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facial scarring in surV|Vors I'Sease I's spread person-to-person via
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wor | dwi de trﬁh&d@%ﬁﬁﬁaqs%bﬂapglawrﬁvﬁfﬂs {swéarzﬁfrﬁe%mm cchioksdase i n part

because of (ifeod ack fl ARk [ ?15, tematic use
of a vacci ne( (I?ve U2t t envat edh?gﬁé‘?/% ra%lﬂé veéfeklﬁj‘sg?ﬂgy effective in
fighting thisgmgiossassh prbgr@mg fo 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, possibly, by aerosol.

Smallpox was one of the most important 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). |
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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.
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appropriate animal nodels or in humans. Preferably, such a vaccinia virus
is 10 pri8duceeiivre is sibstaniiallythe spreros geealiepanegunig se sacsiniayipigntanas vacci ni a

virus strai 1000 .when. i.nqcul.at ed i nt el | .cul t. and/ or has
substanti al I%CWS% s “chgfé}?flin%ﬂ C‘E}Q‘fﬁ%’iﬁﬁ aﬁ‘go{}?é éﬁll?#aggéiiiyretﬁ%saﬁer ai n ACAMLOOO
when di gest @ewfidnibaficrh 8Svdctialal vifs sigdiel ATAGA i85 §hed MiGestodafiE Cre@fictmvacci ni a
virus that is included in the invention is ACAMLO0Q §1A'I_'CC Deposit No. PTA
3321). 15 | fudenyelesspdOns pariple afifeapainia peysdhat gripelidpadn theghwnterdeut i cal
conpositi OnAé%ﬁbUH(ﬁQ‘C%ﬁép%Eﬁ?ﬁ slsrfi@_i B f vaccinia virus, as described
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di | uent .15 In a second aspect, the invention provides a pharmaceutical composition

including a clonal strain of vaccinia virus, as described above and 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
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adm ni stere uman uce a protective or
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acceptably avirulent in the human. The_.invention provides several

advant ag8s. hF@Fm@ﬁwseleaﬁ?%%eé@&qRQSSlbll%h‘éifPﬁBStgeVéie@Ffﬁ@a% Th¢oduced by
i nocul ati Onvgmﬁéégﬂhggfe éﬁ'ﬁe Cao\gtgfséﬂrgtﬁ:ﬁéﬁ%c%ﬁcmﬁ&é %mtilﬁﬁ]omed by

scraping of t arvest lr1ve rus e crude virus
preparation aMp’ablaebgf nurderarsispddrdsdonvareine panifhetortandis higyopweifies dhisn

vacci nating 10, hyman.recipients, |ea t,he possi,bi I | ty of pathogen
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addi ti ordal ahhmnﬂmggm@pagmmgmdlvmmdmnuﬁsmsng,sucﬂmmdtohmsaé of the present

invention, is t e charact ticsg of ch. virus unlikely to 15
change dur i ROPHFBBAGELTGR. S0 deteHe A PR B O T fgorcine T BRPHPEE™ & i xeq
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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 number of mice surviving and average
survival time after these challenges are shown.

Fig. 2 shows a HindIl] restriction enzyme digestion analysis of vaccine clones

of the invention, as compared to a polyclonal virus preparation and Dryvax®.
30




mai ntai ns its phenotype under repeated passage and expansion in cell
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vaccinia clones fromcell cultures in which Dryvax(r) has been propagated.
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vaccini a vi rvg(acﬁﬁ vm§he prevention of small pox, as well as nethods of
obtai ning such ¢ onarstrains of vaccinia viruses. The vaccines of the
invention are deThyefcihesiNthediintieyfe 8ériviell fom] ndHaRs siler i stics to,

Dryvax(r?) (New York City Board of Health strain, Weth Laboratories),

whi ch i dVcufFhapntqrptips tge&@g@eﬁr%rb_(}gy Bogigpf Heaftioittaty, Wygthni strati on  ( FDA)
and consi st -1 ' T VA in calf
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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,
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personnel, and so-called first responders.' The inherent :
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.
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i mportance, is enhanced by deliberate application ofydhg.piodyet and

avoi dance of use in individuals with risk factors for adverse events.
Under these circunstances, the principal risks are auto inoculation, ocular
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such as, for exanple, the Nu%%@ g‘glaf) Fa%,t ory. 10 Puri%iﬁméd virus can be

| yophi | i zed GeBFattey®: use or can be imrediately prepared in a
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adapt ed for inigphariaceliicl Mﬁ&ﬁﬂNuhB@b@@#ﬂaﬁﬂqd@tﬁdéﬂﬁa&fzpt&ﬁié bdlutions fofuse art .
(See, e.g., .Rem ngton's_ Pharmaceutical Sciences (18th edition), ed. A
Gennar o, 199bvacsae Rrepqipliqns Wejl logwn in ths axtand epg requnly e papted der ise e vi r uses

can sinply Qe gqéSkMtiﬁ‘geﬁli‘i{;he%b%P%ﬂﬁh &gfhjlgg}tl Ysee’ae(.:%qggr”gp\,éf§%§ol ution, such as

sterile saline or s ered saline, Wt out an adjuvant or
carrier. OptPhamaickntical SeeenplydtsTedition), edl A. Sainndro,1990,aviackPublshingadCoc,onmponent

Lhat proy! deg ot A0S LY (& i dlorceroll, endion 8, compnent that hes
concentrat i Qiheffin1d QdiuddlD such as sterile 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,



20 plaque-formng units (PFD)mM, for exanple, 108 PFU/ m . The vaccines of
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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
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cell cuI#ur ny .of .t he as_well as others with simlar
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expectation that virus
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
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neur ovi r ul e théDsHAER hoSifwit] BIBIBS cAIBBnifatifyth BXryvae®t adbkqlsuminagiist i on of
protective immnity in mce. The objective was to select a vaccine strain

f r om t helODr ylieargulty ofibede sidies. bi ol ogi cal sinmilarity to Dryvax(r). Table |
summarizes 10 the results of these studies. Table 1. Characterization of 7
vacci nia virus candi dates | munogenicity Not Sanme Sane Sanme Not Not Not in
m ce tested Tadi1edhireatedtibest Pehecihiafirid Jafltidxest06 From t hese studi es,

clones 2 arfid 4 were rdenti T ed Rsaub@addiRo DRIEAEIEfuaSthtive Sssak® Whi ch shpw t hat
t hese cl ongstestire suithble for use as a new smal | pox vaccine. Clone 6] also

has suit ablie_char act e} Detdax®s|, Cilatl [des?2 Clonegd pWloasd Wwslidne 45 GénefesPoly And 4
in culture.|PBuckid ng hodgz newrdvilr Wenge0Aglul t 065 c¢ Webe [dek2@r 11i (idd| t 0 be
i nsuscept i blweap.gm) nt rhcranial (1 C)l i nocll ati oh |

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

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

Suckling mouse High Same High Same High Same | High

neurovirulence

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
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20 of unnodified Dryvax(r). A test in suckling mce was therefore

devel oped. Suckling mce (3-4 days old) were injectesg)oiobertz0050l d
dilutions of virus and survival tine was determ ned. Three experinments
were conducted, with Dryvax(r) tested in each as a standard. W observed
t hat suckWpnyessdiece i nocul ated 1 C with Dryvax(r) uniforpdyusodesed oped fat al
encephalitis with an LD50 of -1.0 logio PFU and a nean tine to death 25 of
seven days. This test s .thus determned to be useful for corrparl ng

Test Resul t s 28y qnﬁ"eoﬁ/‘\%cﬁ‘i/‘iﬁg phes Widh pagial gt Pe The syl of regsc (r) O one

1C one 2 0 4C0RA, R

O30 430, 4ol bt 27%%29%%gnaﬂmenﬂ%ﬁ%§%égwmgandthe

54.013. 57. Omzr@wu@wawm&ﬁomd?iﬁﬂamaiabmssﬁahmﬁanﬂ?:?@msalﬁbSaneSaneSane Rabbi t
skin testH g4SaneH ghSanmeH SameH Suckling nouse

H ghSaneHi neHi ghSanmeH gh neurovirul ence 10 20 Cctober 2005 WO

02/g 085412 %\Lﬁﬂ?ﬁ%s’fgwmm@ Pl YA g g e BaCRiNia MECNG RANdidAES dat es with par ent al
Dryvax(r)..lThe results of these _eXaemdenents are $ummari zed in Table 2,
and the nungfaperigpntii Yarusuy vilPeohg | abBa't HeASBver 88 survival tines found in
this analysis are Showe | N HGS. [1A0ID.| 7dabl@i1g. Neur ovi rul ence for
suckling mce, vac(.RBcM¥ACCI &i& Candiggatl|e€g oha a(m)e
Exper i ment I T USCDS @idab¥0™ ASTAFSD) LBEYVaALE ) - (@ 37.78(4.19)
Pol ycl onal 9T 3% 940 [4) 1§ 0Ne AR2[3%47 3ft- (éw)L 03)

2Dryvax(r) 532716 qi05 7] 155 225 | 680 | (2.79)
Cions 3 <13 <13 | 500 | (L16)

Clone 4 2.59 3,16 6.11 (1.36)

3 |Dyvax® 74 415 | 864 | (342)

Clone 5 <13 <13 | 408 | (L.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
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Cl one 21.552.256.80(2.74) Cone 3<1.3<1.35.00(1.16) done

42.593.166. 11( 1. 36) 3Dryvax(r)2.44.158.64(3.42) d on?g%%. 3<é8€5208( 1. 08)
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i noculum on day 10 after infection 90%intracerebral |ethal dose per 0.02
mL i nocul y 10 after infection 2 Average surviyV i ays
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sonme cases e l. ' SE?E@L [0 Levi rul ence
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Used. 20 ThemaBe feclpnesy e gyessee yrviphiTarih ALesnLmRRg SEATE pr ot ect i ve

I munity  aggahRekid ¢ easit faltfing 56k heRaavd dbss @D h6bi fdrabfdone 3 was

al so tested to determ ne whether a clone with greater virul ence al so
i nduces 18 greater inmmune 11 20 Cctober 2005 WO 02/ 085411 PCTI US02/ 12616

. F - -0l d_.mce, [ | zed. wi ded f h vi
esponse, oyl B oL LS RO SR 300 T

bi furcated YAEEM WR yhich s the nethod used t cul ate Dryvax(r) in
humans. Thrlee WUk 40saf t x| pipunizat [AYErageSHRIvVIkime (Ages) o ehatl ongedl With 6.5
| 0g10 PFU (108 BR# ey v-'awl'%g?‘a"“ 5y n@%"”t"he “iiqu\.'ff%%ut e -"0‘1‘\‘.[",1%“%&1 rate over
14 days af tfer c...‘enge was— deterfned, 14.0 14.0

6 120 14.0 124 12.4

5 7.6 8.8 72 7.0

4 5.2 5.2 7.8 54

3 5.6 5.4 54 48

2 52 5.8 52 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.
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Dose-responsi ve protection was seen with all virus strains, and all clones
protected mce at |east as well as Dryvax(r). There »®0eipe- gigkf erences in
the protective activity anong the clones. The average survival tinmes at
different inmunizing doses are sunmarized in. Table 3 and the 50%

pr ot ecti vwodasssil( D50) are shown in Table 4. 10 Tabl ep@Grussamizsigval tine of
i muni zed mce follow ng challenge with 100 LD50 of wvaccinia WR | mmun.
doseAvera a surviivaltine da s (10 10 pfulm) ------------- Clone 3'r-;

;.. .-=C one 2_d owkectionyfy celksi@siaatgNT14. ONT 714. 014. 014. 014.0

612. 014. 012. 412. 4,57, 6 Q.45 25 27. 85 4 35 65 A5 A4 8 25 25 85 2NT 15
Table 4. 50% profsetg‘%?sv"gD%’é“’é%é regfic O;‘/‘v""“é‘% F%%? RO BB 2o 2 20T 0

fu DryvaxC oagbrgo Shoblast ZCER celewdre dndebtaltenDand 3h&wdigsdids 16 b iwee BOCERIC] ease
anal ysis DNA from Dryvax(r) and each vacci ne candi date was purified and
subj ect ed toceﬂﬁélg%lﬂnl{dﬁﬁoé 1243@051%‘@:1!5 warsdhug;sglaated asiherbsaiRior vaceige det er mi ne

whether e g3t BN ehididad lafihd EGLEACSS BIRISANG ShLANco di T fer ences
were detected, as I's shown 1 n the electrophoreti ¢ analysis of digested
genom ¢ DNA ghkidswn in Fig. 2. 12 20 Cctober 2005 WO 02/085411 PCT/ US02/ 12616

Sel ection of a cell ulgr%ﬁriate Studi es of Dryvax(r) replication_and yields
n MRC5 col I 5 ardroBmiReHa OENRGS celpppiomoBiommpeds e g wer o

under t aken, @BfuRNAREHaEEhHS NMQBE BNG ankl Pruftfebeo’s MEM gave equivatent
results. Media enrichment with additional fetal bovine serum (FBS), nonessential

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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cells than in MRC-5. MRC-5 cells were thus selected as the substrate for
vacci ne 5 devel opnent. Candi dates can be tested in CF@ r lgt gﬁb cells to
conpare vaccine yields. Gowh nedia for MRC-5 cell x(ggﬂ T g\ere al so
conpared. Wlliams E nmedium M niml Essential Medium (MEM, and

Dul becco' swoEMisgare equi val ent results. Media enri chneR€TABRN266di ti onal
fetal bovine serum (FBS), nonessential 10 am no acids, vitam ns, and sodium
pyruvate provi dedInbch)dadasn‘aiagnéatt@mehedNmmmrwth&ﬁiﬂ&%tgﬁgomim}mnﬁéspect to

ceedi ng dens oy HadBdiaar S g Bavl obHaRE Lot yoRBeBitar mi ned. to be
2 x 104 cel sq@mmmmmpqs&nw PTAleﬂSiﬁﬁlﬂ%Wﬂﬁ%o@h&&@ﬂs and the

popul ati on doubling/split was determned to A et hod for
produci ng celchihrgl mmberaadmﬂl@ﬁeredéq) Bh@nyawwmopmeffﬂcﬁwom # was

defined. S d s b| f
C:| : ngl ssof:?g Oecﬁ %ytﬁgr@e ﬁﬁ '”'{71%6 r@ %a%ﬁ“\é\‘l?t:]‘g‘m%@%é@%r| gpﬂ})@%gr?;se \i/asoghown

to be useful ,ac@pgbmuerhﬁmlﬁg@dm@m age of avoiding aninmal derived
products in manufacturing. Qther enbodi ments of the invention are present

in the foll owi ng @] hévdona?Gtrahaf vacsinalvaixoeitlaig 1, W Ber2i sGidtvatrénia PiRB5 WO

02/ 085411 PCTI USQ2/ 12616 1. A clonal _strain of attenuated vaccinia virus
that is isol deebstagiiply thesame yirulepeas Dryya®i ch t he New York G ty Board of
Health Strain of vaccinia virus, ACAM 1000 (ATCC Deposit No. PTA-3321), or
a progeny virus thereof has been cultured and, when adm nistered to a
human i n -an anounB. &hd ectal steait of vascinineriras ofiptaih d ¢ whareingridtvaeimpeintsi ¢ | mune
response against vari virus in said hunan, |s acceptably attenuated in
said human. 2@ W@a@agﬁglesg@?m%gewg%?sﬁr&vﬁér us of claim1, wherein said
vaccinia virus has substantially the sanme virulence as Dryvax(r). 3. The
clonal strain of vaccinia virus of claim1, wherein said vaccinia virus
has substanti al | y4t fike dam sicaimafiogeniacimyofaiimrly whstem)saidaaccltia viglsah al

f f Wh
ot oauced i n SutEa Py ab s o e gFE e D LU BAAR) nen

i nocul ated inio 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.
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into cell cultures. 5. The clonal strain of vaccinia virus of claiml,
wherein said vaccinia virus has substantially the s Oggogssjé)bgn pattern
as Dryvax(r) when digested with a restriction endonucl ease. 6. The cl onal
strain of vaccinia virus of claim1l, wherein said vaccinia virus has

subst ant i amoyzspdtisane virul ence as vaccinia virus straipoTAGAMEORO ( ATCC
Deposit No. PTA-3321). 7. The clonal strain of vaccinia virus of claiml1,
wherein said vaccinia virus has substantially the sane i nmunogenicity as
vaccini a virus st rij Hestoagisiion of vacroi v o5¢lein\b whemkin gbiaccin® Virkhe cl onal
strain of vaCeldliuarhilinOlatd Bl patBTE LR A Frk 8EGH NAMIdHS 1S
produced in substantially e ‘sane o greater anounts as vaccinia virus
strain ACAMLQUDCE BEgGit DiopPEALI 3. wHel Aigddadlyitnh astricReceddaietbaidlt 0 cel |
cultures. 14 20 COctober 2005 WO 02/085411 PCT! US02/ 12616 9. The cl onal
strain of vaccinia virus of claim1l, wherein said vaccinia virus has
substantiaily the 1 € {errs i Q} j CAML 000
(ATCC Deposi § No. DT ATS T8 Spanr ARLRENEEar BTl Dokl dFvaBhi il e,
5 10. The cl oisaCAMIGI0{AFTCCeposinNe. RIA-B3210f claim 1, wherein said vaccinia
virus 1is ACAMLOOO (ATCC Deposit No. PTA-3321). 11. A pharnaceuti cal
conposition conprising the clonal strain of vaccinia virus of claiml and
a pharnmaceuti cal | yllagpl?ﬁhﬁ@k: : Bkt I}rgslﬁ Adse  of

phar maceutical conposition ofeﬂcgllago?ﬂr%%%tll%%%t hegﬁnﬁ%gg%ar%gofﬁcc%mdi canent
for the prevevituseficlom i pwka phennacefitioally acobmdablé canserionfidesti.on in a pati ent.
13. The u?(? of claim 12, wherein said pharmaceutical conposition is
suitable for administration to said patient by scarification. 14. The use
of claim 12, wherejn_sai &? har maceuyti cal .conposition is suitable for

adni ni stration to <al’d°p }f‘?ié‘ﬁi‘ceilﬁc RomResifAn dietimrld fpr Brmangtagiyre qfp |

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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x 106 plaque-formng units. 15. The use of claim 12, wherein said clonal
strain of vaccinia virus is ACAMLO00 (ATCC Deposit I\Q] ﬁlﬁér%aé)- 25 16. A
nmet hod of obtaining a clonal strain of attenuated vacm% a viTtus for use

as a vaccine, said nmethod conmprising (i) propagating Dryvax(r) in a cell
culture \sysifand (ii) isolating fromsaid cell C“'ﬁdﬂl%ﬁfii’l%fﬁem a cl onal
strain of vaccinia virus that has substantially the sanme virulence,

i mmunogeni city, growmh characteristics in culture, or restriction

endonucl ease di gest T mdRid E@lags 16)Whér Fiuléice ¥BEd VcsinMivirusis30 strain
ACAMLOOO (ATCC Deposit No. PTA-3321). 15 20 October 2005 WO 02/085411

PCTI US02112@etsrmiped hyvrabhit kgtfesst cl ai m 16, wherein virul ence of said
vaccinia virus is determned by a rabbit skin test. 18. The net hod of
claim 16, wherein virulence of said vaccinia virus is 5 determned by a
suckl i ng nouse né&gir O mstheiufelate 36, whkfein Wihdentve bhwéll wiccialaaims 56, wherein
said vaccinia virus, when admnistered to a human in an anount effective
to inducé adpteBriged bXAsugklingmequssREMqVEHeRsilf® response agai nst variol a
virus in said human, is acceptably avirulent in said human. 10 20. The

met hod of claim 16, wherein said growmh characteristics in culture of said
vacci nia virus ail® Tetresthodefalaimil G gvHdRG: Sicelctinia vifis, 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.
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