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SARS CORONA VIRUS | NFECTI ON CROSS REFERENCE TO
WORBMATEDRSAPPLI CATI ON [ 0001] The present appl i CBET/862004/000174

clainms priority fromU. S. Provisional Application No.

60/ 477,059, filed June 10, 2003, which is herein

i ncorporated by reference. FIELD OF THE | NVENTI ON

[ 0002] METHOBsOR DIAGNOSEIN Ge$ ARS CEREONAI YIRUS

met hods of diagnosi ng VINFIECTNOSEt i on, and

particularly to methods of di agnosing SARS coronavirus

infection. BACKGROUND OF THE | NVENTI ON [ 0003] The

new y energed Severe Acute Respiratory Syndrone (SARS)

iGROSS REFERENSIH T RELATEB: A PRLECAJION

significance. Affected patients can devel op synptons
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contagi ous disease. [0004] The highly contagi ous
nature of SARS, conbined with an emnent nortality
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declared for the first time in WHO hi story. The

out breaks affected over 8,098 people and spread to
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a global alert was declared for the first time in WHO history. The outbreaks affected

over 8,098 people and spread to more than 29 countries and regions in a short period
of 6 months, with a mortality rate of up to 15%. Obviously, this disease is not a
limited problem but one with profound consequences affecting sectors beyond public
health care. As new cases appear to be re-emerging as of January 2004, the urgency

remains for prompt identification and isolation of infected patients.

[0005] In many countries, to reduce the risk of contact with people who may have
been exposed to the SARS-causing virus, strict quarantine orders are served to those

who have travelled to SARS-affected countries, those who had been in direct contact



medi cal action and/or treatnment. It is therefore vital

to identify SARS patients as early as possible, wth
w@eosadnsy and accuracy. [0006] A novel coronarCT/86200#800174

identified as the etiol ogical agent of SARS (1- 4).

Coronavi ruses are envel oped viruses that contain a

si ngl e-stranded, positive-sense RNA genone of 27.6 to
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ext. t{ reverse . transgription,.and P ca .
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with several pairs of prinmers. In addition, false
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09] Results obtained in Singapore showed that the
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transcription, and PCR can be time-consuming if confirmatory tests have to be done
with several pairs of primers. In addition, false positives are possible with
amplification methods, as was observed in August 2003 in Canada, when some
patients infected with other human coronaviruses initially tested positive for SARS by
a PCR method. Contamination in PCR laboratories is always a concern, which in the

case of SARS could lead to unnecessary quarantines.



different clinical specinmens were used (A. E. Ling,
"SARS-t he Singapore | aboratory experience," presented
w@roorhen2$HO Conf erence on SARS Resear ch, Si ngapor/eG2004/000174

Republ i c of Singapore, 19 June 2003). [0010] In a very

recent report (7), the reverse transcription-PCR

&RT-PCR) protocols of two WHO SARS network
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devel oped, ©providing tools for |aboratory diagnosis
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addr essing the shortcom ng. SUMVARY OF THE | NVENTI ON

[trodispsa. n one aspect, the invention provides a method
for detecting the presence or absence of antibody to
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of contacting a SARS CoV antigen with an

atiolopisehrgemien AR b gnada HpPsible fr variqus fsts tahe deiedped,
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contains anti body 3 WO 2004/ 109289 PCT/ SG2004/ 000174
dfernatiop afdessmadhe sherica®enet hod may be used to test

whet her a human is infected by, or has been exposed
to, SARS CoV, wherein the antibody-containing sanple

'SUMMARY OF THE INVENTION

[0013] In one aspect, the invention provides a method for detecting the presence
or absence of antibody to SARS coronavirus (CoV), the method comprising the step
of contacting a SARS CoV antigen with an antibody-containing sample, for a time
and under conditions sufficient for the antibody to form a complex with the antigen,
wherein the antigen comprises a protein selected from the group consisting of S, M,
E, N, U274 and an immunogenic fragment thereof, and wherein specific binding

between the antibody and the protein indicates that the sample contains antibody



fromthe human being tested, and wherein specific
bi ndi ng between the anti body and the protein

w0 pabisae2es t hat the human is infected by or haRCTe€004/000174
exposed to SARS CoV. [0014] The invention al so
provi des conmerci al packages. In one aspect, there is
provi ded a conmerci al acka%g for detecting the
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[0015] In another aspect, there is provided a
JOOT]r Cci Hie ipestkiag elsé plrovidesédﬂilgerci&hﬁch@’es almhehwaspect there is

i nfe ted by or xpesed to SARS corona S
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tsemplecind fieGhBgenl n anot her aspect, the invention
provi des an isolated anti body directed against an
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the i.nventi e used to detect rese ce of S,
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@ztpqtlrgea;@n@;v brtwecs the antigen ad thbg}ymgp@ptﬁbe antlgen wherein
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romthe group consisting of S E, N and
U274 with an antigen-containing sanple, for a tine
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K gélg%t%n%g%@ésﬂ% ho@g) rGHEY ' \gﬁé}emﬁﬁbdaﬁl‘f‘@&{l@ SﬂRg RES lgrbfém is

ng nt body an e ant
iSH M, FalNesr UV4tprothie os ampitizenio fitaginast thareent i g e n t hat

conprises S, M E, N, U274 or an i munogenic fragment
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Dagﬁ\é\gt a protein selected from the group consisting of S, M, E, N and U274, with an
antigen-containing sample, for a time and under conditions sufficient for the antibody
to form a complex with an antigen; and wherein specific binding between the
antibody and the antigen indicates that the sample contains an antigen that comprises

S, M, E, N, U274 or an immunogenic fragment thereof.

[0018]  Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of

specific embodiments of the invention in conjunction with the accompanying figures.



[0019] In the figures, which illustrate, by way of
exanpl e only, enbodi nents of the present invention,

WO 0®2099289 gure 1 is a schematic depiction of tPEI/SG2004/000174
structural organization and expression of ORFs
corresponding to structural proteins S, M N, and E
and unique proteins (UX), where "X' denotes the
nunber of am no aci ds encoded by the respective ORF;

' t = { re indicated;

BRI BRI G BEDRAR NGRS L

RS By RESichin iy o e B Sl o
[tﬁ‘%)_&%lenﬁng&{tﬁm?: depi cts bacterially expressed

GST- U274, GST-U122, GST-N, and GST proteins anal yzed

by SDS-PACGE and stained with Coonmassie brilljant blue
FﬁgQ%Qi ( BFigureatiys;a SPypdi depigiioneofshs strugtiral gressizaféaneand on
UepRATGELH GRFYcoXRIARE D Yhichha REGHEL SMDX a8 hRf dhique

t analysis with anti-GST ant , antibodies in
quoteing (UXk mthere ‘0 deasies the diveberi af asiine acids encoded by the

| - ph . .10 ' 5 |
GRPRE R o R AR R BE Shom et o s el e

frompatients during early and | ate phases of
i[A02t]t i dFigase Disiarfiesteraiblot biedysisadethoasttating themaesehgp@fas

antj body; I 6 i . t bl ot
TR ket Rt g e oV Bl ees R Hl gt 5,

using anti-human 1gG anti-human |1 gA, or anti-human
I[00224nt | Kigalye Rdepi@chuctaially e:améssabGYT- 200283 TH 1QRrGSTEN,

il ates detectio i -S antibodies in. patj.en
Lad ?S&{Praﬁqms oty asreeRBheat namy &ltﬂtﬁ%r)mﬁsn%bréh@t biue
qebbeEibRly expressing the S protein; [0027] Figure
8 is a photograph of exanples of the assenbled rapid
i ochr omat ogr aphi c. test devices with their )
J0palat oiguye 4 Asiagselstectiopbagieriplexprepsepiralproteis Dr
aFsddh bRR SAdly N withitNES TahLKIdy ahtiBSE8Yin W doBtrél sSRED b
froman infected patient (I e?]t), or after an assay
wintibodiesgm pip| cenvalesperdrphesgisetdy control (right), show ng
lines for the control, Gst-N, and Gst-U274, fromtop
t tt ' | i ;
0P TR PRSP EBUHHE dioctton e A IR Westom blot usig sero
dfonCprtigats Wosing errlyi and datephasessadiinfeétianras yomarySmiBody and anti-
i.ent n | t h ntrols tested for 1gG anti body
ﬁ%[ngﬁ@gg gvgo&ﬁ% Ani¥odsh

usi’ng an °’ELI SA assay;

[0025] Figure 6 is a Western blot using some of the samples as depicted in Figure
5, using anti-human IgG, anti-human IgA, or anti-human IgM antibody as secondary

antibody;

[0026] Figure 7 illustrates detection of anti-S antibodies in patient sera by an

immunofluorescence method utilizing CHO cells stably expressing the S protein;

[0027] Figure 8 is a photograph of examples of the assembled rapid
immunochromatographic test devices with their separators (transparent tabs) at the
“removed” (after assay) position, either after an assay with a sample from an infected
patient (left), or after an assay with a sample from a healthy control (right), showing
lines for the control, Gst-N, and Gst-U274, from top to bottom respectively;



[0029] Figure 10 is a line graph showng titration

curves obtained with the ELISA assay using seri al
walzdoutvass of seven SARS patient sanples; [ 003B(T/FG2p04/800174

11 illustrates the correl ati on between the ELI SA and

the rapid imunochromat ography test when conparing

the dilutions at which reactivity end points were

d8028InedFighrd? saesitesARS of 41D exincssabipedsvitl] oBigm both
S 45155 L LU 5 S ERD.

iIEhiSAesdaypmat ogr aphy assay in relation to sarrpl e
i mTunofI uorescence titers; [0032] Figure 13

ttern
or ohEuT 11 515 ETRE MGk SR Bt pe i e 14
lﬁIsA\&@p@slﬁg lodrll dilietiongm of doitbh HYRS Petidnosatlesy of t he
i mrunor eact ive pr otei ns of SARS-CoV as identified with

gpé{"@ %}*thea t%%g It%scgpérefﬁgﬁg %{Vgenrz e ﬁg&ganc{ the rapid

ainimSEHrbBatbE@pIS} st vididh ic&RpMg the difieB€at which reactivity end
anti-nucl eocapsid protein anti serum 4: nouse

A9ints yareoptaingd Ftidy spvenayiR S patigni samplesabbi t  anti - envel op
protein antiserum; and [0034] Figure 15 shows

\;293 fs¢ nf*‘l%ﬁfevﬁ ﬂlﬂgﬂéﬂa@ Fdfeacﬁithylﬁloﬂ%tf b@&&ﬁag@fdeieeﬁorﬁéﬁg of the
stern inmunobl ot w th serum sanples (A

gl Arssay apd theaapid hymuernehrosasography agre ns;ﬁzkson éwlrnple

l; D: non- SARS respiratory disease
g%%ﬂu%{luo‘}&’%éﬂc 1¢')esrsé positive identified by ELISA).
DETAI LED DESCRI PTI ON OF EMBODI MENTS [ 0035] The _
4063]n c eFighreIARButeies Méastean SUQRIDSIdL pattdn of ingnyneedagtivd

spi ke (S), membrane (M, envel ope

?pé‘%l %ﬂgs‘(sﬁ%%ﬁ:egéap& d (N, which are conserved in all
coronaviruses (5, 6, 10, 11). The S protein plays
40633t i aFignad klsis k Wastedi ‘albt degnonstegmgttor lobdtiodiof gleand

ARTRORRHR v or AIGS ColeS it B S Blonied P8 Blins

8p&sfid tedbmbi@iint pidiéitd 1aS ARFPbtiveadaitrdl B n¥upy a(mhe;pﬂte Provdih
2004/ 109289 PCT/ 86%004/ 000174 binds to the vira)
GERSHEL ComPHE A AR ISGASIPEARE PRIk 46704 gl?ta@gmﬁ REdgn

faRtiderysO BNRBbiSAdtil el bPproRiindidhsm); hiter e are several
uni que ORFs predicted fromthe SARS- CoV sequence t hat

no ni fi cant sequence . honDIo to vir
35@% nsﬁgg PWE BSPE RSV Jmmungygad '?4{8 patferas ﬂeﬁz%RS
Y BNtGR SmmBhSIQ It deha sahglIq AR SARRGati@fls; 1B hbd1fy \CbAtddls; C:

replication cycle are yet to be determ ned.
non-SARS fever patient controls; D: non-SARS respiratory disease controls; D: false

positive identified by ELISA).

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] The sequence of SARS-CoV reveals ORFs for four structural proteins, i.e.,
spike (S), membrane (M), envelope (E), and nucleocapsid (N), which are conserved in
all coronaviruses (5, 6, 10, 11). The S protein plays essential roles in mediating
receptor binding and internalization of the virus and is one of the major antigens of

the virus. The M and E proteins are essential for virion assembly, and the N protein



[0037] The present invention relates to the discovery
that the S, M E and N structural proteins of SARS
w@eods/1e:8mel | as one of the proteins of unknownCT/SG2004/000174
function having a predicted | ength of 274 am no acids
(referred to herein as U274), are antigenic and may
be used to detect the presence of anti-SARS CoV
dhrindsiie dicadral gengme ey formyike nyckpgransid ng the patient is
infected with SARS CoV, or has been exposed to SARS
[0 . _ . :
TB0SO o oA grioar o AR BRI alc e A HhidEE
f2RFsgpredicted inogn théBARRtGajesrquerSARBt Sww pr ogmficamt Squdrce

N, an 274, One more of th i_geni ot ei ns
onVde vird Froie Bt e TPisBeBipst t WEGhFGr D el
Saopine tHat soiveda fuatticarih thwharl feplitBioheydlesicgat thde d&Aianed.
CoV infection. If the patient is infected with SARS
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antigenic_protein being used for_ diagnosis w.ll bind
thgving @ prosliciecciength Af Tecamine pgiduefenedity hereines €4/ 4g86 nst
LRBeHAL Aftitha bRtk gfégéaﬁé oPAi-S &R Blodi& ift a
c?et%ctl on | ecule may be Used to detect the
matiensnindigatingrthe patientin trifendedi wish SABSIBIV, Ashasdeen érgpossdrip
tgAeRé EL{p "antigenic protein" of SARS CoV refers to one
of " nore of the SARS CoV S, M E, N or U274 protein.
The term "i nmunogenic fragnment thereof' or "antigenic
f[0838ie nt Thenafoeoin' one efperisthére issprpuided omethbd pHidiaSARBg SBRS

E.. N or 74 protein.whi | S agepi I

S o niagiefly PRbE st ST OV RHIRERS Ny By ama
alﬂmm iOhe®n thofd ofi Th snti@phit fvesns it Bepredsyd, aed [sg:oﬁ‘raata@;wﬁh af

Jdciting an inmune response.in a patjent. [0040] It
olggics| sEple St RPN 15t TR B qu@ﬁg?réAR%{{émfswnt &f the
YaBerdt iPRMRREWViANARY @bV has Kebn BXRL& 10 SARY OFVNRAAERS .
as all that is required to i nduce an inmune response
tesneratsd artdiodien gainss g virug, anggbodic ip fie pamplyidirected pgajnst the
'?'AHREQQ 8RRS do%%&%eﬂﬁ Lt bBé?E?e'drfor &{Qg' QU Sii? B bo the

ynthetic peptide coPrespon ng to su Pace- expose
aneteige Assefondary2didpdy0diR8ed RGINSGRABUL0QRAG 4ted afitibodies and
pat.hoge have,.been. shown to be effectjve antigen
R BRI T BRIENT by 8 B B e Boihe Foe it R
ra@8balti®. pepti de of nurine mammary tunor virus (Casey &
Davi dson, Nucl. Acid Res. (1977) 4:1539), a 16-residue

[;de of Semli ki Forest virus (Sni,jders._e l ..,
R8I Rrswd Bofeitpfoe or5 mbeciSyrbteiii SaB s Yelisptoye o
RERE b8 SARS CoV S, M, E, N or U274 protein. The term “immunogenic
fragment thereof” or “antigenic fragment thereof” refers to a portion of the SARS

CoV S, M, E, N or U274 protein which is immunogenic or antigenic, meaning that the
protein fragment will contain one or more epitopes, thereby being capable of eliciting

an immune response in a patient.

[0040] Itis an accepted practice in the field of immunology to use fragments and
variants of protein as immunogens, as all that is required to induce an immune
response to a protein is a small (e.g., 8 to 10 amino acid) immunogenic region of the

protein. Various short synthetic peptides corresponding to surface-exposed antigens



of 15 residues each from cani ne parvovirus (Langeveld

et al., Vaccine 12(15):1473- 1480, 1994). [0041]
wo\cwonaizegl y, it will be readily apparent to OPEI/SG2004/000174

skilled in the art, having read the present

description, that partial sequences of any one of S,

M E,  Nor U274 are inherent to the full-length

mf@a@pg@s aavee beee shasifhtbe is{feetive apligene againsh themr%@@ptl‘@u ch

i e s e e el

aihamdsom,d‘ﬂldﬂa Aqml BEe (HI7y4: 31153 g)ﬁeam-reﬁlﬂue Réptid806f S&@hljki Fafdst

gtus Fi R 20aR 1585 (B SR s, Bhe R neippces
&, 158&1du99eacﬁ5ionﬂ-&ﬂ1r@l’paﬂi@vﬂﬁd @zﬁngeﬁ}elld%ﬂ@l hactid® 421 5Y8473-

used herein, "honol ogous" or "honol og" refers to a
pV%Pehﬁ kequence that has substantial correspondence
with the am no acid sequence of S, M E, Nor U274,

qgoaﬂf I agERAdin }19 &t @9f be rEEkﬁlyh% 290 BRY skIdah tHeRRS having
out” 50% 55% 60% 65% 70% 75% 80% 85% 87%
geag thg grrsend Q%JH%PDQQ% pratial Iseqysneps phary, onglof 8, M, |, Hor U274

ng HhinerBht 18 tlferfaﬁ ?h lg{%{ng %B ﬂ%hlo%y tﬁEE egie Weﬁ}t‘?on Such

usi ng sequence an quence
Andipgptide fBghtents rpeefﬁablt«agaat duefasit RenGenadidcis @gtiput er

Uni.ver sit I, sconsi n. Bi ot
s Reaaly gl ko Bleend'S S it R SR AL S0y
SRS FOemiRY Ridkl ingRgdefe@blyaX 10akt26, 60]68L 70, V5 afmp:icidsind
be artiflelally i ntroduced |nto t he sequence to attain
gresharetesphly 30, 83c¥: Phe 0gp¥IARIdsaR {FERent has been

set up, the degree of honol ogy is established by

r[eo4zidi ngs ul hekfn, tiendOubt @NBombBloghteFtts tde I@f&m&quence
acids of both sequences are identical, relatlve

tthe h%%“&ﬁtamﬁlrﬁ@?fesﬂ?n%ﬁ%q Withothe amingme s searAngs s é\étE a%er
Qﬁzﬁooﬂaoﬂafg%nﬁﬂh%}eﬁpt"r&%mo@ ARPA é%ﬁ’é&kt%bo&l%%j '5@% 60%,

partial sequences of, or sequénces honol ogous to, or
paP4 i78%, %@@L@%&Sé%q 87 M(QL@% &6%eangd 99%nkonrflogdus i S,BM, E,

%gpg%%é% g’éémé I{ e%\fego&éloggﬁ Jlljllglﬁ :}115/ ifl E el#:?aﬂgysis
nsaftwhne sgch dséeqm@?e?ﬁgym? gsﬁn\ga? iﬁ'aﬂaage; dﬁm &??gmombmbh e
5!

R AR U L b e e S

eNTadish, Mesm IAﬂlﬁle%ia sB@le)Eud Gt etiphettotaimPB EREBE. Gaps
fuII-Ien th N or U274, or .a pol ynucl eoti de

dpt bs lalhf latf?ﬂl%?‘h'ﬂ@ B SsI9FTFS e piéir Proper aligamentg Opgy the
?(Bgﬂ{allﬁ%g&%nﬂg‘aéﬁ?sg %%gﬁse o?ﬁon@ol%s Qtatil¥Red by rﬁcordlng

brary.” As an alternative method for retrieving 't
péquf iteel posidiqussinvdich the pmingiaaigls bi/both séquendes areiidentioalyiclagve

W e DB unGRP O fdsRidgs descr i bed above

[0043] Polynucleotides of 30 to 600 nucleotides, as applicable, encoding partial
sequences of, or sequences homologous to, or partial sequences homologous to, any
one of S, M, E, N and U274 are retrieved by PCR amplification using the parameters
outlined above and using primers matching the sequences upstream and downstream
of the 5' and 3' ends of the fragment to be amplified. The template polynucleotide for
such amplification is either the full length polynucleotide that encodes full-length S,

M, E, N or U274, or a polynucleotide contained in a mixture of polynucleotides such



and using the formula for calculating Tm Were
fragments of 30 to 600 nucleotides are to be

WO edonileszed, the calculated Tmis corrected by PCT/SG2004/000174
subtracting (600/ pol ynucl eoti de size in base pairs)
and the stringency conditions are defined by a
hybri di zation tenperature that is 5 to 10C bel ow Tm
\Aheﬂ?é% pi BYAUdrapt hdes ali¢rortivematingfopetrgyingihspastialr e

e RO ARy b8 R L e Rl AT LR T B

h8d nsing the tfordtmld foagateuibtingf Trb 0 WhereGragmehd ofi a0 GD 6Q£l’nucleot1des

T AC, _Short tides that ar )
ARG R Rt G, B el TRaS Co R vy ot ¢ popmycicotide
REPBBN RGO Ysirs) 8D @@ﬁgexﬁyg%oﬁlﬂfléﬁsﬂi@@déﬁné@ﬁi bhylﬁwlzanon
chem cal synt hesi s Usef ul pol ypepti d

d@nwwe\ﬂ@é is 5tod 0°C belwpflém Mesrer ol g@w&ﬁ%ldew@ﬂ@rébarg%pe%p
l’b%ée@ JreG0 BP YL ﬁle@%ﬁé 1%8:%913 a 1a§n$fhg"’ﬂl% [3Qs ?(qioqu Tm=4x
sequences. |s Wou ent |

4Gr€at @-(Axpp slan example granli 8mup1@gﬁ1dﬂfsag¢ndug¢fé5§°/eﬁ+éllwould have

1992, 3 Anal of a

a3 rrobflibnt BT el d Pt i b BT b S S &
BRAd2 e éid homoloBeuspeqibicds, at of)iaﬁ))ed Qirédtlybyahemical synthesis.
hydrophobi city propensities using the program SEQSEE

I shart t al. "SE EE. a c |ve
SOARAI®] iR plvadtiice STRAEE afaPgUPEIAS Bapit i dosighed
Biiag ebmpi&94ksiéed aﬂ@&s?is) ofladlin32id sd’qaéhcbﬁ nﬁﬁ}oultioddhaﬁseal
potential B- and T-cell epito na be used as

1ehakle suglase- %@@S@@t@ﬁ@emwgmff) Wg’énl 9c9 f InfRghdppram.

%ﬁ@b)\g@w)a%§}y511taf §mfﬁ8%EM%E@JeH&%%oﬁalh&Pﬁ%ﬂ?%h@ofS M, E, N or
mbi nat't on of external surface features that i1 s

IUZQéJ basedoorpibe pradugiif exibibyy ansdtliydephelcity iPppyaiiceusing the

}ro %!u‘{'l SgggﬁﬁgﬁﬁshaﬁrDyléﬁ%ﬁ% : H]?lgeilglgsavegﬁ%grglﬁ sHite for
qlmtelh@@pﬁn@tana]lyﬁs NUdn@EaA}iyé Bzdﬁﬁ 1%14 Aqir 10tpdpt -|3d)3 can be used
di t
AR BRRP A At 5 LaPIReGHen A Hiat Red R g electng
144D imBdmBgnic fr@@ﬁ&}s ﬁﬁlvbﬂ£iﬂ§ Thi ehlyisRAEE @asonable
pr ot ective T ¢ pen dent response are

ﬁp@éwﬁwrx qfreestﬁg%ﬂ%rfa@ﬁ éearué?fghﬁ ok YepapgRiged preantibodies.

MY R T-cHUFR lse@'fémﬁﬁ -A@01 lMEHC RBSHRHmRY bs RELNLAHY 2N
tertiary structures of the E@ X@@ﬁtlde To reveal” such
E

rigokitn et engpetes anaapgeoackh dese eNIb (Rarleer & (G reealt Rpptide
Wg‘f@% M e(‘f t%ﬁg}‘ﬁﬁol‘ééudw ‘ﬁnl%li’c'ah&{sr}@luaéﬁﬁ%?gél}ﬁigg bG5S

e nas epitopes.
d@hﬁhﬂdﬁsl9%bhmr)mkﬁneffect the additional advantage
of renoving i munodoni nant regi ons of hlgh

bi | n stralns 00 P eot | de
iﬁéc% gﬂp1t¥) ygvgnp (1]1 uc%era roteLt vse41gt1h ql &%g%fnra%ntn 11 nse esgo%are
POLlt Mﬁ@ﬁuﬂﬁé’ leS@Qﬂ"ﬂMd}ﬁﬂ)@Eﬁtlde However, some epitopes may be

masked by secondary and tertiary structures of the polypeptide. To reveal such

-(

masked epitopes large internal deletions are created which remove much of the
original protein structure and expose the masked epitopes. Such internal deletions
sometimes effect the additional advantage of removing immunodominant regions of

high variability among strains.

[0046] Polynucleotides encoding polypeptide fragments and polypeptides



having | arge internal deletions are constructed using
standard net hods (Ausubel et al., Current Protocols

w0 poovbbesul ar Bi ol ogy, John Wley & Sons |nc.,PABRS4)004/000174
Such met hods i nclude standard PCR, inverse PCR,
restriction enzyne treatnment of cloned DNA nolecul es,
or the nethod of Kunkel et al. (Kunkel et al. Proc.

Maving lasgeiatergd FleletiQBSAre(CPg%actedzrsmg gtandard msthedntAuspldl et al.,
ﬁ ﬂ%@&gfh @I’E&f&c{fu@?ﬁ{o | fta V{h eﬁg @Sﬁsr 'S Pogdh Esuch
y avall a rom various COMMErCli a Sources such
ametlﬁtds aucﬂlgie rsmnda[rd) LR invhse PAR] rebteingerhenapig greatiment of cloned

Tovhatechisngts o pihod Skeb el dtel g JAOERAIG apnc, S

U0 (B8s) s 448N eCoabeneantioSAERS mddids afd ingieiitiondfopiiRiriise are
that is not highly conserved anbng coragnaviruses, SO
aeadily aveﬂahlerﬁ%vetrwgs EABMERiab potEfes Sucas ARGy wi t h
patient-generated anti bodies directed against other

004712V | THESEB-lenfh aMBbnic prlotdiBYr 6tcAE YRR HBASQUS theiagnosis
elgle orti ongdglf tg 1I?el evarnl? SARS ?:ov ant i geni cg

preshash Howrear, law@riﬁa@%ﬁ tefuseian gntigenie fragiaent ohhgmelevant SARS
%@%ﬂ?&em? Ero&é?n H3Bis QB Mgﬁ?’ SOhR)E aﬁﬂlﬁg S0l 2%TRO L

vant protein; for ease expressi on an
mainghhizede ohancé ef cpo&streatqultﬁmb}vileertbgemgi gitibodiehyireated

BB 01 LBt i o S e e BOMBns ofhe
a&lwuihaSARS ICodpaRigesic potdie tHahare phRsictelau bel &ﬂﬂisnﬁ:mﬂ'raﬁjen in
SARS:- CoV (6). The r@?ul ts .present egf herei n indic

BAINR Qf R BICHnEE? spIh¢ FHigeRifHIRBPY L fegRlevahBén, o case

bkt Esion Rh e RS i bethB 8rdQH N vAN bb ERENeod By d skilled person.
possible that N nay be rel ‘eased from SARS CoV or ‘from

i nfected {)atl ent cells into the circulation at sone
of InferstRaly.grlikgonsrosenarifusen iy wiichily Mo grotein is most

Qﬁﬁftﬁﬂtt RbpBYar@Ri-98mBS 8B@Rah NGl ih SARRLCo ¢ Y8)OT R ults
1P Infected cells. Furthernore, it 1s possible

mmrsntw? hargin dwshicats that gcr@rat@smasmumlaunqrmiqm response
protecting patients against SARS [ 0050] For the N

N, with g ﬁ@rgl

Eg‘g% ited |ﬁﬂu{tﬂﬁu@g%aﬁ at a ase me?gésgdg%%tg{regén ayon 'y
treleased fromeSARNOOE @r &ouiififecied pateent edlls cmte thezmicwlaticreitdpme
Is{?oe f 18§t tlglg 825(?8?1 betgamm[aﬁe %(sen%eé 773}r€ie§?19g f:eﬁfs for
Ehetexiditifting ol infddteal elle iMarti@amre) ¢ttls ptp:splehrthzttm me cattgleute to
rapld t.ation, which is .another advag e for its use

ithe umora) ipauge reﬁ%‘f”f%HmteCE‘B%)B"lt]emFﬁ‘galB?t e of

anti bodi es directed agai nst N can be detected in

Je0saNt For @ ¢ ? fotdin,thed tlib%)é@udﬁ@éstofllﬂfsms iSdlate@depokitdd in
as later_ in infection, fqr exanple, 16 days

ﬂ&s@eqﬁﬁ*p%é@fﬁ'eﬁse weeeompated, only 514 ofthesm shopvell rliffgence, at one
LESRPREE frohﬂh&t@f%e"@ﬁ%@@re‘%&lﬂe A1) f)ﬁl@&?ﬂoyth%tcfoﬁ%

I Mmune res onse nmke extrenel use in di agnosi ng
dagrgbddin the Examples below (13). Therefore the N protein does not appear to

undergo rapid mutation, which is another advantage for its use in the present method.

[0051] The presence of antibodies directed against N can be detected in patients
as early as 2 days post-infection, as well as later in infection, for example, 16 days
post-infection. The early elicitation of immune response, in combination with an

extremely strong immune response make N extremely useful in diagnosing SARS

10



WD 2004/ 109289 PCT/ SG2004/ 000174 CoV infection.
[ 0052] Thus, in various preferred enbodi nents, the
weeotainsused to detect the presence of anti - BARSGI0OY000174
antibodies in a patient is N or an antigenic fragnment
thereof. N may be full-length N, or it maybe N
(A111-118), which refers to N having amno acids 111
t@Vitbgcten.et ed. These anmino acids correspond to the
sequence FYYLGIGP, a highly conserved sequence found
| I [
L s e T P S
qmasspmqesuf agtiﬁv&F(SdhsV sitibedienn aprtiant iadl aten @BtigenicARZmea?0

i N Bnb BB Spr Leabe R (B! BRubr FEEeTop JoRH0ne

Jaiﬂmo AdMdsS1 1RO es felétsd. al fee Q[hﬂlblayldk BOTHRASRIND €he sSquiched
arge protein th a nunbe of transmenbrane
Fé@‘lglem GP crlighly < cwnsgmegl Sgauywiwraitleaﬂe Nhemgloghaplei n i s
RIoRSlk iR, Ly il ftc BISEN3E NARkPod R0, 90 oxaftBld R rent
regl ons appear in pr ot ns of ot’her coronaviruse
(chOnpriditg or ¢cnsiveng denpneiads @do #22,U28 taf2ert Fdde MRl ar
region of S that does not contain a hypervariable
nSur e

RS o5 e T B 3B d i BQTNAA RO os SHELGRRALL

r(am i@ This p161remt1e ails«vvhighlyﬁﬂnlﬁﬁn@@émc g ﬁ@ﬂackge oy, with a number

t di t L d, f
SR T e e PR g L S BTG Bl
WhiaR I@@éﬁﬁnﬁ:ﬁ@re@fbné’r 89 tHEBY/ reBRndgHar in [SQ)@&%S dh&ther

majority of the ﬁetlents tested to date hav
FarmpwEises(18ghi n dtmayrhe nreferred tejusapn eﬁ@mﬂhﬂw%@r{ Qi Srthat

%Esr ﬁft Q&ﬂgﬁl@ T}rg&v%%lépegl%ﬁ t@@ﬂs%‘i@éa@g of lﬁmﬁﬁﬁgteaﬁﬁqg ?nc?base the

In reference The | nmunor eact i vi
|hkdhlmtie>§ aproperly nmtwm@noaﬂ tbr patirngpiofegicd mlthpﬁﬁdlseCﬂW S
expressed inthe virus and is likely to be a protein
5 e

OB oy i Bl SARGNREAS, RIS £RY bo MNP0 B gl
LfmmemmﬁSo:fontpmmmglzb? donstihgof ®eEge ecndse460§g g8@snay hgusedat
it isthe first ORF for one of the major subgenom c

of

Jp8e1° BN O R Tal G B8R b da b mpuh 2 BT R T
deraird sed oflu274 (U274 peeapending thORF 3 as amidtaed mapﬂiafeogys, and

R R S L e

Q)Xlﬂﬁl@ SHalgieteus bdpress&l bhevirds ha@ ¥EIkeE t0be Phadtéh Molviel in
be preferred, when using U274 in the pres

ﬁ%? lHB%Pne?l%)Of SARSLo, alfiREspver, maoteRfid & aIﬁSGPPW‘W(:TPE}g%UI’(gh e
tEARACENEY B ﬁfs‘&beﬁﬁ‘ stk U@ZZ éodnﬂé)&a@nc@‘%uﬁfésﬁng H3t4ths the

does tend to exhibit sone |ow | evel sequence variation
ifiyst QRE o one of the awjor witheendriig RN ASHHRARS-6p Vitinlgeted cells (5, 6).

B NP DY sibRifidart RINEIES With RV bR REhe database, but it

appears to have a similar topology to that of M, with three transmembrane regions and

a large internal C-terminal domain. Since it easier to express and purify soluble
fragments of proteins, it may be preferred, when using U274 in the present method, to

use a fragment that does not include the transmembrane regions of U274.

[0056] As well, U274 does tend to exhibit some low level sequence variation in

viral isolates, with five isolates of those studied having U274 sequences showing one

11



11 WO 2004/ 109289 PCT/ SG2004/ 000174 am no acid
substitution (when conpared to SIN2774) and one

w0 s@haceshavi ng a U274 sequence show ng two aPdTIBGZ0#/000174
substitutions (14). [0057] Thus, in certain
enbodi nents, the antigenic SARS CoV protein used nay

be full-length U274, or it may be an antigenic
fandgmanid substiudau(vdemeenpirad tooyIN2¢ Bh 9nd pnarigolate haninge U274
' [ 00% 3 tients tested to date,
%%?géﬁﬁéégﬁlégééﬁﬂ%h‘?ﬁ%@ﬁ@&ﬁﬁﬁégﬁted against the M
and E proteins of SARS CoV. Therefore, these proteins,
dD0%itju g hltant ingentdic embedimeite, thesgigase SARS| CoY hwtqm awsd may

[ St j thod, since it seens tha do . not
B AU B el e BT s FREROR AL VP Fe i
icofldistingwé bminolaBidy aB4 @74, enbodi ments, the antigenic
SARS CoV protein used may be full-length M or it may

Jodf L5 ST ol SRR S T
M ah@B PréteidbIS ARY COVO tTRleR fd48 QResBBiotddss, hlthdugh emeteRicEmay

may be an anti genic frggnpnt of E conpriS|n9 or

or It
csress Seaflgn dre pasrrfaliagarsic meheds sipes it sqegysdiont they dome
RIOAS Q8ky BRER Qxﬁigmhﬂlgenlgéﬁ%y 'iﬁfe&é@ﬁmﬁivfﬂéﬁfs. P OdrffullS are

first expressed, e expressed using nethods
lenbprdinients the astigenic' AR €s¥ipnejinaisgshoaychenfull déngtls M, poit may

t.he synt hesi s of rotei.n or pol.ynept.i by ..
e T L e e R
Wlieg Brnbodimees, thdantigenit SIAR SOCo D ployyhe el deny deduliidangth E, or it
include a, transcription step in which an RNA t; at
iyt hean2atig e EO%O%FW%%“S“B& 25%‘8‘“6’?8’%?3;3 FSI\%
tenpl ate. The protein may be expressed within in any

§8059]S S i [anhSHEdeftnethtd, hhastigerd€blotei0br phbietis Aredfirst expressed,
cell-free system, [0060] For exagple

wthe proteins
5ad gley be EIBSSPHUSINGPETReHs AOTE 1] @étssﬁmessgggg@@mtelpg%s

QX IRV Rhéss HRGSkindr PUEBefiRle b5 BRardnsibiich S RN AL keniglatd
eukaryotic expression ‘system for exanple, in yeast

insedllydinmeRISAcwhigh engpdessthe progsji a4 pdyRsptide) andingyaseludd & |

i ol i.an: . i acludi , .

oo FBRL a R P R T E g  Bo e
feneygnqieoda ISEBOm@at] The protdimmpy baexpoasbddswitfif @6ddy The
protei.ns may be, expressed.in a | -free expression
B S sa.h 3 o2 3 aib e R, e r eagent s
necessary to effect expression of the protein,

i[0660]ldi rgprckdmsanBsproteitNAsay @rexpessad irdsprokngbtikdéxpepssion

am no acyl t , RNA tenplate, .and may further. .
AP eT BRI eiPR: SR BT oriagds OF I ren s ppesesion
aDélerdr BRGHES &l YeaSIAAGAINE SacchbtbiPtds er-PBRB LS PRNG pastoris,

salts that are required for eniynatlc o
in mammalian cells including COS1, COS7, CHO, NIH3T3, or JEG3 cells, in insect

cells including Spodoptera frugiperda (SF9) cells, or in plant cells.

[0061] The proteins may be expressed in a cell-free expression system, and such a
system will include the reagents necessary to effect expression of the protein,
including ribosomes, tRNAs, amino acids, including amino acyl tRNAs, RNA
template, and may further include DNA template, RNA polymerase, ribonucleotides,
and any necessary cofactors, buffering agents and salts that are required for enzymatic

activity, and may include a cell lysate.
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activity, and may include a cell lysate. 12 WO

2004/ 109289 PCT/ S&2004/ 000174 [0062] A skilled person
waowdos/1omeer st and how t o express the desired preCESG2004/000174

protein fragment in an appropriate expression system

For a protein that is not post- translationally

nmodi fied and i s expected to be soluble, a bacterial

dﬁgﬁié]s si dkidyd pessan wigyngersignéhey t%@ipr%tbéxﬁl@wlfedﬂomteln or
U5 B A SRl R B

araﬁslk‘armﬁy rrrodﬁ“gedtaedns ekpacteeita ibp bmiubie rvabmtehalaaxp&ysad)remstem

Do PERL sl 0093 TrBlical s Bpgene, Sneodt 0ty

qh&ﬁﬁé‘h bftratedi 1% Rfed8@iRMNRA!Phicihflateuksry SR &EmbI0R
with the expressi on system chosen to express the
AP B r’éal%fﬂ%itaélsﬁ“efﬁsm%bf‘s@fﬁﬁgﬁﬁl d techni-ques known in
the art. The expression vector will have the

NOGESIS ar VyphdaBYLL Shne @ﬁ%dﬁl%r’tﬁ‘é hiRigShi® PRKcn Bll‘ilﬂ’ﬁi’tehﬁﬁagrﬁe‘ﬂt will

effect expression in the chosen sgsten1 exanpl e
theeclaneg inde a1 expresaion yecterdhat ivenmmatisle vethibe expsession syfiem

ctﬂgse[ﬁ % r&s %%ﬁﬁ?%ﬂc %ﬂo@ﬁ? qs sﬁn&?@%ﬁ%uﬁg gf;i/lésx}/ﬁ fh the a

artrcul ar expr essi em an
r‘m)p el&presslqm &Stk dull Foe ﬂmc&wpdsay prdraotersind gemdig stypala mecﬁired

col | and the, ex sion vecto cont ai
I8 e St e SR Per Rl AR by el RyRotdr may
I JohpFiesd gpehedding the plotesh bgeradly hﬂefedttmpmmmm ¥ compatible
&%gylatory sequences such that the geng is transcrlbed
A BATRRAL XPEesHAL $YAtCaY apdmay g plasipigh Fop gapple, the cell

TRENANR B coll BE1, XPIE %)%ﬁr@élldﬁfvet:t@?mg§ Bént£iA 6 Qe \GcbdiBg the
protein of interest may driven ({han i'nduci bl e

mm@m<e$AE& €la Vieteintaf ent@rﬁfiro@srgblddmw iafl of Hhe neeespary nay
p! X%.El 10 sgﬁdeﬁges%ﬁchdtﬁét' tﬁeeg%lﬁ&:rﬁﬁc fd qﬁd“:h@"lé\?A 1s translated by

S nc ronl zing
ek E awdicolulai michirega rThetuxpmsmmﬁthe @magncodfngtthepmmhﬂ of
an and. use

cul ture. 064] For .ea of purifi

st iy brega by indG RS rhomBe sych iRt tng PoEieh Shmit BS
fodB @ bRlcohtRIRd bSdairpd, gb as Ig%xnﬁﬁb Eﬂ[ﬁﬁislc??fdr Bﬂimple by
contains an antigeni c SAR \ proteln us

Y RroniZing profeimn pXOEGEOR 8’1%?%%618}?8 c SRS aprse egt%e gelk wﬂﬂr%
way to obtain such a fusion polypeptide is by

tjoeed] atikRraRfof Phrifidhtibh anudeUihb Qﬂ)teﬁ‘ﬁs th#ebe expressed as a fusion
pol ynucl eoti de sequences, i.e. hybrid gene.

) The
Wgﬂnd Agfien BrRLQRISTPTERE FTRe Y@ﬁpﬁ% 3 ﬁ@ﬁ@lp»ﬁ@l angigenic SARS
t : ané{?}?e% FuBd Lat L 9XRECRIMAA MRAGH Q% Té@ﬁ%ﬁ@l@ tids el shﬁ’ple way

orm or transfect a host cel ati1vel Y,

tt ebipml sypelu frsonipdly pemigie énbsetrankato apn ihdranpdlisipgept thele

O%}Hllél% Sﬁ?[ed%t | duee (ger%rzjl e\r/faaflalq/ Il Igesar%elh pﬁle Iilt l;)e/rgcb f%?x Jt'xcaogmg the fusion
gbypdptits is imeer&ﬁ&ﬁtﬁ dn pgptdsida \AeStoﬁWhﬂhtkstpd sentfora loe
Str%cr:lgtggt a host cell. Alternatively, the polynucleotide sequence encoding the
polypeptide or polypeptide derivative is inserted into an expression vector in which
the polynucleotide encoding the second peptide is already present. The second
peptide may be an affinity peptide or protein sequence that binds to a ligand or
functional group, to assist in purification. For example, the second peptide may be a

six-histidine sequence which binds to Ni*? ions, or it may be glutathione-S-transferase
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peptide may be an affinity peptide or protein sequence
that binds to a ligand or functional group, to assist

WO pooped289 cat i on. For exanple, the second peptPUESGEN4/000174

be a six-histidine sequence which binds to Ni +2 ions,
or it may be gl utathione-S-transferase 13 WO

2004/ 109289 PCT/ S&2004/ 000174 (GST) which binds to
G whichridndstoglsithickice expressed, the antigenic
protein may be purified, using standard purification
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ing.kno affinit hr omat ogr.a net ho a. fusi,on
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wiltahlysgtgssiar sssoleginalragsays, sinice the @resenqs @f pntibpiliey agdigd ediular

T ' [ ofeln i:s -ysed to determ ne
|‘%‘Bﬁ}p§é&%§§ ?Zlﬁlt @E%%%g éér‘?gfreg %gé g%tltlﬁ‘ggéi es directed
agai nst SARS CoV by contacting the protein with a

48066le f Flonexphessedaniigamic projotins osedttadeterniheif the patient has
pat i ent - gener at.e ti ' Ny Ahe tie S I

PR R0l AR RREls e e MR P AR s wRB R
imdletfoni the pati¢ntgEPoC conacqtils patiehtagentm@d afitibodies in the patient
antigen-primary.antibody .c lex.  [0067] . "Specific . .
B e CE RS he S EE SRS e oGt LR s e Stigenic
68 foringyan adfigendindd bldiy t@hpieR antigen, refers

to the ability of the anti body to recogni se and

tively bhind to a particul ar epitope contained .
ABogif tr%eaﬁf bidine Eﬁt&ﬁerb%wﬂﬁ@dx 9 SplgTH fedpesyficity” of
CRRRKSIE 1Ak efn?ﬁg@f;‘ FES o B 8biRR 1IRNaRiIbBE) 3FeichBRS afdf
the anti body an the epitope of the ant’igen.

Gelspiivehehind fa & pertiatlas cpitens canteised pitbindhe prigen nduchbindiee is
Rk B CARASERL o bR Ty P hd G2 B B¢ BlsFH AR and
ahe ¢pgtepe of 100 68]geith Eomaleplestaiity rafeys te anpligrotdl atiriognf the ns
tient- t ti bodi i ther .
R O

o Prgini i iR
ARl Aatibaly 406 antidepod, pl asnma, or serum The sanple is
taken fromany patient suspected of being infected

i SARS, and. may be tak bet ween. 2 and 60, days.. .
e Bt e o aseets 58 oo iy BBt APt giber
Qk cIBEUMRGR beurdn@tiBddidkay Ss Pitflatind bREIIARE. THO@nIRS fihy be
"days post-infection" refers to the length of tine in

, PlasMa RF FRYIP N dhe sappleis taken diem any patient suspected of being
infected with SARS, and may be taken between 2 and 60 days post-infection, between

16 and 60 days post-infection or between 2 and 11 days post-infection. The term
“days post-infection” refers to the length of time in days following the time at which

it is suspected that the patient came into contact with or contracted SARS CoV.

[0069] The contacting of an antigenic SARS CoV protein is done in the context of
an immunoassay, such as ELISA (enzyme-linked immunosorbent assay), for detection

of antibodies to S, M, E, N or U274. The antigenic protein may be immobilized on a
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it is suspected that the patient cane into contact

with or contracted SARS CoV. [0069] The contacting of
w@pooanod2geni ¢ SARS CoV protein is done in the PONS@XN4/000174

of an imunoassay, such as ELISA (enzyne-I|inked

i mmunosor bent assay), for detection of antibodies to

S, M E Nor U274. The antigenic protein mybe

i seid Binppy edonle cantagingyitoiba patropsple TAIGmaD4ly0 (he atigenic
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A e e

I mmunof | uorescence assays and |nnunochronatography
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noassay e essar to
dengessay b CB% fpatenfsample. siqfrgﬁrlﬂuapm% ewébe

SRABHEATR Yrdeeto d%@errﬁlﬁ{eﬁﬁcgoﬂtﬂna@ af@fontior éﬂ@hﬁﬂémnﬁrntarpemcum
optimal dilution for a sanple wthin a particular

tteséipg ﬁgmrab rifra exanmle, thxpatishiesampleemayzhe diwtedgn ashitablreyp igein

| t r [ {
st Stsapico Tthl Bl GADAR (ot 1) Boft 1 FRTBYE 1168,
abmuﬂ.HmSﬂmuthBﬁhmbmﬁlﬁﬂo about 1:320, about 1:640.
[0071] The tern1 i mmunoassay"” as used herein refers to
3897‘"@ 'I"4 (‘t RN ]u%gasts tas uyesc'leh%reﬁ hl%fe?g’) {ol alnt al%lcaq met d that

ody I nd a particular antigen as neans
detsaherabilitygp it entrhro@ enlcied @bambldamtlg@een; tber madiltslfhlo dy.
ant i bo apt ur i Munoass i s, an _gssay that

s PR e R e B0 BUTRRT L e bodi es
agaiuAsdssay i ak agsgyrrhafprsalﬁ&%%ugal whibth ReEH ©aletctParBbEdies
of a test subject. general t he antlafn i S

|aﬁweﬁ|a|na§t@alabnathog,ea¢1be fologirg! saanplegfanrs setiedi ndrngalathe
3tk dAqe b BifzedRind gb&.-aéndse afle oifbﬁdagtah*aﬁﬁyodg

provi ded by the bi ol ogi cal . Ina’varriati
tblmsloaml |sm1d7 Taaapmub@yas pryidehby éhmbucg@rcal samplzdd awramttlon of

an%BB&}P %‘B&Dé gss&hﬁle gh@ée%g%r%gle Or b antl%n%r {nqﬁe l&lo‘ggmal

-

I 'gen-"an
sanphdndﬂmMnMmemagahnaﬁmﬂmﬁhammngﬁhsoqnmﬁﬁbbadymﬁd

A PESE (T EhOH bot g BB R Bl g (HORLRR

thlémg irBmbbiliedit mlaengupp@d YAlEOdREk €, ths formage &thd Mitigen-
solution. [0Q072] It 1s contenplated that a range of

o5 £emalpx ioppashied i slWi®rpassed by thi s
definition, including but not limted to direct

'[Omﬂ]oa%@)éﬁnteﬂnﬁﬁ’teﬂQHatt a rhiPE6R RAREMSsay Rotehats RV Rthssed
I mmunoassays. A particul ar preferred format is a

3 ieiodefinitégns ipehudingiis aot lmﬁmé@ B ¢sd HRMBROAASAYS, Fdisa) |
r'lﬂi’ﬁ%}ﬂ&e[ssay's,,tanH55'5.51%8&11@]11” Erﬁlﬂgﬁﬂssays. A particularly preferred format is a
sandwich enzyme-linked immunosorbent assay (ELISA). However, it is not intended
that the present invention be limited to this format. It is contemplated that other
formats, including radioimmunoassays (RIA), immunofluorescent assays (IFA), and
other assay formats, including, but not limited to, variations on the ELISA method
will be useful in the method of the present invention. Thus, other antigen-antibody
reaction formats may be used in the present invention, including but not limited to

"flocculation" (ie., a colloidal suspension produced upon the formation of antigen-
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that the present invention be [imted to this format.
It is contenplated that other formats, including

w0 awitodazeunoassays (R A), i munofl uorescent asBESG2004/000174
(IFA), and other assay formats, including, but not
limted to, variations on the ELISA nmethod w |l be
useful in the method of the present invention. Thus,
c?@lﬁb@dYaﬂ‘?mP&éﬁﬂ) meglyepfiont dae cluawineotvalisorptler Bebstasess upon
[ in ' n
Rpha PFTaR). PEENE s8flu B g bt partb i bBfed o
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VIHINOLogY 5 lglgﬂmpwt?qhsrnﬁr@sl@ﬁe@leaﬂsﬁa{nm%@w dieldsne
clunping of particles coated with anti body in the

[H0633INC ED&ctRR loif 8 MitibodF-ARI <8 ¥BMplek cXPbd RRforthéEby sehBal
use of conplenment in an antibody-antigen reaction
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rci%ﬁ%él”TKe%& ahtiRDARE b hlso 3B 1dbRDEY W ARY mifkeA 5t@thind, BLIHIY
a conpl ex conprised of antigen- antlbody ant i body.

Ag@teﬁl to apezgpe Buosesee gl rraélagcélmts, o e dieavyanetald@atplexo
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rsagxd aippart dmit tlab:djellecucamnmem cengrrokk be immotalizedibecpusbthie not
uor escent r.ker

T e A G A T T R

antigen or the anti body (prlnary or secondary) may be

i[ﬂﬂwi | | Aeubed hemain, teltérch 'Seygopor teagentitis tited ih stfbidcedo

nt _.cannot [ bilized because t.h
GOPROS e i capaiis o TR B B BTG ARGpogy e fpantigen
tﬂoﬂ Skdniple, hQEPLAtbr Asgens ey bek ealemmalme sﬁlﬁteﬂibe WwBRR4 ffached to
reagent” is used in reference_ to ounds which are

casapnatispubsiiptcYpenpindias gk @g@ﬁ%anéifan £ DS F)2meRacs Qoits

%ﬁﬁéﬁg{%rbnd chnfdks B ﬁf&h@aonebf raecBB[lf ©ihdr ?&Q)ﬁ@lt reﬁ?e)ﬁtskiﬁclﬁ’de but
cal orimetric substance which i's attached an

élnezmml'f@d tuthenregenis. anwmoagtlvmwmgaocﬁdsmmm;es aktds
er%{' {11%81?%1 Fr? co r}ﬁ ggathgﬁ%e 0 otba%d ﬁﬂﬁﬁ%a@% cfeon?& n Sa(?%es

repor reagen
|1md1hdmi§comdmﬁ nastdtrnltedrtb hewdrat/olid dndmnegewdm) aanghrt of the

radi oactive ecul es
da %ct?on system. fn one em%oglment cr>TtDtLe present 1nvent21on biotinylated antibodies

may be used in the present invention in conjunction with avidin-coated solid support.

[0075]  As used herein, the term "solid support" is used in reference to any solid
material to which reagents such as antibodies, antigens, and other compounds may be
attached. For example, in the ELISA method, the wells of microtiter plates often

provide solid supports. Other examples of solid supports include microscope slides,
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definition al so enconpasses the use of biotin and
avi di n- based conpounds (e.g., including conpounds but
woea4i10928¢ ed t o neutravi din and streptavidi n) BST/PEI004/000174

of the detection system In one enbodi nent of the
present invention, biotinylated antibodies nay be

used in the present invention in conjunction with

awmislmsf:b@ﬂwa%lewe&@pﬁ@m flasks{ OTA] as Azany oehr Hemsi n,

the term"solid support” is used in reference to any
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RAelPaEicIS Qntkh‘?pe(ﬁwﬂllnﬁﬁﬁ)oiﬂﬂuél neH®ethe P eEBeHdad th dWekt! strﬂ)r ém

gﬁantltles of contenpl ated antigen or it can be
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&od}t%mlﬂ@te?cdwﬁf&h'cg D8R sa @Tluﬂf R/f(fﬁ& 'oih% g os@iblt%§ st
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rang molh be tqadlllsescmmé pbp depsesltibgdinghipartous menbr ane or
enbedded in a test strip or dipstick, etc.
natyi : t
B ndlciond B BT ERR e g kR R
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condltlonsﬁgndathepﬁlke F% 1 In preferred blex e

SRR RN S ¢ OXiRWPdedﬂﬁﬁmBV§§ent i nvention further
i ncl udes a

[0080]  As used herein, the terms "label" or “labelling agent” and means for

detecting the antibody-antigen complex ("indicating means") refer to molecules that
are either directly or indirectly involved in the production of a detectable signal to
indicate the presence of a complex. Any label or indicating means can be linked to or
incorporated in an expressed protein, peptide, or antibody molecule that is part of the
present invention, or used separately, and those atoms or molecules can be used alone

or in conjunction with additional reagents. Such labels are themselves well known in
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| abel or indicating nmeans capabl e of signaling the

formati on of a conplex between the antigenic SARS CoV
w@eotainsand the anti body. [0080] As used her ePe/SGI84/000174

terns "label” or "labelling agent” and neans for

detecting the antibody-antigen conplex ("indicating
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toloride gRB ZOQ 8¢) 3pddhe et 0 ant i bodi es or anti gens

wi t hout denaturing themto forma fluorochronme (dye)
t[beg2]i s B paserkdd erhBBAUNGH:, URISSE 6NihdichtaaheanSil dndkyEne,
fluorescent |abeling agents are fluorochrones such as

fsheforseorssradish peroyisasg IR ghycoss pxidase<@ dhgilike. In such cases
Ivﬁ%}é‘ﬂhg E%/{m@ iﬂ(f(%a?_i% Frp?tu is an enzyme such as HRP or glucose oxidase,

5-di net ne-1-n hal enesul fonyl chloride
(a0diNS@) reagemss argmequingtl thiodigate that b sesepipoligead &p@pleXRI TC) ,
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|petaddecind bm dxida@idnntye peensor sichas dimmingbenzidnecdr as
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rbenep Sihiec R8 ad i gand eaednn st s iessf Riftsa yrizine-
%g&ahyﬁb@athwam%ug&iascidﬂ_F(RBmS).gI ucose oxi dase,
additional reagents are required to indicate that a

d
r tor-1j gand conpl ex [ reactant) has forped.
éﬁﬁ ad dradigsqtye q%‘Bn‘gUéM@ a#e %&&1 °HES &%Pé‘zsr?ﬁ‘a r"‘EFg‘EF\‘Em
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za'g Izzé'& az?iAB Sl 32’1' a'ngl 3k &H%Es’eﬁ@d&%ﬂs@ﬂahﬁ]&' r%l %Hﬁsfsﬁﬂ-'pﬁ:oducing

radioactive element indicating groups. Particularly preferred is 1251 Another group of

useful labeling means are those elements such as 11C, 18F, 150 and *N which

themselves emit positrons. Also useful is a beta emitter, such as '''indium or *H.

[0084] The linking of labels, i.e., labeling of peptides and proteins is well known
in the art. For instance, monoclonal antibodies produced by a hybridoma can be

labeled by metabolic incorporation of radioisotope-containing amino acids provided
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[ 0083] Radi oactive el enents are al so useful |abeling
agents and are used illustratively herein. An
wezx@rpbesy radi ol abeling agent is a radi oacti VECES@I08#HD00174
that produces ganma ray em ssions. El enents which
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awiagempengst mdhe tulgire medinmathe tpehniqussrahproiemulopaIghtin or
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peiniRey thﬁ?%%@ﬁ%@ﬁ%‘ﬁ'c bipdig IS &@P@}gﬁhy BiRdin the
R Viflg MeardReheh IR drh{ByinPhRb&Yidbbohdtth 8 cedpekf i C
bilhg%li%ﬁgg agent bi nds I?ﬁ}é gnti body or antci ggﬁ when it
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1"\ teferytoaia casyramlinkas imynesgrhvatassaysich esdhesgidiscpssed

. . |
BB b e o B o ERPEL 0 sk U pPAEA
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detect the quantity of anti-S, M E, N or U274
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dkitation érpli&ﬁblamr@@rns%p@ Baides Vel knoywunigthose skilled in the art,

can be used.

[0089] Useful solid matrices are also well known in the art. Such materials are
water insoluble and include the crosslinked dextran available under the trademark
SEPHADEX from Pharmacia Fine Chemicals (Piscataway, N.J.); agarose;
polystyrene beads about 1 micron to about 5 millimeters in diameter polyvinyl
chloride, polystyrene, crosslinked polyacrylamide, nitrocellulose- or nylon-based

webs such as sheets, strips or paddles; or tubes, plates or the wells of a microtiter plate
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[0088] In a nunber of enbodi nents, an antigenic SARS

CoV protein can be affixed to a solid matrix to form
w@:2@elidassupport. A reagent is typically affi xedr/s620@4/000174

solid matrix by adsorption from an aqueous nedi um

al t hough ot her nodes of affixation applicable to

protei ns and peptides well known to those skilled in

tshieh asrthose nepln figen pedysiyreic0n@olyvivylohlaridsol i d matri ces

are also well known in the art. Such materials are

e R S b T

FrmedeCtie rolotdms af Pligwddaperyion b &.9 subatglatraiisdry powder e.g.,in

ﬁ,%;?ﬁflf%@ go?g’l | %gestg% écrau%{rrrl]y%s ﬁsnefnt é)ngﬁling,uf e glzyme 's substrate
p;@h yisdé bﬁlf iﬁ@ielded; hﬂes&lpam‘feqﬁclgugb ng&ﬂid %ppcd@suﬁh as the re}tbove-
C ul gse- on- bas webs suc s, sheets,
ﬁqr'§§ BrCrpiLigplare ; ganng Ypae bﬁf%{f Ean 2350 Yerfuclydadas Serpagely
Palifa@td L18heh A e &ﬁ@@h@%éf HRRABYr BT wEatied4/ 000174
such as those nmade from polystyrene or
pol V|nylchlor|de L009qg@ghe |nnunoreagents of any
PQ Hosthrefesbl, din sy HARS heVarpledn coed cpsraéw‘aeédm )
394 éb?’rfa@é‘mf aas%bélra'té Al kﬂnﬂb %Pﬁfe?és?ﬁ cBhtaéted Fith %Sa&lﬁgédmaéAKs

ry powd in Tyophilized form Were
iGool pratennzgldma ﬁstlboshearbp tn zy&mp vihieh manzbﬂm‘e&tnsmbhct sagipte

1nd tgl 2 n%gﬁrp r&r\{tl E t1%o§1 gL rﬁacgee}f:wﬁg&l aAt Se%}sthlPIe and

o e- escr 't Ot
aﬂdi to ml& mlbﬁméﬁhhwfré lmmd tathe ahtigenleeS ARS CoUgtotain.
separately packaged elenments in the diagnostic assay

J9%on: Rhe obuiianMiPheied e g peititf i b iplal s agt

tthesagidrshasa a@Ehea];)r?ﬁbhil?obfngtt@tedA Thasmbeseahtiihnb@ah &ﬁtﬁbog&s may
ont act e W t t he tlgenlc V proteln an
j’ﬁtuﬁ%’oa‘i gsqcan%a%alg iy éﬁy\kﬁragﬁltﬁﬁt} %ﬁ@%%@émnq neawe%he

SAMMkRan RAXHDdLed nlal) BBt bG8, &Hédteduggﬁ@t 1Rt hed] 281 1A

contacted with the antigen/sanple and bind to t
aptibaslirdi es that are bound to the antigenic SARS CoV
protein. [0092] The secondary anti body used nmay be

§60$312t Cfhel At Hihaf AhtBYdiek H?aﬁr bb ?ab@ﬁéd whil® la%é‘lﬁefh% &l R8ny

as the patlent belng t ested hus nouse anti - human
at:ntlﬁykbhﬁd isesapaidlg of hpang eoaitigated ot b@ndé@thndawwmm M hagy ey

h n.
tlsacﬁﬁé}%en &gl;n tm &égé%[éd%#ggggély@i Jcec %?e Th-glf'%xelr may be, be

a:ga;ugmd drthvand toghe aﬂthman dng]éodqudr hmoh after cqnHotng th?laﬁti-

nti-h dlesrra be | abelled with a | abel.
%"}B]aP Slﬁgﬂ%g}' %ﬁ@e aniigen/s pll‘hat i s capabl e of being
conj ugated or bound to the anti-human anti body and
[0094] Detection of the label is an indication that the human antibody is present in
the sample. If the label cannot be detected, then this is an indication that the human
antibody is not in the sample. Since the presence, in the sample, of the human
antibody to the antigenic SARS CoV protein is presumed to arise from SARS CoV

infection, the presence or absence of the human antibody is an indication of whether

the human is, or has been, exposed to the SARS CoV virus.

[0095] In one embodiment, the label may be a chemical moiety capable of being
detected by an analytical technique, the chemical moiety being conjugated to the anti-
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that is capable of being detected by an anal ytica
techni que. The | abel may be conjugated or bound to

W0 b@4aem289 human anti body prior to or after conPEDSGIIY4/000174
the anti- human anti body wth the antigen/sanple.
[0094] Detection of the label is an indication that
the human anti body is present in the sanple. |If the
lhaiyeh antthedypt Inbisdetbedines, thcamidal woiety iagerieraliycatjugated to

t.hat the hu not i.n the sal nce
R o ARy B Bl B oo B B il
angammngnlc SARS CoV protein is presuned to arise
from SARS CoV infection, the presence or absence of

R TS dn ok SmbetineRp BeaR N e eglbes onoflgion of
[oBf2P @tlbbale@n@m@mgjgﬁ&ﬂ&herém & chaniied] nithty Bfit & c@pa&ﬂ@ &Heing

nnleta capabl e, of bheing _detected by an anal yti cal

detertad Byian al%ai%wewéqhnwe Tadhig epbosimaiy, e afhgyartdady or t he
%Bﬁécﬁo@ B¢ A@ﬂ%r%g%dl&%gﬁg %Uh%g%élgg%gjgllga@&' fRfLto is

anti body. In this enbodinent, the ch noiety I's
gerrazllyl Hopnd tripe grati- -bumaantibhéy after Eherotigimman entifody is

2%@%& Wﬁﬁﬂ%@$hgT%%§@ Aantibody is contacted with the

I n anot her enbodi nent the | abe
may be anot her anti body or collection of other
4009 odiles ptﬁmd@ndmdjm@mttb@methed ﬁlrﬂxe:acwipeisémWashnjgatep

PeBirst §68 B CP enERaBthemb S tefee- o A TS B
@iﬂtﬂoﬂc tW@ﬁlngfis @%ﬁ%blﬁﬁﬁcbﬁ?ﬂéh@& ufiay b MgsHifEsobiiRmicebrising a

noj.ety conjugated theretg is_. generally bounq to the
IS, MisHanp BP0 bytTcird wling FlucioscpT ATAE D 4Rt 1% germal gerum

%HI tRe Eﬁﬁlal"éﬂeae§ Hewme { thg SRIRRAYRS §hich %%Yllemlcﬁl Roiety is
preferred enbodi ment, the nethod further conprisés a

weheairyl wasapepapnsk %@@ﬁm@f&qma(m}som @resent in the dvasiing solution.

preferably between each of the steps of the method.

Y6981 Ng A SarRbdedhaRicdl ﬁB&ﬁE@ab%‘@gfﬁéﬁig’&téte%zt&h Bfalytical

solutlon conprising a such as phosph
rehfigneehdyapabheoidsing dojvgaion tcmnmnhgo@bw belused imghertabel.

?g{ll\;\iﬁ%]a ({1 @E]é)flég’ﬁlcg%(ﬂ?éy n’?’a?/eo%lc abﬁe OfVHjUOPCSCC C%oraraalogc?@%y

em cal "norety gate

(see Falad. A AR velegh 0. &e]Hurm?llyJ GJIS (12(109) (D(lilﬁﬁ@lms of Enkyhees to

P B PER.bpdRbrct BE i kSl g pron

ReAingHMER &N M3 B £ Seitimbe . Gg Si:lﬁﬂ]l Jug e 8euhIK }Mohn Wiley &
ant i bod may be used in the For instance,

t he
SRENCa 0h84 it Y1 Ayl lble%ca&sa%ﬂn@r‘aﬁk ¥ |Fa16%§c%r$éhdaa}aﬂs T.
f%??ﬁiﬁécﬂlblt Momﬁ%%la%&lako% . ZnE%glll R %n]ng Harbor

Hur rel | Conj ugat es of Enzynes
Laboratory Press Cold Sprmg Harbor NY the disclosure of both bemg hereby

incorporated by reference). An example of chemical moiety useful in this invention is
alkaline phosphatase. Further treatment may be required before the analytical
technique is used to detect the label depending on the particular technique or chemical

moiety being used.

[0099]  Analytical techniques useful as detection methods are generally known in
the art. For example, colorimetric, electrophoretic and radio-labelling techniques may

be used (see Sambrook J., Fritsch E.F. & Maniatis T. (1989) Molecular cloning. A
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Anti bodies. In: Current Protocols in Ml ecular

Bi ol ogy. (Eds. Ausubel F.M, Brent R, Kingston R E
wob@raoDsd., Seidman J. G, Smith J. A & Struhl PEI/SGA0HM00174

Wley & Sons, Inc. Vol. 2, pp. 11.1.1-11.1.7, and,

Sanmbrook J., Fritsch E.F. & Maniatis T. (1989)

Mol ecul ar clonln A | aboratory manual. 2nd edn. Cold

Sihoratery Haanbdr anLQiibo@(dﬂ SpyingpHaber L@@rqims&rfimﬁglqlré PBORS
r at ed

Ii%r?o‘éﬂi}( gﬂ%lg gk&%%gf OP\LIHQ? Es%e?e%k%oﬂ%&ﬁpé/ b :[13?8%@; ful in
th| s invention is al kaI i ne phosphat ase. Furt her
{0QH0}ent Galprim@triceqﬂnhiqeds dre eneeallypaefamed andinsayl employ

t echni IS ct the.label ending on the
SRR BORePE o st S fegR ER b B RE BRI,
hegaRt teéﬁxahl;lt i skIlEd tinihg uasvill appratiata shatl ethecteétoques may be
met hods are general Ly known in. the art. For exanple,
églpg)ry?‘iré? Jeteetiop g %ﬁ;’i‘ﬁg‘? BErat WHeRORdi o- | abel | i ng
techni ques may be used (see Sanbrook J., Fritsch E F.
iO(M:’O”li at i sTfls kif 4989 )preddak BEUAtRM 16dy0oRIHE coﬁpﬁge M€ns for

004/ 109289 PCT/ SG2004/ 000174 | ahoratory manual . 2nd
dgisetingdheilebgly oryclHapas maytsorRarye FromrBe kit Col d spring
Har bor, NY, the disclosure of which is hereby
ifoero20r at B¢ dbérnkigfng Ft]?e”é‘r@@ence QA ties @O K oAl EPN fok U274, the
technl gues are generall referred and %/
PPRSEICE 5 pUHPIESBEE Of TARSP G@gfrmfauselaﬁqt@?ﬁyw dg e@@m%r hus, the
g%?ﬂb%%f 't]{égjégs%ﬁf iGenBiok ﬁﬁ%ﬁols Yi§ed3b detgﬁgﬁ{ 6r}{ﬁ aéu@éﬁn’ﬁgcﬁ% orne in

t ot her

e art appreci ate
tnenddirboduths vtmg/artoiemubqﬂyl apy ptseas), ol neytalsorbe ms¢chio gases wherein

AR sy SRR st kb i « RGP

trébavéra@ﬁbmSHR$G6V1mm may be separate fromthe Kit.
[00102] By determ ning the presence of antibodies to

Ddbun, e md B o R SRGE B Bl RSP R Bl

appiadoduch hea ﬂfuﬁﬁ@l&boﬂaﬂ)\/ﬁfébﬂ fondei@yioh 6f SARS CoV iHRLE6H, and
not only acute infectigon (one in which both the V|rus

AfETeaREC BRIy 1nRQt PpHerEsa e teg gan defget apvaRpteyaatissHRS oV
CAIRR tYWOBLEI teallshE eﬁf‘ﬁa‘t@&q}ie brRvAEfee R EARlStCJ\hﬁfe%tlbﬁ no

detectabl e virus, such as a subject that has
recovered from SARS CoV infection. [00103] The nethod
%ﬂ Q4lt of Inpane ppitisslentmbadiiment; B immynagesay sear KldpAf i el d

lel?é r(])?en ééiﬁ\é?%oﬁ 1&@#J I%dp Ig%t O%Q% 35@%%110 rp?écgmfégT U274

v Hi?leimmi iimabilizad bntp elief agaygdate.hfertmadtonc apatitet ie cbntacted with

SEATRLOIRL SR O, ca1f S8 A AR, B LS S

in accordance with standard ELISA techniques described above. If the patient serum

is collected from a patient in early phase infection (between 2 and 11 days post-
infection), anti-human IgA or anti-human IgM secondary antibody, both conjugated
with horseradish peroxidase, is used to detect the presence of the antigen-primary
antibody complex. Ifthe patient serum is collected from a patient in late stage or
convalescent stage infection (between 16 and 60 days post infection), anti-human IgG
secondary antibody conjugated with horseradish peroxidase is used. A colour reaction
is developed in the dark using the reagent tetramethylbenzidine, and is read in an
ELISA plate reader at OD 450 nm.
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[00104] In one particul ar enbodi nent, the i mMmunoassay
is an ELISA. Antigenic protein GST-N (A 11-118) and,
WwWopwaseBd y, antigenic protein GST-U274 (134-PTH3G294/000174

i mmobi lized onto the assay plate. Serumfroma patient

Is contacted with the immobilised antigenic protein,

and the assay plate is washed, bl ocked and washed in
d00H03]anc e The EhISA msthed ¢f e lpBAcntaetentiouis dotheperifih ¢iblding

ve, erym s coll.ect a
18 pbis o B b e B R RAGH mhRy B e

dRySiveasts, parfitlady @hgn usaip! GSTHNAN 1-DB) eiid whéd anfiliiian IgG
| gM secondary .anti body, both conjugated_  wth
ws?%@alacﬁngw%éﬁ Befd aE@“fhea@oras%a iy @Rrcutobievaliedepisading

Qfr D1 tdaF88Y Ry 9@5 usté) tT?aQQ Wm&%@ﬁkﬁ%wldté td sl%?a hlgher

pat lent serumi s col cted roma pat
sutpdevabie ofdb‘lrwmﬂe@ p@&lﬂvesmc@@vp ivalse (RRH) ofd é@%éelntha_ BLE

6%&%&}/1 iP@Rbn I?é"lg Gargar% ant Eze:}vldgmkty%cf:'a fglge osﬂ%y

bo y conjug per oxi
Haiarly) adevatcutafeatid ofi9.25i \sltlﬂmnebxeqmedi sénRitivite aﬁﬂaﬂi klgher

usi ng the rea ent r ane enzidine, .and.i s in
e e e AT ENG OUB ARy beds e P Dbrig a5t 4 1045Ads
nggrdigcﬁzggﬂhg@mgg [ 00105] The ELI SA net hod of the

present invention is both specific, yielding |ow

s of false positive tests, and sensitiyve,
&ﬁ@?‘gé]ng | Frneihes erdicypr quahodment dhejmnyunopssay & a rapid

ﬁf’i‘lﬁ{u'ngéﬁr%hﬂﬂg eMSTRE aﬂé@nﬂé‘w&ﬁs drd @deﬁ&ﬁeﬁﬂ%ﬁﬁlmobﬂlzed

anti-human | g secondary antibody is used
Rudistretertines on & hisronélhiloss moGbranet preferabll GETMbEA I éddBrepd

I d. .Th
5875 Dol B Seaatle TR tSpir g SonuliReotdie BBy
aopjagited with polddolididylgantitlesat éﬂ%Féwi with 4 §4atadiin plaee to
ELI SA n use W, ri sk areas to mnjimze

;Pa%vgmbqarvf@wgra%ww %P éeéobfkér %I#@edy SHfitragepibeagng g

%H%a@zﬁtéd Hamue 288 iskegRatdll Fmake hlﬁﬁée@ﬁﬁﬁgnéﬁaﬁﬁdnk' Ubbﬂl ad¥itibn
her negatlve predictive val ue (

é wt#e@tjsm to s mespitirancea yraping Ratleis @;Ne;l/) o thg §br@mawgraphy
gh&% gxlﬁd rrglrlf':] t%éiaa?i&"ﬁ‘ rem¥0d %%lth@&%&Qﬁfy :%%Béiﬂ&' ifigrate into

e | rmunoassay i s
icomtaetoritly therattigyn apimaryt asfoodmimm, Mgl;lmmh@s froeé bmthear e

i nd d |
R et BT R bl e il BNl k50 0%y 249 15
anithute 35T thb'%ﬁ}ébafah%oﬂﬂ dolour An& élmﬂbalidafoﬁrhaitﬁiii&if agi g’.iaﬂlp)ﬂmary

strip, cont |ns secondary anti body onj ted
@aﬁllaod@oﬁe? e anﬁ'a Y O X&Pn’fawalgéwalugwéj old Paiti Fat or

in place to prevent early mgration of the secondary
Joo1dwdy. TherapapignimbieamhidgrapReltekise lﬁl%pﬁmteqﬁlgﬁlem

2, gnd.ie sepatated from the n'iycellylooe, renbrane,
described ELISA, the rapid immunochromatographic test is both sensitive and
specific. In comparing results obtained with the two assays, an excellent agreement of
99.6% between the two was observed, with a kappa statistic of 1.00, and an excellent
correlation, with an R? of 0.988 in relation to reactivity end. Thus, the rapid
immunochromatographic test is a simple and rapid test that needs no special training

to use, and provides diagnostic performance similar to that of an ELISA.

[00108] The same antigenic proteins used in the above-described ELISA may
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of patient serumto the nmenbrane, a releasing buffer

is added to the chromatography strip, and the
wGaepanesy is renoved to allow the secondary aPtTi/hGg4/000174

to mgrate into contact wth the antigen-primry

anti body conpl ex, which has formed on the

nitrocel |l ul ose nenbrane. A positive test result can be

\ilsobglapplied te {hsirapifl ipmupochraneataggaphid tastt @l ragy berppplied

g&g&?ggﬁ% rﬁv%rf@reﬁp @H{% ér[é%%gion §19a1fyg{r%]1teln§€vgﬁ&ek/81'8 ?c{a rapid

omrrnmbcrﬁrmgatomng tase@ugmrdwpancttlonlyaﬂdw@tﬁm& tﬁif]mdﬂmdual patient

éiaaﬁg[n ”egé’uhsrﬁ 3?&8 @ﬁ\li%ﬁ{g)ées& ?le}:tgv nﬁﬁ\agual ant&gemc proteins
GR& IeQ@lt apiB YesthRXY §160 piovide gionASagnbdif déthies (RS-
desgﬁgbed ELI SA, tjr,1e rg i d anl?ﬁﬂnochr omat ogr aphi c test

ipsovids Yelupblespidepiolggigel lgfe@éatm dor thespeeadipd PritigulregDst s
Q%h?ﬂt@&‘(goéé“ag@ ﬁler‘oﬁ Wee B3R ate%rlgmﬂ tﬁ@UZWﬁI%%ﬁt

0 99. 6% bet ween the two s observed, with a kappa
soapigsondo te Niplo@in.and an excellent correlation, with
an Ra of 0.988 in relation to reactivity end. Thus

t pid 1 d
L S e iRSaaRd,
pmowinoest. dicagriy,the apigehio prisinears irmsfarediontd Hmpmbfanansing

a0 bl mr e A o3 Rl B E5guSSeiphy .

Redi 86 QD RGddins ahrsbb dépar&l{é@ ﬁﬂt@&sér@tetbhﬁdsf faphsd in the same
' ochro ographi.c test, and nay be applied. . i
ﬁ‘tV%’lg O%i"tftc\%n af patigpidmmupg E3POTC Fal (udar antigenic proteins
a'ﬂfh’é'sﬁlﬁé gRk! X subhér rﬁ&%ﬂn%ﬁ%rﬁ%@%ﬁg@ﬂb roteins, preferably GST-
I mmunochr omat ographic test co provi de not only
|N1(1$1d étlll&)r@df(b‘}T-Uﬁa‘i (134t2a1). ghe prohmg of ihegnershrene wigh patient
e .abili to test

i ang {h sgccfnda an 1—1%1r 12 ecPIHugatede %%o&r’y a[rg p%rgor{ned P¥| standard.

I'VI n| C
thdterﬁBthtaigStébhmqiws dies gopellted Se@dihddtmﬁbﬁd}&s diedsan bssed on

rovi.de val ua pi dem ol ogi.cal mat i on
ftgﬁ‘rtuflﬁh gl% % petiogef Blﬁgé}?e RAFIPR Sa00R75 1S %ﬂ#‘@%teél ¥ss a

REGYAHAY afibodg lfhﬁiytb‘é cbiiagAEERUEY ent ik Ak $Hos Hﬁf&sé@ﬁcﬂthe
protein in conparison to the N protein. [001

slatsetinayis figp ppidenmed by dsvdoniami colowaeqchny HYRS éﬁyomcs*&hloro-
\éﬁﬁhﬁ?f‘%ho? ARt obnfFBRLAlily, the antigenic proteins
are t erred onto a nmenbrane using standard
techni ques known in the art. As with the rapid

ilBOAMd chr ofee @&@waﬁhgscrlb@isWesteﬁnnwmmm asggnt i gors me
%ﬁ’stuﬁi ﬁ‘gzan%%@n Gs %&sﬁgl ﬁﬁ &M&ntjarl]li ; egﬁéﬁ I‘c?fo %’ﬁggr%%ufr%l eééffe
ipatien samnE ey d{tsz&vbn itpaaythequite nsediritas g eonfonjatay &ism; coafirm
t he. sane tj A str cont.ai ni ng

AR RN e B i P e TP LR e YL 11 118) and
GST- U274 (134-274). The probing of the nmenbrane with
01 Eift In another aspect, the present invention also provides an antibody

directed against the antigenic SARS CoV proteins. The antibody preferably is
directed to regions of S, M, E, N or U274 that are unique to SARS CoV, to prevent

cross-reactivity of the antibodies with antigens from other coronaviruses.

[00112] An antibody of the invention is either a polyclonal or monoclonal

antibody having specificity toward an epitope contained in one of the antigenic SARS
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serum and with secondary anti-hunman conj ugated
anti body are perforned by standard Wstern blotting

wo ewhnigses. As above, the secondary anti body PGI/SGEOEN0174
based on the tinme point during infection at which the
patient sanple is collected. The secondary antibody
may be co(rgeugat ed to the enzyne al kal i ne phosphat ase,

£y prowinsdeMad Non U254t Manogpecifisranslpdiss nes\helreqanrhinaat,
col 0 5
S8l R ko SR R RIR eGl Bhtine ariein associated with
Tllnmaﬁ bms&mdegmmb hethamest (erhumammnMgbd)bum sanstans bankbene
unmi n dis n s, easi |l y. adapt

ogrse RUR R B i tetion bRt £ 25 in G Bl aui B Snfle
Idﬁxvﬁv Bbih polyclBiv] 4R iidHokfeciintiboBé rﬁaycdlﬂfbeflﬁﬂie%bfn pest
to confirm gartl cular results obtai ned usin anot her

renyseslelulia; gisse.8-{ DEDIAGr Hah fgmerer Thapibpdics pighe
RERRER] ark BY g (Is}g% A %9 % ¥i e%@ﬁbl?d]&ﬂa‘?%%odfék LRGFE

agal nst the V proteins. The anti body
pingleds@ippeyoriagnixthire eltis@ypaso regions of S, M E, N or
U274 that are unique to SARS CoV, to prevent

f
GOREF, 2 At o 500 DOk B AT PR
inowehvigs onfragnanitd therofaage @eyarhtoh by 1Imnummmn loba aiammal with a
ant i bod havi ng s f
Limpor e S ot G FaaRa R Biibodios may be
%@%101&919& SnbBEIbh BRI DFréduce @@Mc]@hﬁltcﬁt infd®08ondVianthodids

U274. l\/bnospem fic antibodies _my be reconbi nant
@r@weﬂ knwreinithe gtk pr a revergses (ARiPogies. A LaharaiptydMpaggh Gold
cg‘ém Hafb%r r PEbAMEABIOE Aafthy hd D. PanclUSER), SQTPE Afkiton er

, humani zéd (a human i mmunogl obul i'n const ant
béc k%dnénn tReyeBlochenni 5065058 Teurmeansiclonpleagtibedies; see Kohler &

%&q#&gﬁhg 9975?Na 5601@5 491'7| gin), and/or single chain.

and “nonospeci fic antibodies may al so
be in the formof inmunogl obulin fragnents, e.g.
H0e1)4]2 or Thadntibodigsreiithe invErternawhich et reisedito S, g N, E or

L}%\L@E)frcl)t%gf 0 a‘ﬁ‘%ﬁ% Cgl o %%é&fg s’or ?ragment glgi‘e%f al’egﬁ"od&ngj and
ﬁﬁeh}t\llﬂé@ushﬁg $t51ﬁi‘amlﬁﬁnunlbg§icg&}ssﬁmd @pWeaﬁmaﬂrﬁgnnilysm et Fot
P TII AR etF: Caaan g6 ler T 19 AR EUE o )

BRI MileW&t SorR, In6 QONBRSY drk QWY OTHManfibdtesHidd @be@ Ddi8kdstic
honol og” or fr agrrent Such anti bodi es may

pesthads indtecs therrserordesi antisamia HokE Co Y pmt@aécad E, N or U274 in
%ﬁ@ﬁg oﬁ@b a0h biSHR | SRt 2fd DA &S arlhi Y&l bn kemawp in

or a review, see "Antl ies, A Laboratory
Mhromatqgr@hly dor (SpifyingS Hey NoE ot BB ¢4 ammllw,of BARS GV.har | ow

&}lrg)glopdgs I(')ra Hggn(ne]h?sgtﬁgr’eoﬁ nd D.E Yelton et

[00115] Those skilled in the art will readily understand that an immune
complex is formed between a component of the sample and the S, M, E, N or U274
protein or homologs or fragments thereof, or between the antibody of the invention
and its target antigen, being S, M, E, N or U274 protein or homologs or fragments
thereof, whichever is used, and that any unbound material is removed prior to
detecting the immune complex. It is understood that the antigenic SARS CoV protein

reagents are useful for detecting the presence of anti-S, M, E, N or U274 antibodies in

25



al ., 1981. Ann. Rev. Biochem 50:657-680. For

nmonocl onal anti bodi es, see Kohler & MIlstein (1975)
wWOl2dune928%6: 495- 497. [00114] The anti bodi es of P€T8G2004/000174

invention, which are raised to S, M N, E or U274

protei ns of SARS CoV, or honologs or fragnments

thereof, are produced and identified using standard

iarsaeplsl, egi, azblooelsstagls wisilecan, antiesstyenfithegihvantian & lgﬁsql fr dot

rbund TR B R Saf b prdol Wl farsns cov

hpeptids. , New York, NY). The antibodies are used in
di agnostic rret hods to detect the presence of

t
JahAFE" <, Brioe e pRG SioBogTonebmsibacics Rimafk! b frowd host
ahena |1r§ﬁ1uﬁ§:6d1wﬁtﬁ aﬁigeh nWitl’t’E t@ﬂtfa@ﬂﬁ‘pﬂ@h&ﬁ? }alntﬂﬁ)ﬂy, are fused with
pur|fy| n%é ot ei ns of, SARS CoV, or

1

fomalag ﬁfé‘ﬁ?%dqm?e?f&‘ff’ cellﬂdtylcfsyenvﬁ&l @Tadeqol. [Segatic
| dand 1F{§¥<ﬁé berWeli Ifroﬁ?tﬂg LU RAph$hasl dnd Péﬁ h@ﬂtl Hrogy Bletransgemc

conpl e f or ned etmeen a conponen of the sanp
anamhle. Myelivna gells\vigeh o2y e ussd @Qréhmpr@ﬂuqmomf bypsidomas

R 5 i AT R A,
U4, KEDUasS rasss;PEshNﬁul-mg-g 1QP. b, agqémgsu st e}@hfand’

RGBSR 4 6ttty AR VR BHEE R o inpding U-
WNERRSIHA M1 STBGTIAYE 228k d B6ReGuRARBeleRVyRIR el Tines

reagents are useful for detectin ‘the %resence of

dHemnwrling, etrl. (rditprs) procienal Apihadiesiand Pepeipdlybridomas IN: J. L.
ﬁehﬂ%%%fézgm ﬁﬂ@%ﬁfﬁm&o 2520l §, EiSevirN R Gk

an anti he T hvention is used for
ﬁmm@@pdg’r@SdﬁWplYerk (sll&H) as a gastric extract or
bi opsy, for the presence of SARS CoV pol ypepti des.

S[Q%fﬁ] Br 's‘f?&h ¢ cdlBhy osa 2} Q}%ﬁﬁf&@%ﬁiﬁeﬁﬂﬁﬁ 'téﬁ%us with a

i"‘c cel roma
anleclg@rmedmmlsuplmaseﬁiml“amedﬁwm Spteotim:unr:@a alitw Bodlye, degaction of

f d wth. | o
RSBt Reing B et St Sinst B B BPLAISPRag Soibde
deddia£lEb Hreodnt ivavil pf @fiised myRfimareilewhihevopky cbth)é'rezliﬁlcontmue ,

bl god. of 'transgenic el oma cells which nay
g diyddsng lthIIB{eS"E)‘?ed’aXFgH %Wﬂai%%mqﬂa&fﬁ@nﬁtwemaﬁésary 0

hihe MARhATEr &hldrowth e 18SddMREd frothRoRER eells cont
%-Af/l Sp2/ 0- %14 ?%Agys By hE NS T A s fontan

FEenetis. lsfoxe@mysxgc:@m ffor geperatingepnzgneviossekarauthbut fagk the

R O)astita sof! d fi
ol g RS e Ryl Rt bR
heddéa. ﬁﬂlylefolerwnbeﬂhbsel somatic cells which have successfully fused with
myeloma cells grow in the selective medium. The infused cells were killed off by the

HAT or selective medium.

[00118] A screening method is used to examine for potential anti-S, M, E, N or
U274 antibodies derived from hybridomas grown in the multiple wells. Multiple wells
are used in order to prevent individual hybridomas from overgrowing others.
Screening methods used to examine for potential anti-S, M, E, N or U274 antibodies
include enzyme immunoassays, radioimmunoassays, plaque assays, cytotoxicity

assays, dot immunobinding assays, fluorescence activated cell sorting (FACS), and
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(Hamrerling, et al. (editors), Mnoclonal Antibodies
and T-cell Hybridomas IN. J. L. Turk (editor)

woe®eaorky Monographs in | mmunol ogy, Vol. 3, PCT/SG2004/000174
El sevier/North Holland Bionedical Press, New York
(1981)). [00117] Somatic cell-nyeloma cell hybrids are
plated in nultiple wells with a selective nedi um
tfeh i trpihiRdingdissays. Sel ective nedia allow for the
detection of antibodyproducing hybridomas over other

D08, °or Bab R BB r R ER MR N Bl Ry

ardmamiaged cootliunued thay ol ohnmtd in omdef to pradakce/ mosoahanal

USRS, £USH g AR RR b

d@éd:tvdiﬁtcf 4 BisfossAftible «@@hd1Sf henyRived @PASLidEthe somatic and

nf or mat i on necessar for Eeneratlngafazynes for cel
le i3 G5lis for haorpeipal Si‘% ¢ yoctegaaimal feelops TP shcaeting
G ép%mﬁé‘ Rdnbd1sksal allltf’o%ﬁy bRIduGedHYAhd hyforidBmh N sel ective
media. Therefore, those somat’ic cells which have

successfull used MAth nyel oma cells grow .in the
i ve E%fdmemc lomgbantibpdigeepcretad by thgsetecked| hybiddasms colly

S R R
Nnomnoglﬁﬁlﬂln@ntlﬁwmwsoqdémbwmh ﬁs,c&mehgmpllemmm At own | n

R R S A

atfigyhronet®esihpg net hods used to exanine for
potential anti-S, M E, N or U274 anti bodi es include

e o e

ftd dEt BegREen@Ifial aht@giznféESARS? QBV ipRdieif, bAGSB)genia A g@bnt WO
2004/l092 9 PCJ/ S&0Q04/ 000174  other in vitro binding

dezepfsnclpdipg rofiagpsts methads irEpmedas Prtsare phsie pasficuldr

affiden prieinkn a Ya@dnt Hddidte @f‘ﬁl‘a%q}ﬁsol@tre%bﬁﬁieﬁtfﬁin{@gaﬂeﬁt as
cul ure and may be cloned in order to produce

st @e defaeting p&ﬁﬁﬁcb@@p@bmslﬁ@mlgqn@ JARS SoVyroteins |y antigenic

e AR o Rlout Ok PRy MR R on,

mahd@n@;ﬁnemm@ﬂeunmnmommmpmuandThﬂmﬁmodmsp&kadbpﬂwthe

Th t. L
el bS48 iR R B er SR miF KB frbtigbcer
yarhfle, daptard FIA8As, Weddd Glhmhineb] 66, ehanabihinéscdRd b&sys, as
secreted by the sel ect ed hybridoma cells are suitably

FE3cTiPsEOF¢-om cel | cul ture medium or ascites fluid by
conventional imunogl obulin purification procedures

so®i223s, fPhusEhardit Frovile@h Blefhofof detecting an antigenic SARS CoV
protein, particularly S, M, E, N or U274, or an antigenic fragment thereof, using an

antibody of the invention. A sample is contacted with a primary antibody directed
against an antigenic SARS CoV protein, particularty S, M, E, N or U274 protein or an
antigenic fragment thereof, for a time and under conditions sufficient for the antibody
to form a complex with an antigen. If the antigenic protein is present in the sample,
the primary antibody will bind to the antigenic protein, forming an antigen-primary
antibody complex, which is then detected by the various methods described above, for

example by using a secondary antibody directed against the primary antibody, which
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SEPHARCSE hydr oxyl apatite chromatography, ge
el ectrophoresis, dialysis, or affinity

w@ booare28yr aphy. [ 00121] The anti bodi es pr oducECT/SG2004/000174
according to the present invention can be used to
detect the presence of an antigenic SARS CoV protein
or antigenic fragment thereof, including in
dmﬁ@ﬁﬁ@nwgﬂﬁ%KHU§$WUPméﬁ*ﬁﬂ?lng the presence of the
particular antigenic protein in a patient sanple or
o2l ' 3l ARl ey OREAATH nE LA ARAkBRorai @by eRkdyce.
s det'ecting purified reconbinant antigenic SA
proteins or antigenic fragnents thereof. The
FXAMBPAESS may al so be used in standard purification
techni ques, for exanple, inmmunoprecipitation. The

3001201 es pRaRKicdetsbys SARS gd\vﬁ.@élﬁpamx%mﬁuy AL
|nnunoassa S
ﬁ&%ﬁﬂ izé;re ELI SAs, Western inmunobl ots, or

fluo dlcdndMetpds as  descri bed above.
[00122] Thus, there is provided a nethod of detecting
ﬂlﬁom]l 9eNjfurerhins A@pr\!age%s%gd f:thil %H¥ %feaﬂulréﬁa% ¥m Bigma

or U274, or an antigenic fragnent thereof, using an
4Bt me@LW@f) unkess pthemise stated. AllsgHpines were porchased Eemihe h

e I s

(ﬂ‘ozan Duitieté¢gemiodified Eggie ntedidﬁeccmﬁfmmg bE oﬁ ghmm/lm*rdz mM L-

der con iti.ons s C|en r anti bod to for

bl ot fhi Bictioghric e Ul L ssaane s afife. 0
%§§@ﬁ’épﬂoﬂ1y§1hﬁn15 2000 ©f perditIRinDAddB4 Yot Mo 1R6 situwi(H Clined
to the antigenic proteln forn1ng an antlgen prinmary

tihdggn.dOApt ex, which is then detected by the

vari ous net hods descrlbed above, for exanple by using
30 91322711 ndar ¥oadkd B ¥ skt Sthr a9k dh® bxJr&i8ioRid Alfvhalian
anti body, which 27 2004/ 109289 PCT/'SG2004/ 000174

weals, s vieeapsuyed weremXJ40TiA: foe iapging pesiteies At dhe ) GUmERE Wihjone

S9N CPASE R L% I i ) el EBRBL ot

€V epitopteatiilse @ seroimaignbert the exmcskien of glﬁl@lﬂil@rfe] S-ivimisgarasel(6ST)

Al B0 arlRoreriegs Trili St e T gFE AT

nbershamg)a?maeiaflﬁbwclﬁ &Jpphad, @dvedéid)l FCcl;Jrlelhd stdblm@ﬁacol lsmeﬁ@n of S in
C e rom e Anmeri ca pe ture ectl on
&“1759 adfu k)ﬁnst SRR L8] R fﬁe& -tefroigglend yithogreenop
@fﬁbﬁb@&ﬁpﬁ)@teﬁm@}ﬂi) s E@ﬁécﬁm&ﬁ@lé PIMERD {&dtét B QestriBe i GB

%Iucose/ iter
314332. All of the constructs used for this study are listed in Table 1.

Table 1 Plasmids used for this study
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glutam ne, 1.5 g of sodium bicarbonate/liter, 0.1 nM

non-essential amno acids, 0.1 ng of streptonycin/m,
wa@4bas9 penicillin, and 5% fetal bovine seruP€T/SG2004/000174

(Hyd one, South Logan, U ah). [00127] Construction of

pl asm ds: For transient expression in manmalian

cells, the vectors used were pXJ40HA, for tagging

protelns at TheuN.LELM NUGWMLN OR& no. emaggl utinin

(HA) ]éb‘i“'i’ope ( 15y in @A pXd4i@=3 HApmind @i t aggi ng

prghgiassoM th t hyee: HA ephbppes atyfihe C term nus.

Fopkflme’%"ﬁxpres& oh2Bf gl ut &fihi one S-7ransferase (GST)

ﬁf% ns ifiHacteri &2l genes ﬁ%re cl oned in

%&gﬁ ﬁ& - 4T §§(Amsrs am Phar maci a

B| mzenhs mlppsal a 1%den) 1-fBf t heimstabl e transfection
: ﬁ ceI‘PD%4 a fuIPﬁ-I%ngth Sl4c;onstruct t agged

at PAhE, {:Nﬂ‘ér M Najg, wi t [ }qeen f{,lgorescent protein

(o) i as described in

(
GB 2314332. Al of the constructs used for this study
are listed in Table 1. Table 1 Plasm ds used for this

49%2}3 28 HORSIRY 1HBIRP TRE PRS0 ZPBROIAS Prsenking

Poﬂe AdGadRed Br 1 ghdly. 36} fe IRLAY P Qaridifs obhRNRNIAR wige 1
FXIRTT ons Uni nU acids  pX TAOHACU2T4 400-822 134-274

‘exitdctedyius ofa (Qagen virgl RNA kit Z¥alencig Cabil pfromaBGARSLCAV-

S0 B T R & 1B

U5%\35pathi@Efbectsp BE6r< Tibnki2iplion 36 S2RImABWitR Bdpekdetipt fOE

AT 1._U122 46-333 16-111 i X -4 1" 1, -N..
TorsclsEvenn aarines (GoDEL- SRRl Mid pRbmalico)
fpsﬁaﬂeat BCR$ wmeq)eﬁaﬁ&mm &iter HBStaBMGIAPAE@se (@&geﬂﬁ ed

or this stud For the cloning of various

VidieaiumdY Tag ONApolymgrse (Hloniech Lageigtagies Hic- FBR& fklrfq, Calit), ) or
((:I-}e{ Pf&ﬁ o gﬁiggl ﬁlelfage()@@t @]ﬁéﬁ@@@%}i/&ohﬁbﬁlﬁ%ﬁ q{ncﬁ/ OIFSGInd)

pernat arvested when thé cu res
Jhesmeeicages, beakpping SDNespopadddiby thd Gewne: InRgvigros élngapore

&ﬁgp%‘ﬁ#]% £ e M8 50rP5T. k%Z@%Syggpe(%u(g% R0 iapes 1ns¥;eah/I All of the

réverse ranscri pt
Gainteharssd forghis Mildy wardyathesied §o Gthget Smgapore Biotech

(Singapore). The sequences of all constructs used in this study were confirmed by

DNA sequencing performed at the core facility at the Institute of Molecular and Cell
Biology by the dideoxy method with a Tag DyeDeoxy™ terminator cycle sequencing
kit and an automated DNA sequencer (model 373) from PE Applied Biosystems
(Foster City, Calif.).

[00129] Transient transfection of mammalian cells: Transient transfection
experi-ments were performed with Effectene™ transfection reagent (Qiagen)
according to the manufacturer’s protocol. Typically, ~10% COS-7 cells were plated on
a 6 cm diameter dish and allowed to attach for at least 4 h. 1 to 2 pg of DNA was used
per plate, and the cells were left for at least 14 h before the cells were washed with
phosphate-buffered saline (PBS), lysed directly in Laemmli’s sodium dodecyl sulfate
(SDS) buffer, and used for Western blot analysis.

[00130] Expression of GST fusion proteins: Exponentially growing cultures
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prinmer. PCRs were perfornmed with either HotStarTM
pol ynerase (Q agen), TitaniumlM Tag DNA pol yner ase
w@ coeneesh Laboratories Inc., Palo Alto, CalifPQT/562004/000174
Hi gh FidelityTM Taqg pol ynerase (Roche Ml ecul ar
Bi ochemnical s, Indianapolis, Ind.). In sone cases,
over | appi ng cDNAs provi ded by the Genone Institute of

sipnfgabéfrnélty 699 @ef O Nof Facherigie sefi GH-21 (PENyoBstrghoring
I
i gGﬁor X ﬁ%}éﬁrg{mg%%ﬁs%rdcﬂ%e @%duc%h to antﬁegge ﬁﬂ[dnqi%téms by

wer e synt hesi zed
She gadidoneo B mMeledsproﬁy&quamo ge&e)ctop'iji‘moséﬂ (IE'IEGQ stfterf whikh the

o gV L gty Soten b Yoy ECRRIE Rt 305t Chlfvere
| pgdekiedBs enm RO QEonftin 815, TriRbAXOD0 M 1thRI

di deoxy net with a Tag DyeDeoxyTM term nator cycle

sxéqmelmthm@ulfkrml flaprdden ﬁnchf@%mt@@d Ok agavigasarie Procaee |
@ﬁﬁ@; g@r 551?4}8?&46‘;% B SHYPREIR p c(tgﬁﬂv@fe @t ified from the

anstent transfection o i an
clgsatesby Tseafigluatitiotd (&}%I)@phamse bea(cbe(Amer@nmst:anma Biotech).

orrred th Eff t a fetl
Epleiaryere dhed At §° bEE RAb DA e e LD s LR 3 A gis o,
gpwp 024ddy0.1% 508, %theﬁe&dnSeMﬁ@s m»aaé @Efierﬁﬁnedébyﬁlsé ofa
amet er di sh and allowed to attach faor at ast 4 h
1CQ%‘ﬂa§Sl@ Pl tagras et (Riteqy R Oﬁl‘efPrdppgt Emt%%w?lﬁé‘ SBéFH%ated m
gbl?gér%llaﬁideaéelsl £8%taintd Wih0efs0s €04 s BrillPnBILER-250

hat e- buf fered saline (PBS), |ysed
oan@Bad ﬁqrwle@a@ Jiin §5%ouktharobadd Oyt acsti¢ peide  (SDS)
buffer, and used for Western bl ot analysis. [00130]

on
SHOLSTE! o el T 1 e SBRS

mqmsfecfad C@éﬁ’écﬁny oat0 89of GS”ﬁwﬁcsﬁoerotel)ns ofas Rpetaéadiis RDR-
coli / eI I
cbtesbBrhe B et G bR R ol e ¢ prages
f(m@ﬂlaﬁf Rhagrhdtia By)techh @haddinbranss wére blcrd:%d with 5% nonfat dry
[ pro 3 D-t al acto osi de IPTG

P the dbarmolERderd ST RS Ry rEu e bR e

a&c&md%thle%h& alan@GEA polStlofal \We hifdi- GlSiFerﬁﬁ)El%dal antibody (Santa
resuspended in PBS containing 0.5% Triton X-100 and

itz Brtehnelegagtal Gramyalif ) esenight at dkgandeh %‘b?ﬁt%t"é]d
V\dvitt]g]Pﬂ dgég @o?ﬁ’eﬁhlgig @roggfe?\z&e'h 208, YIRRR by |1ﬁ1z91bat10nhw1th an

Far m ng sion”’protei nd were t
mpprcfpnet& hbrseradish gerokige st (BIREY- cqmegaztﬁd sgtandaryinghedy (Pierce) for

o PR R PR o R PR (R Sy AT, ape
Ghtldétecto offbleddls By hiCénhaanHl cBerZilunginebcéhct YheBiod, (Prrud) was
D SRR ALl 005 rE oot FLIef B 5ol & 100 o
Ry, b JTRINMEE BighSPAnBRRARA ®Bteld:150 to 1:500 with PBST containing
1% nonfat dry milk. After incubation for 1 to 3 h at room temperature or overnight at
4°C, the membranes were incubated with an anti-human HRP-conjugated
immunoglobulin G (IgG) (Santa Cruz Biochemicals), IgA, or IgM (Zymed
Laboratories Inc., San Fran-cisco, Calif.) antibody for 1 h at room temperature,
followed by detection as described above. All secondary antibodies were used at a
1:2000 dilution. Due to the limited amount of patient sera from the seven pairs of

sera, Western blots of a mixture of three GST fusion proteins, N, U274, and U122,
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SDS- pol yacryl am de gel s and stained with 0.25%

Coomassie brilliant blue R 250 (Bio-Rad, Hercules,
w@2004f109289 n 45% net hanol and 10% aceti c aci d. PODIGHD4/000174
Western bl ot analysis: For Western bl ot anal ysis,
approximately 105 transfected COS-7 cells or 50 ng of
GST fusion proteins was segarat ed in SDS-

8 drera mnde aginele-defPRT-Hve pelypaylamidegel plsetenhoresis e

EAE 5 RSO0 TR 0 PRG54 ey
titie stips ©F honn0.8mrhidvide goybehch siriESas pusbied withr300 éo #Q0) pltdfe

mb bat ed i th
R B e e e PSR Aot SR VBB e tituted
GEtdZoBl . 9h AER0RI teBiYeratRed) Far thE baly tiedd pdint seflY Bleirdthad@io be

4C and washed extensively wth PB (PBS cont ai ni ng
onqubated-aresnighioyith the seraya ooy tempeighug: r% Aetggteny signal. The

%Q&fnﬁﬁ’g Ao dRRES A b%ikd&‘&; Pl;f ht%éx% tf{hi?f P tufOfhid Ak was

secondary anti body (Pierce . room
tabsopeecwhend argivamimbers o€ samples vicnebeingshestedxt ensi vel y
vvlth PBST, and the detection of SI gnal s by an

g ed CE’E@J«ZL WW sim’;é % tfge)lls%?l st

a ‘ent S e was
tmwamﬂum.tdanﬂz tﬁ%ly'EiSI tb dererkuihd @nt&lﬁ'dmnﬂml?rdﬁgtmiy iRplasiant sera:

10 Bt e Bt e S0 kot B o7 BRI Ghprg Gipeo
tBRI3 abcc&lhng (3191113 hﬁﬁ@@ét@few’rs @rcﬂéco@ﬂ@iﬂ%fe@f&i cans wéeselbdi€d in
nmenbr anes wer e i ncubat e

KFRPC RG] Md&hﬂ@&%ﬁﬁ{mbﬁﬁ% GPMSnW@e (hea@aly@&mnéer@r%ﬁzss
BhieB&Ipk ¢@4rB Y eisd Vé&on@mﬂf@ Wi ERAss, RARARD Ol 8% didHe-with

San Fran-cisco, f.) antibody for 1 h-at room
ttbemj@mg@sue)@,resslbo |sigoalerehs kp;ckdémbgrpwn immediggioontagdng 100 pM

d ti
RGE: B o RET I RP e Bt T PR R Rk S
f28 048301 eC@BW;]ﬁﬂe @ﬁloﬂgedquorﬁ &feqﬂaté%ﬁ”_ﬂe@ MBIEDTEA, Zsﬁecﬁd onto
X three | oteins, N , qand ..
Biesls ,%ﬁ%l\%%é é@&msag slidss %@?’%@?A)&P%g{iﬁ W%%%’wnng in
%étsneramzm Rr$ Ihmnh&l tﬁé @etus S@%ﬁi&%afe@lvmpgeyd AMIEEonE 8F 1:20,
el ect rophoresi s PACE and transferred onto

r1| 40 5881 4nd| 168 (i )afﬁfels h?h%“@ef%lp‘a(ﬁ@by Wereationtvithiant o

b} R lso B Rhnaft @IS, B 6darRRC 180 S bl PariBfu R 10EC
m&gma% ster 220 dlhmostﬁm lpsh abﬁ’/éCn Wbarbﬁhfednngatbd arttiehwbndn g 6d
365 e i s il i PR T SABTECE e s B G308 i
\@;itghla; fmelgseeu:aako /ST GRMIpe Ipehak)ves used, ldﬁhﬁdilutéﬂm 0.05%

gnal . The fondar ant.i bodj es, were %t ed for 1

rEVales Blyg ﬁ‘?lt“éq?dg ukp B S,ﬁw@ﬂﬁ%&)h%%}a@ck Ko flireseengsdrpm
AL EEtEHEENE ' Sided weRMRn8ZeWlRINR NS NGssSHERBEPE (Carl Zeiss

Vision GmbH) and scored as follows: +++, very strong staining; ++, moderate

staining; and +, weak staining.

[00133] Collection of sera from SARS-CoV-infected patients: The first six
serum samples (from patients 1 to 6), except for that from patient 3, were obtained by
plasmapheresis. Plasmapheresis was performed on patients who (i) had previous

documented SARS-CoV infection according to World Health Organization (WHO)
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[00132] Expression of S-GFP fusion protein in CHO

cells and imunofl uorescence analysis to determ ne
wa@raA®28MTunor eacti vity inpatient sera: CHO P€I/B62004/000174

were transfected with pMMITC-S- G-P by use of DWRIE-C

reagent (G bco BRL) according to the manufacturer's

protocol. Transfected cells were selected in

Criteaig) @) had\reemithibe c@Relesqent phage (s akleasts Wesksyard(iiphesre

SRy BRI b ERopll of B8 SRF MO oG Byl

stml tregesm \easmemrsueda nutsogthe kxpeaisiepiscAB gamingaxts bawe given

Septeh g B pBha iy e TSRO Bt BB Rib has

B3dfiganted. quelséc@nm@ert of hrs bordBeRd of kaen phies dﬂsﬁhﬁl@s Wat Rere
0. 04% EDTA, seeded onto bl ack Tefl on Menzel

&P%@Ff&sfqu@}ep@ admytiod te k3n TegkSene SlRspitl or Sipganor @encr)
TRese ?%Wer@%dmﬁt%@ Gp&pehe dnddt offi hﬁébs 1 %eﬁﬁ‘éd'b}r WHO
i ncubated with sera at dilutions

L‘rl@@la amddheldam@f pdmisegsind dates bf sollection @f?c(IDOd‘ agé Bhnmxinby

a t FI T

LInBI:é %O?g%@iﬁégs{@?s_ %%t A%%ver? &gie@te?a%ﬁi gi%y %ﬁ%‘ t%f énset Cg
dliness, in@fhe dédond setof ﬁnIpléls (5etIB) atersSatllectdh @hito 54 days after the

copj.ugat ed anti - human IgG was used, it was dil uted
OHS%%E[IH d when FI TC-conj ugated anti - human | gG | gM
(Sigma), or IgA (Dako A/S, d ostrup, Denmark) was
asbld2 it wBsscHblioid ddedartoleddalrodry@rs SBIRESCHO I dicinatients
(Fl uka, Buchs, Switerland), which bl ocks GFP
fluorescence-from transfected cells. Slides were then
V|Pmy>@dh&ﬁmderﬁa uzsemss mtmfa@nmop@l @anﬁw Zeiss Vision
G s s strong
stm ni ng; +1$Mm|qw®r at® Magh ZiMi ng; and +, weak

&

ni [‘@QE Colll”:@gmhm of s&ra from SARS CoV
#

|n ect pa;tm@mtﬁm The ab#ie&E Si X qlser um sanpl es (from

pabi entig 1 Jt%(f:«m ”Utbexc@ptmfl@fw that #frompatient 3, were
objggl ndf by,’of ap hﬁf‘%‘m%' Pl asHapher esi s was

perf or red @mpplaat:ments_g k) hadzzmprevi ous docunent ed
SARS- Ca¥ i nif el Wi ac%’z’@)iﬂdil?f@?’to Wirld Heal th

Organi 24t i af ik 31\ 28h4/ 109889 PCT/ SG2004/ 000174
criteriea, (vinmapehbmad beewwybmst he conval escent phase for
atPHeasis 6 Eekay :“&hd”(’i{ b2 wer e nsyrrptomfree and
L] AP P | ood was taken
frompatient 3, and the serumwas separated out for
the experinments. Al participants have given witten
(WS4t , ok lagpetof adra Wa@ abtained fram 6TguébaBleriARHppientlwho

Et.hi t nt.ed. Th second set of
gvgfeacﬁicg% lalelgafﬁgél\(, geﬁngp () 1t§al %“or Sg% he§en%att1ents Sera were
caieh epdnadlschage(pwtd wedks aﬁe:{rﬁfhé breek d:f@llr%as) Whitkm&e g the

ggt?e Itstv?elre ?ercru%lecrll g?% kes a?t%p &s&xarge (>6 weeks after the onset of illness)

(see Table 3 for details). For one patient (patient P3L), a serum sample was taken 111

days (3 1/2 months) after the onset of illness. Samples from two other patients (P7 and
P8) were obtained by plasmapheresis. A control serum was purchased from Sigma,
and 99 serum samples were obtained from healthy donors who have given informed
consent. These healthy donors (i) did not have a diagnosis of SARS, suspect SARS, or
have contact with a person who was served a home quarantine order for SARS; (ii)

did not have a fever, symptoms of influenza, runny nose, or sore throat within the last
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[00137] This panel of HA-tagged proteins was expressed in COS-7 cells by
transient transfection, and total protein lysates were analyzed by Western blot analysis
with sera from three convalescent patients (Figure 2, patients 1 to 3) to determine if
these sera had any antibodies against the expressed proteins. Plasmapheresis was
performed on patients 1 and 2, and the plasmapheresis products were used in Western

blot analysis, while for patient 3, serum was used for the analysis.

[00138] All three patients had antibodies against the N protein (aa 69 to 422),
but not against the other structural proteins, M and E. Interestingly, the C-terminal
hydrophilic region of U274 (aa 134 to 274) was also detected by the sera of patients 1
and 3 but not by the serum of patient 2 (Figure 2). A control serum did not detect N,
U274, or any other proteins. U122 was also not detected by any of the three sera,

suggesting that it may not be expressed, it is not a structural protein, or it is not
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did not have a fever, synptons of influenza, runny

nose, or sore throat wthin the |Iast 32 WD 2004/ 109289
weQnA/SER2804/ 000174 week at the tinme of donatiPCT/SGR00#H00174

had not been on i munosuppressants; (iv) had no

significant nedical illnesses; and (v) had no history

of travel to SARS-affected areas since Novenber 2002.
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t by the serumof patient 2 (Figure 2).
@@m seybn pasientvdicplsroexamated dor mepctivity against GST-N and GST—U27 4.

These were obtained at two time points of infection, one at 2 to 11 days after the onset
of illness (set A) and another at 16 to 54 days after the onset of illness (set B) (Table
2). For all seven cases, the second time point samples were taken at least 8 days after
the first time point samples. As shown in Figure 5, anti-IgG antibodies against GST-N
protein were present in all seven patients’ sera at the later time point (set B), but not at
the early time points (set A). For both sets of sera, the membranes were incubated
with the diluted sera (1:150) for 1.5 h at room temperature, followed by incubation
with the secondary antibody (HRP-conjugated anti-human IgG) for 1 h at room
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U274, or any other proteins. Ul22 was al so not

detected by any of the three sera, suggesting that it
woreop4na2sbe expressed, it is not a structural PCDS@2004/000174

or it is not 33 WD 2004/109289 PCT/ SG2004/ 000174

sufficiently antigenic. [00139] As bacterially

expressed proteins are easier and cheaper to produce
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autoradiograph; — , no signal was observed; b Determined by an
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incubated with a diluted patient serum (1:40) followed by a FITC-conjugated anti-
human IgG antibody—slides were then viewed under a Zeiss microscope and scored

as follows: +++, very strong staining; ++, moderate staining; -+, weak staining. One
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protein were present in all seven patients' sera at
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[00143] Plasmapheresis products from 2 of the patients (P7 and P8) and sera
from the other 59 patients were used. All of the samples showed strong
immunoreactivity against the N protein (100%), and 44 of the 61 samples (72%) were
positive for U274 (Table 3). In general, the signals observed for the U274 protein
were much lower than those for the N protein. The exceptions were samples from
patients 749 and 859, for which the signals for the U274 and N proteins were equally
strong. Another 99 samples from healthy donors were also tested, and none of them
showed any immunoreactivity to N or U274. In addition, samples from two patients
(patients 868 and 873) who had close contact with probable SARS patients but never
developed any of the clinical symptoms also did not show any immunoreactivity to N

or U274 (Table 3). Therefore, the immunoreactivity against the N protein is highly
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glycosylation of the S protein, it is advantageous to express this protein in mammalian
cells instead of bacteria, as it is then possible to detect antibodies that may be
dependent on conformation and/or glycosylation of the S protein. CHO cells were
stably transfected with a full-length S construct tagged at the C-terminal end with
GFP. After selection with antibiotics, a pool of clones expressing significant levels of
S protein, as indicated by GFP fluorescence, were obtained (Figure 7). These CHO
cells were used for an immu-nofluorescence staining method to determine if there
were IgG antibodies against the SARS-CoV S protein in convalescent-phase sera.
Briefly, the cells were fixed with acetone and then incubated with diluted patient sera,

followed by incubation with an Rh-conjugated anti-human IgG antibody.

[00145] As shown in Figure 7, sera from patients 1 to 6 all contained IgG
antibodies against S, as detected by immunofluorescence, and no signal was observed
when a control serum was used. All remaining samples were tested similarly, except
that the Rh-conjugated anti-human IgG antibody was replaced with a FITC-
conjugated one in the presence of a high concentration of Evans Blue solution
(0.05%). This is because of the greater ease of judging cells stained with FITC than
those stained with Rh, and this concentration of Evans Blue solution was sufficient to

block out all of the GFP fluorescence in the trans-fected cells (data not shown).

[00146] As shown in Table 3, 100% of the convalescent-phase sera (74
samples) showed immunoreactivity against S at a dilution of 1:40, and 100 samples
from healthy donors did not show any signal at the same dilution. The lowest dilution
tested was 1:20, but a few of the samples from healthy donors showed weak signals at
this concentration; therefore, the results from the 1:40 dilution were used for
comparison. At higher dilutions (1:80 and 1:160), weaker signals were observed for
most of the patient sera, as would be expected. In particular, for samples 432, 633,
784, 840, 878, 893, 3B, 5B, and 8B, for which very strong signals (+++) were
observed at a 1:40 dilution, the signals decreased gradually at higher dilutions, i.e.,

moderate signals (++) were observed at 1:80 and weak signals (+) were observed at
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[00148] Materials and Methods

[00149] Recombinant proteins: The materials and methods used for obtaining
the recombinant proteins are as described for Example 1 above. For this study, the
Gst-U274 protein was further purified with a Superdex™ S-200 HR10/30 column on
an AKTA fast protein liquid chromatography (FPLC) system (Amersham). The buffer
used contained 20 mM Tris-HCl (pH 7.5), 100 mM NaCl, 6 M urea, and 1 mM [-
meréaptoethanol; the flow rate was 0.5 ml/min; and fractions of 1 ml were collected.
Fractions 12 and 13 were combined and dialyzed against phosphate-buffered saline

(PBS) overnight with at least three changes of buffer.

[00150] Serum specimens: Seventy-four convalescent-phase serum samples
were collected from SARS patients admitted to the Tan Tock Seng Hospital or the
Singapore General Hospital. Ninety-one control serum samples were obtained from
healthy local donors who worked at the Institute of Molecular and Cell Biology,
Singapore, Republic of Singapore. All specimens were collected with consent, and
patient samples were collected at 16 to 65 days from the onset of symptoms. In
addition, 119 sera from healthy donors purchased from BioClinical Partners, Inc.
(Franklin, Mass.), were included in the study as additional healthy controls.

[00151] ELISA: The Gst-N and GstT-U274 proteins were pre-diluted in
carbonate buffer (pH 9.6) at final concentrations of 0.1 and 0.15 pg/ml, respectively,
prior to plate coating. The plates were prepared as described (16). Briefly, the 96-well
polystyrene microtiter plates (Immuno 1B; Themo Labsystem, Franklin, Mass.) were
coated with the protein mixtures at a volume of 100 ul per well by incubation
overnight (16 to 18 h) at room temperature. The plates were washed five times with
PBS-Tween 80 (PBST), and nonspecific binding sites were blocked with 200 pl (per
well) of a Tris-based diluent for 1 h at room temperature. The plates were further

washed another five times before 10 ul of serum in 200 pl of Tris-based diluent
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tested simlar exce
This reagent-bearing pad was then dried at 37°C for 2 h prior to incorporation into the

device. A chromatographic card was prepared by affixing a 0.1% Triton X-100-
treated porous matrix to one end of the nitrocellulose strip and the reagent-bearing
pad to the other end on the same membrane backing. This assembly was then cut into
a strip approximately 4 by 56 mm® in size. An assay device was assembled by placing
an absorbent pad at the bottom half of the cassette and then a separator, followed by
one unit of the chromatographic strip before closing the top half of the cassette. In
addition, a reagent-releasing wash buffer was also prepared with Milli-Q purified
water with 50 mM NaH2PO4, 300 mM NaCl, and 0.1% sodium dodecyl sulfate (pH
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that the Rh-conjugated anti-human 1gG anti body was

replaced wwth a FITC conjugated one in the presence of
wa@2iegbe2eoncent rati on of Evans Bl ue sol ution POI/8624)4/000174

This is because of the greater ease of judging cells

stained with FITC than those stained with Rh, and

this concentration of Evans Bl ue sol ution was

st¥¥icient to block out all of the GFP fluorescence

in the trans-fected cells (data not shown). [00146]
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(Table 4 and Figure 9). In contrast, only 1 initial-positive sample was found by the
test out of the 210 control sera from the healthy donors with a mean + standard
deviation OD value of 0.05 + 0.05 (P < 0.001) (Figure 9). The test thus provided a
PPV of 98.7% and a negative predictive value (NPV) of 100% (Table 4). In addition,
the ELISA gave a positive delta of 5.4 and a negative delta of 3.6, indicating excellent
differentiation between positives and negatives. Furthermore, and as shown in Figure

10, when titration curves were obtained with seven samples from the SARS patients
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(What man, Ann Arbor, Mch.) was sprayed with the Gst-N
and the Gst-U274 reconbinant antigens in two separate
WO poved9928¢ concentrations of 0.1 and 0.15 ng/ nmPCT/SG2004/000174
respectively, with a BioDot (lrvine, Calif.) spraying
machi ne. The menbrane was dried for 10 min before
beln i mrersed for 1 mn in a blocking buffer
g &t i ng Bxample3: ation pf ERISA ard Inrunoghipo
SA Coat TM (Surl\/bd| cs, Inc.), O. 05%Tr|ton X- 100
506 casein. The bl ocked menbrane was then dried
at 37Cfor 60 mn before being affixed to a nenbrane
Haek$Ng. Théuerddyend Metkars ng pad was prepared using a
porous matrix. The porous matrix was sprayed with goat
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[00162] ELISA: The ELISA was produced by Genelabs Diagnostics Pte Ltd in
Singapore utilizing two recombinant proteins (Gst-N and Gst-U274) as previously
described for Example 2 above. The assays were carried out following strictly the
instruction provided. Briefly, the ELISA plates were a}dded with 10pl of serum in
200ul/well of Tris-based diluent containing BSA and skim milk powder and
incubated for 30 min at 37°C followed by six washes with PBST. An HRP-conjugated
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either or both of the test |lines appear in the view ng

w ndow (Figure 8). [00154] Statistical analysis: The
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tdegeribed- SA gave a positive delta of 5.4 and a negative
delta of 3.6, indicating excellent differentiation

n po r
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ege?ﬂg S H‘E‘%‘P‘gmﬁég Olfiﬁkaﬁ%f L ﬁ%@d wthrapﬁ-hawn
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CLI 101"11 1lvily tntcal Uity EISA(co imd)’

100 11210 9!?.5 98,7 100 Rapid test Gst-N 4242
i 165] | 21 bheaserys g@rel@g) carried out following strlctly the instruction

provided by the manufacturer (19). Briefly, a 25ul of serum sample was added to the
sample well and allowed to migrate laterally to cover a portion of the membrane in
the result-viewing window. Three drops of the reagent-releasing and washing buffer
were added to the second well when the serum sample-wetting front reached the blue
indicator line in the viewing window. The separator tab was pulled until resistance
was felt and an additional drop of the reagent-releasing and washing buffer was then

added to the sample well.

[00166] The results can be read in typically 2-15 min through the viewing
window but were all recorded at 15 min. A sample was scored as negative when only
the control line appeared but positive when the control line and either or both of the

test lines were seen in the viewing window (19).

[00167] Statistical analysis: Delta values which are defined as the distance of
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When tested with undiluted sanples, the Gst-N and the
Gst-U274 proteins used in the rapid test reacted to
IgG antibodies in 100% (42 of 42) and 85. 7% (36 of
426) mezrne@]ae@tiq szeheysanuﬂe pdpulatien &Ofrrtbmuts‘z&mamm igrstaadanio

it
oS G bl SRR AR P gl
oﬁaséaaéd tb“ﬁ?dabmca fhe.stréXYtlY of dreagieineht lﬁntxgee(ﬁlf tﬂet remntzstblgethdf m'w d
test was un Cross-react wt 0
frﬁ%‘f%@dﬁlé%m‘fﬁ%&%& kappa statigiic velg of ﬁ%i?wr afgBend
St tefrBseNB\RcIRBCIghdefichd a g6’8&/m ﬁi@ Q%&Pﬁ{er@tm@@p&br agreement
95.3, and 100% respectively, wt he tested

pepattivelydhd. (Tabl e 4). Wien the results were
conpared, the rapid test and the ELI SA gave an

gpg%d ent pgrgement of 99.6% wth a kappa statistic
1. dO (Table 5). In addition, an excellent
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respiratory illness or fever (Table 6).
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and 24 May 2003. A total of 227 serum sanples from
these patients was tested using an IF test (9) and
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t —0%-SARS-Cov—t+nfected—cetts—were—confrrmed-wtira
high..ti.1.eL.. . POSLL bNE .CONLOL . SR SaNP)- a5 ef-ar e USe.
Patient sanples prepared in serial twofold dilutions
starting with 1:10 were added to the snmears and

ted t 7C..T e
i os Misieedud sfhe st AP AE IS Al ced B0
rrhfboattessa SARStCoawgBabt GH 1ate’w Roh@festab ﬁnqﬂesthtlha high
fluorescein isothiocyanate. nFI e was scored as

peRsittvitty of P ettbalsq Yuecspedmens: th@ fested yeGartibogisa fo $ARZCoV
b S$¥Er70oh 3 7§)@ efthefsarapwée&Jfl'eyte@%tntsA T%Ri%ﬁtrs qQlto 10 0 days, 11
included in th estu%; ELI SA:
iy ddaye dnd! teethedagp altdmit tasttqf @bmmleymptdenTheSrpﬁ‘gﬁgbr e

t t. 0
(L&}g ah{é%@ tféé;‘&ﬁétg\%@g%’é{@ﬁ oé&;%; rgfplgtggé to(b%lg}t@g% 6 (383 of 385)
abibmke hebliby a@s@y sronp tested at the exinotebtifedite OWMKQ@S tlthe Gdst thus

ReFascldhanioh R0 BRI SRR pREo Bioliaeripriacl ofthe®

BLISA has 6o €iund €h\éoneordtvadlIng MOTFERAs aBtkrskd By thielTK tROMRIST
and incubated for 30 min at 37C foll owed by six washes

\Brtw?ﬁéé’flg% PRP- conj ugat ed 43 WD 2004/ 109289

PCT/ SG2004/ 000174 goat anti-human 1gG (1:500

fod 171 on) PRAuBEHIESS 1R 1 a}a@ﬁbnnﬁﬁ[oclﬁﬂnlat@?gpﬂzﬂfeklp ghRd teor

a further 30 min at 37 C. The plates were then washed

sime got pbalinieql spRSTMeas ik thedausing the mpiskimgaiperiypiategraphic
n

W PEp BN O 8L et ol ol @ PR SRR

rrate with Sddykassici@ad s@ecmhes Inyethe tapihtestersas S0 SppEG0 by 227) with

( %e@ l OOE[ 9P (% of 3%f5) g’l'l\lbl'{%} Thy}eespg(glve %a’tectgo%l}g’teg \Izvgrsé

55%, 68%, 81% and 79% for the four groups of samples collected from SARS
patients of 1 to 10 days, 11 to 20 days, 21 to 30 days and greater than 30 days after the

onset of clinical symptoms (Table 7). As this test utilized two recombinant proteins
separately represented by two resultant bands, the performances of the two proteins
were also analyzed. The Gst-N protein alone detected antibodies to SARS-CoV in 157
out of the 160 samples found to be positive by the two proteins combined (Table 7).
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measured at 450nmwith a 620nmreference filter.

[00163] Rapid | nmmunochr onat ographic Test: Again, the
woresobnenes based test device was produced at CeCESGI®4/000174

Di agnostics Pte Ltd in Singapore follow ng the

procedure previously described for Exanple 2. The

devi ce consisted of a chromatography strip
Surtharmotsy the (ot-Airpratsiigrpepied fpae|craps TR iyay aeﬁcﬂn%to only one of

ﬁfési%gtsé\egsuﬂ% fﬂ)‘?}f‘&l@ g@ﬁﬂ?f bRPHE 4 s C EHeQ}E?tQQJi ao¥ed only
strip ep W th two SARS-spéci f
aeovardl ol (kﬂr wft2é7)1sf th@ARSI amdla@dtsamplmblgepmnhuteﬂ fo most

iled. I f t
oBtne Seh ot 1 Bt Pl R MBS HR o leahil istigt 48
mea’eﬂm@@umé thfeé) sdiestthithvedsie ddtednal dhl}Of)y fhb@si-m bitinoethe
reconbi nants and the i munocqonpl ex r? can

GestNoriampiers hess salseed ﬁ?‘@d’aE%ﬂfﬁ Yip 4P bﬁf%gq latB@BI%%S after
Welds@E b1ldaém§ﬁnptbﬂl gm,m ) PR et R Fthéi‘&‘érersﬁb\%&ﬁﬁdla@é’mav

reagent - r el easl ng washi ng buffer 0165]

ThéENBY 9404, 7Hesnd 8&1 9% respaciv e “@T@tthq‘ f@qstpé)mm@tl@mr (Tebley).
é\g&gﬁ{; g s&p;e,%j,gﬁ%q Petspmeq ;gd b %%gﬁaﬁg@g&% ftn gis%ase
saumll groupd bf SRS pa/t&dtshfdlorsuﬂ‘elad eespmtenydllhags bofeganagd

rtion of he rane, i result-vi.ew
TrRaeno e aivupg gr0 o of Kbt B stiifgh ik espectiv
\wEsmPE (TablRUA) fWhen wer&uRseed chapibe, tﬁ@ﬁpﬂdesml@hd the/BENS A B&ve
serum sanpl e-wetti n% front reached the blue indicator

pn gxcellent operal] pgrapRet of el Withekapep sfatigtisof P 88 (Tafle 8). In
Q&Uh l&pl tHé%&fonﬁﬁx%b of RAGFas aNBForlflth cadrReipfidh ti onal
drop of the reagent-releasing and washi ng buffer was
ummnnofb@m@bm@(lf hitersagepératedby the IF 01 86h v Higuee 12).
can be read in typically 2-15 mn through the view ng
WaRgow but papksGadl! ofgh%cr%l@ Gfimthochronidbradhi SRR Bet¥@imo
Scored as negatrive en only t1he control I1ne
dptheaiibediebtot SARSi ti ve when the control |ine and either
or both of the test lines were seen in the viewi ng

wi ndow (19). [00167] Statistical analysis: Delta
values which are defined as._the distance of 44 \\D
2004/ 109289 PC¥=8&2004/ 000174 thewn&an OD rat 8" of "
t he san'*pi—er Ot ured in
standard™ dévi ati on’ unl?igm(T'{were “Calcul ated for
validating the cutoff values. The "R¥¥Ppa st&tistic was
USEY, L0, AEaS T €, ENE STEGROT N0k, an .agr eenent bet ween
the results by the new rapid test and the new ELI SA. A
kappa stz i & cvwalte oF:>0. 757 0. 48%to 0%75 ahdt **
<0, 40 represents. TEXCETLENt agwggsmsném agepd to fair
agreerren and a poor agreerrent

3% R 0T TR ERL2G ST NS 94% ERELE S
TR 231 I BS OHI9 TR JTNGRS 'S SAAEY
K 3 . % 20 27 %% W% AN G FI%

= (IS g R S wmpmedliostsked Sared et T Eealiiy dorses and fivse of RARS patizts obiriend 22 b vacnz sfiug site i Home Kang

Table 8 Agreement between the immunochromatography and ELISA assay
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respectively (17). [00168] Results [00169] Eval uation
and validation of the ELISA: As presented in Table 6,
wao boogroeese of f val ues at OD 0.45, OD 0.30 and QEDSQH04/000174
were applied in evaluating the performance of the
ELISA. Wth the cutoff value set at OD 0.45, the ELISA
produced—the best specificity of 100% (385 of 385)
but a | ow overall se of 6 of
(Tabl e 6). However, :E%%$%$E%yperfo$%%é%§ﬁms oggé%aned
when the_cut of f v*al‘rre*"was—ad]—ust ed rpzer to Q0.3 or
0D 0. 25. Rypid Test SAPositiveh Seg®ives as cutof f val ue,
detected overall al nost 12% nore SARS associ at ed
sanples than did with the OD 0.45 setting (Table 6).
An inproved delta value of O. 53 vs. 0.10 for the
positive was also ai ned as | ement ary est,
further %%gsarrpl eZ% rom h%%ll t hy ggﬁt/"r ol s wertk 1
tested and a nmean OD of 0.0432+0.0745 was obtai ned. OD
0.25 was Négaune to kg equi wvabent togshe nean OD+3SD,
whereas OD 0.45 to the nean OD+5SD. The two cutof f
val ues of OD 0.25 and OD 0.45 produced simiar nigh

Joerid]i cit Eﬁﬁmgfe 4: 38845 BIOEs 2 iRV Fest b7 %%B&is ar %
vs. 98% w th the respective supplenmenta €a

ol and the disease controls groups of non- SARS

patients who suffered respiratory illness or fever
08t 6) . 1B HRPWH99289 PCT/ SG2004/ 000174 Tabl e
ISlI,21YP121T"Zi -Kafy'MlILStz riS.-s <

")3 F~ iKa'sc h a, fr "erw api
{ Q1a7§|'] Serum specimens: Forty convalescent rem specimeps pere collected

Wcl:‘lgl cz)nse t fﬂorﬁ StAa{S %ﬁlel%@ who :lvs[eze %lmlﬁétﬁ'a thé 'ﬁaﬂ ’f‘éé : eﬁ%&fp%al
'or th‘e Smgapore @ne@ljﬂo%@l Fi,ﬂ& sqrafmm?]xeralthg doﬁ_brs Qurchasted fishy
q n
i o R VRS0l e s ot
Sblﬂ:rdlsSFUBl‘hﬁ ﬁﬁfn-iSlAlRSi dise8¢E\contmoiB, %theyl‘cGénéléBs DiagndshEs
| on A , — r Zl F a. |

18ciabs Ppgmiiice Sinesgoffy igrymspmbles vk vgpyipustsigiog yere used

hhd-giap e/eﬁzmadmerd prM B the SARS obrf¥esh¥ OTh M tR1IdBE 56 Sn1fs each
val ue set at the ELI SA detected 1gG

Som BGeRte whe 8%}@%%8@ rolted fyex (comfirner a5 dengpe fver) or
GerRra RRCEARS $ANBY R3piitdr) iBhetN @Bufirmed as tuberculosis). In addition,

18 samples identified as false positives from screening 1066 healthy donors in a

previous study (Guan et al. submitted) were also included in the present study.

[00175] SARS-CoV viral lysate and recombinant proteins: The SARS-CoV
viral lysate was purchased from ZeptoMetrix Corporation (Buffalo, New York) and
they were obtained from SARS CoV-infected Vero cells after sucrose gradient
purification and treatment with a disruption buffer (KC1, 0.6M) containing a Triton X-
100 (0.5%).

[00176] The recombinant proteins were prepared as described above. Briefly,
all the proteins were expressed as GST-fusion proteins in E. coli but only the GST-N
was purified using GSH-sepharose beads (Amersham Pharmacia). For the GST-S, the
GST-M and the GST-E proteins, the separation of the respective insoluble proteins in
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sensitivity of 95% but al so acute specinens. It
detected 1gG anti bodies to SARS-CoV in 58% 70% and

wQ 206t00928he sanpl es coll ected from SARS pat i enPGI/3G2004/000174
10 days, 11 to 20 days and 21 to 30 days after the
onset of clinical synptons. The specificity obtained
W th the cutoff value of OD 0.25 remmined to be high
aellegyseaprd Juidiy wahing amltrehsqsh@lsmaﬂlf theyreteins pesd cvgnivally by

(BBl HIQPTROE ST B! St gl e fRGecsfe o T-
&Bsﬂﬂ/proﬂélm wee fhon rrw:mé salfjedtdieto tlE_dlﬁibmmmngonaanbtﬂo
e RBlofatls e stiflg fiion bR PR KB eF b Mee ot
fa@ﬁlG’S'F tnbhsUIGHACAH B0 CRhAMLEBiotshaol Ve Bakth €ruzS GRRL )Rk
of clinical specimens were tested usi ngrt he rapid

i thei srae P GHaRsOHi e pHineated bysomparing With Bséy standamds e;reCMnassw
tﬂﬁ?et_staﬁedmaﬁgkﬁéh&%%l obbaipas- The overall detection

rate wth associ at ed specimens by the rapid test
was 70.5% (160 of 227) with its specificity at 97. 7%
(8967 388ousarend Babbjt antiseray %B%é‘@tqnvéeramp@@mﬁ%bw at es

SRR Hnoc R G e ARTRA s Rhor D) LM o RRRR
]r&cdmblmt pratesns. Phie housd (anuiaa;;esspaa:lﬂc o thaske, theamcBOcapaydsor

t h t_of clinigal to .
i Sepbdfe pBRRuE a5t P uBIReo R bdihs® ofbar e mice
SEESRigRIf YhelrefpeaBerteehbdant mtehg%uiutlsaﬁad ibamdpletetFi€und’s

perfor nces_of the two prot were al so anal yzed.
RH ¢ Sileonis, MO hgeene e sebbis niissoan gecis to the

%ﬁ@o&qvwnﬁblﬂa%?pro@éﬁﬁ wad %én@ﬁtehebgf sHEIRIr8 Sus! 1965&@1%159 oPR oW

positive by the two pro ei ns_conbi ned (Tabl e .
i@@hmmgzwbh@w@@ oemitomyified pratein egmmulsxﬁqé lr(mmnlpte

ﬁ‘srﬁ o?ﬁ‘tef% g]érb§§ Weld Fosed gtaf&/ée ?ﬁémﬁ@é‘?{ %g}glétﬂnes

one peci mens from
omtit the lsasne dnmounoof tha%pectlhepmﬂed \pRotdingl biteotusificainih yncamplete

er l 0/ 227) t he. SARS .associ at ed
TR caBires (e BLtaG5 a0k e B d plneleere
ﬂJf@ﬁﬂ%ﬁSt'bd/lG Yaywiafibr thelapd 1fiﬁn1fnlizam)ﬁ dﬁrﬁl \h@a htﬂd@lyoeﬁ Qﬁfﬁlrrﬁ&ﬁmélfan cell
5 I nterest.ing ree sanples that were
&&M&% @deéw yogpgel ﬁémég{g twe}hﬁaa@fotﬂai the Gst-N
protein were those collected frompatients at an

q001781r St 8DS-pbhker mud@ga eﬁ:ﬁ:irgfhor&sbxe(mmtanaftmnsblot
cI i ni cal fo Tabl e . The test was therefore
ﬂ{?%R %IWVW@f pgformeg am di1% serppgting gels with

ra%sslﬁ Qttabl&ﬁé gelvmtplartfcnﬁr RSl tm%mbomgra( g/ezhé f 800l of

Again in a Supplenentary test, the ra
fdansttmmg l:e&f%r mﬁi 24 ShS; B. 5cM§‘e!a£1eH6 8b aﬂ%alycgrochw @f

T L D
mfatﬁ(hai(hf Fdirhﬁaolém‘nﬁr ecight dgbmsndtionf 50l Ez&ﬁm@tﬁel tweated lysate
sample and the rainbow molecular markers were applied to separate wells (8 mm
width) on the same SDS-PAGE gel. For other immunoblot analysis, the treated
sample (800 pul) was applied to the preparative well (130 mm width) and
electrophoresed at a constant current until the tracking dye reached the bottom. The
separated proteins were electro-transferred in a tank apparatus (Hoeffer, San

Francisco, Calif.) to a nitrocellulose membrane (Whatman, Gerbershausen, Germany).
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groups (Table 7). \Wen the results were conpared, the

rapid test and the ELI SA gave an excellent overall
wagrereess of 92.5% with a kappa statistic of PCB3G2004/000174

(Table 8). In addition, the performance of test was

al so found to concord well with immunofl uorescence

(I'F) titers generated by the IF test with R2=0.9182

(fiey theéransf)er theTagrhleratfesveard Btherdeposifed whid goaipangi-human IgG

A{T?U}Jgg) ri Sﬁﬁ}a%% K%%@alﬁgle ?(Hltlbﬂ]coq]%éﬁ%li B Gélgﬁ recombn];\ant

protein (43 nglper ﬁMﬁbrane)Rfsmg ¢H4\1{tmlat“% mac]nmé (Genlekabs Biagnestics,

W E5n. 164 2 3" 4653
singemendlha Tsgogge s disn drtusd 1 3 b « Bobife gpfion
%ﬂﬁtllmng@/o henf*t rhllk Powder b?ﬁor&felﬂ/g‘ rhfé&@fcﬁ 30 niin & PBS cé‘dtalﬂing

g) X t1-.T[! So I 152 2 1 ?x35. 4! A 5]
7) 5 /5’2?%3911: @ﬁ%eqqe%ys@e znembsanﬁvas hefeloslsy atgoomyjgspperafure
U0 L g e

Agr eenent between the i nmunochr onat ograph and ELI SA
4601801 47 Weszooimmeyddy arsay hadeoonyisJbe Westqn jngnunoblot

SF8Y Pt PABETR o FERERGRRLE: dEF bR pli i MR byl
4;%% %heR%as{tm@,tltgz }nefﬁmgia{np Iseipd wektérdced in Bh‘(oBl(ggtfugatlon trays
Pralgd S e e soEAReCiaf s S Bk S kg i

%@%ﬂ&&a@ﬁ Geffdr. TRy bUlTfes F)@@ hepated wed e anlbeaicedipsWerdithen
consent fraom SARS 5 i ents who were adm tg@% to tI}e
Tebated for dchoyr vk b wlaﬂf thegesperfevespiaga poplef g pufter

'E‘Qﬁtginh% 59 Bk itk @&@erff&'ﬁléiﬁﬁhﬁé%&%&é %asH%H r3QHﬁe%Q&1th 1 ml

from oC i'nical Partner Inc. (Frankli Mass.) were
a>rf Q@ vash buffercper sirip hlowing @y raie shdkafor pach Vta@h ﬁﬁ@l the aspisgtion of

T LRI Ao ST e Wit
&amjpgz&s of gcmlmmr—hmnmﬂgGslhhﬁﬂeémthmﬂ@lm:slﬁnbsplatade {Kigegomd &
g%{t?{i% :Lgﬁéjr &Eﬁﬁm 1t1tlerseburg, Ilz\\)ﬁb) rﬂt k%lrlluél ot of-rlhﬁﬁ)% Hl%lbllléjc%%gSO
buffer. After the incubation, the conjugate was removed again by aspiration and the
membrane strips were washed another 3 times. This was followed by a 15-min
incubation of the membrane strips with a substrate solution of 5-bromo-4-chloro-3-
indolyl-phosphate (BCIP) and nitroblue tetrazolium (NBT). The resultant protein
bands were analyzed subjectively by the intensity of the bands on the strips.

[00180] For assays with the mouse or rabbit antisera, a specific dilution was
used for each antiserum due to their titer differences. In particular, a 1:1,000 dilution
was used for the mouse anti-S antiserum and the rabbit anti-E antiserum, whereas a
1:500 dilution was used for the mouse anti-M antiserum but a 1:100,000 for the
mouse anti- N antiserum. However, the conjugates of either anti-mouse or anti-rabbit
antibodies labeled with alkaline phosphatase employed for the detection of the

respective antisera were used at the same dilution of 1:5000.

[00181] Results
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from patients who had non- SARS rel ated fever
(confirnmed as dengue fever) or suffered non- SARS
WO edoatietsy espiratory illness (confirned as PCT/SG2004/000174
tuberculosis). In addition, 18 sanples identified as
fal se positives fromscreening 1066 heal thy donors in
revious study (Guan et al. submtted) were also

|[1€»\QJIO 82ed i Hentificqtionpl mtmymmgctwepwqmsyf Cel by Western
%&l?*nop)’o? iy GnE p H‘%‘ﬂstcuﬁf %@hﬂ%f hENBmRRa Y
vira ysat e was putchased fromZ trix
(ﬁmtpins weicestitgBud ba bmaphlavingvmplo) ofahdlogaﬂn@yl (Wéheemolecular

d f SAR | 1.
SRS g Aot PRAFF T aay BRusiB P 1o
AmSfudpleh@ive Ptiftdify seiKGd bands &Mhe GamuAbl6t Whkensasdayed Wlith ¥-strong

100(0.5% . [00176] The re i hant proteins, wer
&A&%P%*&Wgwa%ééﬁm@@g%)a@@% Bisceet giffused nd; qlstered ones and
g%@t@ég@ t§t a\ggfo&nﬁa@a&%@ a2y @Ta{@?@ cezﬁ 1@2@(5@{1151&) | 03-1Da

| u 1 T1 usi

il pioklon (hGwea) (Rmre LRIPHR A ObIRoves pried with the
SlisPor bl funpfRlalA0ed BindIploifc ARBLAR: prblifie e 150400
i @mﬁ ANIARS24- M@Wﬁmé@@@iﬂlto b@ﬂsb@hted\l&&th(ﬂ&r spileds),

Shomtrab iyl <8 et Pt SPGER R e X RERAELA of Bdition,

@rotsinopea&ivR tvath the grdr ig@mg@ﬁwe\éanﬁ%ut atsu@dleaéu with the
proteins were then cut and subjected to _the el ution

&gvﬂ@pq\@hprmrawgs Beolosaipd aPPI(OB}%ﬂ}O kipg by ﬁ@srab‘?lt HY-E
faBdeRn PFiQkEI1 s were detected in Western Blot using an
ant| - GST Ronocl onal antibody (Santa Cruz

Bi ot echnol ogy, Santa Cruz, Calif.) and their

d801830t r at Peifermgace obwwrionspeateityickainand tg Wipstam BSA

ThARFRBHR WRer RO TRRGh ol s 3BT of SR fom

o, Mbuse bit antisera:
Qme%ARS patzmtsi cge‘rreaheabh}eombﬁesmowols,ldmbmqﬂl\aatbangmgp@@nm

rsa(?ctiJ ic 10 sar%plgse Rt | egAﬁ %gt\{\é'] S or 311%% T TR comero S .were
specti ve reconbl nant “protel ns nnuse anti sera

&bmve‘dl (Tiguee 1SheAspidkgis dftte baud baet@pioded that thbewo protein

teins were ated .b u neous
Trae RB S NTE amrp Rt oEDarEReiat S e PradpeEsAbs
rw&d@uﬂ@cmm@ oGik:e FastifR Y B kid s@fhpich i6ANTARS BathRUPBufe 15,
kuvant gma, St Louis, MD. Wereas the rabbit

les%rléﬁwe;fsre althqueh s hapd mtensiies pile FeBIRiIAFRre much
fnon-
R i, ARG 60 X, SR AG SN B bl o
ppcmféq andal@mrcactawb sanfipletifrom thedeplihot ar distassignatrds (Figure 15).

for %}ptle i}terl\?h Ernalcrrc’)%ﬁ\q%{l (P tggﬁé, gSr?% % 55\? c{ﬁhe saltrn%fe\s/%om

tesipaliy, Ve rpipiraforeilinpssaine tlresfe&w torerold 18éfecketly (Table 10). In
Ifa?c% t se?\} related proteins reacted to 15 out of the 18 samples (83%) previously
found to be false positive by an ELISA (Table 10). In conirast, the S, the M and the

GST-N recombinant protein reacted to 78%, 75% and 100% of the 40 samples from

the SARS patients without any cross-reactivity with any of the controls including
those identified as false positive by an ELISA (Table 10). Other highly
immunoreactive proteins included the 97-kDa and the 28-kDa proteins reacting

respectively to 78% and 75% of the samples from the SARS patients but only to a few
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Freund's adjuvant (Sigma, St. Louis, MJ). Sera from
the i nmmuni zed animals were harvested 10 days after
W@ bh@4hee289 | mruni zati on and were adsorbed w th PEIEGLI0EN0174
cell cultures to reduce unspecific binding to
cellular proteins. [00178] SDS pol yacryl am de ge
el ectrophoresis (PAGE) and transblot: Separation of

tof ghesmpeolemithyzi cress-reagy uitseralfenf 2peioradp ealeolf) Fgthermore, a
ek SR 6 ADI s RS ARER iR e shne S4RS:
Ipositive cientrat for thegpstimbticarofdiie BoReIBDB;igl0 vas Koufidiis the paneling

.8). % gl ycer ol . 2% 2- I oet.hangl o
SRR Plis 6HEh drolfis iPtea el SO EABLSE SN AP0
(rjfhlﬂeﬂ fonaiscyidti®itorh adardlse bf Wﬁl;}tﬁélﬁh@f ng Eilghi the SARS patients or

eterm nati.on, 501 eagch. of the treated |ys sanp] e
AReRbY PeiBFREP B LT | Pt B & ETd by Ly ot
SER&ALE telthet hofl, 8wt il i ABreh iR/ it§ AT By IS IMMFand@hum
For ot'her imunoblot analysis, the treated sanple
(s@oplep jesigd in tp pluelably tMe preparative well (130 nmm
wi dth) and electrophoresed at a constant current
Wibidg the SLAGkifand¥RcliRRs Befle WiltdPihRMobldie
Separated proteins were electro-transferred in a tank
apparatus (Hoeffer, San Francisco, Calif.) to a
nitrocel Tul:ase menbhane..4 What mbgsofer bekshausen, ELISA (FF)

W ttimgOate@ant $= humgsi« g@=( 1. B=gg per nentrare: asna-
P a 4+ T , , p , J 1> 7S —“‘ p 7S | ,

SqJIp ady o NGO o alll T, il - N T 2COTRIL Te ]
protein (4.3 ng per nmenbrane) using the AutoslotTM
mathi*he (&enet™abs Di®agn®%tics,® Si'figapor&). "The o b
mabhane was ihen incubated far 45.min in ablotting
solution containing 5%nonfat mlk powder before

bel™ig ri nSed Tor 30 m n"“i'n PBS containing 0. 5%
Tween- 20. »Subsequent:| y, =t:he menbr ame wase| efitsto dey o
atmg! oomtgrrpeg.@t ure, (RT()‘ for 520 F@;s,.n pri pr tQ, bei ng HIR
cut into 3 mmstrips and stored at 2-8C until used.

[ O0F79] Vst € i nndunoBT ot assay "dnd anal yst™: Thé ™
Western I mmunobl ot assay was carried out at room

t enfpes at-ti-e roR «Bstf G- NG P atd @ rmefrersighdid-RHeuwbeat | on
steps. Wien testing, the nmenbrane strips were placed

in AutoBl ot incubation trays (Genel abs D agnostics,

Si ngapore) and soaked for 5 mnin 1 nl per strip of a
Tris- based wash buffer. The buffer was aspirated and
the nenbrane strips were then incubated for 1 hour

with |0l of the respective sera in 1 m of blocking
buffer containing 5%dry m |k powder. The nenbrane
strips were washed 3 tines with 1 m of the wash

buffer per strip allowing a 5 mn soak for each wash
after the aspiration of

[
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the sera. The nenbrane strips were further incubated
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Wit al kal i ng phosphat ase enp) oyegl for the detectipn
of the respective antisera were used at the sane )
di¥l uti o’ of "I: 5000" [0§1811 Result's 50 WO 2004/ 109289 ™
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BY%unldR& bE ROOHde AR driyFonBHatiSEENT (i 194 & sddbltivity (Table 9). A

combined interpretation criterion utilizing the N proteins and at least one of the
specific proteins including, the S, the 97-kDa, the 28-kDa, and the M proteins
provided a kit sensitivity of 95% and specificity of 100% (Table 11). Further addition
of the GST-N recombinant protein to the above interpretation criterion improved the

sensitivity to 100% without altering the specificity (Table 11).
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tidpenfat ory, New York, U S. A 58 WD 2004/ 109289
PCT/ S&004/ 000174 WHAT IS CLAIMED IS: 1. -A nethod
for detecting the presence or absence of antibody to
3ARS Taemetha bf ¢lsin{ CoMlaint hehereinitbelardigap commprivgs:t he

f n in R \Y
step gmin%oac}d?% Ito &anf%’,o\ S Co
N having amino acids 111 to 118 deleted, or
amino acids 134 to 274 of U274.

5. The method of claim 3 wherein the antigen comprises:
N having amino acids 111 to 118 deleted, or

amino acids 134 to 274 of U274.

6. The method of any one of claims 1 to 3 wherein the antigen comprises N or

U274 or an immunogenic fragment thereof.

7. The method of any one of claims 1 to 6 wherein the protein is fused to a

heterologous protein.
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antigen with an anti body-containing sanple, for a tine
and under conditions sufficient for the antibody to

wo eooaia928onpl ex wWith the antigen, wherein the BCL/BGEN4/000174
conprises a protein selected fromthe group
consisting of S, M E, N, U274 and an i mrunogeni c
fragnment thereof, and wherein specific binding between

the arte msthpdnh glain @ wheesinethg heterplogons potaimigglutatbione S

ins anti body specific to SARS CoV. 2. The
neé%%%miﬁﬂiﬁain1l for testing whether a human is
infected by or has been exposed to SARS CoV, wherein

t he anti body-.cant ai ni sa e s fr t he hunan ...
b1 ng The e Ay R SR Dlech ettt e bkl
anti body and the protein indicates that the human is
i nfected by or has been, exposed to SARS CoV. 3. The
ek hod hgmeghogiohany et of chaims 3 ta,hwWhEIER thgamplt s gerym-
conprises a protein selected fromthe group

consisting of M E, N, U274 and an antigenic fragnment
tiHer edhe methoftioé claim howhereincthe e iggollebtad from afiveragiwho
the . i | ses: ' [ 4 N
A OB oA B Bsed A5 AR5 T PR 2atiSh Blys Bose
itfectiam. 274 of U274. 5. The nethod of claim3 wherein
the antigen conprises: N having amno acids 111 to
118 deleted, or am no acids 134 to 274 of U274. 6. The

n@t hotdhenedity 0@ BRIn®f 0 GhaileiBthd sdr@inds JIRERH RrofahEhv@ithiverdN
conprises. N or U274 or an_i munogeni c fragnent

tasrirfggted by orfis bagsr expepea o MRS S0, Betwepm? ard 11 days gost-
WheL&lh the protein is fused to a heterol ogous
protein. 59 WD 2004/ 109289 PCT/ SG2004/ 000174 8. The
met hod of claim7 wherein the heterol ogous protein is
l,ut athi on transte o th of an
die. ot tenried of '35 FhA3H hERhm ionEliEa HEh1Hhulh VY
iwazstifettbd Bylor hat Beenldagosed thBARB ICod) Petoren D arcl G0 duys Bost-0
QBFherein the sanple is serum 11. The nethod of claim
1B ei n the serumis collected froma human who
was i nfected by or has been exposed to SARS CoV,

bet ween 2 and 60 days post- infection. .
14.  The method of any one of claims 1 to 13, further comprising the step of

detecting the complex between the antibody and the antigen.

15.  The method of claim 14 wherein the step of detecting the complex comprises

contacting the complex with an anti-isotypic antibody against human antibody.

16.  The method of claim 12, further comprising the step of detecting the complex
by contacting the complex with an anti-human IgA antibody or an anti-human IgM

antibody.

17.  The method of claim 13, further comprising the step of detecting the complex

by contacting the complex with an anti-human IgG antibody.

18.  The method of any one of claims 14 to 17 wherein the step of detecting the

complex comprises visualizing the complex by means of an enzyme, a coloured dye, a
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12. The method of claim 10 wherein the serumis

collected froma human who was infected by or has
whe@wiexrgosed to SARS CoV, between 2 and 11 dapGI/pEZN4/000174

i nfection. 13. The nmethod of claim 10 wherein the

serumis collected froma human who was infected by

or has been exposed to SARS CoV, between 16 and 60

dlpsesernd dye, p ghemilungpescant moferalers nipdagulsfcoptaiping pradivactive

cl ai . ising the step of
aaé?%égf?%lglegﬁlé%%%ﬁ%#ggq{?gﬁpmgg@'the anti body and the

antigen. 15. The nethod of claim 14 wherein the step

of detecti t he, conopl ex conpri ses . tacting the
rror 58 b Safid T2 e R Rt A NE Pt
aHokdeR@AMY perbRidadd) hereinhBel fledreselb i dye 12FITOWE tiRIamine, and
conprising the step of detecting the conplex

: by
cehereie themgplequle copippinga hfavy mefpl rrolloidahaatd ¢oprpletht i body
or an anti-human IgM antibody. 17. The net hod of
claim 13, further conprising the step of detecting the
AOnpl e isdigted amtibady dmertadrgaimsiyy ankigenic BARS CaNtirotaumran

i s aRienid Rar T PR TR ST R R G2 PLagblopl P ¢

catpicRanwinsthdlcb2i Ng t he conpl ex by neans of an
enzyne, a coloured dye, a 60 WO 2004/109289
PCT/ S&G2004/ 000174 fluorescent dye, a chem | um nescent

! ecyihg antdbodP bEEHINE2ERREBINhOEhtBodPRIG8GE] ¥RinsBAD W Rior
a nol ecul e containing a heavy netal. 19. The nethod of

W HAmratgings ar antigenis dragmsyttberpef. o) kal i ne phosphat ase or
hor ser adi sh peroxi dase, wherein the fluorescent dye is
FI TC or rhodam ne, and wherein the nolecule

3nt aiTive agtitwdy @bslyinn2Q wherem thodrtibodials direéted against ex.

20. An_i.sol a ant y directed against an antigenic
SARS Woparcb({sggﬁo 4§%b§r]’|ei n the antigeni c SARS CoV

pr ot eiNthdvingSmilvh adids N1ao 1URdeetpd,@rei n or an anti genic

fragment. thereof. . anti body of claim20 wherein
t he aftt! Silg‘l&qgéc‘tfigﬁﬁgai nst M E, Nor U274

protein or an antigenic fragnment thereof. 22. The

anti body of claim20 wherein the antibody is directed
Zdai ndibe apfifody ofelpis2 Lighersindbpansibody isdimeied #aginghi no
aci ds hiﬂévﬂg%n%ﬁ@a(g@s! Aah&d1 18 beleted, or

amino acids 134 to 274 of U274.
24.  The antibody of any one of claims 20 to 23 that is a polyclonal antibody.
25.  The antibody of any one of claims 20 to 23 that is a monoclonal antibody.

26. A commercial package for detecting the presence or absence of antibody to
SARS coronavirus (CoV) in a sample, the package comprising

(2) a SARS CoV antigen comprising a protein selected from the group
consisting of S, M, E, N, U274, and an immunogenic fragment thereof; and

(b) means for detecting a complex between the antibody from the sample and

the antigen.
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am no acids 134 to 274 of U274. 23. The anti body of

claim2l1 wherein the antibody is directed against N
whamwiengp289ni no aci ds 111 to 118 del eted, or an POI/&G200$000174

134 to 274 of U274. 24. The anti body of any one of

claims 20 to 23 that is a polyclonal antibody. 25.

The anti body of any one of clainms 20 to 23 that is a

ABnoc Aseaimesgigl naekage fordesting wheikais kyrean ip HERCiRsDIf @has been

body to SARS
AR SRR DR gl 200y Lo, S
(a) a(aPARBAKS Codrintiganconpmising sipngjeia smecteéfrmnshd goued

from.the_gr istin nd an

hBEER PO PR TRt fpemea hErepf pnd

det ectt) Ngedns EQRleEindLEcHRREk BdRectrthé HRigyn fnfd)m dnlfiBody

sanple and the antjgen. 61 WO 2004/ 109289

pearrst eI tygin thqsanm ¢ Brierithody-coaemingsapple of the

LeSkh PdnMstyer a human is infected by or has been

exposed 1o SARS coronavirus (CoV), the package

conprising (a) a SARS CoV antigen conprising a protein
I ec :
2574, Thpek iR g8 4P o AT LR en Mpircel proein

selanad fran tlbedrewt dangjistingoefig) 1N, AEXMemd ahenanbdgapenfrapnent

alge%ﬁti body against the antigen, wherein the sanple

i ' anti body-contai ni ng sanpl e of the human being

tested. 28. The package of claim 26 or claim 27

wherein the antigen conprises a protein selected from

£he gifbmacgw@? iR g6 OF clpgm &7 wherengthejantigepicoppprises:

I mungg Blagldgq@g{rp&r@tofst hereof. 29. The package of

claim26 or claim 27 wherein the anti gen con‘prl ses:

am noNgwiig aténa asidsd01 oF 1S def¢tétaor ng ami no acids 111

to 118 deI acids 134 to 274 of U274.

30. T?}mmoa ]Igstii3e4{c2))f27él%gmm9%8 wherei n the antigen

conpri ses: N having am no acids 111 to 118 del et ed,

a ids 1 7 U274. 31. .The package of
%al ml‘g%pa&ﬁa afic ﬁf@%g\)ﬁ%@’f"’& e APECR SOMBEScompri ses N
or N having amino acids 111 to 118 deleted, or

amino acids 134 to 274 of U274.

31.  The package of claim 26 or claim 27 wherein the antigen comprises N or

U274 or an immunogenic fragment thereof.

32.  The package of any one of claims 26 to 31 wherein the protein is fused to a

heterologous protein.

33.  The package of claim 32 wherein the heterologous protein is glutathione S
transferase (GST).

34.  The package of any one of claims 26 to 33 wherein the antigen is

immobilized.

35.  The package of any one of claims 26 to 34 wherein the sample is serum.
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U274 or an immunogeni c fragnment thereof. 32. The

package of any one of clains 26 to 31 wherein the
weeotadnsd s fused to a heterol ogous protein. B3I/SGHO4/000174

package of claim 32 wherein the heterol ogous protein

is glutathione S transferase (GST). 34. The package

of any one of clains 26 to 33 wherein the antigen is

i mmobi li zed. 35. The package of any one of clains 26

3 rel he. ' . 0
B/ SRR st ot Rl Sl oqtecfheRpn A
taeinfetadrbyi & heobderekmaed toAARS GoWpbetwdm Avasl G0nfagcpast
gé or has been exposed to SARS CoV, between 2 and 60
1%Bost - infection. 37. The package of claim 36
wherein the serumis collected froma human who was
i nfected by or has been exposed tqo SARS CoV, between 2
ahd 1"1‘hw§agw£ ¢laip A aderesyihe sgumheoliseied Hgm ounenayhe
i
s IR g Pk e S BT S T o
bgtamern 16 and 60 days post- infection. 39. The
package of any one of clains 26 to 38 wherein the
means for detecting the conplex conprises an
a8t i - ThopacRige ofiolaind 86 whagii the tertimimevliiacted Fooya hubfhn witve

package aof claim 37 wherei ans for detectin
PHE g 50 BEBRRSR PERESh 9 s ChY et vega 6-a0 00 Say it
MFecidhl - human 1 gM anti body. 41. The package of claim

38 wherein the nmeans for detecting the conpl ex
conprises an anti-human 1gG anti body. 42. The package

g§ ani‘]f‘%%%{% o%%@ﬁ c)?f%%atilﬁs %él-to"!@e\{rﬁé.ran M&ernéﬁ‘ﬁ@ﬁﬁ dfeQEtjnrg the

et ect ex turther conprises a visuallzing
ceaplsx sehpiseeh dntieisotypie aghitwdy againg hgmamantbbdy.an
enzyne, a coloured dye, a fluorescent dye, a
chem | um nescent nol ecule, a nolecule containing a
radi 0Tkd pacRagetodBlaitn 47 avheRirethe heamsabt ddteuiting thee doamlex

netal. 43. The package of claim42 wh in.the enzyne
POTIRISES P17 PR~ A BEn; o sh o Bt Wﬁfg]bé?g}"dase,
wherein the fluorescent dye is FITC or rhodam ne, and

wherein the nol ecul e containing a heavy netal is
4b! | oTapackegedt eloip P& xwherein the means for detécting the complex

comprises an anti-human IgG antibody.

42.  The package of any one of claims 39 to 41 wherein the means for detecting the
complex further comprises a visualizing means selected from the group consisting of .
an enzyme, a coloured dye, a fluorescent dye, a chemiluminescent molecule, a

molecule containing a radioactive atom and a molecule containing a heavy metal.

43.  The package of claim 42 wherein the enzyme is alkaline phosphatase or
horseradish peroxidase, wherein the fluorescent dye is FITC or rhodamine, and

wherein the molecule containing a heavy metal is colloidal gold complex.

44, A method of detecting the presence or absence of S, M, E, N or U274 SARS
CoV protein, the method comprising contacting an antibody directed against a protein

selected from the group consisting of S, M, E, N and U274, with an antigen-

63



44. A nethod of detecting the presence or absence of
SS M E Nor U274 SARS CoV protein, the nethod

W@ vpniesng contacting an anti body directed ageCTSG2004/000174
protein selected fromthe group consisting of S, M
E, N and U274, with an antigen 63 WO 2004/ 109289
PCT/ SG2004/ 000174 contai ning sanple, for a tinme and
eoaleiningsanble] fone timefabi endascodditions fyaffigient f95 thy antibadyipfom
comol " oL i L o hpeb o
PReS e el by O RRe Aotk BRGGLR 0 ANl Bk
tileeansigerpindicetesthai the sanple ndritgjenan dndgecthaimonpeisesS, MAE, I,
N,.. U274, or an i, nogeni c fragment thereof. 45. A
&EVH&Bm%WmB@%@PFgHE@P%E?%?%éénce or absence of M E, N
or U274 SARS CoV protein, the nmethod conprising
contacting an antibody directed against a rﬁﬁein
81 ectaacthedef detrsting Bigpresenss os thsgacedy My Es &Y onUZ4SARS
Sy ol e AR PP Rl ARy Gret R i) ot
fselectedfromrtid grup eunsistiagofavt E.ge and HAH, whidragiaptigmeconfajnng

bi ndi ng _bet ween t he ant.i |
A X
Gathdnl sh€igenyhndEvhdikin SRebdfiobinding béetwerinihg enitodf nadythe attigen

thereof, 46. The net hod of .claim44 or im4
e et e e e c eisepasopenienh & Mo (224 g1
t;ﬁhmggbﬂ&@ag@r[éh{@@,@yf_and the antigen. 47. The nethod
of claim46 that is a Western i munobl ot, ELI SA,

capture ELI SA or inmunofl| uorescence assay. 48. The

{Hﬁ? hog0fhefo oFtidfn 24 oﬁaaiﬁn@s"ﬁhﬁertc'aﬁlﬁﬁgiﬁgﬂefste@%tgs%mg

e conplex conprises visualizing the conpl ex
reacsniéx Etwenzhmatibadyxoiddhe edigdye, a fl uorescent
dye, a chem | um nescent nol ecule, a nolecule
containing a radioactive atomor a nolecule
cgnt aimhe Agtad e aldim Aethat is adPestebh émmmhdbdet, BEISA, aapturd FLISA
wherein the enzyne is al kal i ne phosphat ase or
H BB ‘@ﬁ*ﬁ%?%%%ﬂ%se, whrein the fluorescent dye is
FI TC or rhodam ne, and wherein the nolecule
contai ning a heavy netal is a colloidal gold_ conplex.

@#.  The method of claim 46 or 47 wherein the step of detecting the complex
comprises visualizing the complex by means of an enzyme, a coloured dye, a
fluorescent dye, a chemiluminescent molecule, a molecule containing a radioactive

atom or a molecule containing a heavy metal.
49.  The method of claim 48 wherein the enzyme is alkaline phosphatase or

horseradish peroxidase, whrein the fluorescent dye is FITC or rhodamine, and

wherein the molecule containing a heavy metal is a colloidal gold complex.
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