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WD 2005/ 059177 PCT/ S&2004/000416 1 A Sensitive and.
Specific Test to Detect SARS Coronavirus Rel ated

aﬁpj ns 5 The present application clai b
Obs()2(’?§M7i€gr ovi si onal Application No. 60/ SZQW?SEISFQ‘{O /dM416

Decenber 17, 2003. Sequence Listing 10 The present

-application includes an appended Sequence I:iél_i_ng_of\'

20 pages presentsdisikdvecguanspseifiice

[vent on The 3 &;B@gwiﬁsigggadw o oo BN

of SARS coronavirus in patient sanples; The assay*issis6*

uses pri mer, pai.rs t hat have been devel oped t hat
sensitivity and specificity for

det efitd 0Ny RfsePARS LQY1ARAVH BHS - c%QﬁéCkQJr%Qthf bke y.s.

I nvention An outbreak of atypical pneunonia, Severe
PRS- Oneds pRRiticiaf iopndfone s 624%5)737s f—hb%@hi)et:emhene 17,
26d4 gi nated from Guang-dong Province, Republic of

China in late 2002. The nortality rate of individuals

suffering from SARS can be 25 as high as 150,

R

.séicg_{@{gy Rg s@Q0aLhe age group anal yzed. SARS is a highly

T ectTous a acute condition with an extrenely high
rror tﬂéhei tyreseng. aprd icendoti omdlsdeaused dppemdedngequence

I¢h RS, coronavirus ( SARS
ooro aéi r%g)pQ%?% %ésglgsle |E | 77 eﬁ’aiti ents out of
8098 probabl e SARS cases 30 from Novenber 2002 to July

g%) , h a profound econom ¢ and soci al
rioi of e 1%9 many viral diseases, the spread of
t he Ther uisns;&ntgr tavestidur pagvidees ear Iguadyirptesat ificleic
(glhdase thf is around WO 20 5/ 059177 PCT/ SG2004/ 000416
amplificatio assay detection of
coronav1rus in patlent samples.' The assay uses primer pairs

that have been developed that provide excellent sensitivity

and specificity for detection of SARS coronavirus.

Background of the Invention

An outbreak of atypical pneumonia, severe acute
respiratory syndrome (SARS) is thought to have originated

from Guang-dong Province, Repubiic of China in late 2002.

The mortality rate of individuals suffering from SARS can be

as high as 15%, depending on. the age group analyzed. SARS is
a highly infectious and acute condition with an extremely

high mortality rate. The condition is caused by a human

~coronavirus, named SARS coronavirus (SARS coronavirus). The

disease killed 774 patients out of 8098 probable SARS cases
from November 2002 to July 2003, and has had a profound
economic and social impact globally.

In many viral diseases, the spread of the virus is

greatest during the early symptomatic phase that is around
—_—
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and inmedi ately followi ng the onset of synptons.
Unfortunately, virus excretion is conparatively | ow
WM dobbsorhe i nitial phase of SARS. It peaks p@rsc2004/000416
respiratory specinens and ifi stools at around day 10 .
after the onset of the '5 clinical illness. In order
to make an early diagnosis, it is therefore necessary
atnﬁ usmhé@iﬂqeﬁensiﬁdlﬂmﬁﬁgts that - abaseabl eof 0 dgimedioms.
k vel s _of viral genonme,present d ning Ehe duri
P§ 4 or VheY?| Fﬁ%gtl%eﬁ SRy tVELY oW curing
U}lﬁnﬂ.ﬁlﬁﬂﬂhrﬁliﬁi @mCEZS‘\‘B’ISIIﬁ:I peakeStlﬁ ré@pliAgdesry specimens
deve| opnent many cou gi vallaﬁle SARS RT-
Hésé&oa?%gnaorstu ¢ Otest aé’ft?eﬂ tfeé% the @afbackt the

CQflnlb&l NYl rodgy extrangd-dbif kioCbket @anadarDiy S ignodies, it is
E SARS di agnostic t ses nested (two ste g

%’6 § ?%s@e‘é‘h%?ﬁr rE‘acPFSn?‘(lE Y S6RSEESIpI teRtE that are
@t abnateyel ©he sSPeEi fdvdllsy oXSvard1Sgaabht Vhtdsente&uring

" SARS- CoV_ Specific RT-PCR Prinmers", by WIIliam

F?e Berst favspip theniiddnefBasl es Virus, Section

DVRDENGIDY GRe,  GREpT |1’i&‘[-%t@t§'ﬁar@@%é8n3$ﬂd§ Leamithve tests

Wrld _Health O ganization (WHO), which is hereby

Yneesr BBY 2t RRINRE r Wt SR SOUREEE8S ent TRet §vajipble SARS RT-

iesChidid 0Biaghlost i¢ ha duyBi Cott PLRL@SL T W heSARBawback of

Brief Description of the Drawings Figure 1 shows the
Rrdrgi 6pBPbix 137l SRS I3 on&vi pABingEReHe aRpf | FyRiFady SARS
diRenbNER: Pr®r §8b8. s dulewd ;@%@ t@%lpﬂéﬂ@@ Qhain
the SARS coronavirus genone anpll by t he
IRecke P s éPCRhdtal rgASTMPhESh | VBB neeeehref tmeuflclty
drMCBs S rak8 £31 0ng ddie seayence ofarthe,$ABSecific RT-PCR

coronavirus genone. The upper strand sequence is
BHownshs PodfebtiaesT 46891445 &h-BEQChbefO MeasIfre Virus,

de@bn  IVRE/NeNG /IcBCS N OBLHS mIES . b@fNook;t?alrFa'bgHr €from th
3A-3C show gel s denonstrating the ef ficacy of the

Yamlfer sHerlihe | Pugariition gurlBHGA, showbl?%e is  hereby

ARIeELEFed 0by SART GRHAAAV KT US SUSIAG; o | M %édeI‘i‘Jtlon
set where the WD 2005/ 059177 "PCT/ SG2004/°000416
of the typical PCR test for SARS.

Brief Description of the Drawings

Figure 1 shows the portions of the SARS coronavirus
genome amplified by the IMCB primer sets.

Figure 2 shows the portion of the SARS coronavirus
genome amplified by the IMCB-3 primer set and aligns the
IMCB-3 primers and the IMCB-3 probe along the sequence of
the SARS coronavirus genome. The upper strand sequence is
shown as nucleotides 4609-4765 of SEQ ID NO: 1. The lower
strand is shown as SEQ ID NO: 12.

Figures 3A-3C show gels demonstrating the efficacy of
the primers of the invention. Figure 3A shows the detection

of SARS coronavirus using the IMCB-2 primer set where the
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virus copy nunber per sanple |oaded varies from 26.1
copies to 0.07 copies. Lane 1 is a marker, lanes 2 &
Wooedieadif; 26.1 copies of the virus per 5 Aerd@sotsie
& 5 contain 12.6 copies of 4he virus per 5 A, | anes
6 & 7 contain 1.96 5 copies of the virus per 5 gl,
| anes 8 & 9 contain 2.0 copies of the virus per 5 pl,
vianescdy Sndrlbeordea sa®pQ2 clopides] ofarikle f\tiomuszsper cbpies
1 ne 12 contain a negatlve contr ol an .
tgnr e+2t§° T ug'agﬁd§l Fhe™ 19°E5RT ai nesn02t her3 ke s 261
cBbijeis e o8B tﬂi’mwmmsep@md Sexpeyf i tenkesdet e&t |mgc&Q¢E&n 102.6
coronaV|r u5|n the | prinmer s e the
Prag & uR/ S pBY s l‘i Ja4EG F‘es fFSPr’f%n 11-%8

PFGE °cop
coppeesmt thed nﬁ&u@;opé:ess ;Lanelé.nes 8 @v9 kegntdianes 02 c&ples

ntain 26.1 .copies.of the vir er 5 }il, | anes
op EREoRi N nen Saledatoe (i 4 iTh Sials 907 BReies of
t&e?vﬁ:om aper256pmppn95e of.2t hentdbnyi ausle@alt;&eptbntrol of
| ane %con ai.ns 0.8 es of the virus Eer 5
PN JiiReoast SRe 1 aqnarge, ARgERss, mitist.
| aneElt_:}lﬁ'egL 38 condwdl Na0.H8c6AR1 asRfrimBatVi déiSed8P SARS
ane 12 contajns_a negative control of an

Caﬁf”é?‘éﬂt%tﬁ vEFLRI ERE TNRE-3 RBHESH n§ehnotheremaiier virus

cagyFlnnglb@r3§e.9_hQ’dﬁnpll|ée 10Edéd | @drpeoduetnl ramia éﬁﬁﬂse to
cont ai nin i es. of SARS cor onaV| rus genomc

%p8f Faﬂlegn aa? t bl 19f 2 5T RFuplictsSed . &T?\eCSPBaE’étzs 1

cbpieeset vatk by rud%agas qse, g@én@é ecty ophyRsdis: 8A210%ies

of total] reaction _volune (5 g 2 is | oaded per |ane. -

ofahBS 1V EHDIRSY &dHpr otRRES 95%| AneoBtaldhp & icspies of the

vREQEUSér 0F a1 duplreCat @ohQAGHON. ol *RBiMs o¥0@nBPvirus per
I adder Fi g%ljr es 4A to 4C show the sensitivity achieved

Sudilng lamge reinsnertd oficPbeePbctthspRg rus per 5 ul,

1aaé§)n4w lEUSL NUESEIaGn ACIOB WebPiddeopr ither vsﬁ:tusl '\6%% l5 1,
%ure 4A shows results 30 achieved with 8.8 pfu (2200

&d) FEEadRfpPe NO93REY e SRRFTY) 2o BnoBTpRLaESD virus
aelapw@s) PLlccrBPhe 4hMRS Sndker.Lanes 7 and 8 show a
no virus control. Figure 4B shows_the results of

anot FEFUT%in36f SPR¥Ss aR¥RY1fE3hgPEPEHTD. dFopr 1» (sample
CMQMQ@ngl%F/O‘@G%Qﬁﬁ QB virus genomic RNA per run

in a total of S5 npl (duplicated). The product is. resolved by
3% agarose gel electrophorxesis. A 10% of total reaction
volume (5 pl) is loaded per lane.  Lane 1, amplified product;
lane 2, amplified product of a duplicate reaction; lane M,
100 bp ladder.

Figures 4A to 4C show the sensitivity achieved using
the present invention to detect SARS coronavirus nucleic
acid with the primer set IMCB-1. Figure 4A shows results
achieved with 8.8 pfu (2200 copies) per safnple (lanes 1 and
2) to 0.08 pfu (22 copies) per sample (lanes 5-6). Lanes 7
and 8 show a no virus control. Figure 4B shows the results

of another run of the same assay using from 0.08 pfu (22
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4 copies) per sanple to 0.0008 pfu (0.2 copies) per .
sanple. Lanes 11 and 12 show a no virus control.
SPHiSesdfs,shows a third run using from 0. 08

copl e°s3 pgzr sample to 0.004 pfu (1 copy) peFBE}éﬁ%@?“‘““
Lanes 7 and 8 are a no virus 5 control sanple. Mis a
nmol ecul ar | ength marker. Description of the Invention

| ci%iéehe Sdres gfpihe- Or bgbbak BARS @uUbbresps dd)er semasample.

ack of rapid detection. Sensitive and specific ragi d
LagegldilectidoR2wsbPY RaPe AR dfedORUFEk: di’gbﬁ%?s‘*%f hows a
tw&?csé&ﬂ' RALhENES P €1Gd! priet far eopiainnpel Manidle to

spread of the™ epidem c. A PCR based assay was ,
0 develnfyed Laroplik BRF nPifRl e NodtRnashdt pPdt 8 BRI p 1o Virus

c%ﬁ?&f %%mf)ﬁ.eal M 2003) ﬂ%éﬁa@vﬂéhéﬁaﬂamr cially

romArtus. The priners identified by BNI and 15 used

by Artus are fromthe SARS coronavirus non-structural
D%%ﬁlﬁ(’% bRatnenegeas: f4n RNA pol ynerase. According to

_ , : ults of these tests should

sti |At nidte beimeused the roreobual aSARE Rttt daskhefe was a
SARS at 1).+ ; Becau 5Nt Iy avad I i d
1??& s‘g%aﬁg ggﬁé%’)éﬂgﬁ‘zoéa ?Ie to det gct@ ﬁ,g;kifgc rap:
deeegat st ewswid | haveurm blafedSARS I ckoddngrPeds (SpR$nfected
p%%&gﬂt:a I{%Sgnaciblteheﬂetg?ef]oé el A% & ol LPrPALi 8Pt the
managenment and case contro?, as SARS patients may be:
epdfable. ok PARebased eshays vwhgr i dryaliv@edniat akhphisegnhard

n her.ef gre t | Lably dgfggt ' \1ab
B T SISe BRSS, Qs00LE8 0Ly, AU S puranne
cBhhevtialsles fMdrh Partes . geThenveinges t Fantiipdape PRI and

B8 BV 228 1L 30%h Gild S ootk RuRg Bestotural

y-di'séasé 1 n man and animals. The SAR
pTetehavpr thahasndyedas i enl &Nad reldmsegsencadcording to WHO
r ot ot seque 29,7 S LLS e d

ek T ek s o o e YRR b0y st et e
usedotporateduby ar shepented aprsprats GAREd (HHSoURIaSEQ 1D

NO 1. See a . t .al n

361: %?C/@‘ﬁemé‘}%i%%g}}? anaq‘yr/iza?)r%g tE%St‘LSSe%%tF}e ggauegneélg rally
axflels whi f fdetent | sbkat eequamsdtP. Asmahd Remaumps of SARS

czoq_%%/a*g?g&s? 7(?@ %@LQ)Q{QVQ.QC%%][Q they do not yet play a role

in patient management and case control, as SARS patients may

. be capable of infecting others during the initial phase and

therefore need to be reliably detected and quickly isolated.
Coronoviruses are a family of RNA viruses with a large
envelope that propagate in the cytoplasm of host cells and
usually cause mild respiratory disease in man and animals.
The SARS Coronavirus has been isolated and sequenced.
A prototype sequence of 29,727 basepairs can be found at
GENBANK, under Accession No. AY278741, hereby incorporated
by reference and presented also as SEQ ID NO: 1. See also,
Y.J. Ruan et al., Lancet 361:1779-1785 (2003), analyzing the

genome sequence of 14 different isolates, and P.A. and Rota
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5 et al., Science 300:1377-1378 (2003), characteri zing
one of the first isolates to be associated with SARS.

of the conpl ete genone of the SARg.
V%r%gﬁwﬁggdﬁz—gnber of different igsolates has indi ca%//é(f'jid?%oo?“m
the 5 virus has a typical coronavirus genone
organi zation, but that the virus is not closely
etehateds&ﬂezﬂfa/ mdwe_'_mk;nmms CRI0BRYI IS8 ct LR zPARSone of
?4 S encodﬁs $en readi ng frames (ORFs),

fict tiithg SPhatreEpk cté%é‘slsé’%eldbwﬁFBt &PRS-and four

10 S$é¢i@n@ﬁﬂb ROt €hdS copllk@ePflrRinte (S8, t%%veéz-ﬁf%e virus
rotein , menbrane protein (M and nucl eocapsi d

EpPBt 8i Hu'(%‘r Fhafletergit (29pketefiphay tndparter t Heat the

vienoMpasequeppsicHf 2oSbALRLLE CRI®nRl SARShization, but
coronavirus and a database of other coronavirus

thehohfe ¥dguendes naty ofdaFRLy t Kedaved et o5 a eotherf i kown
cwbbedyie@kgns of SARS coronavirus were honol ogous to
ot her corona-virus and thus conserved anong
cor ot/ i FARS stipaisnsengafeshi th erefucncedingr EramesudoRBs) ,
19ARSi AP @RAVI LWS1 PLAGAP0L S SLEA n1§' NééQQeJQe and four
i nstant _i nventi onh provi des a sinpl e, nsItive ana.
SPOUGPEGIL | Rrfigigost FRikestprateis t égi ' prevwedlezpea protein
(B) Mitdutehe SLISLLA VAnANGP RREAELEBUEL ChEALLE 1o
anplification system conpare at ve
so fRHarbéén adevel2Opéd. SByraQIssomparh@ phenaesome sequence
degcrgi; R e t | ant..J atj.gn
osen3|stl| 5%%% %%sé%l ?c Stﬂﬁgnr%%xjogég?gé{é |ond§5‘—’1 rre?%%osse ot
obhet heopenayimus . gFuether sequensash $pewi f tbisy targ were
Sigd vi may, en Si one_step., PCR
aﬁgé]ho&% Ell)rfllgt eaélk;i%%l i]}@%cmggfgep IE’ Bﬂ%ge SPESBAYiTus were
homekeaduen ta i PEkes speonkivirpsi rerd pahns cd:ﬁ'&legﬁz@dl among
cfaf&{axﬁl%ssé%?agﬁé ORAY| @H?cﬂoge%éﬁ'&éé”\%rgrﬁ)}u dk Lo 3hge
P1) a putative proteinase Hers can be
C9§@éﬁwrﬁlﬁ fangapech itquds tSgNgspect the presence of
SARSTEOT QiU t Lnstant
i nvention r0\t/:l g'élgegl@lgﬂna e Qg‘egﬁgsegm§+ ensitive and.
SpR% &g di\q.a[gmpstggcﬁegtkm T/hllq test prov1des a simple yet

sensitive and specific nucleic acid amplification system
compared with others that have so far been developed. By
use of the primers described herein, the instant invention

is made more sensitive and specific than the detection

‘methods of the prior art. Furthermore, such specificity and

sensitivity may be enhanced by using a one step PCR method,
instead of a two step PCR.

The present invention utilizes specific primér pairs
designed from the SARS coronavirus non-structural protein 1
(NSP1) a putative proteinase. These primers can be used with
many techniques to detect the presence of SARS coronavirus.

In one embodiment the instant invention provides- a

simple gel-based RT-PCR detection kit. Such a kit will
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WD 2005/ 059177 PCT/ S&004/ 000416 6 include one or

nmore primers and/or probes according to the

WO'Rbdsen, for exanple a kit may contain prigefSc 00416
consisting of one or nore | ynucl eoti des conprising

a nucl eotide sequence of SEQID NGs: 3, 4, 6, 7, 9,

10 and 11. A kit 5 according to the inventi'on may
igRllha®abhy bRChdde drPAsid i wad/6eNthebeBUGIRILEa6Ldto the
for exanple a SARS coronavirus genomic nucleic acid,
BregtitRaston FEMWGH & Hdltedta ofpriaimgprieeragpRsisting
JEEgbRY, S edotraerp%ﬁle%degﬂe,c%ﬁa%geﬁn%w@mﬂmeotide
al so provides a nethod for detecting 10 SARS

SEOPBASYI PhisSRACTRI RO%Li ¥ i A absarpl €. THe #rd hbld. mayA kit

Reogenes ald _Ytl{gesiciﬁ/ieﬁﬁﬁoﬁsm£9?ﬁf>£ SbR APPLAIHIO £ rg)osit ive

nucleic acid of a sanple w a reverse transcri ptase
cRarat Peastic Gvddpr fRBrexpERiei @ FARS t GerqsMi Tusyigemonic

k183 SARS; 4 CO6PNAYI Ut 02 9§REHALE & HWES ¢ AR dsing the
an‘gl fication product. 15 The anplification pro Get T'e

NSRénT etz &, ed6BRY niNA ®r d8¥ect an expected nucl eic

Tael L | r opluyet tio he _expgcted.
pr ogﬁ%{gp #%d?gg%*égﬂ?ﬁe pre eﬁ%gf%%g éA%lg%%girio%g\% %ﬁeg eC%lng
SABE| epromaYHrish nurdedgnpicéd Tre arsampse of The mashadt may

Hen QR Ga e . <20 priper-set for ,
o e PR Rt Ce T ol usT AP RATS) SEPBFRET g o guoteic
ache RBche semgheCyethr IVrenerSer atrageneiReabet ang RERleast
st eny e i £d, Biosyst 7000 _real ti PCR
Ozlﬁal %g!é?‘é%r gg%%?%er fs)ousrl table glg%Pe%:t i %ﬁgﬁ %tf%rgﬁ] a SARS
cgperatirupriarmengaints havecbeen aesd gaepi Hicamirpaproguct .

42 C raced regi o ng .SARS, coronavirus.strains
and ngl %%é: lggquéﬁ%cgmr%egilo%ﬁs%{l %Ialt ShF b ESheersing o
dgheny adn emreonadi r nsedegeneaalidy. afppiofidamicefl pheduct.

DefRS: £ APV Se)fgga‘?ﬁgge 8}%@%0@” Q.L%Qﬁ% attgg lél%lgl presence of

protei nase was selected b conparison as
SHBE eeRT IR MIAGenuCc i ¢ |dajsk riat édhei saFpdere 1, the

p&‘hgeéﬁn%frst I?D% EE@S‘EHétaMVﬁ‘i‘&émJ}Yt’J&n‘ji Zlesoi et I{]leed as a
portion of the SARS coronavirus ‘genomne. from a ouf
rrygeRosEHe fALNeR] 200 tlifilﬁbdatenutd:eouisdag_ PCR platforms

such as the Roche LightCycler™, the Stratagene Real-time PCR
system, the Applied Biosystems ABI 7000 real time PCR
analyzer or any other suitable detection platform.

Specific primer pairs have been designed by comparing
conserved regions among SARS coronavirus strains and
avoiding sequence regions that were conserved among all
coronaviruses generally. A portion of the SARS coronavirus

genome that encodes the NSP1 proteinase was selected by this

- comparison as a detection target.

As illustrated in Figure 1, the primers of the present
invention hybridize in the portion of the SARS coronavirus
genome from about nucleotide number 2200 to about nucleotide

9800 in a manner as to amplify this region, or a portion
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9800 in a manner as to anplify this region, or a

portion WD 2005/ 059177 PCT/ SG004/ 000416 7 t her eof .

WY gy, | S knoun as the NSP1 region, whi 6Brsenfifioe
for a putative proteinase. This region was chosen as

a putative region to anplify because unlike the RNA

pol ynerase region utilized in prior art assays, there

HrerdorSi gNiHiLapdgRal tiOnkebwht dd vk CRsB® MHALRYNSvhich
appear. to have occurred anong SARS coronavi ruses and

qHies |f8§| BnPPEat{s ypréﬁ'eeerrfarscet o HHS XA ST LRRen as

L£LOMRNAYETHS, rdgidy PoidesampIiEh hasaRREN BX3WNedHY RNA
an NCBI (National Center for Biotechnol ogy
RHEBERREF oRFIBPRSEE SEGSh. 1T nPFher REi 875RYEm 4BsHe is 2

gﬁu@ﬁﬁ:hﬁi@ 2680i 49 8boyt r!lH'P'ﬁ@iéﬂengsmtahﬁénge%@pear to
ntified that appears to bear no nutations anong

f?é’\?er%ﬂc@trﬁél RECPRUAARST GPTONFOOISESA Pref BRted Tpgien 1S

Wy t BeeNBPl r agi onshor jampki-bkcabieonghsst heoRMdvirus; a
from and including nucleotide 4609 to and including

hypeehest £ deiZgd3. harhebpernersamingtheby nvatht NERIshgiatgional

A& rat |:E%§StB1%QecﬁH8i8%} i Qﬁﬁoma’cf&gi hsla@i egRLeERT ABLY the
at least 18 nucleotides in length, still nore

TRAEPEr 4BP) @bonEasucRect hdel é?éﬁiode‘@ ﬁbqueingws:lepl’o;ede 7850
d BRks sheuldrbesl@ss thane 20 chrsder all Ybess dAhmong

30, nore preferably Iess tthan 25 nucleotides in
Jeoiegrh, s56aaRS t Rypresér v the®)idoi fi cik ypusffendegl part of

tﬁ{é "RES1 I%B?.ont% ’:‘Bﬁygﬂff&‘gﬁp& ”‘?.Ehogh@f fptat}% from and

I nvention |ies genera In use of a set o
invdudang spelkadticef 609t he Wllm@@dmgomupheOSA@s 7003

coro ir 0 f P ifi this
of tEgggéﬁgﬁgggngﬁae?%%tﬁﬁal%ﬁﬂl ntﬁgﬁgﬁg? ?%05?%0%83£E 16
qnqigacndeﬂhelnetﬁgmgoh t henanevenpreferdly beat least 18

QEETHQS 1 r Qtylﬁrplm %%mgg:ﬁ%gagﬂg aapd d_sLeast 20

present In e Ssa e using a rinmer and
nualeosadepr iLlPrelemaﬂl'ect i Tee forimdmes rﬁrg:udni &fe tlmessSAR@n 50,

%bﬁgorriegyc't%%' dey 6657, @ f%%bs% 798§s Uhan 25

usi n orward 10 prinmer an everse p
@éJl@@Fnd@foeﬁ i—h@gt'rkeguam > tchepreserve the spec1f1c1ty of

the primers.

Thué, the SARS detection method of the invention lies
generally in use of a set of _primers that are specific for
the NSP1 region of the " SARS coronavirus genome for PCR
amplification of this part of the genome and detection of
the amplification product. The method of the invention can
be performed, for example by amplifying nucleic acids
present in the sample using a forward primer and a reverse
primer selective for the region of the SARS genome from
nucleotide 6652 to nucleotide 7003, or wusing a forward
primer and a reverse primer seléctive for the region of the
SARS 'genome from nuclebtide 46092 to nucleotide 4765, said

primers having a certain primer length in nucleotides and
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SARS genone from nucl eotide 4609 to nucleotide 4765,
said prinmers having a certain prinmer length in

c ,des and WD 2005/ 059177 PCT/ S&004/ 00041 3
g‘g’.iﬁ’g%g‘gzr ated by a separatjon length that [ §T/3G2004/000416
certain nunber of nucleoti cPes, to obtain an

~anplification product. The anplification product is

a Lfl j O u an; be .
Al g pta B o SMBpkid Ol D REOH Chatli0ts, ogrtain
numpeanifi frucdsiosadprodtiet obiainudirecanmleist i asittier gryoduct .

0 NG th;?Pc by gel ectsr retic
%hg%&%% 3}:&8 ect opcﬁ%Fesigsi n EheglF 33%&%%%?%5'& The
anpd ifieseher afrogicanptat i dwt | detgecsddet havi ngxample, by

SRgth kp N ofjidespthat i th for war d :
dpri rr:isn?n!ilggl Le&%{ge?h,letgﬁghr gggér stzlepri%r@#%g%%{; S%ndpjf %UCt n
mEdgcstfes, | enthdr hnd cdtresatbgrppbisentetbbdSARSby a gel

' cl el cidin_ the s le, . : o
SRS D ell o " St RePepERie g 2 o
dgarosdi. zaThenppestece faf axamlel Usiatg onegdrddut® having a
f esce det ect i i.n.the. TagmanT stem_The .
]héy"tyr'l"lﬁldisigz;la%1 Pg%e%t?lo e %glraécf er a%lh? gsourrrtbrcil\gs}%’ea Y35 iRfd et
lsegréncehehaevessa hprisere lagthhaindftle posgdert ioh thegth

lification_product tha uld_ be obtained.using . .

1 ecgrgr%%i %:I a ?Sﬁeﬁ?? rr%?sglsd(g?esf%&nﬁﬁﬁr‘és BRRs®1C dcid in
W eeapleus genomic nucleic acid as a tenplate. The
hybridization probe_shoul d .be at |east 16 nucleqtides

in Pg%?g?ﬁ(ﬁ?tln‘ﬁeﬁg’prté 2r ABOFRSE I‘éﬁ%tsbfé gﬁ&FSBF dessSie @
Hydnrgtih zat 54 | proter,e forebeaably atihgaséalO: el £ENidERSent
jn length. e obe _ghould be le t han 50,. _
dp#gfcgrleglﬁl A -é[' S tHaEN 30, s’f‘ﬁO)Lreé“‘pr e?IZlFaBTY)?rI%aFﬁSH Fgobe
mecleeabl Yesompriszgth, ms0easile sphesac¥ecthhe is tfhe same

peci figit he pr. . The essential function.of a
aprs:?n%ic %? %rrg%léélaocr%:&rfg?% a?'%ljt%éc%\”e%rérﬁr‘? Bi}b'ﬂ: jwould
hieo clpedinedcalsipghybei dimpeif bcat i SARSrieeona¥eld8ted and a

G €] 1 d. either an RNA+o.r DNA, .and not_ to

cr osséﬂ%f%%’alr%sé 573 her oGt BifavAFeg Rci%i Ee%}?ﬂtéeor The
hybridaeaeian apirdse ofshohhér bei ratsesS.eafhus,6 anpeleBti@és in
lpern%%, more preferably at least 18 nucleotides in length,
still more preferably at least 20 nucleotides in Ilength.

The probe should be less than 50, preferably less than 30,

- more preferably less than 25 nucleotides in length, 'so as to

preserve the specificity of the probe.

The essential function of a primer or probe according
to the present invention is to specifically hybridize to a
SARS coronavirus nucleic acid, either an RNA or DNA, and not
to cross-hybridize to other coronavirus nucleic acids or to
nucleic acids of other viruses. Thus, a primer or probe
according to the present ‘invention “consists essentially of”
a nucleotide sequence if it includes that sequence and

additional nucleotides that do not impair the ability of the
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according to the present invention "consists
essentially of" a nucleotide sequence if it includes
Wbaf nce and additional nucleotides th n

é’. VPR b ty of the WQ 2005/ 059177 BEr i
PCT/ SG2004/ 000416 9 primer ‘or probe to specifically
hybri di ze to a SARS coronavirus nucleic acid under
grhigegOndict | pASHSEl 6t eghbEOf £ 1 RANKOT rﬂyﬂ;@h@l%ag %gst l.C sars
assay according to the invention. Materials and
TRRGYST YR nRrat e uaet | iR EkanpoeslicARgs selected for
FERRRAYRE US BUghdEe i &NEs SARS &A1Y ft%s thé%ﬁ{rsntlon.
(2003VA2774), which has been previously sequenced
(Ruan et al, 2003), is used for 5 this study. The
Wi tcS a3k OGHG id RHABAGRE 8Ta1 Ty VAT A -0 RhkS bl SFes
CIOU8) W Tt medr uam 1 ,
SRFprereraeidus colsgseetal calf serum (FCS)
(Bi olpgi Gaks 'd?:‘i%%ta%?&s | .S4 %t) g@f 4ghan w8 has
of the cell nonolayer shovve cytopathiceff ctsy tHh
kagnt prevéapelnaseauedderd s (haavesteal, clmoa‘)l,edlé)yused for

tr t I t nd_stored_at
SEREELIR B A AiDhcodk R AT BB AR celts
@dCer i 13408k 1w thO( Med2EY nM19%P| a@BbgmssaplArptAque USA)
j r termpne the vir 15, t.i
@?ﬁgééﬂﬁu%%&l ef Itfgtgi 5%?[@8&%%1? of‘yqﬁ foﬁBdmfloglc‘Ell
Imdugtrbes of Ishreel) r us swmxk moraddedaho aseondt uate cell

e R TR TN S -,

i barmmdet hglmeiﬂ:wlcbs@y 20ever fugatiooedtumd®® x g,

' F |sth ded_tgo,each..well. After 4 da
a\gﬂfl 'i;lﬁﬁgeu/ atgi§ Sn s Or%?c adtn 5%&, uPEélcéﬁes' e EFén 3 the
durxedt viptrdpat@¥sibor el daet e rstchiamed wi th (i%dprwhﬁmaJ_

| t pl aques are counted visually and the virus
Ir'lllat erg %Ie%-agpm ned. 25 RNA extracti on SARS coronavirus
St andlapdsgue assay is carried out to determine the wvirus

titer in the culture. Briefly, 100 ml series of 10-fold
dilution of the +wvirus stock is added to a confluent

monolayer of Vero E6 cells in a 24-well plate and incubated

“for 1 hour at 37°C.

Following this, 1 ml of 1% carboxymethylcellulose
overlay in medium 199 with 5% FCS is then added to each
well. After 4 days of incubation at 37°C in 5%CO,, the cells
are then fixed with 10% fprmalin and stained with 2% crystal
violet. The plagques are counted visually and the wvirus
titer determined.

RNA extraction

" SARS coronavirus Standards:

10-fold dilution of the stock virus is prepared in

serum obtained from a healthy volunteer. RNA is extracted
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raccording to the instructi

10-fold dilution of the stock virus is prepared in
serum obtai ned froma healthy volunteer. RNA is
WO 2005/ 059177 PCT/ S&004/ 000416 [ N
%’te{‘@"k%g N Viral RNA Kit (QhéGEN GVbH, Ger na%‘%@é*""g“““
0 given in the product

insert. Patient specinens: . Virus isolation is

narRbor grgd (CEIP@EW ogehoal vaal akci S | g;%:NSpgﬁ.h gEN Qérmany)

SARS cases belonging to the original” case
Froorisnagepdite IRRATPStH#PRe i yerxin atdtaedarfqd@ncntt hasert

;Saq;gghge Usidg A Q agen Q Aanp viral RNA extraction
52906) according to the instructions

glveﬁlrﬁs t#ﬁpkﬂﬁyﬁmn isnseerforged hen Vhrubeencﬁw&&veblar

t 0 I i ned.
S et S SETBE SLRSlYe 0L e A e
{@sAeENTCROHSierpery) B¥AOigi iy reotillye emlmarzuetil dfem the
n 0 [.n 15 MRC=5 in :
ot ehemd 28,18 TSRS GITErR, 7P omt e ThopRafaction kit
@wphépq nhun§ﬁ9ﬂ6brebbasdimﬁltolmme NRGthucAT6Rs given in

Q agen RNA extraction kit (catal og
ﬁzéa%%i) an NA is quantitated using a

QE@ggLKggEgL_neter 20 Exanple 1. Priner design Prinmers

are ecte of the

cor oﬁlg%‘/l %%sgt#%%%% T arlaﬁ: iY%Mt)heoa%te‘ff 7ial obtained

fooms ¥Rasd (Vegi UBB) 0lusSARS ther OQANGENS VEeanr rmqp( Retai Kit
) set_of rlne. s in the rotelnase

&gﬁghﬁeéﬁgﬁ ?grtaa%}é) Sﬁo%gg% %63 th&f Jap tructlons given

imothst pomtuatalingeetei n 1 (NSP1) region) is found to

table as it exhibits the |owest cross
BT h el ther viruses (Ruan et al. 2003). The
pri neoisalrrNAdeisd mdabeeaaweatwaﬁﬁw%h@qwﬂle diploid
}'{ngﬁatﬁrb%blgr QUQQeoﬂlt tllnegq‘&?g?san&%coc a\églL(ljﬂ(.){ altlsing a
Qiagen RNA extraction kit (catalog no.. 74104) and RNA is

quantitated using a spectrophotometer.

Example 1: Primer design

Primers are selected using the sequence of the SARS

coronavirus Urbani strain (AY278741) based on conserved
regions of SARS coronavirus genome (Rota et al. 2003) .
A set of primer pairs in the proteinase gene region
(position 6652-7003, of a non-structural protein 1 (NSP1)
region) is fou_nd to be most suitable  as it exhibits the
lowest cross homology with other viruses (Ruan et al. 2003).
The pr'imers are designed to take into account possible
mismatches throughout the genome and to avoid or at least
minimize primer dimer formation. |

The NSP1 region (proteinase) target of the primers is

generally well conserved among isolates of SARS coronavirus.
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30 mnimze prinmer dinmer formation. The NSP1 regi on
(proteinase) target of the priners is generally well
GO anong i sol ates of SARS coronavirus

800RF658177 PCT/ SG004/ 000436 11 In most of reliEeniagaposs
region, there is no match béefween a SARS fragnent and

ot her coronavi ruses conpared wi th NSP9 (RNA
IpOhyBEr &5 ejhe WIPANrBas over ¥hetktong HOMBAOYY B! ss Wears
coronavirus group (Ruan.et al. 2003). 5 In addition,
tR3omEtht f9H RS BectOrBURYI Ba2es r CRFPRESR  itdni NEBANt(RNA

pPQiheRsdNf, t h$chedf8 (RBP &lrr@ng 2808diodd dS-HSOthe
very specific to SARS coronavirus (all known

CPEBRAYEYS FOUBoARIITeEt b§l t 2997y anpl i fi cation of

RNA 152504 85i dnf, ORoOtifa tMigrl SRS Uidhg Aol EeY, ing. i
targeti ngt t hi snllo r%gi (?r% (Table 1) ﬁd b%r/lgeNg%gflréﬁﬁ%Tln 2
S4ERF EHCBIC BAITHRABWRT selfentesion (heamsTBlabat abask. It
18XCUGS NGRS SEAEORAY! TUS  BRANCNGESCRAR S8 10T Known
primer pairs are identified fromthe NSP1 proteinase
ipagpbes) Thes| anfilsmeast bieskeshire sepdifpcatfon of RNA
kebats o the, .COrQnav] g an seen in, .
SFigure 1 The fi%ﬁé‘g‘t&%%m berig sg‘%ﬁ%mt? g this
regafni STaBte Basenghi by iNFTRhgBRASBESeRECNOOR. aThi &nown
SgausALE 15 thia b erg R ner, (INEB- 1 4. - SE
) e o SRR R iEhe | Sl oggnavarus
SgPUeeRSse priners can be 20 used to specifically -

det egl, Lhe : SARS.coropay;j . =.nuclei c acid '
in a Sgnglse@gf%%n&%%}%re 1?_&1%%) E—lgg YELS: £ BE f%'om %%e §ISP1
PSORENTASRAATTHIICT ARBAS' 10€8EQohD ND, tBEsa5 tiR: | -dets in

£2de 0®Y) to S HRACAMY LA T ' SEQ_ | D L 4)
“Set 2 el at %s}éto a ﬁ%rrent caTH %dcg?ﬁf& 2(3611n 157 b?’ae‘)seé1
Figupai ¥ s i The enigtsty, sSEQ dipINGFies. allHegmeafUEMCB-iSthat is
35baBked Byi,an;iHp | | MByo? U IDNOC:
6) and aB| 86\Er lpriﬁ%%llgqm'n%Eé &/EBNO. 27 'ﬁ'@ Seguence 1is
flanked by an upper primer (IMCB-1-U, SEQ ID NO: 3) and a

-

n

lower primer (IMCB-1-L, SEQ ID NO: 4). These primers can be
used to specifically detect the presence of SARS coronavirus

nucleic acids in a sample.

IMCB-1-U (19-mer) : 5'ACATCAAATTGCGCTAAGA3'
(SEQ ID NO: 3)

IMCB-1-L (21-mer) : 5'ACAATTCTCTAACGCCATTACS'
(SEQ ID NO: 4)

Set 2 relates to a fragment called IMCB-2 of 157 base
pairs in length, SEQ ID NO: 5. This sequence is flanked by
an upper primer (IMCB-2-U, SEQ ID NO: 6) and a lower primer
(IMCB-2-L, SEQ ID NO: 7). These primers can be used in

like manner to the IMCB-1 primer set to specifically detect
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(IMCB-2-L, SEQID NO 7). These priners can be used in

i ke manner to the IMCB-1 prinmer set to specifically

4R Red0s¥¥ 2005/ 059177 PCT/ SG2004/ 000416 12 5@‘?/5&004/000416

presence of SARS coronavirug,nucl eic acids

sanple. Both the IMCB-1 and | MCB-2 pri ner sets can be

used with the reagents and conditions set forth, for

thBSbQB§@1cé nof hsmg ecoﬁbmﬂhé%&c;i@_@:r iskadisi nrb@Rhple.
% GCCGTAGTGTCAGTATCAT3'  ( SEQ

BthNEPe }MF’WB %ni Pé Br?erljrlm?rcﬁééFAﬁéﬁcP@rAﬁ%T@Fé@ the

e85t H MNA dondik i%els Fetelfaker, t 0o {Aawamid, cal I8l One-

IMCB-3 that is a_ portion of IMCB-2 that is 77 base

S5&Pr BT 1HER it L PSEQIPDE*RP 8.3 Thi s sequence i s

fl anked by an upper primner (INCB 3- U SEQID NO 9)
and a | ower primer éII\/CBS ID NO 15 10). A

pr ob&1 i hudidarde I ﬁ@fégﬁ%? CTBTGATR'NO, 11)

I's sigmates et wgen the two primers of | MCB-3. The

prinmers and the probe are used to detect the presence
of SHYER-20r offdvinieds,: POFREREMMTECTGTALGCTSICSI e assay

usi nggrd | tHN@SCENt detection of the amplified
fragment. The lower 20 prinmer of set 2, |IMCB-2-L and
of set 3, IMCB-3-L, are alnost identical, but

| MCB3e L 4 Sﬁlé‘z’:@é e%' dese ek aa1hhey MC§ t Neses a
prinmers and robe can be “used to specifical
rgetéer ofe IMC@sénééla@f ISARY cloremanius nucllelngtaci g8Q ID

j | 3 .
N B TR Setnbli e Srkallel "By Jan yosg, pgimer  (ThcB-3-

U,MSBQ3ID (¥Q: n2) ) ané' aCACEFAACTETET ACCUTBTECHG3 SEQ( SEQNO:

IISOPT&TéT %Xé&gg g =PLOPEad 1 )5 probe, sEQ ID NO: 11)

is situated between the two primers of IMCB-3. The primers
and the probe are used to detect the presence of SARS
coronavirus, for example 1in a real-time assay using
fluorescent detection of the amplified fragment. The lower
primer of set 2, IMCB-2-L and of set 3, IMCB-3-L, are almost
identical, but IMCB-3-L is 3 nucleotides longer at the 3!
end. These primers and/or probe can be used to specifically

detect the presence of SARS coronavirus nucleic acids in a

sample.

IMCB-3-U (26-mer): 5'GCACTTTGTAGAAACAGTTTCTTTGG3'
(SEQ ID NO: 9)

IMCB-3-L (24-mer): 5'CACCTAACTCTGTACGCTGTCCTG3®
(SEQ ID NO: 10) .

IMCB-3-Probe (17-mer): 5'TGGCTCTTACAGAGATT3'
(SEQ ID NO: 11)
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Exanpl e 2: Detection of SARS coronavirus using the

g}%}%mg;l mer pair The first priner pair (l?/gﬁs&owoomm
escri bed above is designed for anplifying

portion of the SARS coronavitls genone from

nucl eotl de 6652 to nucl eotide 7003. The forward

at p03|t|on 6652 and has the sequence of

SEQ NC%IS Tereverse ri |l ed herein a i
BN FA0S) PRAF { (BYCRYEY | SR 5% pabove s

"l ower “priner
@snenedr ﬁnavampllufgymngethat poposohi 68 6983 saRd Basohde: rus

d f
B R o SO 1% SARSCIRAIA (ABAn nEbRoEREvard

p'lﬂl@eRNAallss threleonweMe@I 1) EM(‘}D;L& nﬁrq_rﬂe{’ﬁV§ES%t 19A mer
ransc ase or any other nethod known in the art.
tté‘a%p?‘ ber e *fa "Bl eARed PREBSEDRAE ASROT§ pheginning at
IRBANEDN USE S hdl Sia SN ¢ eaqOMACSY Bt hesh stikino f ar,
RT P sold by Roche, Basel, Swtzerl and cat al og i
%Eﬁs%e‘i%%‘ie PR r F2 3800 RETEPRAST SdOWPBNPTHTEr” is a

Z‘Jalfrretred:lﬁltt oG ihes teol lwow nQAﬁ§aQ:%mo§1a@§.r{1£‘efenorone at
i ndi_cat ed concenﬁ_j’?atl ons: REAGENTS FI NA

BREFELPBNC BT 18 Fheysegpenss af SEQMB NUNERP ni X,

10 nihraisl evhrgar ed f&fé)ﬁ@'é‘dﬂfbl@s‘ Blougtl A ]'CCHMalél SARS
I\/%B Lower Primer) .__RNase i nhibitor 50 unit

P&%\/ P’e%@?‘%ré TSRS | pT%éB@O ignithen FOn@élraedntQ PMA using

AT r 4. Oclrd'fﬁfdﬁlptﬁasét &1 Le W%t@i'er me TE:HBM‘? 159 the

produce a total reaction vol une of 20.0
d&act | onSamBly| PEREYTEO 1Br GEBEBETBed 25T ¢ 0¢D111€) n raittegpical

mandethamiay 42Cist Strand cDNa Synthesis Kit for RT-PCR
(sold by Roche, Basel, Switzerland, catalog no. 1 483 188).
The first strand cDNA reaction is carried out using the

following reagents at the indicated concentrations:

REAGENTS FINAL CONC .

1. 10x Reaction buffer 1x

2. MgCl,, 25 mM 5w

- 3. ANTP mix, 10 mM ea. _ 1 mM ea.

4. Specific primer, 20 uM 1 uM (IMCB-1 Lower Primer)
5. RNase inhibitor 50 units

6. AMV reverse transcriptase 20 units

7. Gelatin (0.5 mg/ml -0.01 mg/ml

8. Sterile water -

9. RNA sample -

to produce a total reaction volume of 20.0 }il. The reaction

is allowed to proceed at 25°C for 10 minutes and then at 42°C

for 60 minutes.
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The reverse transcriptase is then inactivated by

' ' the reaction at 99C for 5 m nutes

Co0 Pﬁ%b?g 4C for 5 ninute§4 The cDNA is thgﬁﬂgcumummuﬁ
anplified by adding 1 }il of "1 pg/pl of single

stranded DNA to each sanple and preparing the sanple

for PR Fivanbsd berd@soanized by d hasepf sidddiviRed by
the art that other methods of anplification known in
1PRBDAF 0E difehereqrerifoay mtd HP0C afpt | § ymimet NANIPCRAlgng to
aperisy nediiusikag the foll owi ng reagents and .
conditions. The reaction mxture is then prepared

usi ngh¢ HePNH ol § dlieig arPadgéned élﬂda@@m& rHalt iqfnsl._ ng/pl of

SBE@%NEH&J\;ILM HAG o é-acl_gxs £'arl gécrél%%&%nguﬁz@l%r sample

priner 0.3 M 3. Lower priner 0.3 M 9. sanmpl e

fost BIRr eakl ivwhl Y Reumesgnd zal byPebaegaofMiG3l in the art

dj j [ i l..cycling.i.s r

o B T aaane | La o a T en Mo 4r” RBBC gk En b

pPgsfepred Heo rrevpadlyi takyDNRpuner at ed st eps,

t enp tures [ ARS. ni.t.j al , 95C 5 mn

2 et it o roghtg codind "pd, EIIBES, Pl Nana

condiExiemsi orfhy 2@BG ionc mixt2r8, 4s ciybén nogre@ied using the
| . ext j ] product is analyzed

fg%ﬂ§%5§§d§§§%%g§%é%g;%oﬂbgﬁgy§%;%égEmtion can be

al ternati veREAGENESDY an ABlI ( FOSEINAICICOWC.

Cal i forni a) ,PRI,GM 7000 Sequence Detection Systemto
confirm theé 'présence of tThe corrlect anplified-

regi on, whi €éh iUpper primer 0.3 uM

3. Lower primer 0.3 uM

9. DNA sample -

Total reaction volume 50.0 ul

*Promega #M7501 (Madison, Wisconsin)
The thermal cycling is performed using a Stratagene (La
Jolla, California) Robocycler 96 for the respectively

enumerated steps, temperatures and times.

1. Initial denature, 95°C 5 min
2. Denaturation, 95°C 45 sec
3. Annealing, 49°C 80 sec
4. Extension, 72°C 50 sec

= 2,3,4 cycling: 35=
5. Final extension, 72°C 3 min
The PCR product is analyzed on a 2.0% agarose gel. The
detection can be alternatively done by an ABI (Foster City,
California) PRISM 7000 Sequence Detection System to confirm
the presence of the correct amplified- region, which is

identified as a nucleic acid fragment of 352 nucleotides.
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identified as a nucleic acid fragnent of 352

nucl eoti des. WO 2005/ 059177 PCT/ SG004/ 000416 15 It

will be obvious to a skill person in the art that the
MABOYOB8  mer sets can be used in the Two- St &6TRE2(6¢§00416
as well as in the one-Step RT-PCR In particular, the

I MCB-1 priner sets may be used with the reagents and

condi S r [ c h Ste
e B DA L I Rlol OISR e
S dﬁ@ﬁrﬂuerIecﬂet@nqm rt@ luded dnpthrefwolOtept RTHRCT as
0 p p d ed abov esi gned _
AR PLLTREPBRG- SRy dRSSEERe AP UE S SR OEL rucs-
Igetm@rxesetsomyum etsteddemtﬁog:h‘eo nmgleaotsl dad4é6hdifhens set

e 2 PR el (i e P ottt BCbneagagbed in

ExampdavBrus genonve begi nn| ng at p05|t| on 4609 has
the foll owi ng sequence: | MCB-2-U 5
GCCGTAGTGTCAGTATCAT3" (SEQ ID NO 6) The reverse
primer, called herein "Primer Lower” or "IMXB-2-L" is
h 21-l[erer3 [t haéutbybgolrdl zes. to t e ScARSO coronavirus

CB-2 rimer

mquence | MCB-2-L 5 CACCTAACTCTGTACCCTGIC3' (SEQ ID
erformthe assa

The thod to is as foll ows.
f ARACHS(BTE' e R 1h 86t BSSCEEPH 306N | b Aopioned
Reod Lﬁr@MﬁinP]jQS thle qfora;apfrenbxt the SR |(Q|5k'mla.:|‘dy Ngenome
eaction, bu ol ution cat al og no
%ﬂTZlﬁ %aﬁ‘atl‘%l\ﬂ'ﬁ%r?x tgr Bu Jr‘l"l tTrg ‘%eonégﬁISratgl ohngf Heyyard
Ii\ﬂlamh, camﬁe@meﬁ&mer‘twpel’fe@rﬂﬂl@r& bewerTpeBOBIyati A 5 19-
fi nalqk{ ?c ;ratl on of 0.6 Meach. RNase inhjbiter at

FdASS enFyie TS5 nFARS RNGRECHFBE Ut egenomve
Befyiding Ag agelesbsitient heovBhasy ehé NEH1 Sowlsld YREA WS NY

i th FREF O Bt v ThasR a8 6 A bCTi S04 No00 816

The reverse primexr, called herein “Primer Lower” or
“"IMCB-2-L" is a 2l-mer that hybridizes to the SARS
coronavirus genome at position 4765 has the following
sequence:

IMCB-2-L 5' CACCTAACTCTGTACGCTGTC3' (SEQ ID NO: 7)

The method to perform the assay is as follows.

5 pl of RNA sample is diluted to a 50 pul reaction
volume with 45 ul of a premixture solution containing
reaction buffer, Q-solution (Qiagen, catalog no. 210210) and
dNTP mix, at a final concentration of 400 uM each, and an
upper primer and a lowex primer at a final concentration of
0.6 puM each. RNase inhibiter at 10 units/ reaction, enzyme
mix, RNase free water is also added.

The thermal cycling is performéd using a Stratagene

Robocycler 40 (La Jolla, California)- with the following
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16 steps, reversé transcri pt'i on at 50C for 30 mn and
initial denature at 95 C for 15 mn, followed by

on at 95 C for 45 sec, annealing
‘ggq%}égﬁgﬂeny on at 72C f 50 sec. The cyc Té&gmmg&m
repeated 42 times. The entire RT 5 PCR is conpl et ed
after a final extension at 72 C for 10 mn. The PCR

sipélﬁﬁUCﬁede&s@”@Eﬁﬁ@Qr@ﬁt’@h Q{:egbV@pf@f €5b Smi A gnf%initial
agar ose. at| ents' sanples and pre-determ ned

d recaFoﬁav. Tstlanddrds TotLoved s Byinderaairatien at 95°

cdedecds @acl |é]911t1ea11391§fat§ hepogi 26RO 1 Sed S HndiNf at 72°C
instant invention js approximately 200 copies/nm (1

Eeopy? 891 FRRCEYSHS fisr damsatery 42 dsimesnf i Thredembigie RT
PR A IRApUStEY HRESS RedlAnt EMteHEfblqer@n%’d rC“%oECﬂ.BTmln
PCR Reagents (cat No:_ 5601-03). Exanpl e 4:
TRAORECR)| BRABN L ianakered sb?(lséel\ FEEL?CE\F:@Bﬁi@PFEP@lEt oln 2 0%
abhissExanple is typically prepared to contain 50 or
00 reactions. The kit is conposed of the itens
| i stEighbel PAEigntsShoulspmpdest orad at PrXOCatermined- SARS
cbfQsdvifigeELREZRLs, FELQUE_Q %&ﬁ@o\é\ﬁa#& ﬁ/%%gt Setbal; &k eZtLJ.mlt

20 obtained using this kit wt prinmer

OofhetRevef RITPsgAscr itrHse-F0| yhire astnShantn Realzemtown is

%ﬁof@e%&tzg@%éﬁ?@/ﬁfr?i”cb )“S§d%i°£eggﬁ§8§1 ) "Eor the

resence of severe acute piratory synd
Vé@#ﬁ)naﬁﬂ r gent {:9mRs c‘@h@haweraﬁsl)reﬂmusmnsanbll'é@s RealArt™
nBXicagnadi H @rﬂéﬁﬁm hy [ t£5)RNA
extracti 0%1 Lrlnet hod of ol cg \%fths égteglﬁcgno%dﬁho:}’)SARS
coronavi rus genone anpllfled inthis assay lies in

ol e Ubids asfcordiagyital tIRNA Exafipld ¢ tgplicshhpl prepaired .

g Cc er | 0]
<41l 89 20 PIRCScs) ghe 1957 0o kiR o1

iggmg hiistedakpileveoAdi strwid thee dtotdeshialy 42@%best a non-

frost-free freezer. Figure 3C shows results that are
obtained using this kit with the IMCB-2 primer set.

The Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) kit described herein is used for detecting the
presence of severe acute respiratory syndrome coronavirus
(SARS coronavirus) RNA in samples extracted from specimens
with an appropriate RNA extraction method of choice. The
region of the SARS coronavirus genome amplified in this
assay lies in the the NSP-1 region (proteinase) of the virus
genome. This kit is optimized to detect a few molecules of
the wviral RNA in 5 ul of test sample and the entire

procedure is performed in one step.
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Tube No. Conponent Storage Conditions 5 (Short, Long
term) Tube 1 RT-PCR Enzyne M x (e.gla/l. from(Q' agen)

- Tube 2 RT-PCR Reaction x 10 (e
'8%’223%56")5%%, -20C Tube 3 Pgymer M x (Upper &8?%(\%3)?{800416
(30 pMeach prinmer in 20 MM Tris, 1 mM EDTA pH 8.2) 4C
, -20C Tube 4 Positive Control -20C, -80C 15 (RNA
transcripts of the genecbmpgﬁéﬁdsbly the primers) 20 |

r ot pcol e Ste -PCR . 1. Sanpl e Preparation n
Tge RRES leFFéO‘;SEﬁﬁ‘éﬁ'QE{;f COMMESY(D.F Mhofodloving st Leybes:
Tadd e foll ow’gg%orneagents per test/per reacki@Page

Description 50 pl/7Rxn 20 pl/Rxn RT-PCR Enzyme M x 2.0

pl. 0.8 pl 25 RT-PCR Reaction Mx 42.0 pl &gng@ifpions
Primer Mx (U&L) 1.0 pl1 0.4 pl RNA Sanples 5.0 p1

2.0 pIl  Total Volune 50.0 p1 20.0 p1 30 2. Thernal
cycling protocol -A This thermal cycling prdéthebi Lpag term
Tubedl f or t hr e®IblPeBkEntympe MIGR cycl ers such as the
RoboCycl er(r) by Stratagene: W 2005/059177 o o
PCT/ glezoom( o%)df}ll-g- $8°8; JRISFUNp (C) Duration No20% gpo°C

Tbe Lycle (s) rRr-POrR3QeltsSord M3gverse transcription 5

2 95 15 mins 1 Initial depaturation
(e.g. from Qiagen) 4°c , -20°

Tube 3 Primer Mix (Upper & Lower)
(30 pM each primer in 20 mM Tris,
1 mM EDTA pH 8.2) 4°c , -20°C
Tube 4 ' Positive Control : -20°C, -80°C
(RNA trénscripts of the

gene targeted by the primers)

Protocol, One Step RT-PCR
1. Sample Preparation
In a RNase-Free Eppendorf tube (0.5 ml or 0.2 ml size),

add the following reagents per test/per reaction:

Description 50 pl/Rxn 20 nl/Rxn
RT-PCR Enzyme Mix 2.0 pl. 0.8 nl
‘'RT-PCR Reaction Mix 42.0 nl 16.8 ul
Primer Mix (U & L) 1.0 pl 0.4 pl
RNA Samples 5.0 pl 2.0 pl
Total Volume 50.0 pl 20.0 ul

2. Thermal cycling protocol-A
This thermal cycling protocdl is used for three-block

type PCR cyclers such as the RoboCycler® by Stratagene:
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3 95 45 secs 42 Denaturation 57 80 secs Annealing 72
50 secs Extention 4 72 10 mns 1 Final Extention 10
wo 2bbgspBy cycling protocol-B This thermal C¥E+/EE£)04/000416
condition is for one-block qtgype PCR cycler such as
the Px2 Thermal Cycler by Therno Electron. 15 Stage -
Temp (C) Duration No. Step O Cycle (s) 1 50 30 mns
sthogever seerg ANSET itpida@ion? 86.15 minsSted nitial
enaturation 20 3 95 18 se§ ‘42 Denaturation 57 36
secs Annealing 72 33 secs tention 4 72 10 mns 1
Final Extention 25 It is prekeleg¢d)t <D put mneral
oil inthe wells of the thernocycler_to_naximze tq:e 0
1conducti®h of the He&iDetwden a redttion tUGE Shetac
swell if bt IS 'necessame 41 Term natiminief dERturation
reaction 30 This step is optional. (1%}?Add 30 1 of
3 chl or of oPPi t ube. VBT t%8E5mi x *Por 5 sEEORTE-2WAE™
2005/ 059477 PCT/ S@HPAEHLH00416 19 (2)akematiindguge for 2
m nut es. éTop:Aqueous phase, BottomOrgani c phase)
The sanplé is rese?YeFsSs the top, adiEods*pPhase. 5
2 S. Detecyhon by el ggthgphoresis The prodiicestadtibhe
PCR reactions are resolved by DNA gel electrophoresis
by using 5 1ll of the product reaction mxture

3 Pr PRLIGE 108 BRE. p3%eE8ar 9se gel provides good

This thermal cycling condition is for one-block type

PCR cycler such as the Px2 Thermal Cycler by Thermo

Electron.
Stage Temp (°C) Duration No. Step
' of
Cycle (s)

1 50 30 mins 1 Reverse transcription
2 95 15 mins 1 Initial denaturation
3 95 18 secs 42 Denaturation

57 36 secs Annealing

72 33 secs Extention
4 72 10 mins 1 Final Extention

It is preferred to put mineral oil in the wells of the
thermocycler to maximize the conduction of the heat between

a reaction tube and a well if it is ‘necessary.

4. Termination of PCR reaction
This step is optional.

(1) Add 30 pl of chloroform/tube. Vortex mix for 5

seconds.
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m n. 10 The expected product size is 157bp when the
MEB imer set of Exanple 1 is used. Ar f
suchoﬁ%sggisay is shown in. fjgure 3C. This g;g)%f@moom
shows the anplified product fromthe sanple
containing 5 copies /rxn (5 pl) SARS coronavirus RNA
rue) n dupbhead Pugel Froproddeticuas (RsUARRLE Bhade
agar gse gel el ectrophoresis. 10% of the total

r eacPPORCVBP TR S FET‘“‘)S%S | oaded per |ane. Lane 1,
MO @HEH1 e 0f s I s drvd ARG %hepﬁgﬁycﬁqﬁoﬁjgﬂa%%t.e run,
lane M 100 bp | adder. 20 Exanple 5: Spécificity of
RT-PCR using the IMCB prinmers To verify that the

Qr ipERECcEebs BpSéONed-ddhdeeaiel € 1 can be used to
det ect ' SARS coronavirus specifically; the

ampl PR cREPEHCHE 9€| dbeedCR ripaesipast eseedanpIRFIPOR DNA
| NG edthephMEBsPEiT B (38! a f N i

gl\Qk%ia'hr usees arg 25 tseste at :n%e]si ng?cggegﬁt%i t%&%q%gtcgh’%%ﬁftlon

THEEUEPeRFIRICty BET tlRael MCB3RT-RERsE neel serovidaad good

r&50lTHABSN Vi 1281 18T ViR 7 (

S e e S o Mot 38 o

10( 7¥2& D $286cted. ORradusD 2068/ 0591F37bp when the IMCB-2

PCThee2204L00 0, Ayi Lafecti onchitl.s

?\?i r Ss 5. géglg%%l;ép%’%u}r?é aHN%%@ W%lxg%éﬂeng%% é'\/‘Lliérhusafn assay

iRCerhayBy5in. fipurel086) RRUS exdBmie | showey ehevians,ified

Lpe i 17D 0, (6) PF . nteri
p\é%?gngvf?%éat%cgc%\%ea#é& %1291)1(1 5152 g%pb%;%/anFB{)vi“nl SARS
OFEoAEVFEESRNATOS VR 8@uplidate 10(B)e Ritd#dict Redxbitesolved

rgpavi TCG VR, Q(6) PEULM _Muse
B par 1T T e ST oL ORE SRR E 5 L0} BFUPH o total
reagithen Cupowayi fBspl ATOSS VR8O 365218 dankd( B)arFW, mproduct
P

JRatr GORANAWHUS) - ; 0 o

Fel'i ne- CoV RNA, R \‘/‘%-%9%1%‘%1}8%%.% }‘OE Sofl// M0 ©p
Ipdeeresults in Table 1 show the | MCB primer pair
specificity. IMCB primer pair 1 and IMCB prinmer pair 2

Example 5: Specificity of RT-PCR using the IMCB primers

To verify that the primer sets designed in Example 1

can be used to detect SARS coronavirus specifically; the

amplification of selected viruses is tested by RT-PCR using
the IMCB primer sets 1 and 2. The following viruses are
tested at the indicated titer to check the specificity of
the IMCB RT-PCR primer sets 1 and 2:

Human Coronavirus 229E, ATCC VR-740 2.8 x 10(6) PFU/ml
Human Coronavirus OC43, ATCC VR-759 3.5 x 10(7) LD[50]1/0.02 ml
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15 together with the ARTUS detection nethods are used
for detection of other Coronaviruses and viruses

Wo fbsts§d, t 0 SARS coronavirus. Negative res

obseraveéc? %or all the i rusgs using t he II\/lZ:BkJli{/g(r;@wooo“16

| MCB-2 priner pairs. Thus, it is denonstrated that
‘the IMCB pairs are highly specific to 20 SARS

GQr ONAY] f orpdetactd.an.,iTabl e 1: Spedd i alot(y) 0bFU/ml
A"'IlﬁEB?I?*g%g%ﬂ/%B-z brimer pairs Sale cam 7ot ARTU6 2nd
NOERTMSSLREB 1 | MCB2 MRCS5RNAEd 2Ugr ut | NOONCLUS$I VE Nog
Neg Nag MRCS5 RNA Fad 1 1 no Nag Nag Avian Infectious
Bronchitus Virus, NCBI MBS169 GB x 10 PFULrnt Nf?g na Bl
DéhguBemguesyi NOBI MERILAB7612 1.1 X- 1018 MLAF tENS gPRE/™

el.l ow, Feyer  Mid UsraMa0ehBe s rain 115/@)0pFuyml

Y%%agﬁ VF% l‘l\’lzlig{/\llﬁ8e}y\§gcll\leg I—ﬁljirmn Enl ari ccoroar avi eus,ml
HAFGCEYREA1E Qo2XiavbRuhn AT VRS 1/EEH Nbg? * 10(6) PFU/

BWVECar onat dr. &4 1.1 x 10PFWax l1dNeg ipFs/ml -
B‘Néﬁd‘el\@é’ro ag’%ﬁstﬁggﬁ%%g, ATCC VRV®20 23,9 x 10( (0
R4 CriroNey ias NeBTRE VR MRS ebepal | ds2? £3 rst0 (KyoBFU/ml

VR- 764 asx 1.0($) _PFUL - Nag 0pi ey PFU/ml
Me%?eoﬁ”ﬁﬁarst&&% U%RS%M re}é‘ a%%gO( 6) P%)th I\Igog(GA)a N%ﬁm
chethe Raircaeivdmael uBTCATOG-84% 141 D 1. 13%-8Qy PRGN BFU/ml

Ne Neg N 220E.  AMC, Y 8 Bty /on
Ri@? r}%ﬁ?ﬂ&ﬁu%aéﬂ#gﬁg}ég{ggwﬁnu;oos/ 0591%:l RALO($8 pFU/ml

- FECHMS@O04M004T6C 2R-E8ANpl e 6: Conpar Ksdh (BfS)k [f@D (501 /ml

sensjtivit f _the_avail.abl ONapmbA US,- i
“det €15 oﬁ:azs'l“g%sThénavr%ll 1:ebl g S dg:?{éecti on kf%glmer .Palr
spuaitabiwe,. EikeB, pAitars aadrRochenSARYGH agréser cair 2

are_conpared wth t t.hr . ' palLs ddra £
tf’ﬁ‘é?}?e“%\bi"fjit?y ttgede&g%qs'st o5 tgg%g@?rﬁeﬁndar d. ‘the
deikews deh t oifs dtaniredcosbmgy i ges saeh vRIusempungglated to

Notom et _al., "Lqop-nedia t a f 11 th
ARSI PETCHET bbT  DRAC NP ee Rl e rossar i fomesy ohe
fi20083 . 1isThe IMEB-IMOB-LmemdpdiMCB-ar erigstredadspng ThRE: 1t
10 concentrati,on f a f iy ific t
%W@pstfﬁgeéegégﬁt trr}r%t er I ai ﬁgﬁrg %Irwrtc‘)age 1 eg)éj?irgggd i
diranpbeodaabdus t frer FERemtdbocol was that of the one
step RT-PCR descri bed L

Table 1: Specificity of IMCB-1 and IMCB-2 primer pairs

Sample Cono. IotARTUS 2Znd ARTUS IMCB1Y MCB2
MFCE BNA Ext 2ugut INCONGLUSIVE Nog Neg  Meg
MRACS ANA B 1 uglat Neg na Neg Neg
Avian hiectiors Hronchitis virus, NCBI Mas168 6.8 10{6) FFU/mi Nag ne Neg  Neg
Dangue s, CBI M8?512 14 xm& PFUMI Nag na Nag  Neg
Yellow Fever virnes, vaceine oirain 17D 25X 10(6) PFWVmi Neg na Nag Neg
Human Enteric eonaaviyus, ATCC VR-1475 0.2x10(8) PFm| Neg na Ny Neg
Bovine coronavicus, ATCC VR-874 1.1 % 10{6) PFWm) Neg ng Neg Neg
Rabbit caronaveys, ATCG VR-920 23,3 x 10(6) PFU&nl Neg na Neg Nag
Mause hepatitie vims, ATOO VR-764 0.8 x 10{8) PFUjopd Meg na Neg  Nag
Canina coronavirus, ATCC VR-309 @68 x10{6) PFUM Nag na Neg Neg
Rat coronavintg, ATCC VR-1410 1.1 x 10{8) PFLi/ont Neg na Neg Heag
Human cotionavinus 2298, ATCG VR-740 £.8 % 10{8) FFUm) Neg m Heg Nag
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“nucl eic acid per

in Exanple 3. The IMCB-2 primer pairs are tested using
the reagent materials and concentrations and the one
woeﬁosl%'ggleR 15 protocol described in Exanpl epéT/sE,r 94/000416
anplification products thaty,are obtained using ,
IMCB-1 and | MCB-2 pri mer sets are anal ysed by agarose

gel electrophoresis with ethidium brom de staining.

EH&&BU.M:B eI sRiIE ithel 88h8t 181 ¥ tPREaFhEDable
- It Dr ot ot e Optl mzed Tor the AbBl /7000 Z0

ranTM probe described in

Exar@h@ a]vaﬂj!'bﬁ)l@tgﬁRé\mdé‘décth%nt epi€ed USR9able, Eiken,
Real Art TM HPA- Coronavirus TM RT PCR, Abbot List No

AyHese (AIREVROGHS- 19R%D. dipgpoptleanpkes scuEraregerwith the

dipaet itoaai petiead phidsphd. cAber fﬁil@t)}'&htdéﬁégteﬁ:h@ Game
Is tested using Real Art TM HPA 25 Coronavirus LC R

VRéélﬁer‘Ft tandardno: BED1EYSn KHe Rochestedt upsng eat @ae step

s Rgpli ght (Rychelc ok SARS Luant ivriepl h@Rikits (fRfthermal
03604438001) Version 1. Table 2 shows the results of

Ampd iEdApRiati velt ey, Mawd aficr alAaiatep| Resm@ypch  15:E63
(uoapets USatd Srlles! LagRdnbop i 3Qr80pdees§:e@eru§1r# ! the

at the top of the table to 0.1 copies per 5 pl at
HrCEdirof LPRe PAbFeagened| R Gonideim tBrampdeplke However

MR UNR/JUR  (EldsA)k AST 233 sbhgilabl E &hg n'ﬂﬁgﬁgfel 8 and
WO 2005/ 059177 PCT/ SG2004/ 000416 22 brackets I nd

s BORdi et ddw waenychpdsiafl vehedetreet $torps RTRERe deseribed
ﬂ?fEﬁ%%ﬂeO%&." W%C%f n§§£ﬁe908§1rgrgpdg Tr?%t%dz ultstinbsthe
ovi de € NnosS

seen that the IMCB-2 priner sets r
reagenti patdeietsi and ¢¢r€:elrw@latioaﬁdand the mrilerrmtq@aiRﬁsPCR

&%oesh' a@éxrﬁﬁégqnfﬂéxé rgpt'% asgfr% 5&%& Qélo fpr%ducts

Ion O
HERS-aT;sV Pyt BKEM IIISMQFG ARTRJSTMERL R@ﬂlEgy@Bems primdr sets

ﬁl@%sed i Eroample)cade Ry Runt wa:th %l'&%ldlum
Phur 5

. Runt Run I Run 1 Run
ksamldévéltamhneut TheufMEB13 Sprin Bl 1m|te$1med8uslng a

o?ig_ step RT-PCR kit prototype optimized for the ABI 7000
Real Time system using a Tagman™ probe described in Example
1. The Artus ABI kit is tested using RealArt™ HPA-
Coronavirus TM RT PCR, Abbot IList No. B3K360 REV.2003-10-R2.
(10 pl sample is used per reaction instead of 5 ﬁl). The
Artus light cycler kit is tested using RealArt™ HPA-
Coronavirus LC RT PCR Reagent (Cat No: 5601-03). The Roche
kit is tested using Light Cycler™ SARS Quantification kit
(cat 03604438001) Version 1.

Table 2 shows the results of the comparative testing.
The wviral sample copy numbers used is decreased from 83
copies per 5 pl at the top of the table to 0.1 copies per 5
pl at the bottom of the table in column 1 under the sample

- volume/run (vol/rxn). Across the table the numbers in



Avenge (copy/ul) STCV, OV (N-6.5). Pos(8/8) Pos(8!/8)
Pos (12/12) .j.... Po: (8/8) 13.080 13.460 12, 104

s/5ul 12.970 11.740 Pos (117 7
1 %’4315&%17932663 I B} 1L 705%&%"“85’00“6
Pos(8/8) Pos(6/6) Fos (1211%F Pus (B78) Fos (12/12)
Pos (6/6) 5.236 6.114 5.2151 0.457 Pos(8/8) 26
KYORIKRSES BVird -Pos - indicate - how- .m-an _p081.t15e3?d tections
4.534 P s(7/7 8.8% 5.192 4806 5.206 ~(N-8.5 (not
e toitets aPSsPﬂrei,ihfPU‘sof(allzmwepo@f(*sqsaas B@ese¢ 12/ 12) Fos
(616)Fr%m8%ba%842 25204Q. 448 A N dopgd TMeB3P Erlmer sets
X-..2.780--- POs (7/7j. _... 79:0%... 2.491 2202
L{INW?—d@) R (APSF MANYi4/BE PERCCEong) FS (MPB)lPS§d -2
drkided2)s EQ% (c%416)reE9§bi§/ dar &-13% Qf&%e a§9% g %§f’é§3 of
5(5/ 8) 672 0.182 Pos” (717 59, A 700
Qe P@Flﬁaeo%;dm (5121/1172)3me% (8/ 8) Pos (10112) Pos
(616) Pas (22) 0.417 -'0219 0.413! - 0.318

1
0. 8coples/sul -- --- ---
1
0. 00Gab1e82 Fbs(6/7) 77. 0%0 76 0. 192 - -
------- SAL- . 0.324 (N-8B.0)--
% g4 gg_é 18_) _ .2112) Pus. ._‘LL_ -FOs____
leci%n(o R§-(}ov Pﬁé 815- to %l PUS s ( 3) r T |
S ;‘@—3 |C‘CT|J| est-5tif | ¥
noi se” OE"@' PO B4 _RocHe
Sample code Run1 ' 1. Runz Rm1 “‘____R_u_l_" 1___ -._EJ_I:I_L‘ _hxn_z__ Run 1_ un | Run1
Sampta volirxal” B0l - |t 6ul |- eu” | ewr ¢ T e |—Bwf 10ul g:p'c ; : % QO'O i sul
WMPOS | (Z7 10y _P(Z26) Pas ( 4/ 12) [Pus™ mzma | sovio]
0. YO0 |=em DEGR0E1023_ 1874 0. 1 capieg/ 6ul {11399 |38& | 2 @’()_O of2y |
B copiesssut |~ - 7 V_',{ AR e ) 2870 740 |Pos 7| TE%| |
pOS 1/6-K 2_:36 0o - "L'_. R Jo840 | 11380 —‘_- )
L— __.]= —J e [ O VA SIECN NS I I
“hagkd bR eRe i sePEaral Plzbi ool | Taw | e 5a ai] Awisey
2 BEER(NeST epRr {TAPS 17 TTINCBIY dne ShEPuon sl
R-PCRw-+-+Hh-—Ri-frer--sef- A7—- px-e-deawa s--anglyBed Hy . Aga-. - |. ...
| TTNCB Z[One st ep RI=PCRw 1t H Priffer-set—#2;~ |~
p_p‘_b" p | Ak . K o { BeaAn rigegd R’Hﬁiﬁ\ BBr 2804 |- 2084 | 2.520; ~ 0470){notdone)
8o eg;%(:ﬁ_ il i A <4 3335 | 2780, R:é(éf 0%
TREE- 3 ABl:— e~ step-RT=PER Ktr—pr dt t ot-ypeppt g rel- =™ - -
for_AHL 700D Real Tine System udinglagkbny ®eode [~ 1 |-
(N7.0) Fos(4/B) | Fos(4/8) | Fos (1212) | Fos (6/8) | Pos (12/1'_2) o (816) | Pus(22) | 0384 | 0472 | 03m3| 0232 Fué(?iii)'
3 coples/s ul B ) 0672 | 0182 [Pos (7| mmow| T |
| o700 0.548 -
0.013 0181 | I
i
w7 || Postos) | Pos(12112) | Pos(@8) | Pos(1072) | Pos (66) | Pos(a) | 0417 | 0218 | 0413 o3tg| |
ggcomalsul - T N oooo 0082 |Ros(&77y  77.0%)
— — T C i o7es | o [T T
0.324 e
| 80) | Rosqig) | | Pos (aiio) Fos (158) | Pos (212) | Pos (1/6) | _Pus (072) 9,000 0005 | oot LE
0.3 copies/5ul__ ' b | rese " oooo | omer fos(ﬂl 2aap
ISR USRS YRR M U P TR D T TN A O
] S R R T -
:— (N-B.s) T 17 " T Dwre@oy | mad) | TPos iz | s (i) '__—_' oo | oooo 1 ooed 0—13,7' T
01caplasl&ul T _ 1 " o3es | Tonoo Pos(uey 2238%|
T — B RO USSR N T T I
: 4= N
P L ceeoer s domo ) |"background nolse moderately high N _i_"__'__
|BKEN Ona step RE-LAMP B Y AN
R IMCB 1: OnaslepRTFCRwllh Prlrrerset#‘l produclwas analysed byAgarcse gsVEBr \_____'____ I A —_:I___- S
_ MBZOnesIepRTPCRwIle\‘hnrsﬁeAl#zl produclwasanalysedbyAgarusegeVEBr I T R P L ~
. mcasamy png_s‘lcz;.:Rl'FCRKilprololypaopllmzedlorABWOUORealeSyslemuslngTaqunH_'gb_e_____ ) T T
ARTUS (ABI) : RealArt HPA-Coronavirus TMRT PCR, ABBOT List.No. B3K360 REV.2003-10-R2. Note: 10 ul sanplewas used p per reacllon instead of 5ul i
ARTUS: RealArt HPA-Coronavirus LCRT FCR Reagens (catNo: 5601-03)] | R
_________ ROGHE Light Cycler SARS Quantication K (cat 03604438001) Version 1 ) — L T T
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ARTUS (ABI) : Real Arl t-PA-Coronavirus TM PR PCR ABBOT .
Ust. NO B3K360 REV. 2003.10-R2. Note: 10 ul sanple was

ﬁéﬁ%@ﬁgngeacti on Instead of 5 ul. ARrus: Real M
A-Caona*us LC Rf FCR Reagan (cat No: 5631F§pG7004/000416

Ft OCE Li ght Cycler SARS Qua tdl catbn Kt (cat
03604438001) Version -- -- - - -- I VWO

£20054 0501 70, AGT: SC2Q04L 0P041 6. .3 Exanpl e 7: Anal ysi s
are obtai ned from
a nufibenieAl manipdgtss argndbbainethdinomed pmbke a§spytints

e_Lpv ' - r e - t he.assay:
F3Rsa Sosith i SRRl of e SRR R P
sg¢tsEMCBed dnd Bltenpissay methseddésrridmdplies Examplysed The
t [ | Ki ults. ar o] in

Phpfe WPy (el qfitled T CohantFE! L S BoR00 M Naampies
angépeedi butAvuamwseies. the€bk URER Zits. t IRestdser hpei siovaf in
Itatg type of sanple that was 10 taken fromthe

pa

lenfs. Colums 3 and 4 indicate the results of the
Art uSothetrect i om TEbhodd Lolaimderdples identifegdktsn ofiumber.

e _detecti usj ng RT.PCR with |- -2 i mer . set..
it ko ARt & bt atvat BT | Hieys Siar was
takepl efrafD 2085/ P&SOlt PCTLESG2/ 3004408 4£4 ihdhketd: the
Anal ysi s of .patient s les, r m1l S1 A f ~1 | MPSZ
r&é”u;t °fP6‘§P?DL§\§EMS-%gE§€§§*bOE‘e§F‘%~6T D 45 sFEmthe
relulVs 1 fF tHeT détedt ioR1uGRIO RT NPPES' wi th/ I M&I- Q0 pridmer
slg-t.P?I%eSquzjﬁlN cl\clalumn 6 documents notes referring to each

sample.
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"STOOL INC O STOOL NN Qi NN .47 CoL -N-N Q@ srQL
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P73 - STOOL
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PY6  THROATSWAR N I
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WD 2005/ 059177 PCT/ S&004/ 000416 25" PS 2 DAM | D DESC
1 ST ARfI 2ND 14Er1 ' I MCB 16112 Nate Qt STOOL N '"

7 N N QL8 SUM 206 1,423, -.PCS a.
%&’%} SﬁﬁN 1i QZO SRUM 14 N @1 PLASMA NF %F’% @P“’g"“‘““
?Ol. N IN POS a->g X4656) €R3 STOOL 456 325 P05 ' ~

-9%9 (46566) 14. STOOL 453 477 N -Q STOOL 236 N N
026 STwl 083 719 N _ 0' STw 786 46@2N (StB

aifag. (SZK%S) QBO- hSt ooI 2 Extract M\ N. Q31

pdi 2 Extrart N -(4 -@B2 Stoat: 2 Extract N. PGS
gl t 56} 4332068tout AaaExtract ’%j%%o T, 325
B NmAR6 Stool 163 277 "BOS a ag 4686 Ser um N
oM BA=H@¥ool ., 2 Bktract 1,253 N @8 Stool: 2 Extract
RN £98%%5-1 2 NNXX0- RNA QRRACT+¢t 2 N Lnwer Band not

@ Qbdoognd extragy 606 PQp a->g (4656 }1% Sg)nd

et racsrooll N Q43 sém |~ . 198 N P08’ Poa" 656y 44
%ool STS'PUPB 887 N (?3 ocCd' PS’E 2so N, NN repeat xZ
gati 1,088 719 n

027 STOOL _ 786 469 N

Q28 Stook 2 Extract 850 N

q29 ‘Stool: 2 Extract M- a5 2> (4656)
30 Stoel 2 Extract N N )

Q31 ‘Stodl: 2 Extract NG H '

Q32 Stook 2 Extract N P05 &g (4556)
Q3. Stook 2 Extract N N

ggg Stool’ 1,526 519 N

Stool 153 1 . POS 2g (4656

036 Serum TN N >9.4658)
Q37 Stool: 2 Extract 1,253 N

938 Stook 2 Extract N N

Q39 Q3~1 ? N

Q40 RNA EXTRACT+ct 7 N LowerBand {not SAl
o4 2 extract 06 FOS 46565
2 2nd extract N N 8 (1858}
o3 stool 1w N " PO§ a>g (4656
044 stooi 776 887 N >9 (4658)
Q45 oW PBS’ 250 NN, N repeatx2 negative
046 New PBS N NN, N repestx2 negative
@7 . EHI+RNAEx€ar’ 500 ROS Urbani, NEA
048 PLASMA N K
. 049 STOOL N N

050 PLASMA N N

Q51 SUPERNATANT - N N

Q52 CELL PELLET N N

Qs3 STOGL N N

Q54 STO0L N N

Q55 STOOL ] POS av»>g (4656)
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446 New PBS N, N, N, N repeat x2 negative Q47 134+

RNA Ex Car'' 500 R'. Urbana, NEA Q8. PLASMA 14 N Q45
- ' 1250 PLASMA N 1V Q61 SUPERNATANT N 2

%T’-@H&T NN QB3 STOOL N_- N Q4 STOOL A HTNG@"%‘)‘““

STOOL N P05 a rg (4656) WO 2005/ 059177

PCT/ SG2004/ 000416 26 PS2 MM ID OEM 1 ST. Aff T 2ND Am
(56 SERUMN. N . Ofz SPUTLRL (SUP)

0 FRAS NN N Q61 STOOL, N NNO62 SPUTUM (SUPk N
%1 408 MUM ( P) NN%S ~IOL N N Q65

- (46%6) @6 STOOL BT SIEER N A

Qed PLASMA 14 QPS §TOOL N N Q70 SPUFUM ' N pc (sec-D_
% Q7E1OSPUTUM N NN QTaCL., FL M Qi& SPUTUM N N or4

| me (zfl !'-:S ag (4656)

N
Q64 N N

Q55 51'00L N oS a->g (4658)
Q56 sToOL N N

067 STFOOL: N N

Q68 PLASMA N 1

063 STOOL N N

Q70 SPUTUM SN POS (se9Q58)
Q71 SPUTUM N N ’

Q72 sTaoL_ N N

Q73 SPUTUM N N

Q74 SPUTUM INC N

Q7S S700L N N

Q76 INHIBITOR TEST (Pos) o Pospospos  Urbani, NEA
@7 NHBWORTEST  (POS) - . POSPOSPOS  Urbani, NEA

Example 8: SARS Real-Time PCR Diagnostic Kit (RT-PCR)

A kit of this example is typically prepared to contain
50 or 100 reactions. This Real-Time Reverse Transcriptase-

Polymerase Chain Reaction (RT-PCR) kit is optimized to

detect the presence of Severe Acute Respiratory syndrome

Coronavirus Ribonucleic Acid (SARS coronavirus RNA)in a
biological sample. This kit is optimized for use with the
Applied Biosystems Real-Time PCR, ABI Prism 7500, but may be
used with other suitable detection platforms as described
elsewhere herein.

The portion of the SARS coronavirus genome amplified by
the kit 1lies in the proteinase region of the SARS
coronavirus RNA. The kit is sufficiently sensitive to detect

a few molecules of RNA in each RT-PCR reaction.
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Q75 STOOL N Q76 | Nnl BFI OR TEST "Al. P13SPCSFoS U bane,
NEA CV? I NHI Bl TOR TEST (PUS). POSPCSPdS Urbani, NEA
. SARS Real -Time PCR Di agnostic Kit - PCR
A E :m%? this exanple is typically prepared Féfgsﬂ?ﬁ%ﬂﬂﬁ
50 or 100 reactions. This R&al - Ti me Reverse
Transcri ptase- 5 Polynerase Chain Reaction (RT-PCR)
kit is optimzed to detegdmdohentRr €sence of Severe
Acute Respiratory syndrone” Coronavirus Ri bonucleic
Theisd k- SARS tlbd Dhes CRIA} 8#s E sl é@ﬂéansan‘}al@bes
TUHeS 1Ki; tRég»c@ﬂsr& i zed efC%r HEE Wit h Measﬁgg
Bi osyst ens Real - Tlne ABI Pri'sm 7500 ut na be
peuded FRETMOIMNEE Suidt-aBBE detedld 0#3;9I9é§\9brms as
Hgscri be e r rta §§E
cor or?aw ?E%%Z\ﬁ%wne(ﬁnégpl Fgé %Pﬁne‘lﬁ 3 ?& {)g{gpf‘% S:
pr ot ei nasé We@mAPSfin 2 !BMRSrlQ:,orlomﬁl/iErDﬂi'é BIA8 . 2he
isS .S t {SEAsi e few
1?Dbteeélul eggéé%&iR\%A (:"ar?l eac hNX r eac ‘Us O%V\gil
2005/0591§€n¢KﬂaﬁmaﬁﬂﬂﬂQO©h¢GPrEﬂﬂﬁbnponents This kit
of this Exanple consists of the follow ng 4 tubes:
Tube 1 : Reaction Mx (e.g. ABI cat. No. 4309169) Tube
2 : Enzyne Mx (e.g. ABI Rxgitochld. 4309169) Tube 3 :
ropehx (3 pMupper prinmer, 3 pMlower primer, 5 2
pM probe in 20 MM Tris, 1 mM EDTA pH 8.2) Tube 4 :
Posi ihee f@dritqwolng( Fiwlacttriamscnjixpt $s ofbrebergéndrt as gokedell
épétggg pers) Protocol 1. RT-PCR 10 The follow ng
actio n1x is prepared in a 96-well Optical plate:
Tube No. Description Vol/Rxn Tube 1 Reaction Mx 25.0

ﬂube k%.TUbe 2 gggégipg%8§ 1.25 pI'Vol/er_l

Tube 1 Reaction Mix 25.0 pl

Tube 2 Enzyme Mix 1.25 pl

Tube 3 Probe Mix - 5.0 pl

Tube 4 Distilled Water 13.75 ul
- RNA Sample 5.0 pl

Total Volume 50.0 npl

Caution should be taken to avoid contamination.

2. - Thermal cycling conditions:

Step Temp (°C) Duration No. of Cycle(s)
1 48 30 mins 1

2 o5 10 mins 1

3 95 15 secs 50

4

60 60 secs 1

The IMCB-3 primer set and probe are tested for their ability .

to detect SARS coronavirus using the Stratagene real-time
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Tube 3 Probe Mx 5.0 iii Tube 4 Distilled Water 13.75

-1 RNA Sanple 5.0 }il Total Vol une 500p1 20 Caution

taken to avoi d contani nati on. mal
cyc#lbbﬂogs condi ti ons: Step Tegg (C) Durati on I\IBCT’BF”O"’OOO“(’
Cycle(s) 251 48 30 mns 1 95 10 mns 1 3 95 15
secs 50 4 60 60 secs 1 30 The IMCB-3 priner set and

AuRoheysfetn testdrbf.or thei kyabbhi tiy Js%ddeé&grd@ﬁgs to the
cor%naw rus using the Stratagene real-tine

PE5IT’ %mﬁ@@?%ﬂ?{fﬁmleonzs POR1sPst eﬁﬁqwsognpected

phiteeny st emrhe Wseph1ascardi 89140ed h§ev£@JlUfP&1td”t?J1% total
instructions on sanples fromi nfected atients

ofaifpras GPRY RYRedd Pe&verial 351 o bR tyeemI T - Boft oy al
COpYyrRBYADE: pek %H?anraﬂ‘g"ﬁgbpgt Weenn_%hé L mBerO of viral

Results are shown in Table 4. The nu Vira
COBprEsObf SRARSCRBPRHAIUSUSBeP Blplranaﬂgeércm o'mb7 to t® in

af1i Bhrad | ridy e&JwIRS (a ROy Ais(%! 87 8 & QY u%l

virus sanple. Row C (Cl1-Cl10) etectlono

Rel ¢ 8ChrFat) copidarestipn, Oﬁowrﬁol({d €| D). 5i srldel ec;d;pms 5
waf, senpl es @k -£19) Vi fa'délt%cc‘c%'ne %f‘ékd 1
(GI-GIO) S detect)loﬁ of sanples at %m ra cop| e‘élra

CEPBES Fhétl4t RngolRgin Gi d@ﬂc@i@)s hewdrbayt igosef i s@nples at
7. 8SU}ityS1ar & deiect edy perpaunper of ﬁ%@- n%?lz:ﬁg?ssg?waﬁxgzxny

The results 'denpnstrate that the | :

PREdbéve previtkies sasenidtisoredapers ;m@mbércoass?mpiesr SAR%d.
r S € L .clinica sett

Tﬁg QQQM}E%&%#%E&{}%&%&# &FW or PReFCefSt 2 nd Brobe

pF'@HFd?I AesepeR dveal 5l ssHRgn £t: aJ$B|a§/ wet| sARerecoronavirus

tWet ! 1Jhﬁ§t§ﬂﬁ q.ndg g&in?&l setting.

Table 4: Sengitivity of the IMCB-3 primer set in real-time

PCR analysis

Run #1:

well Well Name well Type [Threshold (dr) | ct (dR)
Al - NTC 2907, 0 ot

gl | ommm o e of3

p - 7. NOg Ct

el =7 Tiown X167

c2 BMRC ~7.5 un nown 2307. 809 Mo Ct

C3 BMRC ~7.5 Uniknown 2807.809 Na Ct

tor ] BMRC -7.5 unknown 2907.809 40.9

c5 BMRC ~-7.5 unknown 2907.209 39.81. .
c6 BMRC ~7.5 unknown 2907809 40.09 | 20
&7 BMRC -7.5 Unkriown 2807.809 41,16

c8 BMRC -7.5 Unknown 2907.80% 42.54

c9 "BMRC ~7.5 - unknown 2907.80% 40,37

£10 BMRC_-7.5 Unkn 40,18

£l BMRC -7.0 Unknown 2807 .BQY] 39.37

€2 BMRC ~7.0 unknown 2907.80%, 40.1

E3 BMRC -7.0 Unknown 2907.809) 41.86

£4 8MRC -7.0 Unlicnown 2907 .809 40.77 - . ]
E£5 BMRC -7.0 Unknown 2907.800 40.13 | refin |
EH BMRC -7.D unkoown 2907.809 39.29

E7 BMRC -7.9 nknown 2907.809 40,26

e8 BMRC -7.0 unknown 2907.809 39.59

E10 | omec 20 Unlinown 2307593 a3 |

£ BMRC -7, unknown : 1.12

[ BMEC 6.5 unknown 7.0¢

G2 BMRC -B.5§ unknown 2907.809 37.64

G3 BMRC -6.5 Unknown 2907.809 39.05

54 BMRC ~6.5 unknown 2907.809 38.24

G5 BMRC ~6.5 unknown 2007.809 37.39 | siofi0
GE BMRC -6.5 unknown 2907.809 37.38

a7 BMRC =-G.5 unknown 2807 .809 38.26

GB BMRC -6.5 uUnknown 2907.809f - 37.75

G9 8MRC ~6.5 Unknown 2907.809 37.37 |

L0 BMRC -G.5 Unknown 2907, R09 38.45 I,




A2 --- rcrC 2907.809 Na O efj A3 --- M 2907.809 No Ct
4 Cl nflow . C2 BMRC -7.5 Unknown 2907.80. No & C3

_ Unknown 2907.801 No & C4 BMRC -7 known
%ﬂﬁ%’ ’36 9 CS BMRC -7.5 unknown 2907. 80 352@%888“’“0“‘“6
BWVRC -7.5 unknown 2907.80 4329 //o C7 BMAC -7.5
Unknovvn 2907.80 41.16 CS BMRC -7.5 unknown 2907. 80

%g C9 'BMRC -7.5 Unknown 2907.80 40.37 O EIl BMRC
Rﬁﬁk vvn 2907309 39.37 E2 BMRC -7.0 unknovvn 2907. 809

- Qﬁ%ﬂf 841 84 BMRC
“Uhknown

53 | 7-0. U
ég ﬁé Blchﬁu?o unkno\%’zaor 809

N
W%g}m%2907 % 954D. 26 | ES BVRC
oo 236 7.0 Pnknown

7. @2-Bhkh P907. 809
5 unkﬂm g§9;3@35Z5;§§30809 %B%g]- D'?'MWGZ BMRC -6.5

%.Ez”ﬂaf e

m Mﬁsunknoﬁz
nf@@(')??—9 %537 75 399 BMRC

0 nﬁﬁ?ﬁém

% 809y 5 Linknojw 2907. 809
38 24 G5 BMRC
XC"$6. 5 unknown
D 38.26 8
-6.5 unknown

35 UnkAdgh bb6Y-809. WO

TonAEheEe 2431
E9 Unknown 2929.155 40.38
FELD =7, unknown 2929,155 40.86
Gl BMRC =B.5 qunknowﬁ‘i??g.lss 38.57
G2 BMRC ~6.5 Unknown 2925.155 39.13
G3 BMRC -6.5 Unknown 2929.155 38.63
G4 BMRC -6.5 unknown 2929.155 38.14
G5 BMRC -6.5 Unknown 2929.155 37.77 | o ,',o .
(GG BMRC =6.3 Unknown 2929.155 38.33
G7 BMRC =-6.5 unknown 2929.155 39.1
IGR MRC -6.5 Unknown 2929.155 38.08
G9 EMRC -6.% Unknown 2929.155 39.07
GLO BMRC ~6.5 Ynknown 2929.155 39.04
Run #3
mnnrtﬂ_40903 "
well well Name | well Type Threshotd or_ (dr};
Al -— T T ~ No Ct .}
A2 —— NTC |  3962.797 No Ct 85
A3 1=== NTC 3862.797 NG Ct ]
C1 TBMRC —7.5 I UnKnoyn 3962.797 435,21
c2 {BMRC -7.5 Unknown 3962.797 ! 40.46
€3 - IBMRC 7.5 Unknovn 3962.747 42.1
c4 BMRC -7.5 Unknown 3962.797 No Ct
(o] BMRC -7.5 “‘Unknown 3962.797 41.78 =t
€6 BMRC -7.5 tnknown 3962.757 40.7 | >/
c7 BMRC ~7.5 Unknown 3962.797 No Ct
C8 BMRC -7.5 Unknown 3962.797 Ko Ct
C%{} BMRC —;g Un&nown_%&%ﬁ? No Ct
C BMRC 7.5 _{___ Unknown Mo (T
EX BMRC 7.0 T “Unknown~ 3962.797 38.4
E2 BMRC ~7.0 tnknown 3962,727 40.14
E3 BMRC -7.0 Unknown 3962.787 40.03
E4 BMRC -7,0 Unknown 3962.797 3%.04
ES BMRC =7,0 Unknown 3962.787 41.12 } g0 fie
E6 BMRC -7.0 Unknown 3962.797 39.48
E7 BMRC ~7.0 Unknown 3962.7%7 39.55
€8 BMRC ~7.§ dnknown 39%62.7537 3%.89
Ego BMRC -;g unknown 3322;37 iggg
E BMRC -7, ( un%go .92
GI BMRC -6.5 nown 38.41
G2 BMRC -6.3 nknown 3962.?97 37.41
G3 BMRC ~6.5 - Unknown 3962,797 38.12
G4 BMRC ~6.5 Unknown 3962.797 - 37.73
G5 BMRC ~6.5 Unknown 3962.797 37.6 |mfie .
G6 BMRC =6.5 Unknown 3962.797 38.58
G7 BMRC ~6.5 Unknown 3962.797 37.9
G8 BMRC -6.5 uUnknownt 3962.737 38.38
G9 BMRC ~6.5 Unknown 3962.757 38.27
- 1610 BMRC =-6.5 Unknown 3962.797 38.1
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Run #2 well well Nane well T e Threshold dR ct dR) Al
--- NTCNo & A2 --- NTC 2929.155 No O re 13 A3 ---

455 No O C BVRC -7.5 Unknown 41.05
N i on 202, 155 41 Ca "BIRC - 7.5 Unknageciimosto

2929. 155 42.06 C4 BMRC - 7. 3% nknown 2929. 155 42.32 C5
I BVRC -7.5 Unknown 2929.155 42.22 |/it C6 BMRC -7.5

Unkn 7 -7.5. unknown, 2929. 15
a1 42l R e Myttt bR Pho R d 26 NN 35 et that
the. Prgslengan 0292®se56eNofClcomBbfe BMRCLR 7 theUrkaoti wethod,
29 42.39 2929.15.5 12 .. UT__E BMRC -7.Q
3 SondeRbrdlicks S1UkduBans? tue lereling mondi tdgme, and
the. @duilbmenh 2829be5mofiifidd Eé BuRE +hel ddiknewlar needs

29 155 39. 2 E5 _BNVRC - 7. 0.unknown 2929.155 No Ot Q
a%‘%e%OEggEN%c?‘? fer?clhf/ngc Ro%RP2924° 155 39. 58 E7 BMVRC - 7. 0
UnknoMnr@89Qr 156hd8e 15f B8« BNRCin 7 theUnkrowni 292 %etbEni ze

61 9 B -7.0 Unknown.2929. 155 40.38. E1Q BMRC
t! F.ot&ﬁknsmﬁ 59.6?3%%540?%% @E‘Bm@w%ml@ﬁlgwan
en@obpaRknownliXd29r186s3%H3 GI1BVRGtHAS bRknospirit and
. 155, 38. 6 BVRC - 6.5 Unknown 2929. 155 38. 14
%%%%Nég F%SSl%nﬁ(a%v\ﬁnXSEB.li%S 37.77 ID /10 C6 BVRC
-6.5 Unknown 2929. 155 38.33 G/ MRC -6.5 Unknown

§§£§%§é3g539.1 MEB 8MRC -6.5 Unknown 2929. 155 38. 08

=6. 5 Unknown 2929. 155 39. 07

The following references are cited in the instant
specification. Each of the following references is hereby
incorporated by reference in its entirety and for all

purposes by such citation:

Drosten, C., et al., 2003. Identification of a novel

coronavirus in patients with severe acute respiratory

syndrome. N. Engl. J. Med. 348:1967-1976.

Notomi, T. et al., 2000. Loop-mediated isothermal

amplification of DNA. Nucleic Acids Research 15:E63.

Rota, P. A., et al. 2003. Characterization of a novel
coronavirus associated with severe acute respiratory

syndrome. Science 300:1394-1399.

Ruan, Y.J., et al., 2003. Comparative full-length genome'
sequence analysis of 14 SARS coronavirus isolates and common
mutations associated with putative origins of infection.

Lancet. 361, 1779-1785.



GLO MRC -6.5 Unknown 2929.155 39.04 Run #3 r
port 040903- well well Nanet~'611 . e Threshold th C

ok Ct A2 --- Wc 3962.797 No Ct, k i
PBarllirlo & B 75 un nown & BYRC -7 sCRRGRHbas

3962. 797 40.46 C3 BMRC - 7. Zlunknown 3962.797 42.1 C4
BMRC -7.5 Unknown 3962.797 No & C5 9. MRC -7.5 Unknown

2 141,78 1. .- 7.5 Unknp 3962. 797. 40.7
B TERTGNRE - 7580 Bk w3085 707 P CRr MY Fayrse
Unlk®iowa . 3862p797wike. vJto . 108 /BMRCty 7c5r Uikn/aao 339620794/ en
No Ct C10 BMRC -7.5 tunkngwO, 39'52...2Z97 ND rt BWRC-
-7r. 6 -Uikndwn 3962.797 38.4 E2 BMRC -7.0 unknown
3962. 797 40.14 E3 BMRC -7.0 unknown 3962. 797 40. 03
E4 BMRC -7,0 Unknown 3962. 797 39.04 E5 BMRC -7.0
unknown 3962. 797 41.12 it, E6 6MRC -7.0 unknown
3962. 797 39.48 E7 BMRC -7.0 Unknown 3962.79.7 39.55
E8 BVMRC -7.0 unknown 3962.7;37 39.89 E9 BMRC -7.0
unknown 3962. 797 39.57 E10 BMRC -7.0 now396 7. 97
2..92. "G EMRC -5:5 unknown 3962. 797 38.41 & BMRC
-6.5 -Unknown 3962. 797 37.41 G3 BMRC -6.5 Unknown
3962, 797 38.12 &4 B&RC -6.5 Unknown 3962. 797 37.73 b
BMRC -6.5 Unknown 3962.797 37.6 to ~rr. G5 BMRC -6.5
- Unknown 3962. 797 38.58 G/ BMRC -6.5 Unknown 3962. 79-7
37.9



&8 6M C.-6.5 Unknown 3962. 797 38.38 & BMRC -6.5
Unknown 3962.797 38.27 GLO0 BMRC -6.5 Unknown 3962. 797
38.1 WD 2005/ 059177 PCT/ SG2004/ 000416 30 It will be
under stood by those of skill in the art that the

presence or absence of conponents in the above nethod,
the concentrations of chemxals, the cycling

~conditions, and the equipnent can be nodified to suit
the particular needs 5 and to optim ze reaction
claim®ndi tions. Mreover, those of skill in the art wll

recogni ze that the above nmethod and the above
description can enconpass nodifications that fall

e& d heo sPlkicle ANGhg SSORE ebrbheviinsiAntue hgtat rond in
15‘ et erences The fO%OWI ng references are cited in
a saﬂni:bel nstr@lmsmp}afm fication. Each of the-follow ng

refere es is hereb L nco pat e¢ by rq{ersegg@énwi@ a

néy fBr %’ll%’(le&g pé?goses by  such citation: -

reve%@Stteﬁan&:r:.@EaQé and00& ldenti fareatpoimet speevdlic for
coronavirus in patients with severe . acute re

t .
2 NSndrogeonNofEng| SRS MERES3AE! 1587 FEEnsfERs: arydereic

t Loaperedieatisother aBl least one prlmer
acid an}%]’flﬁclact?%%&g lDDI\IA cNuc | eic Km ds Research 15: E63. :
specR(fha:, for AtheetN3Pl 2e@3onchrF ather iSRS oﬁospnaVﬁavs| is a

: 25 coronavirus assocl FEHEE selected from

Prl“l'eésp??’é?&?§lns?yn%l?%enéaggllgnce 3% %4 1399." Ruan,

the brbup &odéist 2083ofCampanat iNces f Wl | -4 engt h? geﬂoﬁ’éd 10;
sequence anal ysis of 14 SARS coronavirus isolates and

and conmon 30 nutations associated with putative origins

%E‘T‘?’%é%‘gj g%ﬂiﬂg&ﬁﬁhf?’@&tléy%ﬂgﬂct WQH2OA6 05848 &cting

an expected. nucle1c.ac1d amplification product indicates
the presence of SARS coronavirus nucleic acid in the

‘sample. -

2. The method of clalm 1, wherein the at'least one primer
specific for the NSPl region of the SARS coronav:l.rus is a
primer consisting of a sequence selected from ‘the group

'consisting-of SEQ ID NOs : 3, 4, 6, 7, 9 and 10.

3. The method 'of claim 1, wherein a primer having the
nucleo’tide.sequence of SEQ ID NO: 3 and a primer having the |
nucleotide sequence of SEQ ID NO: 4 are used and the
expected nucleic acid amplification.product'is detected as

a polynucleotide that is 352 nucleotides long.

4. The method of claim 1, wherein a primer having the
nucleotide sequence of SEQ ID NO: 6 and a primer having the

nucleotide sequence of SEQ ID NO: 7 are used and the
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Clainms 1. A nethod for detecting SARS coronavirus

nucleic acid in a sanple caaprising: A anplifying a

nucleic acid of said sanple with a reverse

transcri ptase and at |east one prinmer specific for a
eXpEPIed egHeACHE @qgﬁﬁﬁmplbﬁéﬂatUSntprgdnetaﬁe;adetected-as

égggﬁﬂéi ' LficatLgn_product, wherein the at
® Reast oﬁgggégﬁggﬂggpé%i#Fg ?gF??ﬂElﬂﬁﬁlﬁPﬁéron of the

SARS coronavirus Is a primer consisting essentially

of .2 sequence selected from the group consisting of )
> SEG 1D ﬁi@ghoéi, af e laimglandvhgrenda Bpramaryiawing the
nucslAidt 28| s&deahb NP @EUCt pIVRRY.EiN t n ; '

expected nucleic acid a%plificatroﬁﬂg%S%U%ggT%%i%3¥é§g the
UG IO e FESUSMSARS fe 0BBAAVID uNO :nutbei eracivkéd thel the .

gy e : hod_of.claiml, wherein the at |east
“one priﬂé?lgggegﬁ%?g ?@#l%%ﬁp$ﬁﬁﬁpr8§P§Hc6fJﬁhe FpgEed as
a mononaviearside ehapr i ger7consi sbt Dgeof 18nsequence

selected fromthe group consisting of SEQID NGs: 3,

4, 6, 7, 9 and 10. 3. The nethod of claim1, wherein a -

6. Prhaemdgddothannugheotjde. seguenge EQ LD NQ 3 _ .
. and a priner haviﬁahphe nucl%ot?ﬁ% ged%éngé d?h%ﬁﬁjﬁﬂjsald
nuQd§igy arké igs ed 2amd itfiecatehqrect gadrasuddtei ¢ iaci danalyzed by

Chfymgggéf%géfm product is detected as a polynucl eotide-

that I's nucl eotides long. 4. The nethod of claim

1, wherein a priner having the nucleotide sequence of

SEQ.1.D NO. and a_prinmer having the nucleotide .
7'Seq&%ﬁ%eWﬁt |DF NCFLF1%r e usWaeBs@bnt hehe Anpndédic  acid .
ampSJ’iEﬁtcthﬂ:gﬂ Al %?érformed by a polymerase chain reaction.

8. A method for detecting SARS coronavirds'nucleié acid in
a sample.comprising; |

A) amplifying a nucleic acid of said sample with a reverse .
transcriptase and a first primer having the séquence of SEQ
ID NO: 9 and a second primer having the sequence of SEQ ID
NO: 10 to generate a nucleic acid amplification product;

- B) detecting _séid nucleic acid amplificatioﬁ product by
. specific hybridization of a probe having the  sequence of
SEQ ID NO: 11;

wherein detection of a specifically hybridizing amplified
nucleic acid fragment indicates the presence of SARS

coronavirus nucleic acid in the sample.
9. The method..of claim 8, in which the nucleic acid

amplification is performed by a polymerase chain reaction.
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nucleic acid anplification-product is _
'32?22:23 as a polynucleotide that is 157 nucleotides
|l ong. 5. The nmethod of claiml, wherein a priner ;
having the nucleotide sequence of SEQ ID NO 9 and a
primer having the nucleotidg sequence of SEQ ID NO
10 are used and the expected nucleic acid -
anplification product is detected as a pol ynucl eoti de

10t hat i’ T7Wenbodeotfides dotget fng Thenaet had of ) any gpe SARS
g clains 1 tf 5, wherein said nucleic aqrd
(xxgﬁﬁY%$%%t?%ﬂ Brodactdi dnapaPsFRdehy combramangyr aphy .

7. Tpe ambhedyohgcl ala 6;whereja t he nucl ei c, aci 1
- a IPfi%E%ionyisgperfornéd by a ppﬁéﬂer%%e C |r’f_e Samp e.
using o¢i SRrvagd oreNEsd afhor aletevéiang @ﬁ?&@{@f@gggyﬁe for
k jd | e conmprising: a i fyi _
e ere e e SRR RS Peveren From” midlzot iae
663 aftocr hprasetadd a7boest Paiderphayd g _t}{laevﬁgggu%ncgertain
ori®fe,SEQ. I D.NO. 9 and a second prifer having t _ |
prlseeqruenéeélggrh SEd | BUNGotisias géder ded ng nla;@lpeur@t&@: gby a
sepamaltfdrcal é0gt BT @HUE! ;1 B) o deLeeLi g ?ﬂbdedqnu% ebﬁCigogides,
anplification product by specirfic hybridaizati T3
Eo Q% Thavt rignR hef seafubme epdduGEQ | D NO 1‘1|; _ \f/v_he(rjel n:
' .speci fically. hybridizing anplified o
ﬁﬁ%ﬁgtog%? 8 rlzlgm 0t EHg! ETREny h&fpr édehceamplsfiksat ion
pProgigiegnavi mus el igdess aci d in the sanple. 9. The method
of claim8, in which the nucleic acid anplification I
i s lpjelrfo'f%%dp‘ﬁﬁ_sanﬁa Pive Pds @i il gedaictn _(mrodlﬁnenhleﬁllng a
len@hheﬁd|ﬂﬂ¥¥¥éé¥Heéoth§tngghgﬂef%Eﬂg%h§%ﬁ3§gﬁ35§ard primer
resence of SARS coronavirus nucleic acia im
Lenghfip| &hecorprass ngpTingr aliphitili BedNtHE] Co@ei&8ion length

- ' T, o e US| a forward primer and a =~ 7
PG verog priar CORCt 19 PORS PRECTR e oM SAR i in
thecgpmraeir us genonme from nucl eoti de o :

11. The method of claim 10, in which the nucleic acid

amplification is performed by a polymerase chain reaction.

12. A method for deteéting the -presenée of SARS
.coronavirus nucleic acid in a sémple, comprising: - |
i) amplifying nucleic acids  present in the. sample
using a forward primer.and a'reverSe primer selective for
the region of the SARS coronavirus genome from nucleotide
6652 to nucleotide 7003 to obtain:én amplification product;
and
ii) detecting the amplification product by specific
hybridization of a probe having a nucleotide sequénce of at
leaét 18 contiguous nucleotides of the portion of-the SARS

coronavirus_genome from nucleotide 6652 to 7003;
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6652 to nucl eotide 7003, said primers having a certain
primer length in nucleotides and being separated by a
separation length that is a certain nunber of

nucl eotides, to obtain an anplification product; ii)
determining the length of the anplification product
in nucleotides; iii) the presence of an anplification

product having a length in nucleotides that is the

spsonf of tﬂ}mﬁmm@l@ﬁl R theng@rbbd hﬁore&’ﬁés%@l'l@icatlon
an d the separation length indicating the

pro?%%%n& Of 28ARE COFoRRATUC S RT efRRAchUCLAict heid in the
saﬁﬁn@le '11. The nethod of claim 10, in which the

nucleic acid anplification is perfornmed by a

pol ymerase chain reaction. 12. A nethod for detecting

13t he presensgs, RS.;goronavirus nycleic acid in a ‘
sanpl e, corrprclggy % 1 ajarprplrllgfyl hg HHH% L€ Rucleic acid

amm&e@ematlunthe paﬂﬁbEmedprgaapEQywa&gsgrbﬁ%ﬁnaQ@a%tlon
reverse priner selective for the region of the SARS
coronavi rus genone from nucl eoti de 6652 to nucleotlde

14 7003 20 ohd@hdgan syl i ddcatd on. pr i)
det ecting the anplification pﬂﬂ%uc?gé dpec nce of SARS

CO?@%ﬁY%W%%Inﬁﬁleicaapiébenhavsngpaenucbeptu@en@equence

of a 1% on ous nucl eotides of the portion .
of t?1e SA% % na{l/ll(rggglﬁen g?rcﬁﬁ‘?ﬁﬁ:‘?%otlrrde the52 sample -

using 7@030rA1mrafbleplrﬁheet andPEN Abhv@8BseSRAGIdL selective for
theybrldlzatlaf of the probe to the anplification
proﬁﬁ&?lr? c%??n& PPESRAEEL 6P SRRSW&me@m acicd eot ide

460N tthe nsamebesdks. 4¥@§ HEEQQQ Q$rf$§f ln V\gicrg:ertaln

_ the nucleic acid anplificationfs per
prﬁﬂﬂ%neiﬁgﬁtbhaﬂ@-r@mﬁlemtlddg Andetmmlﬁgw Qéﬁ@ﬁét@g by

rese R coronaV|rus nucl eic acid in_a
se%iﬁ%#ﬁéﬁk%%%g?élﬁﬁ % certain nuéher of nucleotides,
to obtain an ampl;flcatlon product;
| ii) determining the length of the ampliflcation'
product in nucleotides,
1ii) the presence of an ampllflcatlon product having a
length in nucleotldes that is the sum of the forward primer

length the reverse primer length and the separation length

indicating the presenCe of SARS coronavirus nucleic acid in

the sample. '

15. The method of claim 14, ‘in which the nucleic--acid

amplification is.performed by a polymerase chain reaction.

16. A method for detecting the presence of SARS
coronavirus nucleic acid in a sémple, comprising:

1) amplifying nucleic acids present in the sample .
using  a forward pPrimer and a reverse prlmer selective for

the region of the SARS coronavirus - genome from nucleotide

Amended Sheet
IPEA/AU



i) anplifying nucleic acids present in the sanple

using a forward'priner and a reverse priner selective

for the region of the SARS coronavirus genone from

nucl eotide 4609 to nucl eotide 4765,. said priners

having a certain primer leggth in nucleotldes and

~being separated by separation length that is a

certain nunber of nucleotides, to obtain an
46@ptodfhaal 68 ipEOAUGES, dd)oﬁkﬁfﬁr%ﬂ|Qﬂpih?lhgeghﬂ Bgoduct
he anplification .product in nucleotides; iii) t
resence of an anplification product haV|ng a Iength :
in I at e r e
Daeh SHLeE T, ERATLA RS (LD B e
hbeﬂ@ﬁ¢atlmm|@étan@rthe nma&empeaoﬁnﬂN%&id&Oﬁaquéﬂée of at

The net hod of claim .

I d
1o U BGRB9S B d % IR0 O S/l e

cozrcmameifm r@éincbryteaf@@hyﬁﬁéaéswbél Bebeachi @hes5,;16. A
od for detecting the presence of SARS coronavirus .

spef %ﬁ(:@%ﬁﬁiq%?%¥%§§HpP£ eleprp pirsibeg: t@)téwplampﬂmglcatlon

pré&ﬁ&@'fn@?bg§1ﬁge§%%t§f&§é§%éﬁggﬂ§hRsuéhpg %v19rma cleic
primer and a-reverse priner selective for t on

ackt imelsARS mRi®navi rus genome from nucl eoti de
Amended Sheet | PEA/ AU 36 4609 to nucl eotide 4765 to
obtain an anplification product; and ii) detecting

17t he Bl ifdt¢rid 0BEProtit Ry, Spegi fwrﬁcmyéﬁéd'rﬁ?élélfb acid

robe having a nucl eot i de sequence of at | east

amé%&é&é%?tﬁ%u%sn%%r§@¥wa@sbbfatn@lpmﬁraeﬁ ohatihe rSARSion .
coronavi rus genone from nucl eoti de 4609 to 4765; '
speci fic hybridization of the probe to the

18 anpl iFARSAL comonprddust dadecatong tie poepeteenaf aSARSeast

on&or Lpusepucleic a |d in the sa 17. The

e é¥%W cfafm 76, 1 % h??ﬁgnun¥%$tfé€?ﬁlon reaction
selected from the group con51st1ng of "SEQ ID NOs: '3, 4, 6,
7, 9 and 10. ‘ '

an

19. The SARS corénavirus-detectidn kitlaccording to claim
18, that comprlses at least one pair of primers selected -
from the group consisting of a primer having the sequenée
of SEQ ID NO: 3 and a prlmer having the sequence of SEQ ID
NO: 4, a prlmer having the sequence of SEQ ID NO: 6 and a
primer hav1ng the sequence of SEQ ID NO 7,.and a primer -
having the sequence of SEQ ID NO: 9 and a. primer having the
sequence of SEQ ID NO: 10. - | | :

20. The SARS coronav1rus detectlon kit accordlng to claim
18 or 19, that also comprlses a SARS coronavirus genomlc

nucleic acid, or at least a portion thereof comprising the

NSP1 region.
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PO i in . 9nme

anplification is perforned by a pol ynerase chain

reaction. 18. A SARS coronavirus detection kit

conprising at least one primer for a . nucleic acid

anplification reaction selected fromthe group

consisting of SEQ ID NGs: 3374, 6, 7, 9 and 10. 19.

The SARS coronavirus detection kit according to claim

18, that conprises at |east one pair of prinmers '
21 scl BbbedARy amthezgioup AERECSLLAT Kl B IBInGAYLNG o 1n
20the seguegg of SEQID, NO 3 and a prinmer havinhg t

setflelfCec %i?Q?ZBQSNéor@naéflﬁﬁisnﬂengm@helc ac1d has
t heS € GUeNICEH 10f 3 SE 6 d o Pr hdlaving t he

sequence of SE%é%‘Me ,éf] prflﬁr dqhaw 'ng ¥he the RNA
cqwistRitite WieSRGE I D.NO 9 and a pri mer having the

sequence of SEQ ID NO 10. 20. The SARS coronavirus

~detection kit according to claim 18 or 19, that also
22 conpiiesest aaBARS. e ONIMIUIAICNIY By UGk Ehgeach dgeftctea

at least a Eortlon t hereof .conprising the P1 _

dEQTSHESE NS ot R 37D ¥Ps:TRe AR, 7, 9, 10

‘andonenavifug d on t ageor claim 20, i . '

whi ch the SAR%EEganaSJlﬁrrus geno% nfiglleel%r%%?lacﬁaék SARS
COI{%W%&Q@@B@@@I\@@ bh SEQHPLAD .1, or the RNA

equi val ent thereof. 22. L_J_se of an oli gonucl eoti de

havi ng a sequence selected" fromthe group consisting

of SEQID NGs: 3, 4, 6, 7, 9, 10 and 11, in a nethod

for detecting the presence of SARS . coronavirus

nucleic acids in a sanple. Anended Sheet | PEA/ AU
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