| NHI BI TI ON OF SARS CORONAVI RUS | NFECTI ON W TH

CLI NI CALLY APPROVED ANTI VI RAL DRUGS CROSS REFERENCE TO

RELATED APPLI CATI ON [ 0001] This application clains

priority fromU.S. Provisional Application No.

60/ 476,611, filed June 9, 2003. FIELD OF THE | NVENTI ON

[ 0002] The present invention relates generally to

treatnent of viral infection, and particularly to
SARS- CoV i nfection. BACKGROUND OF THE | NVENTI (]\IN[ 0003%{

SevENHIBIHION QE SARS C ORNAYIRGSAYFECTHONWIT

i nfect i oL INI¢HRES.Y ARBRO VED ANMYIRIEHDR{BEShuman

coronavirus (SARS-CoV) (3,4). SARS-CoV. has a

si ngl e-stranded, positive-sense RNA genone of 30 kb,

and encodes 14 potentlal open_ reading frames (ORFs).
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ot her synptons such as headache, an overall feeling
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ents have diarrhea. After 2 to 7 days,
SARS patients may develop a dry cough. Mst patients
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i nfectious disease and has a nortality rate of 15 to
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CoV infection ntensive efforts are
P@ﬁd@ﬁﬂmHySAES§thnﬁsh@l|nS|ght into the nmechani snms of
SARS- CoV replication, in order to develop targeted
antiviral therapies and vaccines. Devel oping
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agents agai nst SARS-CoV, however, may take years. The
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and aqt her ts have been used to treat patients.
“ﬁﬁ@ﬁgﬁ$ﬁﬁf@ﬁf§sults fromin vitro testing indicate

that ribavirin 1 concentrations that inhibit other
[0004] s e SyaRasns dNSARSinclubaMicvdrmvetd 89Gtand bthiebsyimptoms such as

replication or . . . .
headgche an overall freehng of discomfort, body aches and mild respiratory symptoms at
the outset. About 10 percent to 20 percent of patients have diarrhea. After 2 to 7 days,
SARS patients may develop a dry cough. Most patients develop pneumonia. SARS is a
highly contagious infectious disease and has a mortality rate of 15 to 20%. Currently, no

effective drug exists to treat SARS-CoV infection (5).

[0005) Intensive efforts are under way to gain more insight into the mechanisms of
SARS-CoV replication, in order to develop targeted antiviral therapies and vaccines.
Developing effective and safe vaccines and chemotherapeutic agents against SARS-CoV,
however, may take years. The recent epidemic has shown that knowledge is lacking
regarding the clinical management and treatment of infected patients. Ribavirin (6-12),
oseltamivir (8—10), foscarnet (8), intravenous immunoglobulin (8), and other agents have

been used to treat patients. Preliminary results from in vitro testing indicate that ribavirin



cell-to-cell spread of the SARS-CoV (5). However, the

U S. Centers for Disease Control and Prevention
concluded that further in vitro testing of antiviral
drugs on other coronavirus isolates and nore

information on the clinical outconme of patients

treated with ribavirin or other antiviral drugs in
controll ed trials is needed (5). [0005a] US Patent

Nos. 4,588, 585, 6, 350, 589, di scl.ose.i sol ation and .

cORsFRIFAtiont bbbt yh s Seriitive SR O S S geation or
célpk%d1$b&ad aNthc 4ATH CHE (5N Bolveddd! the VLS. TenfBPiot DRchRTontrol
SUMVARY OF THE | NVENTI ON [ 0006] The present invention
apcdPrgvension gonabided dhat ntheninesitro festing ofuyvira deres enother o
cérgﬂéx}ﬁlu% 1s§1%'t%§ fi&’}{loﬁ'@&% L& onl 1!?19 %{,mlcﬁ 091&??1%%??&5611& t&%ted with
present 1 nvention provi des’ Use 6 an effective anount
ribdvidmot stherahavical dhas it camrolladjtrBARSnededfAvi r us

i nfection, and use of an effective anmobunt of an

' f i n.the act nent
1q8s8 ; Tl Pacebalod o BREREPR 83p 350 FisfToes PR erefiprtiation of
syntieBitf eédbihgt birlNnAnal mte!rﬂéfénaaﬁkﬁdesbﬂlﬁaheu betbHioalubplidatibhs.

a or IFN (3-1b. [0007] In another aspect, the

i nvention provides a nethod of inhibiting SARS-
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interferon is IFN a-nl, IFN a-n3, human leukocyte IFN o or IFN [3-1b.

[0008] The present invention also provides kits for use in practicing the methods of
the invention. In various aspects, there is provided a kit comprising an interferon and
instructions for using the interferon to treat SARS-coronavirus infection, or to inhibit

SARS-coronavirus, wherein the interferon is IFN o-nl, IFN a-n3, human leukocyte IFN

o or IFN (-1b.

[0009]  Other aspects and features of the present invention will become apparent to



enbodi nents of the invention in conjunction with the
acconpanyi ng figures. BRI EF DESCRI PTI ON OF THE ,
DRAW NGS [0010] In the figures, which illustrate, by
way of exanple only, enbodi nents of the present
invention, [0011] Figure 1 is a photograph of VeroE6
cells either (a) uninfected or (b) infected SARS-CoV,
denonstrating the cytopathic effects of SARS-CoV,
[0012] Figure 2 is a line graph illustrating a dose

response curve.for interferon.a- as determned by a
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The present invention relates to the discovery
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i nfection by SARS coronavirus (SARS Co-V). [0016]
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interferon subtypes, particularly IFN a-nl, IFN a-n3,

RTLEPPBSCRIPTIONOE EMBODIMENTSI bi t SARS- CoV

Infection in Vero E6 cells in vitro. The results

[ovd5f at eThd R scahveRtish kiahis 1CBH diB& vbiSakht tQtaidiRickedon (IFN)
subtypes inhibit infection by SARS coronavirus (SARS Co-V).

[0016] Interferons are a class of proteins produced by a host organism to combat viral
infection and tumour development. Host cells, when infected by a virus, synthesize and
secrete interferon, which then binds to receptors on healthy cells and induces an antiviral
response mechanism in such cells. The biologic response properties of interferons are
mediated through its interactions with specific surface cell receptors, leading to activation
of the JAK/STAT pathway and production interferon-stimulated gene products such as
2'5'-oligoadenylate synthase and protein kinase PKR (24). The antiviral activity of -
interferons is mediated by direct effects on infected cells or through an induced immune

response (23).



SARS- CoV infection, and therefore are useful in the
treatnment of individuals infected . with SARS-CoV.
[0018] The invention therefore provides a nethod of
treati ng SARS-CoV infection by admnistering an
effective anount of an interferon to a patient. The
i nvention also provides a nethod of inhibiting.
SARS- CoV i nfection, conprising adm nistering an
interferon to a ceII capable of being infected with
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from spreading from infected cells to uninfected cells to thereby prolong an existing
infection, either within an infected individual or in vitro, or to prevent SARS-CoV from
replicating within an infected cell. The interferon as that term is used herein includes a
full-length interferon and a fragment of a full-length interferon that maintains the
inhibitory activity of the full-length interferon. A skilled person will be able to determine
whether a fragment of a full-length interferon is capable of maintaining the inhibitory
activity, including an antiviral response, in a target cell, for example as described in the

Examples.

[0021]  The interferon may be an interferon isolated and puriﬁed from a cell



cells. Alternatively, the interferon may be a

reconbi nant interferon, produced by the cloning and
expression of an interferon gene in an expression
system for exanple, reconbinantly produced in E

coli or mammalian cell culture, and subsequent
purification of the expressed interferon. Reconbi nant
protei n expression techniques are known in the art,
and descri bed for exanple in Sanbrook et al. ((2001)
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bei ng i nfected by SARS-CoV include epithelial cells,
0230 detertgin embedlmntﬁghm@rfwnafg@ﬁ a-ahdFY et hghan

ver eys, or eyes. ldentification of
ﬂm cgmlhgfx%ggﬁ aghble of being infected with SARS- CoV

nay be achi eved by growing cells in vitro, and
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cell samples may be taken from an individual known to be, or suspected of being,
infected with SARS-CoV, and tested for the presence of SARS-CoV, for example by
using PCR amplification methods to detect the presence of the viral genome in particular

cell types isolated from the patient.

[0024]  The cell may be a human cell, for example, peripheral blood leukocytes or a
THP-1 monocytic cell, or it may be derived from another species, where that cell is

capable of being infected by SARS-CoV, for example a VERO 6 cell.



5 [0025] Wen the cell is an in vitro cell,

adm ni stering may be achi eved by addi ng the
interferon to the growth nedium either prior to
exposure of the cells to SARS-CoV so as to prevent
infection of the cells by the virus, or after to
exposure to SARS-CoV, or concomtantly with SARS-CoV.
[0026] The patient may be any aninmal, including a
human. In a parti cul ar enbodi nent, the patient is a
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admlmstratlon, the age, health and weight of the patient, the nature and extent of the

disease state, the frequency of the treatment and the type of concurrent treatment, if any,

and the protein activity of the interferon preparation.

[0030] One of skill in the art can determine the appropriate amount based on the
above factors. The interferon may be administered initially in a suitable amount that may
be adjusted as required, depending on the clinical response of the patient. The effective
amount of interferon can be determined empirically and depend on the maximal amount
of the interferon that can be administered safely, and the minimal amount of the

interferon that produces the desired result.



interferon that produces the desired result. 6 [00311
The concentration of interferon to be adm ni stered
will vary depending on the ability of the particular
type or subtype of interferon that is to be
adm ni stered, as well as the source of interferon and
anount of glycosylation. For exanple, for certain
subtypes of IFN a, the anmobunt may vary from about 3-5
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%Hﬁl‘gigﬂog w]:ifﬂrribavirin. Ribavirin is a nucleoside analogue, and as set out in the

Examples below, inhibitory activity was observed at all viral loads tested, albeit with
relatively high concentrations of ribavirin (0.5 to 5 mg/mL). However, concentrations of
ribavirin required to demonstrate an inhibitory effect on SARS-CoV resulted in observed
slight cytotoxicity. These results indicate that although ribavirin is not suitable for
treatment of SARS-CoV infection alone, it may be used in combination with other
treatments at lower doses. Thus, in certain embodiments, ribavirin may be administered

in combination with the interferon. In some embodiments, the dose of ribavirin



treatnment of SARS-CoV infection alone, it may be used
in conbination with other treatnents at | ower doses.
Thus, in certain enbodi nents, ribavirin may be

adm nistered in conbination with the interferon. In
sonme enbodi nents, the dose of ribavirin 7 adm nistered
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dose has been shown to be effective as a conbination
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i BATh i S5BEn R eaLET e NnedSn khergein Mot 600
adl htkbut ![ﬁf(ﬁ’ﬁg; pérQia ?0\0152161& H&9atha®becn@HMSRtd 17 effective as a combination
adm ni stration o interferon and an additi ona

therppAgaiast hepatits C infrsHomgrs for sxasmle Ush Ratert Med.885.930 e

interferon and additional antiviral agent nmay be
[@oim] ni Sﬁ@é&ﬁb&%ﬁ%ﬁfnrefeﬁ t6 BEnRABR or Y&[Uehtid o @hiAR8Gof
form or may be adm nistered in separate vehicles or
ierfageartdanslditiontlantviegh agenti When edwinisiered pancaaensly thee.
i3 P AR RA 90 G0 bl bl e B R T Ao O
ern fine il HF dos
vehiele |0ﬁfl)09agé fmrﬂnh@ rhaywbmagimlmfsteteﬁen aijmam edhicds dﬁﬂoﬁfge Gorens,

dose he additi V|r such
akﬂr%egﬁﬁﬁremlﬁt %&t e SERR st slaa feie Eﬁgu%aaﬁ%éheof a
a@ANTRASE SRhERRdrep6]) Sl ih enud§E 8YRs tn‘ih?/ oveRS} WaH the timing

conbi ned treatment eéffect. The routes

ofiaiadminstetipoaf efe armore feserof deaddisinanl mpdvirah gerng.iseehthat the
o3P SRl B3R i R LORE TR LA SORGMAI T i P
d@qdl eoibiabd froatment cffectt Ade sanes afadaidistetion bf the @0863ro el the

TCAECNG MO E R RN TR T R

d@sfag@ﬁfntnb QF aBhninliered sdq@estRlIQ) HhyIRothb Yarhd\er differentdi | ity
chem cal nature of the interferon, chosen rout e of

ratl n and ,standard ar maceut i racti ce.
‘{a%& ﬁsna f‘éO%HWHF% puistespd alppg.orip o ‘é‘i’ W2 pe

‘plflé?ﬁl%’éuﬂlzﬁ@ RSepiibld HBHQNLE Bieoploﬁloﬁ of MARHTRES iR by the
osition. Therefore, 'in one enbodi nent, there is

‘ sqi\algﬁtyoﬁ@d chemigplatrae el ihe Butrieohphater rave @Mmlmgﬁrﬁ@n&ﬁd
SM&{%&}@Q‘:Q@H 1 mg[}@er maceutically acceptable carrier,

In a 0gl ca y conpatlble formsuitable for
adm ni stration in vivo. [0038] The pharnaceutica
[003Tjh oS iToi epse admynibtationethe uﬁmﬁqrom may he fuoivtatesipglanyngredient in a

pl?a%nace‘uthﬁ Cgl%_‘[s)gsrltlo dl“h%Ibe c\J/rg in'oll€ I%%cﬂl%eﬁlj El%}/e il in%‘wded a

pharmaceutical composition comprising an interferon and a pharmaceutically acceptable

carrier, in a biologically compatible form suitable for administration in vivo.

[0038] The pharmaceutical composition may further comprise an additional viral

agent, as described above, including ribavirin.

[0039] The pharmaceutical compositions may routinely contain pharmaceutically
acceptable concentrations of salt, buffering agents, preservatives and various compatible

carriers. For all forms of delivery, the recombinant virus may be formulated in a



[ 0039] The pharmaceutical conpositions may routinely
contain pharmaceutically acceptable concentrations of
salt, buffering agents, preservatives and various
conpatible carriers. For all fornms of delivery, the
reconmbi nant virus may be fornmulated in a 8
physi ol ogi cal salt solution. [0040] The proportion and
identity of the pharnaceutically acceptable carrier is
determ ned by chosen route of adm nistration, _
bility with an active protein and standard
6ﬁg$ﬂﬂ?gﬂfﬁgé fiiSP-acti ce. General |y, the pharrmaceutica
conposition will be formulated with conponents that
\{DMO] notThs ipppoftios amt kdyntitypixthe plaheadoutitaliyacceptatde tarndrtisy

AR PSR BB BB by RO 8L hate- s Prfsfend

Btaagad pﬁmmeﬁﬁcapﬁagurmc fGHlﬁdralg/l thy pheseg@iahl eomposition will be
0] Sltl ns suiltabl e r admmnistratio 0 ati ents,
SR ey e reoliihg o parePt g P et acibh o

shdstegror, 1S conbined in a mxture wth a
pharnaceutically accept abl e vehicle. Suitable vehicles

B ot PRkooal G Rian it TP e AT FRRELE P or e

Pedpentasel pll(hﬁiacedﬁuhly a‘ébﬁpth@le%ﬂip@dﬁtyons hémbledor adainisttdHén to
Sitions i.n

BRI, suh el eeinantiE o] G RO IR Brgedt Soridp 8yt

&ﬁﬁl@@h@t&na@@ti}dhllﬁc@dﬁ)ﬁibwrveﬂﬁree Sujdddd veRR R bifeGidddried, for example,
ehicles or. carrjers, contai.n

cept abl e
SRR FNE OB s BB Pigaces Remipsp ég'gﬁ%%ﬁ%ﬁgwcsﬁ= Mack
PEBlsAmETlohfpaiy, Bhste) P8] U5R0DEH! Onltkik Bsis, {h0Q4mpositidas include,
phar maceutical conposition may be admi ni stered to a

ﬁ%’ﬁ" apfrexplpsively, gplrdgny of the uffﬁfﬁ%%ﬂ oAty Vishone pg more
$8ArRGERHcAIQUtRp@able FEHIEIBY Sich@elsOihd cBftaikd in H@ﬁ‘er solutions having
understood by those skilled in the art.

eSwEGkint ¥ "Eh‘mht FeispRBRHY Wih HP@@O*B&IC%HWHI st ered

oraIIy or parenterally. Parenteral adm nistration

i[oe42) de Thé PlidhAYRANIAS conhpdbikiayP ﬁlajr bOmR@Ehistered tbE pdtiRME0 W Sariety
i ntramuscul ar

ransepit hel transder
o b tipetting G o6 FoReraA S & SR g e B DA O B o
@Hos@ekindaiis the aft] Qﬁe cdidfoSilibebethe ﬁl@é‘ﬂﬂ@h ataly Bt hdrfinf¥Ryedgally or
by contlnuous i nfusi on .over a sel ected period o[ tine.

PGS LB e BTSN el ST PSS iArprdoncal

361 Rh&hLE R FhnRE @l dr Yiranb ith @48 RhBermaliinhdal, &!’ﬁrapﬁlﬁfohary,
diluent or with an assim|lable carrier, or It my be

dnEthseaddesty apd fogicaymaedss pf administration. Parenteral administration may be

by continuous infusion over a selected period of time.

[0043]  The pharmaceutical composition may be administered orally, for example,
with an inert diluent or with an assimilable carrier, or it may be enclosed in hard or soft
shell gelatin capsules, or it may be compressed into tablets or it may be incorporated
directly with the food of the diet. For oral therapeutic administration, the interferon may
be incorporated with an excipient and be used in the fonﬁ of ingestible tablets, buccal

tablets, troches, capsules, elixirs, suspensions, syrups, wafers and the like.



shel |l gelatin capsules, or it may be conpressed into
tablets or it nmay be incorporated directly with the
food of the diet. For oral therapeutic adm nistration,
the interferon may be incorporated with an excipient
and be used in the formof ingestible tablets, buccal
tabl ets, troches, capsules, elixirs, suspensions,
syrups, wafers and the |ike. 9 [0044] The
pharnaceutical conpositions may al so be adm ni st ered

te | aper.i.t oneal t|o of t
RGN ol et rcsmil SRBE ORI st e PO Bisteadh pegpatcrally or
sitiapetibrRalby f Solitiond BTARY infFfEiol atay b6 pftgmfedi pnsphgtionEiesgge
and. use, these prefaratlons contaln reservatjve to

Spable Bp e AIngrraRtiREny FOTLORE B Siolpgecte uSe, theseeparafjopq contain
B Efesérﬁﬁﬁ& ko/@b@nt e gmwm @mﬁ@lroefgaﬂmﬁ S thatAvil ﬁBtSiﬁ:ﬂ:twate the
in the art woul know how to prepare sui tab

f%?rf?mna%r?talﬁs A ROBHY élﬁ{l?dolﬁ ahe irvruddiknoashonnq PF%’@W@H’P’@FR s

fRfulahlnss eloRfnliotA1 ARELdRFcE BT iBhic@Bnts & tlﬁ%bfeéﬂﬂn%nd preparation
formul ati ons are descri bed, for exanple

REsviLikle frmylaps aredsabrd Aot cxapples Bémmgbn. Sr?hwcwcfled
§E1@ﬁc@§'arﬁnﬁ‘ THRERRR S@atesmﬁnm%ﬁe@ﬁ ghe KRl Iaffrﬁﬁufa% sph4

ubl'ished 1 n 19 45] The fornms of the
Hﬁ&ﬂﬁﬁg@mﬁimdp9%onp05|tlon suitable for injectable use
i nclude sterile agueous solutions or dispersion and

f00a5] | € TROMHSS &tﬁ@ﬁha%eut@éﬁc%ﬁi%@ﬁ%]ﬁéﬁﬁ&ol@fo@ RBA¢cRlcQRe Of
sterile |nJectabIe solutions or dispersjions. In al

mglda stenila aqyeysroliens asdisgersipn prd sigite pAYEdersfar the ui d t o
EREmSoRBs graﬁ;ausﬁgﬁ/stéﬂé {w@i% lsbbdor 6k ik 51$r90ﬁ§411 HBR the

dose of the pharnmaceutica osition t is to be
frsmanus blprestaie @d rpysbe fad torthe Vﬁt%m thaseagy @m@gahﬂﬁé exists.
infection, the individual patient paranmeters including

A026] DiNSdRabE tﬁ@ﬂ%ﬁa&ﬁucmo&@oﬁas&l Wi ig Wi be dsdiBdepends on the
duration of the treatnent, the nature of concurrent

sER Y RRAFtagens g yteqtion, thniprividunlpalipnl pRmEtepsaRlaling age,

ﬁlﬂﬁicﬂ' cohdiadi, 9ie AN QM ke Sirflondf thefrRehRAS theMafurcasre
hin the Know edge and expertise of the health

m@lﬁn@ﬁémmhth%w (ffagp Be sPesils TRHD ArpdpdinisiFgien anst othgesinpilar
FaBrotBat@fel witRdine ‘?ﬂo»@@dﬁ@ dgd 85380 ¥ hbndR bﬂi@ﬂmnﬁef) UtHefe

experinentation. The i nt erf er on,

@h@rmwnd@rhomﬁs@éhm the g aefbm@rhe@ﬂq‘resw%@th mimelgpyine

gﬁ%nggﬁgﬂ&kaged as a kit and the invention in one
pect provides a kit conprising an interferon, and

instructions for use of the interferon to treat
BR&El colhq inteefeiopgi ;phqﬂ-naceuncal compositions comprising the interferon,

may be packaged as a kit and the invention in one aspect provides a kit comprising an
interferon, and instructions for use of the interferon to treat SARS-CoV infection, or
instructions for use of the interferon to inhibit SARS-CoV. In one embodiment, the kit
may further comprise an additional antiviral agent, for example ribavirin, and instructions
for concurrent or sequential administration of the interferon and additional antiviral

agent.

[0048]  The present invention also contemplates various uses of an interferon, -

including the use of an interferon for treating SARS-CoV infection, use of an interferon
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instructions for use of the interferon to inhibit
SARS- CoV. In one enbodi nent, the kit may further
conprise an additional antiviral agent, for exanple
ribavirin, and instructions for concurrent or
sequential adm nistration of the interferon and
additional antiviral agent. [0048] The present
i nvention al so contenpl ates various uses of an
inh 1he HahBf20tlre oflaRtdichnt fob Getit DIRQTVNAREAGS ON foOr
treatlng SARS- CoV infection, use of an interferon 10

he manufacture of a nedlcanent for treatin . )

- CoMsp sptemplgisd if wig A6 pn myteréerennior @Mlm%%Rg -GpSeingction
a@cpuderb?% frﬁér@e'iloﬁ %rthé nghtﬁhéthl%g)f §%§§1o§91\e/nt' fﬂf lﬁﬁfbﬁtﬁ{é SMCOV
use of an interferon in the manutfacture of a
infedliosament for inhibiting SARS-CoV infection.
EXANPLES [ 0050] The aimof this study was to
58% kgat e whet her a panel of currently available
an |V|ral agents exhibit in vitro anti-SARS-CoV
activity. A cell-based assay utilizing cytopathic
[GBdboi riths ainCPBhiswaslyseds tomvasigag Wether Efaice bf surtently available

SRl e SRR G s

¥ ehdpgdRry (CPH) hwak s@t@ipding Wero E6 calls30 s&ot @bl atigital
that the followi ng method can be used in con&@nctlon

copavnge r 3RV sts been shewrde jnfecs VarEqelsjanydliisay giegn
. 0e. t |
n%ﬁg%fu]lela%z’ Jeﬂ_'ﬁﬁe Q) Niggsl ﬁ%o §c5i:[ Sﬁﬂaﬁé@ﬁlat el AR Pefhod can be

uction’assay t e ermne the 50%effective
ugednie eorjurEtipn w1t(1565p1)eraifolqodr}p¢upwss mddEMRrg npwettiowell line. The
iment s sereen .
i & PSR 2 iR lsaf B Ger e 0 oftbrive
cdﬂ'&@x&ﬁitl‘ﬁh (EC_:jgﬁofWohfpﬁuncB\shﬁkeiﬁg@oﬁflvmbmlt(sl ThedeGxp@ritRents allow

editjously into clinj st udi es, esafet and,
ﬁB FRGE R O ATPRCTR g ik a@@mnpﬁﬂﬂﬁﬁaﬁ% eqabling Hinsgyith in vitro

e &@ick 8PA&ivIiPo MbRELxpiBE@TLinkEing@l §t0MiSs, sinfe b6 land®f
19 drugs approved for clinical use in the treatnent of

pharmagokingtie otfomrasiondt kumang 43 drgadywkiailpblg fer other discase indications.
A &8l 8}5@ rg%s aX)Sr SOIRY %Hﬁ&%ﬁl&{ on tﬂ?l‘rgarnn%ﬂttqf\(/'irﬁﬁhfectlons vmre

armaco asses current
teaMé,l Wik &e repnesleﬁaﬁirai&mahctsdu&s majqntaem‘haﬂ phmnapcrlog1e alss,sses
i nhi bitors, reverse tr ﬁqri ibitors
AP SHTT S OB SOP e OB NP BER S D R

inhibitors, reverse transcriptase inhibitors and neuraminidase inhibitors.
[0051] Materials and Methods

[0052] Selection and Preparation of Drugs: To rapidly identify a pharmacologic
agent that could be used to treat SARS, a collection of antiviral drugs was tested against
SARS-CoV, the etiologic agent of the atypical pneumonia. To investigate a wide
spectrum of potential molecular targets, we decided to cover the entire pharmacologic
range of commercially available antiviral agents, including agents not expected to be
active against coronaviruses. Information on antiviral drugs provided here was obtained

- from prescribing information sheets or from communications with the manufacturer.

11



[ 0052] Sel ection and Preparation of Drugs: To rapidly
identify a pharnmacol ogic agent that could be used to
treat SARS, a collection of .antiviral drugs was tested
agai nst SARS-CoV, the etiologic agent of the atypica
pneunoni a. To investigate a wi de spectrum of

potential nolecular targets, we decided to cover the
entire pharmacol ogic range of commercially avail abl e
antiviral agents, including agents not expected to be

I0R° o POG ehet EPENTA el S PR pRcR g
it vie ROIA @D2eA polgmetaseaat cthemanynta] in@rsring with fesic acid

n fac rer 53], Nucl eqgsi de an ues are, a
ke Ms*gldasafth%ﬁﬁﬁwﬁﬁa@lﬂmﬁn %ﬁ@ﬁ?ﬁﬁ? KEses pYghaphgrpes
%inﬁpﬂéxfﬁN&(I@SVﬂHﬁv@@de?dﬁ@dﬁ%@&g@ﬁ (\ﬂl‘l’l)ed’/ereﬂ@y{dieﬁ gﬁncmlovu and
interfering with nucleic¢ aci n thi.s
& ﬁﬁ%}?et Vigig hag okt m%&g%q{ﬁ\&"{ Apigases;ip diftsrent

ST incASEING FAOSs frdhh MY B0 ;bgllxﬁlu SAﬁtﬁ&/avn@ﬂ@-HV) drugs include reverse
varicel |l a-zoster viruses (VZ re acyclo

&aw&rletPWBF) infbors ppd pgiepsstahi %%.\ﬁe}ch A ﬂa&‘f?svfletv

AR stRlidBNGE ZI OGNS aANHmRNANY IR AV Iﬂr&ezﬁb friheieRlstudied
cell l|ines, ED50 ranges fromlto 100 ¢

Afora ipdngsdry pelERaviHing)saginys: T he third érqua\s’gw@éﬂrals studied were the
he&aﬁmda% lﬁﬁlﬁn&r&%mﬂ J&Hiﬂ&élﬁfy%vﬁiﬁﬂle%%ﬁaﬁéﬁs LBt A0S
Sel ected H'V nucleoside RT “inhibitors studi ed were
phediawmixdl ereawel ip drs m reterfgrpns) veereihy neyt gnagay slass of antivirals

T f o el
S 5 SR 19 20 o 18, e i
{ heand ABuwaesedd asremtadﬂne btntObir@nvmwtnp@md;emlabsb Isipdied.
%Vﬁ'erer%kl? S Rcrw%&%énause? %?xpé?s&?ng{rn}{eh act naﬁi%ﬁJ E@meﬁfecrnve

used erons’wer e 't he nex
nmoemtradnbm@ls@)f oM bffathabcmcermtaum E&os) P4 eftestivudobe (Fdko),

g&‘y L{.\’%ﬁ O]E’félo%g?{gr Fl%l’) (IC f%S“}]u isn%l&)%n%”ag%enp éfﬁn?iraldgﬁ Jﬁﬁg%hﬁ)um
aﬂlﬁbmr}r c&lncehﬁrmimlL(NﬁC) Viebleall #lostsites dieashge obDadtifvidy énmiparticwlas
ave en use ress antiviral activity, nanely,
B8 r@%sﬁg@lgs CE 1?:2—5 fation (EC50), 95% effective
.concentration (EC95), 50% effective dose (ED50), 50%
i nhibitory concentratidn (1C50) 95% i nhibitory
concentration (1C95), and mninmum inhibitory

concentration (MC). Table 1 illustrates the range of
activity for particular antiviral drugs agai nst
certain viruses. 12 Table | Inhibitory Concentrations

of Antiviral Drugs agai nst Sel ect Viruses
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Compound 1 Csn Virus Foscavir 504001t nol I.

Cytot negatovirus 5443 )noll. Herpes sinplex nmutants
Acycl ovir 0.01-13.51tgs5nl Herpes sruplex virus and
varicel la-zoster virus C ynevene 0.02--:3.48pg nL

Laboratory strains or clinical isolates of cytoneg
lovirus Ribavirin 1-25 nl 1nL I nfluenza 25-100 tw)ni
H 'V and other retroviruses 3.2-501tg il, (MC) Herpes

and poxviruses suppression Lanuvudi ne 0.0006--0.034
ua/rL 1-1 IV 7_idovudi ne 0.003-0.0131tgani L 111
Fortovase 1--30 nnolr 'L HHV Viracept 7-196 nM ( FC95)
H'V Crixivan 25--100tnnol/L H'V Relenza 0.005--16
utnot Influenza virus Tamflu 0.0005 AM >35 | uno
Influenza virus Arnantadine O | --25 (ED56)
mabik yenza nhibitsy 66fdenfritidng & AntQRIORAES AkintiBeldl Viruses
Ob%effective concentration; lil}o, 501 effective
dqsaumhﬂ054] Tenf olid, di | uti ons of théu@ﬂug were tested
ve and

bell“ow I nhi bi tory osagés' as re ort'e )

manuf act ur er fog““{)t‘ﬁémwl ral - HE8Es B ’f??&’f”‘éns
Conpolunids al r eady-1psesent. | n ddupousipienjvgotdandns wer e
made up to volume by using Hanktsichuffoeredrisal i ne

sqhupldaR.  For fablhak and capSuberiofofamt aldiges Wi th
sol'ubl e active iIngr edl ents, tRgaRMLELWRRALYYAS renoved

WheE &Y ! appllqapjlu and the prepqﬁﬁ}hgp was ground
ina mortar and pestt®- The contents were dissol ved
in water, vort e&edﬁ@ l@ﬁﬁi cent r 'Y getiihds SHeafes  at
3,000 g. The yequiaed. Wokynme  Herpes and poxvinses

suppression

Lativudine 03,6006 -0.034 ugink. HIV
Zidovudine (.003-0.013 ne/ml HIV
Fortovase 130 nmokl. HIV
Yiracept 7166 nh (ECs] HIV
Crizivan 25- 100 ranol L HIY
Relenza Q00516 umot Intluenza virus
Tamiflu 3.000% LLM 33 umol Inllernza virus
Amantadine I {LDm_} Influenza virns

M e, 3% inhibitary conceniration: Fly, 95% effective concentration: El,, 50%
affedive dose,

[0054] Tenfold dilutions of the drug were tested to cover a broad range of
concentrations above and below inhibitory dosages as reported by the manufacturer for
other viral-host combinations. Compounds already present in aqueous injections were
made up to volume by using Hank’s buffered saline solution. For tablet and capsule
formulations with soluble active ingredients, the outer coat was removed wherever
“applicable, and the preparation was ground in a mortar and pestle. The contents were
dissolved in water, vortexed, and centrifuged thereafter at 3,000 g. The required volume
was pipetted from the supernatant and diluted accordingly. When the active ingredients

were insoluble in water (nelfinavir and saquinavir), the contents were dissolved in
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was pipetted fromthe supernatant and dil uted
accordingly. Wien the active ingredients were
insoluble in water (nelfinavir and saquinavir), the
contents were dissolved in 13 dinethyl sul phoxi de
(DVMBO); care was taken.to ensure that the fina
concentration of DMSO in the dilutions would not
exceed 1% For plaque assays, fivefold drug dilutions
mere prepared by using gromﬁh medi a as specified

st hORAE (DA SO R o R et i e epnebber

WSW e ﬂiﬂtﬁﬁﬁgﬁtﬂﬂd nbtiexdded ¢99. Fof pladuetigdalys) figetbldabkgdiiutions
i um consj sti.n m 199 (Sigma, St
o e S EBHEh Petie o Pe OORI Y al  cal § Ser urm
(FCS; Biological Industries, Kibbutz Beit Haenek,
[@055¢ ) SAB&R&“&KBMduaBﬁ&vmﬂého@aﬁeﬂosﬁl Caﬂse(AﬁmememTﬁéRSIture

RGP lial 7 o e, R B aX gowen

Brediin gonsidinglof akdiamook (Sﬁgﬁlhl,SSt\Bﬁﬁns adOpshpplemented aith [ 08 ital

SobSer Bhos miof it Fbufiions e st TRERHE Syt AR5 97 206
BO3 WDy 74 nsodklf6ln aEtmsc‘pahw E@Smg@bﬁ) wmuﬁabaﬁ padviously
37C in_5% CO2 and the gﬂf rvested

SAEROS Ah  ooPIIR TSR B Kt B G Firges added

tPaHdonkIler® 8o MR bf V& FBRSRY M8 shovbdtk aiB?‘?@MGSI% edz for 1 h; 13
m_cr oscope. e supernatant was clarified at

500
g aw&l%b% SapR}Pra@Hedi Wity "4 FCq e den gided e dhg ﬂﬂmres were

YN Bk 37°CBRGostO) Sdld e suﬁé;&tmwaé hd#eRied hAGSR]h; Mi 79 of
andllgg$and Titration: virus culture and assays

welpseseiapubitiog o GPE (31 v pash pieB 3uap absprvedvh aminyerdmieigpgppe.

%e Hf@rngﬂaﬂt' WARRIBARL R 2HDB AR 2ADSEA diVid8d in@FARLSHE, MhckPin
condi tions set out in Biosafety in

W@Vlélﬁs B gredaf -88r(d vmilgpedi cal Laboratories (15).
Virus titer in the frozen culture supernatant was

QEOF8] M PBGs BN WS VBT iR R113SESYu I tureBint &ish% wel@&arﬂéd out
of virus in 10-fold serial dilution was ad

(*RJ%}F Piesafdy Le‘fetl)3 gbompté%@nvgpnm@}t@ I-Eelt‘%@tsi]ﬂgte' zﬁ:c%{dmg to the

gé‘nd‘ﬁ%’ng s b@lif Biddhit §'in Milto@blobif4ba BidMdRhl E’aﬁ@ato&eé@fﬂj)
the viral inoCulumwas aspirated, and 1

é@wb@%ywﬁhﬁwm Fyliromperaiant vy delpmHned Ry IS f@gue 2ssay.
%HQﬁ’;l; QU@EL%?IW\AASHH' 189014 efial MRSoRAHEAALD iCADNAR to.a

After 4 days of incubation, the cells were fixed wit
1o9slhysr a8V e EorvdllsinaiZherelhalatn ABerdhyefinqubafiopait"C mrﬁ%v
%{Og%gg ]{a\gﬁ{ﬁ]&ggﬁuw}]b%? 1r¥dc§ %h | Yul. S rtoRnthfibtSiutobd SlerthPwith
medium 199, supplemented with 5% FCS was added to each well. After 4 days of
incubation, the cells were fixed with 10% formalin and stained with 2% crystal violet.
The plaqﬁes were counted visually, and the virus titer in plaque-forming units per mL

(PFU/ml.) was calculated.

[0057]  Cytopathic Endpoint Assay: The protocol used was adapted from Al-Jabri et
al. (16), and all drugs were tested in quadruplicate. Briefly, 100 uL of serial 10-fold
dilutions of the drugs were incubated with 100 pL of Vero E6 cells, giving a final cell
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(PFU nmL) was cal cul ated. [0057] Cytopathic Endpoi nt
Assay: The protocol used was adapted from Al -Jabri et
al. (16), and all drugs were tested in quadruplicate.
Briefly, 100 L of serial 10-fold dilutions of the
drugs were incubated with 100 pL of Vero E6 cells,
giving a final cell 14 count of 20,000 cells per well
in a 96-well plate. The incubation period was 1 h at
37C in 5% CU2, except for the interferons, which were

S AR A s BB P e
50 Cad C@del:it Cor gifdhtedéronst ivhich @@te ineibhisd oﬁm&glmvﬁﬂﬁBe opls.e

ncubat.ed a 7C in 5% CO2 f bse
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Gl SeWeliGrobpsispended in  growth nedi um and
prelncubated wth interferons (serial fivefold

dllutlon) in_quadruplicate wells in 24-well plat
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appropriate interferon concentrati on was added. After

the vitas/igoculyye whsaspisred, arka sarexpmeiiplceluiqsg averlgn gonipininged
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plpgres i emah well H@soajmsade@nmu@ﬁt Respbis were plO@E@)dei@mSPﬂtﬁscel and

éﬁ%?ﬁ}[ ﬁ’gﬁigl mRESHL b d[t&)%%xug@cla heRRsedq éﬁﬁﬁma@&%m and

ction: trters of infectious
ICqs values.

[0059] Results

[0060] Celi-based Assay of SARS-CoV Infection: High titers of infectious SARS-
CoV, originally derived from a respiratory sample of a SARS patient, were propagated on
Vero E6 cells. The CPE of SARS-CoV on Vero E6 was evident within 24 hours after
infection (Figure 1). SARS-CoV—-infected cells display a CPE characterized by the

appearance of rounded cells and the destruction of the monolayer.

[0061]  Antiviral Drug Activity: A collection of 19 antiviral drugs was tested in the
SARS-CoV CPE inhibition assay (Table 2). The set of drugs tested included seven

15



CoV, originally derived froma respiratory sanple of a
SARS patient, were propagated on Vero E6 cells. The
CPE of SARS-CoV on Vero E6 was evident within 24 hours
after infection (Figure 1). SARS-CoV-infected cells

di splay a CPE characterized by the appearance of
rounded cells and the destructi.on of the nonol ayer.
[00611 Antiviral Drug Activity: A collection of 19

antiviral drugs vvas t est ed in the SARS- CoV CPE
i.nhi.bi t bl t of d
B G B RO o s a0 Rt Ry U RIS, and

a\naha@.:lﬁﬁl,dastehﬁ}ﬁlﬁmpsr.ot ease inhibitors, two RT

inhibitors, and two neuramni nidase inhibitors. Table 2
Various Antiviral Drugs Tested for Inhibitory Effect
on SARS-CoV Highest Inhibition of Antiviral Drug

Source Concentratl on Q/t opat hi c

Test ed Ef f ect

I ntet I C1 UITl Oll U DLIICI | 'y I"I

I\VIIL I\U IIIlIUII ngl.l..
500,000 NnL No Interfefon and (\e|| f edighefiv) Inhibition of
A axosMigykkkdimeas00, 000 N mgoyas | ptempenigronn3 Cytopathic
Al f eronTM Hemi spheryx 10,000 Nl Yes Testedy ¢ g[r: on Effect
ehrbddrdds Ser ono 500, 000 N'nL No Interferon |b
Betaf-eronTM-Schertng—AGHH6;-000-—N-—Yes—Hurat
EerEma s s Rolin Por on 5 Vi KaliSn ¢t 100000 “‘fﬁf No
Dygrision g doizon AT 500_0opSqUETAS Plouen ,\iqm@ﬂ@{ | No
e qBLWellzontd; o o %osmlt%lg 4 evenc Yes
Mﬁmﬂp%(ﬁlfemnﬁ“) Roche 50 4@@5@@@”{ No l:Ss DQW Wa VLS
WWH BiﬁRP‘ﬂﬂMLI aghnl Yes Serﬁ}qqaar ne D\@({E(Wlf ™ No
Tnigrieron SHnBstefronB ol /| NpSCheigilase .lmptw Pgple |~ Yes
Human Leukocyte Interferon o. Viragen
(Multiferon™). International Inc | 500,000 IU/mL Yes
Nucleoside Analogues
Acyclovir Faulding 1,000 pg/mL No
Cymevene (Ganciclovir™) Roche 50,000 ug/mL No
Ribavirin ICN Pharma 10,000 pg/ml Yes
Foscarnet (Foscavir™) Astrazeneca 8,000 pmol/L No
Protease Inhibitors
Indinavir (Crixivant™) Merck 100 pmol/L No
Nelfinavir (Viracept™) Roche 10,000 nmol/L No
Saquinavir (Fortovase™) Roche 10,000 nmol/L, No
Reverse Transcriptase Inkhibitors
Lamivudine (Epivir™) Glaxosmithkline | 1,000 umol/L No
Zidovudine (Retrovir™) Glaxosmithkline | 1,000 ug/mL No
Neuraminidase Inhibitors
Oseltamivir (Tamiflu™) Roche 10,000 pmol/L No
Zanamivir (Relenza™) Glaxosmithkline | 1,000 pmol/L No
Ton Channel Blockers
Amantadine (Symmetrel™) | Novartis | 1,000 pg/ml. | No
[0062] Complete inhibition of the CPE was observed for four of the seven interferons

in the initial screen when very high viral challenge of 10 4 PFU/well and a high
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showed
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welbrdil friur frags egeinesbpwedhiahibityry effigqt) altBeugh, thevpliAn jofesresiependent
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primary screen,

f
Al

our

Rest BEMQGLAUROOIA, &S+ § @It BEboth

active

interferon { -1b (Betaferon) and human leukocyte interferon o (Multiferon); and 50 and

250 IU/mL for interferon a-n3 {Alferon) and interferon a-nl (Wellferon), respectively.

No cytotoxicity of the interferons was observed at or near inhibitory concentrations.

Ribavirin showed inhibitory activity at all three viral loads, but only at high concentra-

tions of the drug, 0.5-5 mg/mL. At high concentrations of ribavirin (0.2-1 mg/mL)

cytotoxic effects were observed on Vero E6 cells, as has been reported for other cell

types (17, 18). As such, we consider ribavirin to be inactive as a sole treatment against

SARS-CoV.

Table 3 Complete inhibition of cytopathic effect (CIA g} at varying virus titers
Yirus load Ribavarin Wellferon Betaferon Alferon Multiferon
(PEU/well) (ug/mL) (IU/mL) (IU/mL) (IU/mL) (IU/mL)

10,000 10,000 500,000 10,000 10,000 500,000
1,000 10,000 5,000 1,000 1,000 50
100 1,000 500 10 100 5
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interferons and ribavirin were retested at two | ower
viral challenges, 103 and 102 PFU well. Al four
drugs agai n showed inhibitory effect, although the

Cl Alpp were dependent on viral |oads (Table 3). At
the lowest viral |oad the ClAloo were 5 U nL for both
interferon (3 -Ib (Betaferon) and human | eukocyte
interferon a (Miultiferon); and 50 and 250 U nL for
interferon a-n3 (Al feron) and interferon a-nl

(0K, + o Bl 0 s e B UG PEL R Samefig o -
omos)aaésroahdwtbﬁi to dBlchRaivik (e TCS) YOVB Bkafefd, lefeﬁUhyarﬂiCMhMiférMn the

at all three viral |oads, but onh%fat hi gh concentr a-
threspmporndsigatahoped greafesy PRigARY for W@fhofg@%ﬁe epfditenad Fapply

il bt BRI R At e Byl ng EWLAERHD Cas b o HShE drug has
beetd‘thﬂcoﬂeﬂlﬂed Cyfiewefe boindiBited Az 1SUChith fieefcldrilutedts of dru g
irin.to be . inactive as .a sole treatment, agai n
‘fg,&g@dw Plaghss. avhic C@ rﬂﬁ‘b’%u"‘f‘?‘-‘%f?‘@feﬁgQ/{iif 1
1rﬁ1ﬁ‘t§1ﬁﬁ§ effdet &m@m@g aNﬂﬁ%h@&)n\ééﬁt%oﬁd tgN auee\{hfe%rdnq;@éiaaramns

Ri bavarin Wl |l feron Betaf eron feron Multiferon

displaypdredesy- d@@@ﬂﬁ@)mipb@pﬁpf SéR@Jf@ﬁL‘JJ rleguy fermationyp thig assay

(285005, BG4 o 106" Bb iyt 580" 500 ‘T o0 &

lrih?blflmll]le dytppatitiu effec dHSARSFOERE 6B i fopvarizt wifht tiral Bd PFable

TR By b sronmeard v B <SR IR for Rl RoR (ke 5),

otsmha 206 CURIURA &lfeﬁﬂi(Fgﬁ@e\/\@d aill B St T PALEBEYultTEron (Figure 4),
inhibition of CPE. Additional supply was not

respestivelil e f or testing interferon a-nl (Wellferon), as
production of this drug has been discontinued. Cells

[dﬁ&? p D%' Ak %b aﬁ@&stswbﬂélefgkmea I fie \éﬁf ﬁhﬁ& AbliBtAtRAS tdhe
i ral -induced aques, whi ch devel oped in 3
mygary\méfoedwuﬁtdéﬁprlb@g bereiarang prssiblee The ﬁlrﬂebil@lblls yntesded &q
r rations. Al three
e&%y%ﬁ%g@%ﬁ&?P@%g%%%#%ﬁ@nﬁg?g&ﬁ%yed a dose- dependent
i nhibition of SARS-CoV plaque formation in this assay
(Figures 2-4). For each of the IFNs tested, the anount
required to achieve 100% inhibition of the cytopathic
ef fect of SARS-CoV (Cl Aioo) varied with viral |oad
(Tabl e
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3). The 1C50 and 1 C95, were determned to be 0.2 and 8
U for Betaferon (Figure 3), 0.8 and 200 U nL for
Al feron (Figure 2), and 2 and 44 U nL for Miultiferon
(Figure 4), respectively. [0065] As can be understood
by one skilled in the art, many nodifications to the
exenpl ary enbodi nents descri bed herein are possible.
The invention is intended to enconpass all such

nodi fication within its scope. 18 REFERENCES 1. Wrld
Heal th Organi zation. Acute respiratory syndrone in

i '?Rﬁﬂie 3: disease outbreak reported: Ceneva: The
%ﬁggﬁﬁéa ion; 2003. 2. Lee N, Hui DH, Wi A Chan P

CaMéortirHda]th DogantzaiiEvd, Aeitte adspiraborgraymironoainithémk—upkiate 3: disease

severe acute respirafory syndro | n Hong Kong. NENng

e e R A A i
Goldsmith C, Zaki SR, Peret T, Enery S, et al. A novel
or.ongvi.r. sqci.at i th er ut espirator

£ Bt TR 5 GBS shterondf bR B ASE ARt
HO sRlere 400t rdspiratof®eyniomdarHbng K oaB.an EXE UDgdA00 8 134811986794,

cluster of cases of severe acute respiratory syndrone
in Hong Kong. NEngl JMed 2003, 348:1977-85. 5. Severe

ac ms@zaaﬁpu ,!Hr&gﬁfs , @Maﬂﬁiﬂfz%;oz(asm Nb)Pgﬁfl\l/'g, E‘aﬁefr@ \B/\k;’:\?t lal. %Snovel
testing-United States, . Mor rta y. Re

200 onayrusassocked wigh sepeip peue [pNFatanh syneigmec &gl W?d 2003,
Chams-KS3_gung | F, Poon LL, et al. dinica

progression and viral load in a comunity outbreak of
coro-navi rus-associ ated SARS pneunpni a: a prospective

51 gdhho NG HL.200% C, IR8L W 6 an2F, Chan-SRaNr Mestng AMius¥dt of
WC. Qutbreak of severe acute respiratory syndrone in
Ho Bi#ges saverepraits raspirp@nt syndromg i H@ﬂgﬂétﬂgoz[ EnglajsMed ¥98r t .
BM3 2007 $26: 850-2. 8. Nicholls JM Poon LL, Lee KC
Ng W, Lal ST, Leung CY, et al. Lung pathol ogy of
fatal severe acute respiratory syndronme. Lancet 2003,

6% 96?67 & é s% tg gﬁ’d}gﬁ QUG EfonadvVeiN tdstBBe—United States
%inﬁe stglﬁe ?a %? D, ¢ eeﬁhK, et al. Iden?ification
2003, Morb Mortal Wiily Rep 2003, 52:297-302. '

6. Peiris JSM, Chu CM, Cheng VC, Chan KS, Hung IF, Poon LL, et al. Clinical
progression and viral load in a community outbreak of coro-navirus-associated SARS

pneumonia: a prospective study. Lancet 2003, 361:1767-72.

7. Chan-Yeung M, Yu WC. Outbreak of severe acute respiratory syndrome in Hong
Kong Special Administrative Region: case report. BAJ 2003, 326:850-2.

8. Nicholls JM, Poon LL, Lee KC, Ng WF, Lai ST, Leung CY, et al. Lung pathology of
fatal severe acute respiratory syndrome. Lancet 2003, 361:1773-8.

9. Poutanen SM, Low DE, Henry B, Finkelstein S, Rose D, Green K, et al. Identification
of severe acute respiratory syndrome in Canada. N Engl J Med 2003, 348:1995-2005.

19



of severe acute respiratory syndrone in Canada. NEng
JMed 2003, 348:1995-2005. 19 10. Drosten C, Cunther
S, Preiser W van der Werf S, Brodt HR, Becker S, et
al. ldentification of a novel coronavirus in patients
with severe acute respiratory syndrone. NEngl JMed |
2003, 348:1967-76. 11. Lapinsky SE, Hawyluck L. ICU
managenent of severe acute respiratory syndrone.

I ntensive Care Med 2003, 29:870-5. 12. Booth CM

MR DS ¢ CunBRT SR v RS0, A TR R St s

of Idehdfippibn 6fd Sovel dobonSARS i patichie witheateds acutt@Espiihtory

area., JA ' 2 -9 ratumin: JAVA 2003,

29 GYiiisome. %?M?%Z&q?’ gglgﬁfﬁi ral drugs. Aldershot,
UK: Ashgat e Publ i shing Ltd, 2002. 14. Ruan YJ, Wi CL,
Ee AL, a_VB, Thor H Su ST, et al. Conp aratlve
ihlliapm?'ké(n%% Heyefskd- ﬁﬁg%ﬂ%géms%f JEEE Al Feapiggee syndrome.
COnRendéidpsresoat BegA@Nsl cormbn  nutations associ at ed
Wi th putative ori gl ns of infection. Lancet 20083,
361:1779-85. FErratumin: Lancet 2003, 361:1832. 15.

R, @aﬂm@vﬂﬁamﬁé‘s KiNg MY 1R B OSRARE AR | KbsB DS, phiosd Bai &al.

and bi o- nedi cal I'aboratories. 4th ed Washi ngt on:
U. Slincahfeatwresnd shert-trmegtoonss ofd 44 pgipots with, S% in4lpsy greater

A. Agronl Sk, {Mzoos%éﬁsbl_@ Esratuhtnt mlm b0V b0 4.

screeni ng of drug c¢andi dates for their pofenti al
antiviral activities. In: Mahy, B.WJ. and Kangro H. O

P AR ndfpu; batofggs i

don. 56. 17. Huf
Sldwell G P. Khare, et al. In vitro ef fect of _
il :&ﬁg@gﬁw& %@ggg §%A V%e%?%ahﬁ nuc tg{ C a?%ﬁ?nfgﬁ

ri lbamgtln(gemme aquamcwnau»ses’f IMR&pmpobvmgeM%eS@né Agmmon
19?1’1?{1‘tat ons sg’oc:m%e w1th Ol.lta}%e Pf?@.?sra E@ctgﬁt Lcﬁ’\g/g 20b3 lB%f“l% 85.

VAUt o of anfew an a razole
agﬁmaﬁltn 1nlj:tfrdcer@ﬂﬁ3g361 t&k. i nfections. Tohoku J. Exp.
Med. 1973, 110: 405-406. 19. Money JD, Snee DF,
Sidwell RW Tseng C. ldentification of active
ah Riiahintoatl TY, McKinney RW. Biosafety in microbiological and bio-medical

laboratories. 4th ed. Washington: U.S. Government Printing Office, 1999.

16. Al-Jabri, A.A., Wigg, M.D., Oxford, J.S. Initial in vitro screening of drug candidates
for their potential antiviral activities. In: Mahy, B.W.J. and Kangro H.O. eds.
Virology Methods Manual. Academic Press Ltd. London. 1996: 293-356.

17. Huffman, T.H., R W. Sidwell. G.P. Khare, et al. In vitro effect of 1-beta-D-
ribofuranosyl-1,2,4-triazole-3-carboxamide (Virazole, ICN-1229) on deoxy-
ribonucleic acid and ribonucleic acid viruses. Antimicrob Agents Chemo. 1973,

3:235-241.

20



conmpounds agai nst a New York isolate of West Nile
virus. Antiviral Res 2002, 55:107-16. 20. Davis G et
al. Interferon al pha2b al one or in conbination wth

Ri bavirinfor the treatnment of relapse of chronic
hepatitis. N Engl. J. Med 1998, 339:1493-1499. 21.
Poynard TP et al. Random sed trial for interferon

al pha2b plus Ri bavirin. Lancet 1998, 352;1426-1432.
22. NbHutchison JG et al. Interferon al pha2b al one or

18 SRR 180 N hida ARl G neyGablifh sl HE ARG peainst

23 .mﬂRfeﬁiaf\elms hfﬁﬂecﬂbnsalroho& gl Bxg) Xrad. 1971 peg: o sioef
reconbi nant al pha-interferons: 40th anniversary of
t he di scovery of interferons. Cancer Res. 1998,

28 Mer&3-194 88 ce B, Sidea] 10K, Tﬂnﬁfﬁ&ﬁﬂuﬁﬂ&tl@ﬂ@f ab@&é}ﬁn@ﬁral
Regulatlon of interferon al pha responsi veness X t he

dursPPIRdypeansin ek Yegsisolale of WGEW Vil gfrivigg &es 29897,
2723538807%-21877. 21 WHAT IS CLAIMED |IS: 1. Use of an

effective anobunt of an interferon in the manufacture

of a nmedicanent for treating SARS-coronavirus

bTRGLI et AVRGESIBn 11P82b BoRE 5iSH Q&nblﬁatloh@ikh%ﬁiwnﬂfg%e
a-n3, human | eukocyte |FN a or 24 he use
[«

of tishtaient of relense ef ¢hremrheppfitisy Nelr?regﬁ J Med. é@%’éﬁ?}é‘% 1439.
The use of claim2 wherein the interferonis

reconbi nantly produced in E. coli. 4. The use of
él Fopmazd TR efradi Renderpis¢dirier freintsrferos appbadnmdusibavign. Lancet

gnallan cells. 5. The use of any one of
qg%§%?2h 4lrlB rein the interferon is used in
conblnatlon with an additional antiviral agent. 6. The
99 R4 RuiGhicdh 52 YN FHe R kAL 0 g]aéon%ﬂ%awﬂ & RAGAR 2
SARSt dregmi foulsepatisde tN. &ngl. .€ dgor 19§i8n13'59 léliﬂl‘ﬁﬂ%;t ering
invitro an interferon to a cell capable of being
infected with SARS-CoV, wherein the interferon is IFN
23. Mfeffek EM @ -ah Bjolbgicmh probertiksoefy¢oembinant alpha-interferons: 40th

anniversary of the discovery of interferons. Cancer Res. 1998, 58:2489-2499.

24, Lee CK, Bluyssen HA and Levy DE. Regulation of interferon alpha responsiveness
by the duration of Janus kinase activity J. Biol. Chem. 1997, 272:21872-21877.

21



IFN a or IFN /3-1b. 8. The nethod of claim?7 wherein
the interferon is reconbinant. 9. The nmethod of claim
8 wherein the interferon is reconbinantly produced in

E. coli. 10 The nmethod of claim8 wherein the
interferon is reconbinantly produced in mamalian

cel MHAT1IS OlielMEDHBD of any one of clains 7 to 10
wherein the cell is a VERO 6 cell, a peripheral blood

| euk OO & BreffectlidPmlound nﬁaxyﬁmerfel&l infthe mamtifackhreodt any
onenlicah@hir #edtgSIAHSLeblaivifiR et Sdr) Whatkii theShterftidg is

to e oGfl IFeB-RddhhbeRako AR IPN bk RIS, | N
conbination with the interferon. 13. T e net hod of:

c! ab%@uﬁ@&fcﬁ&%@ﬁe@ﬂﬂhgIrﬁ%}%r%)r?ﬁtr'e t%harﬁge”t s

ri bavir eron r 1 nhibiting

SAR ronavj ru ection.in_.vitro,

a.e ?fﬁﬁ G Saciiing Bhfen PeigRTet intirniib RathoryReed e
a ofol-FN (3- I'b. 15. Use of an interferon in the

manuf acture of a nmedi canent for inhibiting SARS

cor dnahe pssof adiec? ivdwereimtherinferferonds ragpmbinanidy piogu¢gann
a- NinamnkdMaacal®. human | eukocyte 1FN a or IFN O-1b..
16. The use of claim 14 or 15 wherein the interferon

I S 5 eTiRied@Bhy one?d clatms The 4usieeréh tied iateffeddn ivhieddeinn

thecérﬁ&%&tﬁtﬁi@ﬁhﬁa&cﬁﬁ&m%ﬂﬁﬂidlﬁ doduced in E. coli.
18. The use of claim 16 V\/nereln the interferon is

P R G i e L

a VERO 6 ce] | erl ral bl.ood ukocte or -

THP 1A ﬁ%ﬁﬂ&‘{ﬁfénh%ﬁg Teropvi z%p X‘BP%W% 14 to
fBIESIINEHB Vit @y s fsen 1o 3 sl gap R Wt h

an 8485t CoVavhepiniths infarfosepeistFNznl, ﬂ%@ 48D hymaglenkerys

whelBY ror RN &eldbi. t i onal antiviral agent is ribavirin.

&. The method of claim 7 wherein the interferon is recombinant.

9. The method of claim 8 wherein the interferon is recombinantly produced in
E. coli.

10.The method of claim 8 wherein the interferon is recombinantly produced in
mammalian cells.

11. The method of any one of claims 7 to 10 wherein the cell is a VERO 6 cell,
a peripheral blood leukocyte or a THP-1 monocyte.

12. The method of any one of claims 7 to 11 further comprising administering
to the cell an additional antiviral agent in combination with the interferon,

13. The method of claim 12 wherein the additional antiviral agent is ribavirin.

14. Use of an interferon for inhibiting SARS-coronavirus infection in vitro,
wherein the interferon is IFN cenl, IFN a-n3, human leukocyte IFN ccor IFN -

1b.

15. Use of an interferon in the manufacture of a medicament for inhibiting
SARS coronavirus infection, wherein the interferon is IFN e-nl, IFN o-n3,
human leukocyte IFN @ or IFN §-1b..

16. The use of claim 14 or 15 wherein the interferon is recombinant.
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22. A kit conmprising an interferon, an additional
antiviral agent and instructions for using the
interferon and agent to treat SARS-coronavirus
infection, wherein the interferonis IFN a-nl, |FN
a-n3, human | eukocyte IFN a or IFN (3-1b. 23. A kit
conp?.i Bienge aficliaim é6 frdveran thenntarfeioniioreabmbimpintly pmkiuced in E.
agensdli.and i nstructions for using the interferon and
agent to inhibit SARS-coronavirus infection, wherein

t he 18 ntRrs8 bPBlain® 16 kefiiihe 1ﬁt5Pﬂe@nﬁ§rec&HHﬁﬁnﬂlyeb%Qﬁ6€dQn
'F'\lm%nﬁﬁaiaEN - |Ib. 24. The kit of claim?22 or

V\/nerelnt e a d|t|onal ant|V|raI agent is rlbaV|r|n

ot W Bt et gé%ﬁélﬁ( 2, Wepekn 405
wheP&F effﬂ@qoml 8¥t8f?f|a 8??&9 ftly produced in E.

coli. 27. The klt of cl a|m25 wherein the interferon

i s Peddivpishahenyonsselmms 1#fo 13 mhermin the inleferen ipued in

combination w1th an addltlonal antiviral agent.
21. The use of claim 20 wherein the additional antiviral agent is ribavirin.

22. A kit comprising an interferon, an additional antiviral agent and instructions
for using the interferon and agent to treat SARS-coronavirus infection, wherein
the interferon is IFN c~nl, IFN a-n3, human leukocyte IFN «or IFN 3-1b.

23. A kit comprising an interferon, an additional antiviral agent and instructions
for using the interferon and agent to inhibit SARS-coronavirus infection,
wherein the interferon is IFN a-nl, IFN o-n3, human leukocyte IFN «cor IFN §-
1b. '

24. The kit of claim 22 or 23 wherein the additional antiviral agent is ribavirin.

25. The kit of any one of claims 22 to 24 wherein the interferon is recombinant.

26. The kit of claim 25 wherein the interferon is recombinantly produced in E.

coli.

27. The kit of claim 25 wherein the interferon is recombinantly produced in

Mammalian cells.
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