaccini.a cl] ones, o) ycl onal
vaccinia vi P g%gﬁ‘sd’cr? ‘ﬂn ?Sﬁ%@i?‘g agquuﬁgg‘ﬁlgpedoyquqschg viving and
average  suUlpdsyafinb bf’éﬁ‘en@fn‘%za{tmhh@ﬁﬁt ﬁ@%&&%ﬁﬁcsﬂff@u&%s afel Bitikdy Rhows a

Hndlll restriction enzyne digestion analysis of vaccine cIones of the
i nventi df, abangedpimgdopagatinpod yadcr alanviactudng aepenpmtrdddamisred Dr yvax(r) .

populations of viruses. Indeed, we have shown that a virus according to the invention

maintains its phenotype under repeated passage and expansion in cell culture, is free
from contaminants, and is capable of being produced in cell culture in amounts
suitable for large-scale vaccine manufacture,

20 Other feafures and advantages of the invention will be apparent from the

following detailed description, the drawings, and the claims.

Brief Description of the Drawings
Figs. 1A-1D are a series of graphs showing the results of experiments in which

25  suckling mice were challenged with the indicated vaccinia clones, a polyclonal
vaccinia virus preparation, or Dryvax®, The mumber of mice surviving and average
survival time after these challenges are shown.

Fig. 2 shows a HindI restriction enzyme digestion analysis of vaccine clones
of the invention, as compared to a polyclonal virus preparation and Dryvax®.

30




30 20 Cctober 2005 WO 02/ 085411 PCT/ US02112616 Detail ed Description The

i nvention provides clonal strains of attenuated vacci%gcyi’rlyﬁ)gg t hat can
be wused in vaccination methods agai nst small pox (i.e7, varto virus). As
is described further below, the attenuated vaccinia strains of the

i nventi ony@8hgeRphiai ned by isolating 5 vaccinia clones p&ERiReSEIshs CUl tUres in
whi ch Dryvax(r) has been propagated. The invention also provides nethods
of using vaccines that include these vaccinia viruses in the prevention of
smal | pox, as well as nethods of Déhidddidesgrigioah cl onal strains of vaccinia

viruses. The vacgjnes of the,jinvention are derived from and have siml ar
10 characteristi gbe i”é’?nt’lﬁﬂ’(f’é(}ffﬁ310?%‘Wf@@“@'ﬂ?gﬁfﬁmwmt€wlﬁ rain,
Weth  Labokrgdathivesdnatidiineiodsgfikk: 5ok d.é.,cﬁg%ﬁ%t? . WB%s de.’?éibe(lfopd_ and Drug

Adm ni stration (FDA) and consists of a m xed popul ation of vaccinia

vi ruses gendutiheebelpw, thehitensitédyaccinin etransoditciavention arh abteinad tyeisolating

attenuat ed virul.ence for h ns who.a vacci.nated with t An accept abl e
| evel of %at tvg??&ﬁ?g%esé%ﬁl %B%?S_IEX ﬁ%ryvaa(% kgx.gg?enp{@agq;g{'% simlar to
(e.g., does imehtish {rotidesdnchilons aﬁtsing%wn@ Pt lu8SREscVBEURAE virised) 1t hat
observed with Dryvax(r), and can be determ ned using any of the in vitro or
in vivo tedt8egeyeriopedspdlpoas Nef romethpds affobiaining siteclonal steitiseofi t s

neur ot r opi s . ility to replicate in cells of the central nervous
system caug}lcﬁgﬁ?ﬁﬂ%&m’mti on (i.e., encephalitis). Preferably, the

vacci nes of the Thyemtineyofdicanvatio @t derived okl A Kavé afla20 Dryvax(r) and do
not cause postvaccinal encephalitis in treated patients. The vacci nes and

net hods 18f  chasagicristiesie, Ppya® New York Cifz Bopidied dlepith snaiay Wiyethow, | ndi cat i ons
for Use 25 LNEi 4.ndi i: di56 $OFod cimnes. of..the
invention i ggiﬁorﬁ% }ﬁ%g’ V@?Jéhvlg ﬁgjfeggﬁ %%ﬂgefrcrlg)l@l pox‘Sl‘ %"‘52‘%% a %%ﬁg&es%%gsned or

pot enti al | y (Exfpasidohdstsofn thiakpopalatien orncénit vitiseh pakmradan tanaked.,

bi owarfare. _Efficacy of _the vac§i nes of the invention advantageously is

hi gh (>95%, %lﬁ%fc’c“ﬁ%m%}%@é'feﬁé%epﬁ brdierualeg aimicacafor mpes ¥8n&Ser son  spread of
the virus a'&&’c_cﬁfateﬂtaaﬁ% tﬁé&ﬂ.%ﬂé&e;ft@cilﬁl 99'0?9&&11&\?{1}1%19& EXRQEHIIE, d18vdpi 0! ogi cal

30 weapons. Gven this principa i cation, e vadci nes of the invention
can be #8§edthatis similarto {e.g., does not differ in a statistically significant manner from) that

observed with Dryvax®, and can be determined using any of the in vitro or in vivo
tests described below. A property of vaccinia virus is its neurotropism, or ability to
replicate in cells of the central nervous system, causing inflammation (i.e.,
encephalitis). Preferably, the vaccines of the invention are not more neurotropic than
20  Dryvax® and do not cause postvaccinal encephalitis in treated patients.
The vaccines and methods of the present invention are described further

below.

Indications for Use

25 The principal indication for use of the vaccines of the invention is in the
prevention of smallpox in populations exposed or potentially exposed to smallpox
after an act of bioterrorism or biowarfare. Efficacy of the vaccines of the invention
advantageously is high (>95%), and the vaccines protect against both person-person
spread of the virus and primary exposure to high-dose aerosol exposure o biological

30 weapons. Given this principal indication, the vaccines of the invention can be used,



5 20 Oct ober 2005 WO 02/ 085411 PCT/ US02/ 12616 for exanple, to create a new
nati onal stockpile of small pox (vaccinia) vaccine, a nu ure can be
continued annually to maintain a continuous stock of r}lgrg‘{ﬁr‘gqeéfzaﬁé\cci ne for
an extended period of tinme. The vaccines are not intended for routine use,
except i ory workers 5 who are exposed to vacciAi ox, nonkey
pox, variW(V) a,&%fﬁot her menbers of the O thopoxvirus ;ﬁedr?lﬂlzswgg erw se, the
vaccines are to be released under emergency conditions, as determ ned by
the nati onalforeR&tifle, ity ciRftd a Reb hitlonfietckilicaifhaliidoki(RRcinidntiRtine tahe _

ci rcunst ances of such an er_rergency the risks of adverse events associ ated
with vacci mesufaguteganks wutivisi gl raeaigsrcerimans spekef itdiiof prot ect i ng
i ndi vi dual Sv&c%h%?c?yaﬂ%&teﬁ&@lpleﬁé)d(oﬁ'ﬂﬂ. soci ety against spread of the disease.
It is recognize hat™ enmergency usé of the vaccines may be difficult to
control, that i nTascinsstace @t thisdatied fot phetic fiseSdkcait irdalsdraeuyorailadrs
encephaliitis, will receive the vaccines, and t,hft precautions__and

cont rai néi c P aLxpesed tpswrosinia sePReH oRkeP ot nrEiolay ot ihce sabErs Shte e g. |

i story of  CRee Y Pean Bidtwisd e | BHAORU A CSS NP EerbgnOr ed. _For
these reasons, 1t 1Is énggl']rrportafn’t ? at f&ﬁ% celel cﬁlture-derlge\llle% vacci nes of
t he i nvent i oondiions e tetamiigedtiyiid retibnal sdvantytand pahlic heaithl apthoiibesn $depr oduct .

Dependi ng upon.events that .cannot be accur atel redicted, there may be a
deci si on t oGS Ee IR GTETEsc: BERTRRRLoRE LT SRPBIES, | nel udi ng

mlitary peiSemigbyld 6 M&tk&ig&ggﬁgg%%enagrb%ﬁéms&ﬁpraas!mg%&@&da@d first

responders.' The I nherent 2 ety profile of the vaccines in these
groups, l@hi khepinst sgalipax aidyocictyageinst spreaderfibadissdse. Bhjis thepgrieed shaé appl i cati on

of the product and avaidance of use in individ W th risk factors for
adver se evefT&E G &Y gf‘ﬁﬁ%@@“ﬁ%ﬂ%@ﬁ’ﬁﬁﬁﬁﬁ%gﬁoc W&olf%*‘aftr"l%uﬁ%{lw}ﬁgiaﬁ% are auto
i nocul at i onhighgsRiof ¥REabdIhA encRptAlifs; GHIl kR the W@ ek, @Rd that pre@iutigfsi ch are

o%ﬁﬁ
self-limted adverse events. There is a small risk of accidental infection
of ot hers wandeontaiadicstiongfor p% in perRorsaGthamderlynre copditiens (e.ghbiglowy &fi r cunst ances

in the count Qr rld ¢ e | V, I I ..addi tional
menber s of P‘%}Zém%&gg\ﬁg?c%bﬂlr&?'g'.ﬂﬁf]f%ﬂﬁﬁﬁsgﬁiﬁﬁ}Qé(;fpll%\g/% nﬁﬁt eg@ltgh |?’gtf1f)opul ation,
i's thought uBpdEnEsithadali@uinirbideritad Ohdaies of thé Meetivf arnbot ndkeedbiean can be

used for these purposes. as well.
than the currently licensed product.

Depending upon events that cannot be accurately predicted, there may bé a
decision to undertake pre-exposure prophylaxis of certain groups, including military
personnel, civilian medical personnel, and so-called ‘first responders.” The inherent

20  safety profile of the vaccines in these groups, while of great importance, is enhanced
by deliberate application of the product and avoidance of use in individuals with risk
factors for adverse events. Under these circumstances, the principal risks are
autoinoculation, ocular vaccinia, and accidental infection, all of which are self-limited
adverse events. There is a small risk of accidental infection of others with underlying

25  risk factors.

Of course, should circumstances in the country or world change such that
routine vaccination of additional members of the population (e.g., children), or even
the entire population, is thought to be desirable, the vaccines of the present invention
can be used for these purposes as well.

30




30 6 20 Cctober 2005 WO 02/085411 PCT/ US02/ 12616 Modes and Anounts of

Adm ni stration The vaccines of the invention are pre pagati on of
a desired strain of vaccinia virus (e.g., strain AC%\%%%ES?&Z Q:% Deposi t

No. PTA-3321; see below) in a cell culture system and purification of the
cul t ur ed ®O02P8341fir om t he system usi ng 5 standard net hoesruseenzeéexanpl e, the
strain can be cultured in diploid human lung fibroblast cells, such as
MRC-5 cells, primary chick enbryo fibroblast cells, or any other

appr opr i at e Madey o ungsof dgmingaatiegt er m ned by one of skill in this art.

The culture can @%@ ; iﬁym | I , for

exanpl e, the Nungﬁ flPé aqteﬁa%ﬁ%%%%ﬂiﬁaggﬁ?ﬁ%ﬁﬁgg% Ilized for

| at er use owf gainkeviiuniegl) ddml ACAVieaHy; adCC DepasipNarRTHGeIN1E swlbelsw) ut | on.
Nuner ous pharnaceuti cal ly acceptable solutions fqQr _use in vaccine
preparation 1%?8‘5\/%’15@3@% PHP a%?QOfg?ﬁ“hﬁﬁqgﬁ%ﬁP?th%’&ﬁ‘F‘@ﬂ for use in
the present si:nYLMkie@dddFoP Benh %iuj?' ﬁsmxﬁut‘@&iud“ IoRGuntan dmg REM Ngton’s
Phar maceutigal Sci gnces (18tvzil£|lﬂ,ee(’jfht istgn tcaﬁle . A Genr%gro, 1990, gl\/!ack
Publ i shi ng @broblastiglEasthors MRS ellippemay chith embiyo fibeblastaslls ionplyy be di | ut ed
in a physiolggically.  ac tabl e .so] uti.on,. such_.as sterile _saline or
terile but PUPEERRHERE SPpIF o heEBUL Sdf SOAM CBAC AT e

Optional l'y, chiffe Mﬁﬁﬁ@gﬁ@éh&iﬁgbﬁy&%ﬂébﬁﬂ@sﬁﬁfh SO ER eRenGeTRQNRE  t hat

provi des viscosity (e.g., glycerol) and/or a conmponent that has

bact eri ci dalCellFee -ies (e.g., phenol). The vaccines can be stored at a

concentrgti on of =109 20 - f 1ng uni.ts .(REY) / for exanple, 108
ool 00 TSt 8 oR ORISR O by el s s oy
for exanpl ein a ple@hhdetial sdditionUSuigrosd GRcadGuiitally adsptatiosol@icrl T ase a

bi furcated needle can be used in such an approach. Alternatively, the
vacci ne canibeacgigppieparplagnege viell kg wany the g apd casyraadély be adagied donsatt | s f ound

to be accep [y e i ) e, 25 the vaccine
can be adnikl €§$e§n§%ﬁgg%%%%§£%%%§”%g I'n f%ﬁ??%%?ﬁéﬁﬁg%tion, or by

anot her par @hteaakuttcol Sctencea (i3 eition), eil.nt. (G e, U080, Nisk®ublishing Cbhe anount  of
vacci ne

adm ni stered to an average-si z adul t can be, for exanple, 1 x
104 to #x : OIb@qhgpwwﬁnrﬁl%%ﬁ%mxﬁf%sdgla@émehyw}ﬂm /2.5 x 105
pl aque- f or MyQGiE ksG] iR a¥§8ifle saline or sterile buffered saline, with or without an .

adjuvant or carrier. Optionally, the pharmaceutical solution can contain a component

that provides viscosity (e.g., glycerol) and/or a compoﬁent that has bactericidal
properties (e.g., phenol). The vaccines can be stored at a concentration of 107-10°
20 plaque-forming units (PFUY/ml, for example, 10° PFU/ml.
| The vaccines of the invention can be administered to patients by, for example,
scarification, using standard methods. For example, a bifurcated needle can be used
in such an approach. Altematively, the vaccine can be administered using any other
standard route that is found to be acceptable by one of skill in this art. For example,
25  the vaccine can be administered by subcutaneous or intradermal injection, or by
another parenteral route, such as by intramuscular injection. The amount of vaccine
administered to an average-sized adult can be, for example, 1 x 10* to 1 x 10° plaque-
forming units. As a specific exampls, 2.5 x 10° plaque-forming units can be used.
Preferably, vaccination is carried out before any exposure to variola, but

30  vaccination can also be carried out with patients who have been exposed to variola,



Preferably, vaccination is carried out before any exposure to variola, but
30 vaccination can also be carried out wwth patients 33@@ h%\% Qfen exposed
to variola, 7 20 October 2005 WD 02/ 085411 PCTI US02/ 126140 PR abl y within
a few days of the exposure. Vaccination can be carried out only once in a
person’ s Lhfstde or can be repeated after a period of, 4 jn8, such as
several years %g.g., 5-10 years), as determ ned to be appropriate by one
of skill in this art. 5 Identification of Vaccine Candi dates The invention
al so i ncl udeserarmbiRegmind] felvRA dfthel cRBoMRC GiabtiRatia @i Bearrieabali it es. These
candi dates can be identified by isolating clonal strains fromcell

cul tures i noved ntamgroan s hifeimpes sqorbe rengaad efieraaeried oitimeysuchasevertlones usi ng
any of the in itr i 1.0 I ¥ xanpl e, a
candi date vacer if'eég.,s -}gger?ﬂg’aa\én dé{f meetdgggr%aapg'g%%\?v{let% ﬁ‘%ﬁ?@%}@(‘?)ﬁﬁ#%‘? pl aque si ze,
yield in cell culture (using, e.g., MRCG-5 cells), rabbit cutaneous

virul ence, suckling nmouse neurovirul ence, nonkey neurovirulence, or
protecti dn iéensficasicsss Kneanegddeitiel . Preferred candi dates are those with
virul ence that i Wl . : . Hﬁﬁe.ﬁm f :r), which i nduce
protective i mn??%h{pﬁ%%aﬁssgé#gﬁdkﬁa?%&%?ﬂgre tg’rva(?%%@gtéﬂ%ét of Di yvax(r),
and al so havendidutgyr dheds carfidassicar bedtiéntified bpisokating ol $teins fiomorellgr eat er t han
those of Dryvax(r). Prior . tg the present invention, isalation_.of. a clonal
Strain t hat HASLhordeET ik Dy and e lizing tspe donss SpE Yl fitat o wias
unpr edi ct abl,g,, 45343 nctidls g§&%e§ba5@r F¥or¥xamPRSS AAGIAE vIRHE kitlifcdias

U
=
Y

U

resulted in the generation mul t1pl e subpopul ati ons of variants (i.e., a
genet i ¢ ¥wabapompiaredwisb Deyiak@Iforpladiné §iey, gietd inicell ogiucebsing, ogeMBE@S. 1t was 20

al so uncert ai ther a single varjant, isolated.b | ague purification
(i.e., biol§ sé\ggb IE‘PWWE)V‘%E‘FOSHH : W%eggﬁ%mﬂké'%eog?ﬁ]%g characteristics
as the sum @bubieuBibe! drRr@ectiv@in Ahbuse LbIAR BEdeDi Praterrél M datis s

popul ation. In fact, prior to the present invention, it would have been

surprising itose with vingleace thet ivemiar toenledsdhamethat ofReyvpr®covhigh indyce

characterization. of the.vacci ne i i i i.hed farther,
as follows. PES’&%"SBWE‘HF%@% I‘I{-’ﬁf[gﬁ:?r%]? %&%}’1%@3@%@?92—%% C%%n%?ﬁ %Ac‘%i ni a
Vacci nes|sAs gi@ytllichabdatdcaiRaues sitllaf Ve (drdatdrshdnBosy afDiynax@®.vacci ne that is

currently licensed by the FDA, was_ derived fromthe New York City Board of
Heal th (NYCBH) Prior to'the present invention, isolation of a clonal strain that has satisfactory

characteristics of 2 vaccine candidate was unpredictable, becanse the long history of

passage of vaccinia has resulted in the generation of multiple subpopulations of

variants (i.e., a genetic swarm), with potentially different biological properties. It was
20  also uncertain whether a single variant, isolated by plaque purification (i.c., biclogical

cloning) would have the same phenotypic characteristics as the sum of the multiple

variants in the original mixed virus population. In fact, prior to the present invention,

it would have been surprising if this were the case.

Development and preclinical characterization of the vaccines of the invention

25  is described further, as follows.

Development and Preclinical Characterization of Vaccinia Vaccines
As is discussed above, Dryvax® is the vaccinia vaccine that is currently
~ licensed by the FDA, was derived from the New York City Board of Health (NYCBH)
30  strain, and was produced up to 1982 by Wyeth-Lederle by the bovine calf lymph
method (also see ATCC Deposit No. VR-325), Dryvax® consists of a live, attenuated

8




30 strain, and was produced up to 1982 by Weth-Lederl e by the bovine calf

| ynph met hod (al so see ATCC Deposit No. VR-325). Dryvaxdihh&opsgssts of a
live, attenuated 8 20 Cctober 2005 WO 02/ 055411 PCT/ US02/ 12515 vacci ni a
virus and does not exist as a cell culture product. W adapted the small pox
vacci ne S¥V@alessofi vaccinia virus for propagati on underpcousoe/olshed
conditions in |laboratory grown cultures of human lung fibroblast cells so
t hat nodem techni ques could be used _for vacci ne_production. To develop a

cel | cul t ur &AFEUEYIHS anfdosszgt 5t 85 aeeHariiite Prodicta N5 arantpd i FBEIE al
adventitiou i : 0, [Ha‘rhtu : j wdil.ution, and we
did this w ??}éeg{r‘]%&%ﬁ?ﬁgut C on?ﬁog?'bmgggd?lgg |(ge?:8%&sn§g€9f%?i{hﬁg¢51ﬂbel ow. Fromthe

m xture of Vadwiatomy-grofinhaltgrenet iumas wawg fjbrdbinsOreily sxthatimodem tedkhigotsed

candi dat e vacgi.nes that have sim.l ar_ bj ol ogic haracteristics in animals
and genonicCmgﬁﬁ?F%@H@VWWQPQHQ&PF@%HEH%W@8€€f ?”BWB@WHWhﬁegﬁﬁfgh degree of
certainty tRaarddBivA® 188 pbRnSl beEiNGsSirhiNtofBInitnR Sy hiGage st 91 nal cal f

| ynph product. In one strategy used for adaptation, t_f‘ge vacci nia virus was
cl oned to i $whetabdiivbion, apil wgshd thsrmifhowd mitheutobmingnisiadisevgsedifethsdr gani sns
derived fromscal t._ski.n. .Throuygh. use of this strate six cl ones were

i sol at ed. TREOH koé%h}?ir?lﬁ esol%g’%ﬁngsi @é&eﬁet\?é}*"ﬁl&)ﬁn @f%%vyeasgﬁ%‘iﬁiist ics with
greater or kasisdle vabeitidsQNE BaeHilE OISR ROcHafhclefiytied X dnimald IndPendficsi ngl y,

gi ven the expected m xture of variants in Dryvax(r), three clones were

found to besisnilerifydp thedicepspd sacciey, aroviding abigh degreaaficsriainty i ay areand dif fered
primarily '@ﬂe&ﬁgéﬁxﬁce‘gﬁt&?ﬂfe%ﬁgﬁlﬂlcaﬁ‘yxﬁpc'ﬁr Eo%dgpy of these strains, as well as

others wth sim aractefistics, € used in small pox vaccination

met hods, accor di pnketrithe usedoeadabRtion, 2 vatcisia ofriewassioned Rdyolaté e Vi rus was
not cloned, with the expectation that virus _derjved by this nmethod would
be nore |i k&Y fen petsiecopiarunating migroorgapisms sler iy from call skiga Ihgrmeh ved.

Sur pri si ngl yee WH:k Q*H?%y Jﬁg}gﬁ»&% weréi?agne&.hﬁhesél&&h irRleRAeRda Wvﬁﬁr%t%fhac' oni ng,

;
whi | e behaving simlarty yvax(r) initn vitro tests, did ve the
char act er i sthazctaistitsheitvgreatérve lesder airuienchwhen porfymcdd to@syvae®e vi rul ent when

tested iip 25 | abor.atar ni mal.s, Thus, .we focused aqur, deyel opnent efforts
on ¢l ondd nglﬁ?EEg‘%iﬁlﬁn" hRPRRELIIEHT RV LY d iy eaciones e Dryvax(r)

vaccine str guid to'btsiiRhab DEyvake® Wil &R IRE 1L hdid ik WRAIifeRd BSmbA P WS
prowth rate in cell culture. Any of these strains, as well as others with similar
characteristics, can be used in smallpox vaccination methods, according to the
mvention,

20 In another strategy, the virus was not cloned, with the expectation that virus
derived by this method would be more likely to behave like the strain from which it
was derived. Surprisingly, we found, however, that the strain produced without
cloning, while behaving similarly to Dryvax® in in vitro tests, did not have the
characteristics of the vaccine strain, but in fact was more virulent when tested in

25  laboratory animals. Thus, we focused our development efforts on cloned viruses with
characteristics similar to those of the Dryvax® vaccine strain. The details of our
characterization are as follows.

Dryvax® was inocitlated into cultures of MRC-5 cells and six clones of
vaccinia virus were obtained by plaque-purification. Each clone was recloned twice

30  to ensure clonality and freedom from contaminants. Dryvax® was also inoculated

mnto MRC-5 cell cultures at a multiplicity of infection (MOI) of 0.001 PFU per cell to



Dryvax(r) was inoculated into cultures of MRC-5 cells and six clones of
vaccinia virus were obtai ned by plaque-purification. ?F?C cl 9p6s Was
recloned twice 30 to ensure clonality and freedom f c%t?ﬁram hant s.
Dryvax(r) was also inoculated into MRC-5 cell cultures at a nultiplicity of
i nfecti oRyg Mdstypf O0.001 PFU per cell to 9 20 Cctober ZO0&o¥3sP2/ 085411
PCTI US02/ 12616 deri ve an uncl oned (polyclonal) virus preparation. This
virus was subsequently passed in MRC-5 cells twice nore at low MO . All

si x cl ones altivd daemplohadabeipéelbnal)primp arepirativn. Whiseritue shedibsgquaniyext ensi ve
series of conparative anﬁléﬁes al ong si de Drgggvax ry for in vitro and in

vi vo char acPeysediniMRC-5 el bies more 4 Iowddoh Al gk slog e rolyslgle| onal
preparation - . j Yy i =5 cells,
restriction P\epﬁ’ oﬁwﬁréﬁgﬁg‘g% %%?%%gwﬁgﬁ?%%ﬁpﬁ%nﬁg cﬁt aneous pocks
in rabbit s, Dsvel@®rfotigeitreandon vivo blereeteristits s higmetculst, eattocles andhef ur t her

tested fqr ipduction of protective.i nity in mce...T jective was to
select avadePHEA pRImAIof VB b FORbEP I BAGREGEE o i far i Ly
to Dryvax(r)restr@iBh 8ndonSImBag RSy pahmb, M8 fHoBsiioh of Sitalb®PcRIiMdi €s. Table 1.
Characterization of 7 vaccinia virtus candi dates | nmunogeni city Not Sane

Sane Same Natbbietndisousenemiovisulewst ddubsbefsibneewescfittherdested for pfit/m x 106
From t hese st(gld'. clones. 2 an ncﬁilj fied as. h

t . | .
o et or ?  hgh Rt ph R i Sor T et WS 10 P s s o s

new smal | poOXroniee DRFrax@postayith bislogital BG1afity th BRj@x@h ALBlel @umfiifs, but does
not grow as well as clones 2 and 4 in culture. Suckling nouse

neur ovi ri@ erleaxesdts pf thegestidigsr e deternmined to be insusceptible to
intracranial (1C inoculation 20 of unnodified Dryvax(r). Atest in
suckling mce was therefore devel oped. Suckling mce (3-4 days old) were

I nj ect ed W tIyblean Cokdciekidatibh ofByvREinMivirisScaadidatsdir vi val tinme was det er mi ned.

Three exper[iments werg conduct ad@sultrildivi¥ P¥axe fr juakhiad adkdysieach as a
st andar d. edbserved| t hat suckling mce inoculated 1C with Dryvax(r

uni fornmly {devel oped | BitvedxegnCiephd|dldnk$ | Wichéd alohOB) Gdne s 1. Qone i BYPFU and
a nean tingPhaedeat h P5042 slevied daysg? Thio&6t ¢st.6hvas tO26s [det2r i h¥d| t o be
useful for [dowpam ng |

Vield in MRC-5" 4.0 13.5 7.0 10.6 15.6 4.7 15 7.0

RE analysis Same Same Same Same Same Same | Same

.1 Rabbit skin test High Same High Same High Same | Iigh

Suckling mouse High Same High Same High Same | High

peurovirulence

Immunogesnicity . Not Same Same Same Not Not Not

in mice tested tested tested | tested

T pfu/mi x 10°

From these studies, clones 2 and 4 were identified as having characteristics
15  which show that these clones are suifable for use as a new smallpox vaccine. Clone 6

also has suitable characteristics, but does nof grow as well as clones 2 and 4 in culture.

Suckling mouse neurovirulence
Adult mice were determined to be insusceptible to intracranial (IC) inoculation
20  ofunmodified Dryvax®. A test in suckling mice was therefore developed. Suckling
mice (3-4 days old) were injected with tenfold dilutions of virus and survival time was
determined. Three experiments were conducted, with Dryvax® tested in each as a
standard, We observed that suckling mice inoculated IC with Dryvax® uniformly
developed fatal encephalitis with an I.Dsy of ~1.0 logio PFU and a mean time to death

25  of seven days. This test was thus determined to be useful for comparing

i0



TestResults (relative to Dryvax(r) for qualitative assays) D ax(r)d one

1C one 20 one 3C one 4C one 5C one 6Poly Pl ague size 20 October 2005

0. 420. 430. 490. 360. 650. 250. 270. 46 nmean, nm Yield in MRC

54.013. 57. 010. 615. 64. 71. 57. 0 RE anal ysi sSaneSaneSaneSaneSaneSaneSane Rabbi t
ski n t estW oyesSHmeH ghSanmeH SanmeH Suckling nmouse PCT/US02/12616

H ghSaneH ghSaneH ghSanmeH gh neurovirul ence 10 20 Cct ober 2005 WO

02/ 085411 PCTI US02112616 neurovi rul ence of vacci ne candi dates with parental
Dryvax(r).. RqHev pivaghing gradidateswiiparepial Deyar®. dharapisaldhost Tabl e 2,

and the numbeteigln@ltSumitaibo i GaRBY, BEAShi ¥k aid S found in

thi s anal ysi gﬂear gnshown I n Figs. a1A—’1D. ﬂ?n%bl e .Ié‘f{éﬁlovkr u(1 ence for

suckl i ng m eerageauyivabtimescdonmian danalialysis es sRawminmtigs 1A-1D.

Experi ment Vi rusLDsor LD90" AST2(SD) 1Dryvax(r)1.683.037.78(4.19)

Pol ycl onal <1..31. 946. 09( 1. 14) C gne 1<2.3<2,34.20(1.03)
y 3) 11&%22\1 {

2Dr yvax(P) 1 eErpyuipnoe foy sypiding yuiep yacoin vaogine canflideienne
3<1.3<1.35.00(1.16) Conel42.593. 16&ranefe 36). 3Dryyax(r) 2. 44. 158. 64(3. 42)
O one 5<1. 3 Fmaimeg(| 1V88y C die' 61. 5PE. 4735T3( 4(S8B)
1 Dryvax® 1.68 3.03 7.78 (4.19)
Polyclonal <13 1.94 6.09 (1.14)
Clone 1 <2.3 <23 4.20 (1.03)
2 Dryvax® 13 2.1 6.67 0.71)
Clone 2 1.55 225 6.80 (274
Clone 3 <13 <1.3 5.00 (1.16)
Clone 4 2.59 3,16 6.11 (1.36)
3 Dryvax® 24 4.15 8.64 (3.42)
Clone 5 <13 <13 4.08 (1.08)
Clone 6 1.57 2.47 7.73 (4.63)
! 50% intracerebral lethal dose per 0.02 ml inoculum on day 10 after infection
! 90% intracerebral lethal dose per 0.02 mL inocutum on day 10 afler infection
* Average survival time, days (standard deviation) at ~10-100 LDs,

Additional tests can be nsed to test the virulence of vaccine candidates. For
example, we developed a rabbit cutaneous virulence test. This test was successfully
developed using intradermal inoculation of unpassaged Dryvax®, which produced

10 dose-related pock lesions characterized by erythema, induration, and in some cases a
ceniral lesion. As another example, a monkey neurovirulence test can be used. In this
test, a cloned Dryvax®-derived candidate is tested against Dryvax® by IC inoculation
of graded virus ;loses.

We also developed a mouse challenge model for protection tests. In this

15 model, the WR strain of vaccinia was used to challenge 6-8 week-old mice by the
intranagal (IN) route. The LDsgis ~4.5 logio PFU and the mean time to death is 6-7
days after challenge. The test is sufficiently robust o use in preclinical protection
studies with the new vaccine candidate. Similar models using other Orthopoxviruses,
such as cowpox virus, can also be used.

20 The ability of Dryvax® and clones 2 and 4 to indnce protective immunity
against vaccinia WR challenge in mice was tested. Clone 3 was also tested to

determine whether a clone with greater virulence also induces a greater immune

11



50% i ntracerebrat |ethal dose per 0.02 niL inoculumon day 10 after
infection 90% intracerebral |ethal dose per 0.02 niL i | u day 10
after infection 2 Average survival tinme, days (st andaébgﬁ‘g%%ggﬁﬁ%n) at

-10- 100 LD50 Additional tests can be used to test the virulence of vaccine
candi dat %Oog&gmexarrpl e, we developed a rabbit cutan dbAHlence test.
This test was successfully devel oped using intradermal 1 noculation of
unpassaged Dryvax(r), which produced 10 dose-rel ated pock | esions

char act er i zeghpbike EFMt-HRBR-old idéHvarde idRumideitvit 18 GeiRlo6&E Bach virgent r al | esi on.
As anot her exanpl e, a nonkey neurovirul ence test can be used. In this

test, a cl owainDlle/ e mps inopyletediintethelsldnbescrafiation wath agiinsaled Dr yvax(r) by

| C i nocul ati . @ i . | Qp chal | enge
nodel for prng é%?vifh]ocg1%§&§%0?ﬁ§69g?§%%§%nﬁ§@ "gﬁ}él[&ﬂ% ?@F%Wﬁa%?ﬁ?acci ni a
was used t o igfhahizaRgethe nSeeveekenllehgad &éth BY 165PFU (H00dIRgaf vickida route. The

LD50 is -4.5 10910 PFU and the nean time tq death is 6-7 daﬁs after

chal | engd. THR by thedNiraute, Suryipplaple pyerdbdasalieprhalmes wapd ctal protection
studies wt ! ' L A1 vikgYl W Rflectdgher :
Ot hopoxvi r &%@%Sﬁ@ygﬁ@g&g%‘ﬁ%yéu r usé,iu ?gdgsg%g%'&igrgﬁhilg%#%bzo c_?_stﬁe ability of
Dryvax(r) amsicedtdeasiss eHnsdDdyvix®i Hikue wegpmo tlftrénees inthmpnotegiive agivitpst

vacci nia WR chal |.enge in. nce was tested. ne 3 was .al so tested to
det er mi ne WHEWRE e 50885 e gy ecr?geéll‘éf&iaiﬁlm?ﬁialtaféﬁlnﬁ%zm%%ﬁse@e a greater

i mune 11 2Q 0666044 PR3 R 2508 pibleiddsbiad e} R 1Bow L HPOBRS:.

Four - week-old mce were I mmuni zed with graded doses of each virus strain.
The virud® was inoculated into the skin by scarification with a bifurcated

voeks'af tor i ST AP bl B RYREH I WIRIELS or) (oo

LD50) of vacdB¥Hla"™™s WR by the |N. ouLe-Suryl Ty r 1 ays after
chal | enge Was um'nec’; Dose-fospHafesEvpUme I0ayShn ugs Seer i th al |
Vvirus s'?r ailps og! Effj il oavax, sl Clome 3 L glone 2o [ Clee g Lo
Y LI} T T U:I\jz.ﬂvl AT A vy \ III. v u:lilb‘c_aot aoS I\W

Dryvax(r). rFhefre Jef-e—fg- e flh.g;enfres i theprotgstive—act yty] among t he
cl ones. The—average—stryival,prres—at g Helrent— jmumzing, goses are
summar i zed [ Tapte 3—andtig 509 profgctTye doges (TD50)7,gre $hown in
Table 4. 14 4 5.2 5.2 7.8 54

3 5.6 5.4 5.4 4.8

2 5.2 5.8 5.2 NT

15  Table 4. 50% protective doses of Dryvax® and vaccine candidates.

PD50 (logld pfu) . _
Dryvax Clone 3 Clone 2 Clone 4
5.5 5.2 54 5.5

Restriction endonuclease analysis
DNA from Dryvax® and each vaccine candidate was purified and subjected to
restriction endonuclease digestion by Hind[I to determine whether thers are genetic
20  differences among the strains. No differences were detected, as is shown in the

electrophoretic analysis of digested genomic DNA shown in Fig. 2.

12




Table 3. Survival time of inmmunized mce follow ng challenge with 100 LD50
of vaccinia WR I mmun. doseAvera a surviivaltinme da syd HSobs syl m)
------------- Clone 3'r-;::..-=Clone 2 Cone 4 Dry ax 814. ONT14. ONT
714.014.014.014.0 612.014.012.412.4 57.68.87.27.0 45.25.27.85.4

35. 65. 45. wo.08085%1125. 85. 2NT 15 Table 4. 50% protective sogses2efe1dr yvax(r)
and vaccine candidates. PD50 o 10 fu DryvaxClone 3 Clone 2 =Clone 4 5.55.2
5.45.5 Restriction endonucl ease analysis DNA from Dryvax(r) and each

vacci ne candi dat eSelgaonnfricel subsiaaid subj ected to restriction endonucl ease

di gestion by H n t m whet her i 0,di fferences
anong the strai nggh!“k%g H ﬁ%ﬁe Tgat%ﬁ@ra{élgge]tdégjtq\gg celllggmf"rq SRR T Zlﬂdﬁ he

el ectrophor eérhlﬁryaﬁadoyls$t$c9m dlloreat andeperaind shivedsiaadtobB Idwegin CEF 12 20

Cct ober 2005 WO 02/085411 PCT/ USO2/ 12616 Sel ection of a cell substrate

Studi es of DFSA Hiep in MRERY. |M8€r%wllawareyh1§|3éi§ct¢dwasm=@1@sf@éq ﬁogvaéz%egn malré
hi ck E)n feklisi t
o el esL LSRGl M B AR AU 1151 o

substrat e foyiedacci ne 5 devel opnent. Candi dates can be tested in CEF or
other cells to cagpare vaccine ields. Gowmh nedia for NRC-5 _cell
expansi on were al W@’&Hﬁﬁar EIMEW“%/P? Lrpansion were also compared. Williams B

medium, Minimal Essential Medium (MEM), and Dulbecco’s MEM gave equivalent

results. Media enrichment with additional fetal bovine serum (FBS), nonessential

y-

10 amino acids, vitamins, and sodium pyruvate provided no advantages over medium
with 10% FBS with respect to cell viability or growth. MRC-5 growth kinetics at
appropriate cell seeding density was adequate. The cell plant density was determined
to be 2 x 10° cells/om”. The time to split was determined to be 3-5 days, and the
population doubling/split was determined to be 1-1.5. A method for producing cell

15 banks and for cell expansion for virus growth was defined. Standard trypsinization
methods were shown to be suitable for cell dissociation, An alternative method nsing
bacterial pronase was shown to be useful, and may have the advantage of avoiding
animal derived products in manufacturing,

Other embodiments of the invention are present in the following claims.
20 ‘
‘What is claimed is:
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medi um M ni mal Essential Medium (MEM, and Dul becco's MEM gave equi val ent
results. Media enrichnment with additional fetal bovi rb@(ge(r#m ggFS) ,
nonessential 10 am no acids, vitam ns, and sodi um pyruv e 66t2 vi ded no
advant ages over nedium wth 10% FBS with respect to cell viability or
growt h. MR@bB2epsamt h ki netics at appropriate cell seedpeaguUsiegn®iléy was
adequate. The cell plant density was determned to be 2 x 104 cells/cnR.
The time to split Inaslodeltstrimod etenuotet #a@inga denpshat iisolathd fro i on

doubl i ng/split, was. determined tq. be 1-1._5 t hod far. producing cell 15
banks and foFkSdp I‘”@;ﬁ%ﬁ%‘%%’%&%ﬁ?ﬂg OS%SQ@rﬁ%ngﬂvéf?ﬂlé&m%t andard
trypsini zat i qTANRORAATOEDEERNWIPTA-1215 Ui 4 pobéhyiafus @RkdofHasieeg i ation. An

alternative nethod using bacterial pronase was shown to be useful, and may
have the advanituebandf wheroidgiinigteredrip phmarein; apaghogrigdieetive o advepaf act uri ng.

O her enbodi nen of the invention_ ar res 1N tLhe. i.ng..clainms. 20
Unat i s o af WERreSorheso lnp s s RS bubl e Rl A%ste™ T A
clonal strai Rc@ptaplytageiatedth ¥adRimAR virus that is isolated from cultured
cells in which the New York City Board of Health Strain of vaccinia virus,
ACAM 1000 (ATCC Dephé tlomdd sird?T 6F Biseidin, viras oflqdn dgehsteiiseidvatdes eiafs has been
cultured and, when adninistered to a human_in an anount effective to i nduce
a protectivaepPubsiprialy gispee vimiERS 2 PEai8e against variola virus in said
human, is acceptably attenuated in said human. 2. The clonal strain of
vaccinia virus of claim1l, wherein said vaccinia virus has substantially

t he same virul enc@. dke donal six{in £ vaBeiniblvirucdiaheah 1swheakin sefl vaaoga vire vi rus of
claim1l, wherein said. vaccinia virus k has substantially the sane

i munogeni ci t§° %@Stﬁw&%ﬁ?@eﬁmﬁ@m&*@hﬁlﬁﬂaﬁ Fn of vaccinia virus of
claim1l1, wherein said vaccinia virus is produced in substantially the sanme
or greater amounts as Dryvax(r) when inoculated into cell cultures. 5. The
clonal strain of ¢adbéelpzalsicaiwsf wrccivlagims df claghdy whereinaaid vaerdod Witk 1vi r us

Cfts h S gb stant Ip?cl)du}{edt uq gubssffj}:ulrrg&:;[grI tﬂee ga%{eoog gPe% e% ‘S:rrlonun s gr};\ya?cé)(v(rﬂen%o%ﬂla%%i gest ed

=y

into cell cultures.

5. The clonal sirain of vaccinia virus of claim 1, wherein said vaccinia virus
has substantially the same digestion pattern as Dryvax® when digested with a

restriction endonuclease.

6. The clonal strain of vaccinia virus of claim 1, wherein said vaccinia virus
has substantially the same virulence as vaccinia virus strain ACAMI1000 (ATCC
Deposit No. PTA-3321).

7. The clonal strain of vaccinia virus of claim 1, wherein said vaccinia virus
has substantially the same immunogenicity as vaccinia virus strain ACAMI1000

(ATCC Deposit No. PTA-3321).
8. The clonal strain of vaccinia virus of claim 1, wherein said vaccinia viras is

produced in substantially the same or greater amounts as vaccinia virus strain

ACAM1000 (ATCC Deposit No. PTA-3321) when inoculated into cell cultures.

14



restriction endonucl ease. 6. The clonal strain of vaccinia virus of claim
1, wherein said vaccinia virus has substantially th j ence as
vaccinia virus strain ACAMLOOO (ATCC Deposit No. PT%@%EZ]%)&Z?%TM cl onal
strain of vaccinia virus of claim1l, wherein said vaccinia virus has
subst ant i aMomzo8@tiIsame | nmunogeni city as vacci ni a virus retrnsimé6AML000
(ATCC Deposit No. PTA-3321). 8. The clonal strain of vaccinia virus of
claim1, wherein said vaccinia virus is produced in substantially the sane
or greater anount s’-aesiamal siai of vagsiniatirug ofclanchmbesin fakinEeiaytEs t  No.
PTA- 3321) whej.,d . j .cel o I 5 WD

01 ona1t perisaBAtlab Al A EElbn SR AL SReinhael b BRAMARR® 1O i 1,
wherei n sai d (ADCT Beposit NoUBTA3a31)sutes dipitbditly a tdegicianendding®atd, on pattern
as vaccinia virus strain ACAML 000 (ATCC Deposit No. PTA-3321) when
digested with a restriction endonucl ease. 5 10. The clonal strain of

vacci nia virus of i i i.d: el } i . 0 (ATCC
Deposit Nov PTA 339 ppnel RPEREE ueBlatnt G, Wbk sl oA, L0

cl onal st r ai nis¢fCAMEAIO(ATCCODepasit Bib. RIAB31A1). and a phar maceutical ly
acceptable carrier or diluent. 10 15 20 12. Use of pharnmaceuti cal
conposition of claim1l for the manufacture of a nedicanent for the
prevention or trealMeihathack@cadopblilisSodnShk HLIdM] fraiP@Vabiitia 13- The
use of claim 12, wherein said pharmaceutical conposition is suitable for
admi ni st rat i onrusef slaingl pat 4 Pntmipputiey adcepais @rder b4 dildine use of claim 12,
wher ei n S?6d phar maceuti cal conposition is suitable for admnistration to
said patient in an amount ranging froml x 104 to | x 106 plaque-form ng

units. 15. The use o{j claim12, wherein said clonal strain of vaccinia
Virus is 12. Use of pharmaceutical composition of claim 11 for the manufacture of

a medicament for the prevention or treatment of variola virus infection in a

patient.

15 13. The use of claim 12, wherein said pharmaceutical composition is

suitable for administration to said patient by scarification.

14. The use of claim 12, wherein said pharmaceutical composition is
suitable for administration to said patient in an amount ranging from 1 x 10%to 1

20 x10° plaque-forming units.

15. The use of claim 12, wherein said clonal strain of vaccinia virus is

ACAM1000 (ATCC Deposit No. PTA-3321).

25 16. A method of obtaining a clonal strain of attenuated vaccinia virus for use
as a vaccine, said method comprising (i) propagating Dryvax® in a cell culture
system, and (ii) isolating from said cell cuiture system a clonal strain of vaccinia virus
that has substantially the same virulence, immunogenicity, growth characteristics in
culture, or restriction endonuclease digestion pattern as Dryvax® or vaccinia virus

30 strain ACAM1000 (ATCC Deposit No, PTA-3321).
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ACAMLOOO ( ATCC Deposit No. PTA-3321). 25 16. A method of obtaining a clonal
strain of attenuated vaccinia virus for use as a vacg e, sajfd-method
conprising (i) propagating Dryvax(r) in a cell culture sys?em and (ii)
isolating fromsaid cell culture systema clonal strain of vaccinia virus
that has ysyipsdsanji @l Iy the same virulence, imunogeni ¢idvusedQ4 h
characteristics in culture, or restriction endonucl ease (ﬁ gestion pattem
as Dryvax(r) or vaccinia virus 30 strain ACAMLOOO ( ATCC Deposit No.
PTA-3321) . 15 201fcTigdthotit2laindVDs,Qdle@bdiulencédt ddpDAEdiRR Vausié. The met hod
of claim 16, wherein virulence of said vaccinia virus is determned by a
rabbit ski ndetegpined iy a bldt dinte®d of claim 16, wherein virul ence of said
vaccinia virus is 5 determ ned by a suckling nouse neurovirul ence test.
19. The nethod of claim 16, wherein said vaccinia virus, when adm ni stered
to a human in anlgnDwthetesd cfelain @6 twheraithigferae pf @idwictivia virns isher apeuti ¢
i nune response, agai nst. variola virus in said human, is acceptably
avirul enf | ﬁe@@@e%hﬁpk%%?ewvﬁkﬁ?ﬁe%f claim 16, wherein said growh
characteristics in culture of said vaccinia virus are determ ned using
MRC-5 cells. 16

19. The method of claim 16, wherein said vaccinia virus, when administered

to a2 human in an amount effective to induce a protective or therapeutic immune
response against variola virus in said human, is acceptably avirulent in said human.
10
20. The method of claim 16, wherein said growth characteristics in culture of

said vaccinia virus are determined using MRC-5 cells.

16





