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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 immunized. 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 smallpox 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.,
J.LAM.A. 281:2127-2137, 1999).
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i nduce a certain other countries have supplies of smallpox vaccine, which at the time of
eradication may have included 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 infection and disease.

Accordingly, in a first aspect, the invention provides a clonal strain 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.



30 protective or therapeutic immune response against variola virus in the
human, is acceptably attenuated in the human. 2 WD 02/ 085411

PCT/ US02/wP@2@s8s4The cl onal strains can have, for exanpl e, peahisvamseial |y the
sanme virulence and/or inmmunogenicity as Dryvax(r). Preferably, the vaccinia
virus is produced in substantially the sane or greater anounts as
Dryvax(r) when i ndteitlana@tirpins gachave, for gkamplessubsipatiadly thasamebielsnes al |y t he

sanme digestion,pattern as .Dryvax(r en. 5. digested with a restri,gtion
endonuci eas e?ndf‘%elm&"ﬂlg’r?g?m%’% %ﬁ ]zryg'g%®g,?)_§%erﬁ36'e&‘efvgfr’Cll_%l)%é'%F & pr@é%cf_fi grrllt ially
the sanme virgRnegallAnekahe bIbRRCHRNDGILE ¥s BEvYR® Gititindnddulated fit 8dln ACAMLOOO
(deposited as ATCC "Deposit . PTA-3321 on April 19, 2001; see clone 2,

bel ow) when twtresdandior ks snlosparitiatly thariamesl digastien gattsrn pnDhHesBswhay ef er abl y,
such a vaccinia vir is.10.produced in substantially the sane or greater
anounts as v%ltltg@?tﬁ‘ii‘gﬂsialrﬁgn%tﬁ&a?“ﬂon ‘000 when inocul ated into cell

cultures, and/or faS-iBHASHAR daftlalsb HabE FAGRMPN, SEStARRIIP Ald bR BRisHECI Ni a
virus strain ACAMLOOO when digested with a reéestriction ~endonucl ease. One

exanpl e of aanddacimenogemicity sdredccing vinul strdismdACAMIKO0i (depssitedas ATCCACAMLO00

& ohar maceut PeRFOS IR Fohot fnet iR T e e BRER. hetpy RogR VSRR B Vi r s
as descri bed, ahoye el HRUASHRINRIRLR, Prafdbs. ARAGAEEH GAkly acceptabl e

carrier or di In a third aspect, the invéntion provides a nethod of
prevent i Hy opradnesitinsgbstandiallp ke saieus graafes @mioontsian vacopat ivems stam

adm ni sterin uch phar maceut i cal onposition to the, patient, as well
as use of suf Wé@)@pﬁg@quﬁﬁ?tﬁih tﬂf'é?f)@% ér}&/%rsha P?ta%tbﬁﬁsf °FH%uch a

conposi tion kLG ANERAALLGRa s 3@59%@@1@506 Qhed BlgdstBY WR@SErestridich
phar maceuti cal® conposition can be admnistered to the patient by, for

exanpl e, scatddhuclaiseo Dneieramplearfavatcinangiun that isangluflat inshairplertiorlisx 104 t o

1 x 106 pl aque- form@gliunits. 25 In. a fOLB::th aspect, the invention
provi des a mACHYISH0 GpkCh MergsibNe) BRhar33¢trkain  of attenuated vaccinia

virus fofsuse as gy ?e%gﬁ&"fspegtmh% iRAGH p}&/\f&gs\é%al(rhﬁceutical composition

including a clonal strain of vaccinia virus, as described above and elsewhere herein,
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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* to 1 x 10° plaque-
forming units.

25 In a fourth aspect, the invention provides a method of obtaining a clonal strain
of attenuated 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 ACAMI1000. The virulence of

the vaccinia virus can be tested in this method by, for example, a rabbit skin test or a
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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 features 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 number of mice surviving and average
survival time after these challenges are shown.
Fig. 2 shows a HindIII restriction enzyme digestion analysis of vaccine clones
of the invention, as compared to a polyclonal virus preparation and Dryvax®.

30
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15  thatis similar to (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 to biological

30 weapons. Given this principal indication, the vaccines of the invention can be used,
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Depending upon events that cannot be accurately predicted, there may be 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
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20  plaque-forming units (PFU)/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. Alternatively, 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 example, 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,



20 plaque-formng units (PFU)/m , for exanple, 108 PFU m . The vacci nes of
the invention can be admnistered to patients by, for exanple,

scari fi cawoon/084si ng standard net hods. For exanple, a bif@ecraisedizseedl e can
be used in such an approach. Alternatively, the vaccine can be

adm ni stered using any other standard route that is found to be acceptable
by one of skirgferd afew, daye pf Biegnpesire. 2%aqoiitatipn cat hecaspd pet only

adm ni st ered_bhy.subcut an s or intradermal .injection,.or h { her
par ent er al rod]ﬁ% I}agﬁrgﬂngiﬁ%W??ﬁ?ag SR aiﬂﬁfég?lil%cﬁc.’fufﬂeé Sg%hnﬂsﬁ%g%l??vacci ne
adm ni st er edrehf (813, BV E0 Ws)?észc%%rﬁﬂw_dttp‘Bé@p&@priit@'bg%ﬁéﬁpélﬁll ilthis &f4 to 1 Xx
106 plaque- formng units. "As a specific exanple, 2.5 x 105 pl aque-form ng
units can be used. Preferably, vaccination is carried out before any

exposure .to riola, b 3Q vacci.nation can also be carried out with
pat i entss\/\hcf_ldg’gf/%a%%ﬁy Vit Gidide To 2 7 Vo 02/ 085411 PCT/ US02/ 12616
preferably w thi nrige nQ¥ntdRYSsOhclhf& BXROS S deEinkRALIiMR veemde carried

out only once in a person's lifetime or can be repeated after a period of
time, such asndidwiesallhesperandiddtes can besdaififieddrysyqlating denad striinefiommcele
appropriate by one of skill ipn this art. 5 Identification of Vacci,ne,

Chndi dat es THECFVRIRIAR HFEOW IR, 4L ChaoiBuens epdanper S sV 2L Uia
vaccine Car\girg%}' BPvivd PRMR IS ABLHHE! 60w ToPEBxdfifB!d ddnBflalWab&Ré kdiRGas! Onal
strains from cel cul tures inoculated with Dryvax(r), and characteri zing

t hese clldnesbeusmmpprahyitbDryvex® for plaqte sizeryi¢ld ivcalbculetrhodmgdegc MRBed bel ow.
For exanpl e, ca c[l)i.date vacci rfe strajn can 10 be conpar edrﬁvith Dryvax(r)
for plaque si &), “{h étlcdltarnﬁo‘_ése‘flfu TPt WPERAUSPIRT, "B Y NREBOER | s), rabbit
cutaneous V1ot iifoncB i B0dHAH AMARM AN, BRI, PIRRKEY caltilfiViré U1 €NCE,
or protection in a nouse challenge nodel. Préferred candidates are those
wi t h virul erthese vih virgleacerihhbis sintilapito bekess thiathat beDryohx®y whmk (nducewhi ch

i nduce protective jnmunity that is simlar to or greater than that of

Di yvax(r), dﬁateaﬁ%ﬂwawnéa@ﬁamﬁré%a% Fetier fhap it Of BarvaxPeand] 49 Bivet o or
greater {ha . it re ! &ON, isolation
of a cl oltnsal r%r%){r%a}?ﬁlaﬁ%%&hlggﬁgg%ﬁeg%(i:a?g? %Pg%tﬁ%rr gig] Egﬁggto F?s 0 ®é vacci ne
candi dat e was unpPsh tottdpresenbavantiem, isotationrnd akisibstyaimthat passatigfectofy

vaccinia has resulted in the generation of multiple subp p}ll ati.ons of
characteristics of a vaccin€ candidate was unpredictable, because 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.e., biological
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



variants (i.e., a genetic swarm, with potentially different biological
properties. It was 20 al so uncertain whether a single variant, isolated by
pl aque puwDfoeost4ion (i.e., biological cloning) woul d haveCrhsoyaees
phenotypi c characteristics as the sumof the nmultiple variants in the
original mxed virus population. In fact, prior to the present i nventl on,
it woul d hav‘@cg@wlwraﬁd.d@ﬁmotlem&ﬁ%cw&ufqm%%e fed e

prect ol cal. GHREShan o3l la Und BE NASELNG ol LUR Y E01diRhs 11%5 s

descri bed furat rec inica aracterization

of Vacci ni a ¥esaioResron ¢1ﬂm§5¢sscmaﬁﬁﬂ haigcmﬂoblﬁxtwnmd that Boddia tachsigues a
vaccine that is currently licensed by the FDA, was derived fromthe New

York City Boesudl lof useddpn vacemv@m«t}lcu@n Eq desielop aerll euliETe Yaseinecte basl oo 1982
by V\yeth Lederl e

VR- 325) . Dr yVBZEHS) Igg%@?@éﬁ g?tectiaqla x@%?ﬁﬁs”ﬁ%agfgﬁ&%ﬁ%ﬁ% ?%ﬁ)epos' t No.

PCT/ US02/ 12 6bmin¥ P Ritidndand W& didahd vel@emdeikhaxt bkbtmr%s alis @@chissed FirtHee
product. W adapted the smal | pox vaccine strain vaccinia virus for

propagat i on heleier Froomtheohixsere of Matiantsdiths genemcamrat)onpr@ra@% wePlegieds of

Vacel ne. prodtBHCBIT vergnGuE B e AT PRCH e BRg At e i GG e Rg e "
separate DryyaXbesy th &m&g&mgcahe E}Q(\Iﬁﬂi&qlgted 1OHS d¥dr6SbT RBindfihBRRE S ale s
passage at termnal dilution, and didthis with and wi thout cloning, as

i s di sculdsedeffastivhelinicallyl aswhe Fmglmltchﬁlympdlm@u@if variants (the genetic

in Dr , | ect id t hat, hayv 1|
b1 o o cal _char aciisine SEey fse i P Bhiahd bE uiG e VTGS WY SPPe o TR A
licensed Vacﬁfd%efrorﬂ 0xdislb Rontdmita8hg Hﬁ&a&gaﬂémg @Eﬁ@émﬁ&nkaﬁmﬂhh%@fgﬁ as 10

effective clinically as the original | ynph product. In one strategy
used for adapeafilisstratbgy, sixodomes avend isolstedad he ctomed virosds sshibited & Weriety pf us

Lo Poss! bl g conLar it 1ot of poroat ot der| et LLpmisal fpki n. Throvh

A0 L 62 SEHE o IGO0 LA Al BRI 0 S i once

variants in fooyd axie lei]ahtodarwhx@estMBme testsiincartimalsend idiffdred primarfyywax (r)

inovirul encegr%\e;v%ﬁ rsal‘ceI 1rr]1 caelnllc ture o%ltﬁefsg gt?gm als %ﬁl‘ als)(/)thers with similar
characteristics, can be used in smallpox vaccination methods, according to the
invention.

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 ir 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 inoculated 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

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



growh rate in cell culture. Any of these strains, as well as others with
simlar characteristics, can be used in small pox vaccination nethods,
accor di ngwoeoss11 i nvention. 20 In anot her strategy, the PCTUSONES1610t
cloned, with the expectation that virus derived by this nethod would be
nore likely to behave like the strain fromwhich it was derived.

Sur pri si ngl yderiyg apanai@nchmpdxedoual) il praparation.a T hispiyd s qubbet Wy ¢l oni ng,
whi | e behavi Sj .. cyvax(r) i My Viqd L i ve the
characteri stﬁ%gedolfl Mﬁebl 'é\(/%écﬂc%it‘%’rééésk ?I(aeia)ﬁ}o“glt\ﬁd}i r‘?‘ 1# ‘gélgt&o\%ggsg%?lee%\?ﬁgt glﬁt when
tested in 25plepRatid! Weit @EIR & exldtidive sWeesfoFcomPaafis ali@ysel aleARBideef fort s
on cloned viruses with characteristics simlar to those of the Dryvax(r)
vacci ne st r aPmvar®dotindirp endfn yue chastriaristiese rinparticotaragash glonp end Bigs .

Dr ' | ated i | f MRGC-5 cell . six Gl f
vaner i ot S s A o Firacte e AR MR GO RES °
recl oned tw £8tric86n ERIRNEMER Bipiad pdtérmNte FoaRMioMof caEMERR paMsIANt S.

Dryvax(r) was al so inoculated into AMC-5 cell cultures at a nultiplicity of
i nfection (Mabbitpndnease Rrbyarensel 1A subset of onepwasButher reeted 1802/ 12616

derive an uncl.oned olyclonal ) virus.preparatian. This yirus was .
subsequent | ymd}.’)‘géo Wﬂ%ﬁﬁé-l %11ﬁy§nWﬁ%gﬁ}?6&’ CCRYVE WS LB CCt AVACURS IR, 1 o o
and the pol ygLongl DrifagRARY W BiShSichiashastitl fo PRy RXESNBILYE1 SBfn8S, &

conpar ati ve anal yses along side Dryvax(c) for in vitro and in vivo

char act elQ st fhegesultnoptoesd fudias., each cl one and the 5 pol ycl onal preparation
wer e anal yzed for plaque norphology, yield in MRC-5 cells, restriction
endonucl ease mappi ng patterns, the formati on of cutaneous pocks in

rabbits, andripRSe CAGUERULAMIETS yactnRURRS Latfiggbones was further tested

for inductjomof—protectTve Ty AT DL RG VEvEs 10 Setegt
a vaccine stgain fromthe Dryva;% %‘ﬁ“yrool“uvx(ﬁh'?wv Ix\l@j(ikl()o iacarl esai mtari ty to

Dryvax(r). [rabie I SUMmyI2es | cidhed [eCbRSY! Eondd | CRASE [SCORH £F Cloh@h [ Croly
Characteri zaph PRl 7 YacElnl & \GiaBUY Capdi|dag s Resdbts (6.8 afi @7t 046
Dryvax(r) fpmetlakdtatijve assays) Test
Yield in MRC-57 4.0 13.5 7.0 10.6 15.6 4.7 1.5 7.0
RE analysis Same Same Same Same Same Same Same
Rabbit skin test High Same High Same High Same High
Suckling mouse High Same High Same High Same High
neurovirulence
Immunogenicity Not Same Same Same Not Not Not
in mice tested tested tested | tested
T pfu/ml x 10° “

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

also has suitable characteristics, but does not 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  of unmodified 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 LDsy 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

10



Dr vax(r) Cone 1 Clone 2 Clone 3 Clone 4 Clone 5 Cone 6 Poly Plaque size
0.42 0.43 0.49 0.36 0.65 0.25 0.27 0.46 (nean, mm Yield in MRC-5 4.0 13.5
7.0 10.6 wb.08/08347T1 1.5 7.0 RE anal ysis Sane Sane Sane SanmPC®arse2/Bsne Sane
Rabbit skin test H gh Sanme H gh Sane H gh Sane High Suckling nouse High
Sanme High Sane H gh Same Hi gh neurovirul ence | nmunogenicity Not Sane Sane
FSanme Not Ndwungirtlepee of wascing spedidatesyily parerieblnras®e drherpyilis of ei06 From
t hese studie C 2.8 l.dent jf I g istics 15
uni on show (RReTPRES TS BN BTl b8t fBe B 08 SIRAE IS

vaccine. C Qﬁerage s@vial iass fotint apties ahafsachestiond eFighuA-tdoes not grow as
wel | as cl ones and 4 in culture. Suckling nouse neurovirul ence Adult
mce were determned to be insusceptible to intracranial (1C inoculation
20 of unidodThbke®. Neyroai(lehce Arisedtlingmise okédimg vataes ganslidabesr ef or e

devel oped. Huckling| mce (|3-4 days obsgthmw&re injected with tenfold

di I utions ofExlefimént ANdrigNr Vi VBD, T I MeLyRs | defrer m @egl. | Three experinents

wer e conduc'f?;w, —t b{)r‘%'“a;(r)l 6*>‘est ed3c' & i‘m)%t andard. W observed
that suckl i hg—ree—AdStHatled G Wi Deyvaklr Y aripednl y  devel oped f at al
encephal i ti $—with afoPEEE df <130 | ogid PRP-Yndl diMdan time to death 25 of
seven days. | -This t effo%ds hus?det er mitded] tH2hel JLEDL for conparing 10 WO
02/ 085411 PCT/U&02/ 52 deurbdirlil ehbe bf6%¥acki@éDcandi dates with

parental Dryvax(r). |Sme2r edul t!$5af |t HeSe | ebfer | fdd)s |are sunmarized in
Table 2, and_the nuiee3of |mi cé3sufviidng| ah® t hedl-1@verage survival times
found in this anal yfilsedre |shéawl in Blgs.| I AUD (B3Fabl e 2. Neurovirul ence
for suckling mge, Vagek®ig vabEine celddi dat.es | RadaAngt er Experinent Virus
LD501 LD901|AST2 ( Sllone 5 <1.3 <1.3 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 inoculum on day 10 after infection
2 Average survival time, days (standard deviation) at ~10-100 LDs,

n oh
LI

Additional tests can be used 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
central 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 aoses.

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
intranasal (IN) route. The LDsgis ~4.5 log;o PFU and the mean time to death is 6-7
days after challenge. The test is sufficiently robust to 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 induce 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



1 Dryvax(r) 1.68 3.03 7.78 (4.19) Polyclonal <1.3 1.94 6.09 (1.14) done
1 <2.3 <2.3 4.20 (1.03) 2 Dryvax(r) 1.3 2.1 6.67 (0.71) done 2 1.55 2.25
6.80 (2. Mpo2@ume 3 <1.3 <1.3 5.00 (1.16) dCone 4 2.59 »CIAIS62/106141. 36) 3
Dryvax(r) 2.4 4.15 8.64 (3.42) Cone 5 <1.3 <1.3 4.08 (1.08) dCone 6 1.57
2.47 7.73 (4.63) 50% intracerebral |ethal dose per 0.02 ni_inoculumon day
10 after i nfiesnaneh Fougovsekrild aues wedmmuaized withogradgsedosgs obeagh vitkhcul um on

LRl bys?%jfg%@g t“&ﬁ;[ é”‘ﬁ?\ﬁfzﬂe&'e\’i ati on)

day 10 after_infegtion 2 er i
at -10-100 Lﬁ%ﬁl'A |‘fn|ﬂu(’)sr‘f‘éa}sejt{%cs“?ag§%hﬁg%‘e use € virul'ence of

vacci ne candigdaleewhichas the@Xahad Gsed W8 irdeieledMEda® ekl ing: Ullaeewbsks aftet| ence
test. This test was successfully devel oped using intradernmal inoculation

of unpassageithmmjsaions the nipe wererholerasd With @diaeic RIA (P bBak of vaschis

characterd z r yt-hema, ~i_ndur.at.i on nd in.So cases central | esion.
he- anot her -ty BB YRR BFen At S PRUA RS s B PR,
test, a cl onggseReypomxive pretedtionashsGeativaRbR virsis §Rihe dn@dRicsies Boysceed(r) by
| C inoculation of graded virus doses. W al so devel oped a nouse chal |l enge

model for proicect least as eeilsas Dyva®.s Thers wepwiend differpmcigrnghe protecoive eeitydtyni a

was used to chal Itgng@ 6- 8 week- ol d mcaﬁg%é tt&ﬁ infranasal ( l\g route. The

LD50 i s -4. ST 6 PRBPSnthS averase ST YATHIES o i ffpsn iR ing oS o

chal I enge. Thghhasled S TEMEBIMHER 50% ?%b@fve?d?séé%?ﬂsd) R @i Tha@bleRs, ot ecti on
e.

studies with the new vacci ne candi da Sim | ar nodéel s using other

Ot hopox\ ruses, such as cowpox virus, can also be used. 20 The ability of

vaceini R LR ?2@%@%%% eirealte fofing SoalfRahad wBIRGY

det er mi ne wh&iCRS}a lone with greater virulence also induces

| _a gr eat er
i mmune 11 ~ Immun, dose ;- Average survival time (days) o : '
- (logl0 pfu/ml); " Dryvax ~|. Clone3 - “Clone 2 " Clone4
8 14.0 NT 14.0 NT
7 14.0 14.0 14.0 14.0
6 12.0 14.0 124 12.4
5 7.6 8.8 7.2 7.0
4 5.2 5.2 7.8 54
3 5.6 54 5.4 4.8
2 5.2 5.8 5.2 NT

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

PD50 (logl0 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 HindIIl to determine whether there 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.
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WO 02/ 085411 PCT/ US02/ 12616 response. Four-week-old mce were imunized
with graded doses of each virus strain. The virus was inoculated into the
skin by sweromfsssati on with a bifurcated needle, which isprchasopitsod used
to inoculate Dryvax(r) in humans. Three weeks after imunization, the mce
were challenged with 6.5 |1 0ogl0 PFU (100 LD50) of vaccinia 5 WR by the IN
route. Survival r&electivpeaf aickllgulsiradét er chal | enge was det erm ned.

rotectod i oo aptiRet Pl ROR R o i MRCS (dbdtn s P b ces
the protecti ¥RbARABBIst (EFFNEeIsRRers i tken AR AVRTRDRBeIEY kY by/Riwek iEBF at
different inmmunizing doses are summarized in Table 3 and the 50%

protective dogsh@rPDIIRCad el\@:(bmellﬁWﬁ@tihes selected aFdhe pibgiratsdenvageine t i rre of

d | | LD5 VR.
B RO A s E A
Clone4814¥Q.14.0NT 714 14.0 14.0 6 12.0 14.0 12.4 12.4 5

0O 4

7.6 8.8 7.2 7. 525.2 7.8 5.4 3 5.6 5.4 5.4 4.8 25.25.85.2 NI 15
Table 4. 50% pr ot Ecowthenelbs éx MRCEF yalhso{pahsiomerexecad s mpaﬁtiiWalﬁiemsEPDSO to

EdonuG) eane ety BB E et Mesn (PN s il Rccae MV et T

purified andre%um P& ehﬁcmﬁ&ﬁwlup&dd%n%ﬂfé%H%ﬁégé}uﬂf ] RheR¥ntdindl 11 to
det erm ne whet her there are genetic 20 differences anong'the strains. No

di fferentles mnea autedsexzﬂtanlms aemdlssdmhmymva’ue poeidetl eotadeptiagestover medihysi s of
di ted B\ng Fi 2.
'geste geno h 10 B§ w1th respect togcell 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/cm®. 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 using
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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12 WO 02/ 085411 PCT/ US02/ 12616 Selection of a cell substrate Studies of
Dryvax(r) replication and yields in MRCG-5 cells and primary chick enbryo
fi brobl aswo(ogBsuicel | s were undertaken, and showed yi el ds PCa/use2/iswner in
CEF cells than in MRC-5. MRC-5 cells were thus selected as the substrate
for vaccine 5 devel opnent. Candi dates can be tested in CEF or other cells
to conpare vaccine yields. Gowmh nedia for MRC-5 cell expansion were al so
conpared. W I Iliank K& clonetisteam ofdtidnmeted Fascaria vars fhiptlis usol{thERpm antidred
Dul becco' s val resu di.,a enri.chment wi.th additional
Fotar bov neelsrn T icRSy Vo Resadshoryd b wike SAiGe o o AMHER SSAY oat um
pyruvate proyhsif o RENGIHRGES pREHyFRiHpeld Mkl ot biuingspect to
cell viability or growth grow h kinetics at appropriate cel
seedi ng diensvatrgolamawsadeqdémumanﬁlsaccmtdblypitmuatd@nssawhmm determned to be
2 X 104 cells/cn2. The tine to split was determ ned to be 3-5 days, and the
popul ati on doubling/split was determned to be 1-1.5. A nethod for
produci ng cell r
defined. St andar???%@?ﬁ?gg%@orﬁ% éélm%&gﬁ El\%@éin{sﬁ Wﬂérélﬂ% gh%}%l?l éﬁsf or
cel | di ssocilasisabstandiallg tessanetvitoéense b Deyvag®ng bact erl aI pronase was shown
to be useful, and may have the advantage of avoiding aninal derived
products in manufacturing. Qher enbodi ments of the invention are present
in the f@ | ow ng ¢l '
PCT/ USO ;?J12616 £ %hgﬁ%%%%gal%gut"%&%?ﬁlgtﬁjt”gerﬁﬁ%{% ! \]}g%eggﬁf%{d%?‘éé&t‘”ms i s
i sol ated fr omsgubdiattiatly ¢ed dameiimmnriogniEXyasaXfyvix®as been cul tured and, when
adm nistered to a human in an anount effective to induce a protective or
t herapeutic i mmune response against 5 variola virus in said human, is
accept abl y att enugt o, i, 88 o/ MHTALniBvirklGr GhADE! wRAGR B facARCHRG 3 Vi Tus
of claim1, wherei'n said vaccCin

produced in substantially the same or greater amounts as Dryvax® when inoculated

15  into cell cultures.

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

restriction endonuclease.

20
6. The clonal strain of vaccinia virus of claim 1, wherein said vaccinia virus
has substantially the same virulence as vaccinia virus strain ACAM1000 (ATCC
Deposit No. PTA-3321).
25 7. The clonal strain of vaccinia virus of claim 1, wherein said vaccinia virus

has substantially the same immunogenicity as vaccinia virus strain ACAM1000

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

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

ACAMI1000 (ATCC Deposit No. PTA-3321) when inoculated into cell cultures.

14



has substantially the same virulence as Dryvax(r). 10 3. The clonal strain
of vaccinia virus of claiml1, wherein said vaccinia virus has

subst ant i wblog/0833@¢1 sanme | rmunogeni city as Dryvax(r). 4. Thecalusozl2esé rai n of
vaccinia virus of claim1l, wherein said vaccinia virus is produced in
substantially the same or greater amounts as Dryvax(r) when inoculated 15
into cell culture8. The clypal strabrefi vageipig virug of ¢laie il nvherein said wiccimiayims1,

wherei n sai d, vacgi.ni.a.vixtus has substantially.the. sane.di bl pattern
e Dryvax( 1) P A G s S e HOR R PR ikl SR A P e
clonal strai pAPECRGEENNS. FTALES20] whbilibsted WAE b eéstrigtRintbrdafgdlédsa. Vi I us
has substantially the same virul ence as vaccinia virus strain ACAMLOOO

(ATCC Deposit No. PTA-3321). 25 7. The clonal strain of vaccinia virus of
claim1l, erein T@Iﬁ Vﬁcciln%a vifr us . .has StRlﬁ%t.an [ a.lquel(!%3 t he sane. .

i munoge city as Vathf HPRALFPROLYRPoMA VREARM DT L RaenSa @t s
PTA-3321) . 8is AORMIRDRATE BégosRINo/ @qi-g38)virus of claim 1, wherein said
vaccinia virus is 30 produced in substantially the sane or greater amounts
as vaccinia virus strain ACAMLOOO (ATCC Deposit No. PTA-3321) when

i | ated int I | t . 14 WO 02/085411. PCT/ USO 2616. 9.. Th
l'onal “strain of bhcAPEeT e SomERio PREEGPR oA PR ™A T us has
subst anti al | yirf\6r SAREL ﬁi&@ﬁﬁé&ﬁc&ﬁ%&lﬁf&géﬁaMﬁG&h@f@rd&ideﬁﬁ strain ACAML 000

(ATCC Deposit No. PTA-3321)" when digested with a restriction endonucl ease.
5 10. Th® clonal strain of vaccinia virus of claim1l, wherein said vaccinia

virus is ACAMLO0Q_ (ATCC sit No. PTA-3321). .11. A _pharnmaceut. cal
conposi tion conpr ?%i Q@e ‘Pfﬁgg Bﬁwelgt% ‘?WR?_ISI%\?%{(E)EF%?IE ll\ap%?f’spr@l{en@%ioh 1 and
a phar maceut {rféﬂr}e}{t SCLARRLARLS 1EBEdth aﬂ{atigttxtlrlﬁg%@hinigtgatﬁo%- of' 81 Rfngobfion

pharmaceutical conposition of claim11lin prevention or
to said patient.

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

administered to said patient by scarification.

14. The use of claim 12, wherein said pharmaceutical composition is
administered to said patient in an amount ranging from 1 x 10* to 1 x 10® plaque-

20  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 culture 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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treatnment of variola virus infection in a patient by adm nistration of said
conposition to said patient. 15 13. The use of claim 12, wherein said

phar macewbDaaloszonposition is admnistered to said pati e®CTh802/12616
scarification. 14. The use of claim 12, wherein said pharnmaceuti cal
conposition is admnistered to said patient in an _anmount ranging from1l x
104 to 1 x 106 pl Aguéhe methpdohtlaan dhi vhereinyirufugee gEeeidiacsiEp FIUDIS wher ei n
sai d cl onal ttrai.n%ﬁ%%vaﬁgitnka vitrus is ACAMLOOO ( ATCC Deposit No.
PTA-3321). 28°t981ed Bt HOQ K3t ai ning a clonal strain of attenuated
vaccinia virus for use as a vaccine, said nethod conprising (i)
propagating Dryvax(r) in a cell culture system and (ii) isolating from
said cell culturel$yShemethodiodplaim d6rwhereinfvinpdance af spid vaaesnia vias ishas
substantially .the s vi rul ence, inmunogenicity, growth characteristics in
cul ture, Sgr &%%‘F‘?lpﬁmﬁs ﬁ?ﬁﬁ%ﬁ@“ﬁ%@%uﬁl‘flﬂg%%eg?‘?%pattern as Dryvax(r) or
vaccinia virus 30 strain ACAMLOOO (ATCC Deposit No. PTA-3321). 15 WO

02/ 085411 PCT/ US02/ 12616 17. The nethod of claim 16, wherein virul ence of
sai d vaccini a virlg The metipdoficlaed 1bywhereilsbid vaséinia tinst whaBadiiingstered hod of

claim 16, wherein virul ence of_said va%ci nia yi ermned by a

Lus i 5 det
suckl i ng _rmy@ea L @@P@?@E?ffﬁﬁ’ © to grduggap h?ﬁ?joﬁ)ti‘e{f‘?ﬁ‘i%}ﬁ 18 fher ei n
sai d vacci ni %S%&ﬂsgﬁgaim%&iﬁﬁmiﬂﬂb it &fi@HumbR i@addHpRRy DirdRneU mehdect | ve
to induce a protectrve or therapeutic I mmune respbnse against variola
virus inlGaid human, is acceptably avirulent in said human. 10 20. The
characteristics in. .cul twie of. said

nmet hod of claim1l erein said grow
vaccinia virus ar go-dﬁ@‘“emﬁﬁhﬁé@?ﬁ]épﬁd%l\)ﬁ%@n&é} growigcharacteristics in culture of

said vaccinia virus are determined using MRC-5 cells.
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