METHOD OF DI AGNCSI NG SARS CORONA VI RUS | NFECTI ON
CROSS REFERENCE TO RELATED APPL| CATI ON [ 0001] The
present application clains priority fromU. S.

Provi sional Application No. 60/477,059, filed June
10, 2003, which is herein incorporated by reference.
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nortality rate can be di sruptive and costly in an
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served to those who have travelled to SARS-affected

diseasht ri es, those who had been in direct contact with
SARS patients, and those with tenperatures exceeding
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SARSNHpkdevhni S4FRGPBy o8 11§ pRiSe B8RGMYn in Guangdong Province, China, and
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



as possible, wth certainty and accuracy. [0006] A
novel coronavirus was identified as the etiol ogica
agent of SARS (1- 4). Coronaviruses are envel oped
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that converts viral RNA to DNA; and the whole process of exuactlon, reverse
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.



experience," presented at the WHO Conference on SARS
Research, Singapore, Republic of Singapore, 19 June
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has been exposed to, SARS CoV, wherein the 3
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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, followed by the step of detecting the complex by contacting
the complex with an anti-human IgA antibody or an anti-human IgM antibody, and wherein
detection of the specific binding between the antibody and the protein complex indicates that
the sample contains antibody specific to SARS CoV. The method may be used to test

whether a human is infected by, or has been exposed to, SARS CoV, wherein the
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bet ween the anti body and the protein indicates that
the human is infected by or has been exposed to SARS
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beig &teton provi des a nmethod of detecting the presence
or absence of S, M E, N or U274 SARS CoV protein, the
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[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.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS [0019] In the
figures, which illustrate, by way of exanple only,
enbodi ments of the present invention, [0020] Figure 1
is a schematic depiction of the structural

organi zati on and expression of ORFs corresponding to
structural proteins S, M N, and E and uni que
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tRd pre@ddt iREAiGS agai nst the various SARS-CoV viral
proteins in patient sera; [0022] Figure 3 depicts

bacterially expressed GST-U274, GST-U122, GST-N, and
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[Wf’f]er an'ugé 2 %34 ﬁ%st%a @0{ i S%Hoﬁgﬁzﬁin%%é 155%3 _L LY

an infectio

d 'l at e "phases of as primary~antibody and
adtibadiesugaimst thy GadeusSdohdaMyviaih prdvddyin jali8@5krak-i gure 6
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det ect’i on of an anti bodies in patient sera by an
R-ppudbeiRad).escence nmethod utilizing CHO cells stably
expressing the S protein; [0027] Figure 8 is a
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assay) .position, either after an assay with a sanple
apibadicsin iRy IEPcepaNaghie' Tl ef t), or after an assay
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human IgG as secondary antibody;

[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] TFigure 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



SARS patients and healthy controls tested for 1gG
anti body to SARS CoV, using an ELI SA assay; [0029]
Figure 10 is a |line graph showing titration curves
obtained with the ELISA assay using serial dilutions
of seven SARS patient sanples; [0030] Figure 11
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' trafes stern i obl.ot .pattern of . .

IP or B YIS ek wpblsshopimgaREiiapur yo5 98 i i b 14

BIISA MeStRI fEatdilapRIst §e@é§1 S‘%Rglofﬁti&ﬁ cahpres of the

I mmunor éactive proteins of SARS-CoV as i1dentified wth
ant i bodi es rai sed agai nst specific reconbi nant )
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DETAI LED DESCRI PTI ON OF EMBODI MENTS [ 0035] The

ence, of - CoV reveal s ORFs,for four.structural
(ST " Eietre BSITslrs HSPEM Prraisiat @iy Of bhpafgpaie
ptéadins 8ngargat&pcapsid (N), which are conserved in al
coronaviruses (5, 6, 10, 11). The S protein plays

essential roles in nmediating 6 receptor blnding and
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[0034] Figure 15 shows representative immunoreactive patterns of the SARS
Western immunoblot with serum samples (A: SARS patients; B: healthy controls; C:
non-SARS fever patient controls; D: non-SARS respiratory disease controls; ID: 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
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honol ogy to viral proteins of other coronaviruses.

Whet her these ORFs express proteins that serve a
function in the viral replication cycle are yet to be
determi ned. [0037] The present invention relates to
the discovery that the S, M E and N structura
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SORS GB¥e of the SARS CoV' S, M E, N or U274 protein
The term™ innunogenic fragment thereof' or "antigenic
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surface-exposed antigens pat hogens have geen S

PaiciBe AcTer@idery @1tdRely %?Féefé%flﬁéﬂletpﬁg?‘}t geREBiEE AiRed les'and
ﬁgg%&f{&%’ deffection %l%é@g{/ géé&seﬁ?@ hid& 10f pdTehl-P&erated

tunmor virus
antibodies.
[0039]  As used herein, the term “antigenic protein” of SARS CoV refers to one or
more of the 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] TItis an accepted practice in the field of immunology to use fragments and

7



Davi dson, Nucl. Acid Res. (1977) 4:1539), a 16-residue
peptide of Semiki Forest virus (Snijders et al.,
1991. J. Gen. Virol. 72:557-565), and two overl appi ng
pepti des of 15 residues each from cani ne parvovirus
(Langevel d et al., Vaccine 12(15):1473- 1480, 1994).

VafQ4d bt Aot 84 Methinogehs, W bl teisie@diddyo afRas aimbhenoNe
skilled in the art, having read the present

reRpoBys tprinsereintipasmpie Bap te & ammoesidfimampoginic weiog, of the
pf%tgi{?{’. .\}\Arl%[ls gﬁ%f’ S nﬁ{gﬁa h?&gc{«/eg?t%]néésgoﬁcﬁg%{ouslulrfalcfg?)%%ﬁ?d g}}i(’gﬁns

erns and a res rnventl

o ehtpepisihde: bdeaghewh So b efetiabhytigenea@inst @Rftredhecand no
acids in length. Advantageous|y, they are at |east 15
pathogensag B Tpicailes Bentifle of musing mapgnary sumeryirugs Casey gk

: 1 NO.:AG.AS, re f erahl.: 68
Chiidsily LR RO o TR 1R kit EhepBBD! SOl Hreor
vafls (Bhjde®®; «B5L99100 Gemi WohERdS71565), enditvn otedRgRihg Asptides

d herein, '"honol ogous" .or "honol Qg" fers tQ a
03?3#‘@? 1°g éféﬂ}écﬁl%’é CappRPATHAEINS lﬁ%%‘%g&ﬁ?ia &l “{»EYEPC&% d%&‘éﬁ% a73-
1%6“9?11‘)‘? am no acid sequence of S, M E N or U274,
or ‘a fraagnment thereof. The honol og may be at | east
about 50% 55% 60% 65% 70% 75% 80% 85% 87%
[0041] 93%kcopdagland Wi b6 hesdy epuent too®; skilleddn the\arghaving

U27 ar fragnent, t hereof . Honol i S asyr
i Syl g PR P s R R T SaRhmbeor U274
afyiahdtsihtSo Jef ﬁlﬂ@lé@gﬂ??ﬁb‘f@lﬁﬁarﬁlf aré B@ghienaht presSMENE6N. Such
G oup, University of Wsconsin Biotechnol ogy Center,

pelypeptigsifiagimentsyprfpeaklieare ahlgent 4§ aming acsdsapdenglyi no aci d
X PRl .
AUEEIRES Ly Bl G [sliRE e A ORH diteas 025, MBS,
4Py 45 60 aalingavicsn mordneterdlite at logptt 56EI0, &b, Wn e amideidseanl
t up, the d f h i tabli shed b
RSLBF R TP 87, 00 Ge 04 Sl BHER e am no

acids of both sequences are identical, relative to

["‘Fﬂt ot d yAUMBRIN, ©hoRORLbH® S “hdRE ST ik y&wgllé)@&ﬁ k&d@ence
0

¢
0 to 600 nucl eotides, as applicable, encoding

thethas substatisd gemespendsnece withseapmeine esidisomsinegyolis, Mok, Mor
tial. sequepces_:h ogous to, a one ,

R T R P AARE ik e ey PG st g
6510 7(ral PITRL &%, 8504It8704) ©0%R08%e 96%thnt SOWhdMdloERS to S, M, E,

mat chi ng the sequences upstream and downstream 8 of .
N B4, ailrasmentdieretl. Homalegigrairasiyred BEngaupRGecyalysis

| At NG|SR HG alPPackSHEL (ATBLAdHCE ROL A S

TR S AR Ol bt i
Glaul, Unéveglity o8, Wisdnsk Bistewhndl@giCerder, 47 fbUyivarsite etviedes,
I\/?agllnstog,l \Q’?%J}&' aAi%n)é)ta%{de se?]rle cgsl) Xrg% 1!gr?e%ttlo ?Eas}’(inslyz% Igdentity. Gaps
may be artificially introduced into the sequence to attain proper alignment. Once the
optimal alignment has been set up, the degree of homology is established by recording

all of the positions in which the amino acids of both sequences are identical, relative

to the total number of positions.

[0043] Poiynucleotides of 30 to 600 nucleotides, as applicable, encoding partial
sequences of, or sequences homologous to, or partial sequences homologous to, any
one of 8, M, E, N and U274 are retrieved by PCR amplification using the parameters

outlined above and using primers matching the sequences upstream and downstream
8



as a DNA or RNA library. As an alternative nethod for
retrieving the partial sequences, screening
hybri di zation is carried out under conditions

descri bed above and using the fornmula for cal cul ating
Tm Were fragnments of 30 to 600 nucl eotides are to

diehd Band 8Vveds of the feghent t@ti:%@mgjhﬁed STROtehRL4te HolRyucleotide for
subtractlng (600/po|ynuc|eot| size in base pairs)

arppléficgfipp Fﬁgféﬂiléyt he dldljangdrpolaelegBdls hatensgdes full-length S,

r 0]
SR TR B 3 oo AR
aka IDéA@bRNm ﬁHl,al)t h&s hoaimthaivkaietka@l foukatiévige tHagafiad i s

as follows: Tin =4 x (GrC + 2 (A+T). For exanple
sgapengesnifeteabts pdridizalpn ifﬁcaéfed%%‘@%CMP@lSﬁW‘élbeﬁrﬁibove

r I, .
PR ML Ep Tl ool cobing 210, SRR A5hi{ gl 180 pucicories
al‘BDhufd:le(Ig‘milﬁsecS dmxehm%ed ‘Bimds obtaitaidy ibtredingy 68/ polynucleotide
cheni cal s I S.. 0044] . Usef ul | ypeptide . .
stErh DAFiRgEY) t@ﬂ Sripgngy @ﬂﬁ%l&%@fﬁﬁm@y ﬂanygﬂe@%ﬁi@hed
téiﬁf)&r‘&uféqm% §lic 6% §él§‘g ﬁﬁamiéolfgonm&ﬁeé%ﬂter than 20-30
sequences. This would identify probab

bgsasfagcle b@)thvszmdl tlarfmngém fa calsglatng tl(el—'ﬁghte@ fellows: Tm =4 x

(G0 2UM 35 Bet Bs. AR SMHCIERGHE s it 6 e Qe C ol have

ahjagﬁloxﬁ@eﬁ@%rpdf Yhe. shodpeptideb tHat Qﬁélfﬂglﬂehbé o®Rfy one of S, M, E,
hobi city propensities using rogr am SEQS EE

I\Ew% qr igdomaloggus seqUETREEe ab@m@éﬂéh@ heieprend sutthesis.

SU|te for protein sequence anal ysis." Conput App
3 0
nt | UFE boliep i e 2L, p6gRer e B enfs ik BB
uan@a&mpmkﬂmmﬂﬁMamhh@g(ﬁaﬁmﬁumuiﬂmuﬁﬁ@enTMShmagmﬂmmgy
and varlants S anal ysis u eas bl e
PERRBAC YT ?‘iﬁw@‘é’PS PR AIC TeRiPRS A BiBhEnt T e igf%qirtfe?t Immun.
cbidsahy7t ARG sIseFAHhI £Id u@ﬁuets osth®Sd in f’rfyq%lz,lf@ M, E, N or
T-Cell "epitdpes for HLA- AO201 MHC subcl ass may

U284 gaisettiobthe amoduat gfolldxtthiivt dndthydraphelieisy a@parpﬁpima@mg the

RSB (RS i gen g i
pRdih geftichicPeptyl sﬁlse’ @bk ChrinDBiosci. 19%4@1@1’40@)31219%, can be used
14(1) 4-57). [0045] Epitopes which induce a

tpierea dptopialB-cad T-aidbenioper Whighig beaisprbirsebagisdor selecting
u%ﬁsmul{og&ﬁg %gﬁgntg di Lrﬁpexgu%& 'ﬁns &E@éEQIs¥?§%E fable
wever, Some epito

secondary and
cobinbddnyofsdxtatndl unﬁ&:edbattﬂ’me thmo [syl[kebt iode. re@nr‘zed! balangiiches.

na ed e tope arge i d tions are C t ed
Favrbis et B A 2SR et SRa bR riehlod due
algﬁﬁtiﬁ¥ﬁ9§&nﬁlgﬁs HRaKSHa @RI CRES atPHERI IbLLAKC, et al “Pep‘mde
etions 9 sonetimes effect the additional advantage
binflingsorddlil 6 glassrhumebasoles naplicategis dersanggenic peptide prediction.”

Immunol Res 1995;14(1):34-57).

[0045] Epitopes which induce a protective T cell-dependent immune response are
present throughout the length of the polypeptide. 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

9



high variability anong strains. [0046] Pol ynucl eoti des
encodi ng pol ypeptide fragnents and pol ypepti des
having | arge internal deletions are constructed using
standard net hods (Ausubel el at. Current Protocols
in Mol ecul ar Biol ogy, John VWIey & Sons Inc., 1994).
sGuetimesreffdvods ddditioudendstuangtasideRCRng iimwens oGkt regions of
restrlct|on enzynme treatnent of cloned DNA nDIecuIes
hégh yasiabiidy ppenditraimkel et al . (Kunkel et al. Proc.
hbtl Acad. Sci. USA (1985) 82 448) . Conponents for
e et . b

|y o Tab g P et B TocpBlie BB bR BilTpentide,

hasm@ﬂfn gt agenal. de[e@i@ds?ﬂue'Esttsfmteti-ubmggtalnda'dhn@bmdsdAusubel et al.,

SRHO RO Stoleqiian TRV R R SVt G0 i Aqe Pk
rﬁéﬂ%ﬁﬁ@ln&f stéﬂﬁlﬁld BERVANsSPER, eSOV ANLA Y8R tfealh&i 8F Ploned

that is not highly conserved anbng corohaviruses, SO
DA tnoolequilasi ori the meffedoidnokelof ab (Kuskal eawt Pigct Matw Adad. Sci.

[ - gener.at.ed antlb j s _directed,.against .other .
B8 LR PAREN Gl Bt R P 04 PHURES fREE use are
r6ki191aQaiR®Id frOAS/adbud Jb@[lmélﬁiaﬁé;@li’des SARSsCaMtaBhé.geni ¢

proteln that are predicted to be transnenbrane

mai ns, or to use only a soluble antigenic fragnent
%@47ﬂhe g oldmreth patigsnis, Pretsin ‘éé&@eﬂ’éﬂmé/@r%%ﬂ ¢ dipgnosis

A RSB R P et g Bl S

(Of angehic lpSﬁSmlthal\AhncﬁlhngMﬁ chsplrveﬂ eimong somina;\tnuses S0 as to
abundant, . N appears to nost abund ntlfroteln

IGARYZ b@f)ce REOS é%aﬁF‘t”%V Wﬁﬁ@%téﬁw SR UPR AR %Séaf%t'ed

%élﬁét B ehhAiRRed A veNdt MATHEIRRAELLOR 1o [dBRAYortions of the
thout intending to be bound by theory, it is

quca‘&mt SHRSt(EmY aNigenic [yetein thhlgus e@dfocftdrfp @Amsnmwnbnamf rom

infecte nto the C|r on_at Song.
oS Gl Bt QT shtvlspnliBets BgmFirl ol By Phodor ase
oP E)ﬁﬁ@d@lo@ﬂlnmﬁaﬂdﬁﬂggﬂ‘mh 10&@0hE gl 6e hhd?el §t@c§d by bldtleX p&son.

k| |ng of infected |'s. Furthernore, it is possible

N may contrlbute to the | moral ipmune response

[(E)Q‘!:ﬁ]ectlﬂ’%esﬂﬁgliye\*ﬂ seeagae etonapises rowsien thedy! Arpigins most
for t 1€ resuits
ARG R afR 1 BEuB SNPGRS o dBinHRBARSLL UGS The result

deposr ase were conpared, only
ptasented hérbarmdibaetict N ghnkfagraersteng ahmonaeacdionno aci d,
fromthat of the Singapore isolate (SIN2774) used for

rddiEB1cr P BRoyiEeRine Rt s Py TEPTip R ear s v Rympype
rdl@REF Bt SAR S To W fidin liiFe@B@bAIRNt i b AgLcifclativh at sthee

in the present nethod. 10 [0051] The presence of
stagg phisthcEen.dir pessitdy theg Al may b\pigsan i yratiger-Epseing cells for

cﬁ%{ox?c%iﬁmg of infected cells. Furthermore, it is possible that N may contribute to

the humoral immune response protecting patients against SARS.

[0050]  For the N protein, when the sequences of 18 SARS isolates deposited in
the GenBank database were compared, only two of them showed a difference, at one
amino acid, from that of the Singapore isolate (SIN2774) used for the clones
described in 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.

10



as early as 2 days post-infection, as well as later in
infection, for exanple, 16 days post-infection. The
early elicitation of imune response, in conbination
with an extrenely strong i mune response make N
extrenely useful in diagnosing SARS CoV infection.
[PO9%P] Theigresdmre vhnntivodicpdatacd sghigubiaginme metctet e patients
protein_used to, detect the presence of anti-SARS CoV
aaﬁfw%%@ eS| peshingretips wedl ay 1'@1‘31 Bn{g ARGy &N X amplee b ARy
, (
T g on LY G ot PR o Pl e
ek amelleyl sebegimmhes espomsamaie Ndscticorehessp b dn tlxagmdﬁ;mg SARS
(fqg nce FYYLGTGP, a highly conserved sequence found
‘h tHE"RMhonol ogue of  coronaviruses. An i nmunogeni ¢
fragnent of N may be used, for exanple a fragnent

[09 | STRG, Qf\/'ﬁ‘féﬂ§b1%Té1M e%fbo@fﬂlaﬁs A HorefPude 14 dectIRO
22, or 121 to 422. [0053] S forms the petal -shaped

psqspk@soffaoufsaxm CoNangindisciog Tofiewos DRV Ewic (agnen

koo Mol B PPl i oy TTEHERRRBi g 8 Fraving

ahBE 89S 118N 118 dhleal! Whgie)’éh‘ﬂﬁbf L&H§ SorresPSndioRhOE@uBndeS
predicted to contain hypervariable regions, as these

Y GheP aphighly donsSvet sstjeénes famdan e N bomotraue plises

10, .11). |t.may be err 0 _use an trace
Rt &hiffRinoGsRLFGRECERNITE: RSet SRF e £ i ement
Hi§iAg of CorRRREHE 6f HARP 20fdsBansh2nglans4t ok 12T RAER. t he
i keli hood of a properly positive diagnosis for
atients infected with SARS CoV. [0054] Thus, in
@%ﬁ?t]au n> & dhssitlshaped| Soikes FRpind of thasirises aleqrongvirpsss

e S T T R L

oﬁapimmdnybxmfe iepienpand mi’ughhy ebtoeslyl4tod. dﬁhes Ipantein is predicted to
antjgodles ai nst thehC- t er m nal g of LQ?g &%274
CRIYRIN Q/BBWG‘P%%@ feg1Rpasd! esﬁée%?ﬁ‘?cﬂpﬁ?%d“ PIPERE PER

ceddaviKlsed 1 0r eHENERGELErefelRE th MERNPLELAELIWAYgioh o8 litht
i ndi cates that this novel and uni que viral protein is

d@@@pmé@@ré@unl adlyuohrefauabl@: segaerd te @nsmel@lswﬁlwllﬂbn&arpﬁ@tlemnase the
0
R Plsi Bor 0T SREFLG Pt TR e MR s
upstrean1of the U274 codi ng sequence suggestlng t hat
[0054]s tTims, ihicesiin @Rbotlmtenos) Gilbfengihes nmay oe u&ldlbgleﬁbo Bxa@mnple, a
RNAs of SARS—CoV-lnfected cells (5 oes not
fragmprd of SPHTiS RSO KeRBItEgPT Amit agids ”&Pd? égz db@h*éed-
dat abase, but it appears to have a sinilar topology

[d055] hatmfme%nw Jehind ﬁm@ﬁtsttés@ea&%atmosam%u@a S@Rd théC-
large internal "Ctermnal domain. Since it easrer to

tepprabes] eildl FBuiU27¢ ceotypohding 1o ORF 3, as annotated in reference 5, and

X1 in reference 6). The immunoreactivity of U274 indicates that this novel and
unique viral protein is expressed in the virus and is likely to be a protein involved in
the biogenesis of SARS-CoV. Moreover, a potential transcription regulating
sequence was found upstream of the U274 coding sequence, suggesting that it is the
first ORF for one of the major subgenomic RNAs of SARS-CoV-infected cells (5, 6).
1274 does not share significant homology with any protein in the 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

11



fragnents of proteins, it nmay be preferred, when using
U274 in the present nethod, to wuse a fragnent that

does not include the transmenbrane regions of U274.

[0056] As well, U274 does tend to exhibit sone | ow

| evel sequence variation in viral isolates, with five
frpmeatsast pobteinB s Mas by GreTelrdta Wheg ubidd U292 GuSB GRS ent method, to
showi ng one am no acid substitution (when conpared to
use RfzEmenGhat dass npisiarlade thsdpnsgemblapy i 9 bR

showi ng two am no acid substitutions (14). [0057]

[ t A ' ot [ ' - -
160561, | AsSEAY B4 BIRAHTE Uit I RN 1 ORT . CE el
arat isglniscwith dgoiotatafoftiéd swdigdrhasina @274 sequensessshowing one
of, am.no acids 134 to 274. .[0 atients fested
Ao ,Sul?ﬁafmannfivv&ss% Sutgsi ok iRaoanastan: g noRH
sE!ik?encMIWn tvid thﬁiorh%icpsfubs?tﬁﬁ’t%rgﬁ/zi). Therefore, these

proteins, although antigenic, may = be |l ess useful in
t he 1pr esent diagnostic nethod, since it seens that
[PA87] doThes in essliabi enlensingnte| theantiggniciSAR M EoV asplemsesed may

[ ted i-Rdividuals. In vari.ous enbadiyents, the

PR U&RS: RSP Shed Dl ma R OE YA o Ren % o

PhsibtingEumiReadds BAto@eni ¢ fragnent of M conprising or
consisting of amno acids 98 to 121. In other

enbodi ments, the antigenic SARS CoV protein _used nay
[BR58L11 | Of etk testedio qage, napall prssessedaitipgdins giretedpasinst the

lﬁgagg]%?@fﬂs%if @QR&*C&@.”%&%R@Q, ﬂ?{?e 380 Akh h%%ﬁggﬁz,g?ay

n the present nethod, e anti dgeni c Jrot
berlat ekefsl @artke picssit dagpostis swdhod, sinde rragenethexpeeds st

SRR O LB AN LSRR 18 i

eRbolifientd, aSInfibéR0 SAR SP0o R iR MBSy be HIURhEY Mo it may
MRNA, whi ch encodes the protein or pggqiypept i de and may

berao landgenac fragragis of Mpedroprisngqy donsiginecdf 2anngpeds Bhisl Bile In
i,S transcribed by.an. rase nzyme m .
WP s A AR R R R RIS e SR O i
@ UeeSSindBeEy S ebntSf ¢ coasprRingarlcongsting df Riindacids 38 to 76.
cell-free system [0060] For exanple, the proteins nay
be expressed in a prokaryotic expression ,system for
[e I elni the prseed Ffieféh%du ARUEGRIE POfIE Y %mi%rf‘stﬁfe gFSt Fypressed,
. r [ : L€ Xs o de ofer
o e g o ab T e PP Ry DL EBRR ofers
td therspntiredis affe wetdis of prdypepiidg bCE8 tlansl@Bsy of @HONANEHBIES:,
or . JEG3 I1s,.in insect cells includin .
SR GRSy BHI e aE oy St PRGN fidmey sl »
tla@Q6ibliod B8p BT RhRh AR RIGY t&ﬁ%@&é% £586GbddbyearcileNA-Jol Rferase
expression system and such a 12 o
enzyme from a DNA template. The protein may be expressed within in any

expression system, such as a cell, or within a cell-free system.

[0060] For example, the proteins may be expressed in a prokaryotic expression
system, for example in bacteria such as Escherichia coli, or in a eukaryotic expression
system, for example, in yeast including Saccharomyces cerevisiae or Pichia pastoris,
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
12



systemw || include the reagents necessary to effect
expression of the protein, including ribosones,
t RNAs, ami no acids, including am no acyl tRNAs, RNA
tenpl ate, and may further include DNA tenplate, RNA
pol ynerase, ribonucl eotides, and any necessary
s¢QéaGHinnsciudeihé eflchigs agRBdasy Rdfcstd:tpseskidalof 8erotein,
required for enzymatic activity, and may include a
irdnding phegoges amingacidseigcidmgaming pFyl gRSs st Hnd
0 [ r ] :
RO TRk 8PS ANy JEALEL Rt
apd et ehdtetdant cdfactmal buyftesing aberansldadaite dak hig reqdictlifederanthatic
is expected to be soluble, a bacterial expression
agidve and may isdudsragredly@de- However, for |arge proteins,
proteins that are post-translationally nodified, or
[PSI1E! N] fskﬂlléﬁ g@fs@n LA UAIRs TN W B dxBhd8 theRlcSMHBEYRYA 61
system for xanpl e a mamual 1 an system nay be
pprieifhdragectnt pGOGPpropyipiecabieysiomsgene Emnegubieg thhiks not post-
antigenj.c protein.or protein fr nt, wll. be clone
R D B 5 el as TR Grhadlerigl etinstign e
€% e SieRBd SMeHETer, FR RS eNploRiRX Prosss thRtarépbdtd@Aklationally
protein, using standard techniques known in the art.
niidéfiesly pr protiiwrihgiese tquing NRMMAvelicing arekayehg Syspnbrivt er
and genetic siqgnals regui.r . ef fect expression in
eFﬂEp%ﬁ6§%ﬁm@l%g%ﬁk”?8¥gg§éﬁ%F%%fthe expr essi on vect or
may conprise a gene encoding the protein operably
[0068Jed Twpicallyr & p@iesincodiag tHesintgemiapiodie or piotdin fragment will
particul ar expression system and my be a plasm d.
beglongd Hip P eXHRSSIORGSptor ﬁ&fﬂ%ﬂ&)ﬁtﬂﬁ? Wiy the EEIPSSIRYSIENe
oy {ai : . -
D e A R AR n N AUl fuERO BN Mo bl the oy
The espprkessodn teotor vel dswathy necasspuy atosrotersad gengssignatrequired
t hat the%%ene i§ transcr%be and tHEfﬁNA IS transLated
t%iﬁ‘:“ﬁ FPTEES QU DG OS] Pt AT REPYPICTHE SR BILULY BT 8
cbiprigengone @ﬁ@(ﬂii{l?thﬁe o tBihQipeaBlydinked B £ Eﬁﬁﬁotﬁﬁ}datb@compatible
driven by an inducible pronoter such that the

withghe pastiow angxpixspion isters.ednid maxybareplagnidy dior exprge, the cell
desired, s t i M.z essi far
e 37 187 s SRR P SRR ik Toef TRl e e
afi @id S PRBER VOoprotereoiiterest biperable link¢dd adi]of Hor neeaseryof
purification and uyse, the proteins nay b xpressed as
reguiaiery gRAvcppestsErin hanile gencis P Oes ai_l‘ithﬁ?%f%ﬂ%‘il 1S§?edaby
1HROF Y8 QEl'fhﬁ% 13%11&%”?9& &83i oA M HEERINE errffdBig 80 Wrotein of
protein fused at the N or Ctermnal end to a second
imakstpept beddriveA byianphdicitdy profrotaistich thasthe kxpressirgi within the
| ypeptide j§ by translation of. an in-frape fusion of
ot Beegtlied ot fedeguiin Bximizg Seoresin i - RE by
syBrdhyfd SroBSiExREGRA With logrithisd Sidwtp Phase epitedellicalture.
Inserted into an expression vector which is used to

t ransform or o ) _
[0064]  For ease of purification and use, the proteins may be expressed as a fusion

protein. A fusion protein is a protein or polypeptide that contains an antigenic SARS
CoV protein fused at the N- or C-terminal end to a second polypeptide. A simple way
to obtain such a fusion polypeptide is by translation of an in-frame fusion of the
polynucleotide sequences, i.e., a hybrid gene. The hybrid gene encoding the fusion
polypeptide is inserted into an expression vector which is used to transform or

transfect a host cell. Alternatively, the polynucleotide sequence encoding the
13



transfect a host cell. Alternatively, the

pol ynucl eoti de sequence encodi ng the 13 pol ypeptide or
pol ypepti de derivative is inserted into an expression
vector in which the polynucl eotide encoding the
second peptide is already present. The second peptide

palypdpidan: péliypépitidy dpewritive € @EerRBian eSPRIYEAE ectdiah which
binds to a li1gand or functional group, to assist in

’ié‘xarppmlaﬁlﬁweﬁ? eﬂF@‘#méi@?&rﬁﬁP@d Repidasis AbpRAYpERIenH eTfrﬁagﬁ:cw a

Reiapi S BrmERRaR, Wbplabife hdiis oM eaflon |
@mum(atah piong, to[a@ﬁﬁ&'nﬂx pAiietiex pFess@dhpld, e @oéridyptide may be a

tein may be rified, usjing standar urification
D hAHgese e gl Bgdsita Ny 160} Ok K Sr%ﬁtt%t Jrogptvytransferase

é Bﬁd HE%HQHQMEQhronatography col um havi ng
oun tat% ohe to purify a GST fusion protein.

Usi ng knomn affinity chromat ography nmethods, a fusion
I9066¢%i n Qmﬂtalmmsn@, thhmtiwnhipg@ninan@rm wirifiedpysitgstandard
h. de ich results

BBt e P ot S Gy Pl SEREpEGpbY Brrample, wing o

éﬁ’@lﬁhtfoFfébhy cdm%ﬁ lﬁ@ﬁ@%ﬁﬁh Whtafhibheto e fPh G‘Sqaf'h:?ﬂ@n protein.
vi ral sates for serol ogi cal assays, since the

Priag M\@n @fﬁn&mctlmwt%aﬁ@/anﬁb@ds@@ﬁ%ﬂwxote@bm@mgéhﬂ n

il LYIAbSE SBLERHLS o B PRSI o £0000)

esse anti

héthbdhBaying batd sém&m@eme Fspécﬂﬁm@ﬁtlhdhﬁﬁh@ﬁz edi wigicthe Gilse of coarse
agai nst SARS CoV by contacting the proteln W th
\g}aﬂlrb[s;@tep iy ﬁp%l%@q;sgm, sm%glﬁ PegRRGEcaf anfipgdies agamst cellular

d?)% go‘ﬁgﬁts g?a?zﬁg)csﬁ%s@ fe@ﬁlgineﬁlsla 0§1§%ﬁ§at ient sanple

can recogni ze e antlgen CoV protein wll
bind to the antigenic protein, formng an
[R866HenThe exmessedattigzodypreomph esed tp @eﬁﬂjun'e Spise ipﬁiii@lt has

SRoBRtTe P et R Al EPS s iebfig B ey =

dafpldRoihd pdtienOf Updiecoaticl, BRAYAtLA-FRHERGN HEbAAILS in the patient
selectively bind to a partlcular epi t ope cont ai ned

st thatgee reasenige e wtiepnip PGS Y srotei el hinseg thg/antigenic

T T S S A

Conpl enmentarity refers to a reciprocal pairing of the
[66T] al “SyecHirganding” laftwedream adbodparet aremtigend oc Hgregdeity” of
mnth n the blndlng i tes. of ch.,,of the antibody and
WAAGAN. 1‘%{ BOBEIETHE LS e a?lﬁtya%gh% Oy FiEoREsR Ans
s@@t:ﬂlm b&@@@ﬁ%ﬁﬁféuﬁ%@%@ lcBiStain8dl WiBin th8dn dg“el | '%Hﬁ Bﬁl‘aﬁng is
bound ‘anti bodies or as circulating antib
c:bmnqah@d feaycomplenixintasidy begvasinthe aptigaebinding Fies @ah@a@hoéy and
tﬁe eplﬂ])p LP e Mg@natéoenq}giegllélgtgnty réter sotfo ablgczpl%cal pairing of the
spatial arrangement of chemical moieties and charges within the binding sites of each

of the antibody and antigen.

[0068] The sample is any sample that contains patient-generated antibodies, either
as cell-surface bound antibodies or as circulating antibodies. The sample may be
blood, plasma, or serum. The sample is taken from 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
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infected with SARS, and nmay 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 14 "days post-infection”
refers to the length of tine in days follow ng the
“ddygpo@tinfbii@l? refeks foshs s phcif eghetilalhyd d@opald thatimean®hich
iinto contact with or contracted SARS CoV. [0069]. The
itdHHSBRATTGaohe BRficah EABR A COBAREVES P ,ssareﬂz@tqﬁi FARYERY i n
the context of an i munoassay, such as ELI SA

Hel cﬁhﬁgtlﬁg%%%ﬂ%@rﬁ@&xﬁ%sﬁw RrJt@lh i965RGh iR tonfkt of

o ies to S, e antigenic
alpnmtlencrasmyswh as b®A I(érzgnhedimked irsmhinasoskeppassty)pfor detection

of shubaes Gitd. E e L7 nEle Sibshprbutiogno St g on

séid s%pﬁﬁlt bt1§r"t6fc@1§[§ct1dg'miﬂlﬁ‘%§ﬁﬁéﬁltts§lﬁbfé' @H?eﬁta@t"v@ly, the antigenic
generally known to a skilled person and include

piEldisary beespressed immoelbt atagell simfangn dfhwopassaeisckniques are

= RaE B R AhH o RO PRE- GRS ELTTR RTS8 ngpupihlos

it ATRUTRASGECe atsafiBind BEmRRCRSSAkIErighydistayt e the
patient sanple. Serial dilutions of the sanple may be

d&{forned in order to determne the optinal dilution
[Kd0la dampsies taermimwihipdhe deeqtian hﬂtl&Ssqfﬁbf'gm%ww&ﬁsaypéimay

bEXR etotbuﬁ AL thﬂatnt §a§1§ﬂ: %?LX dﬁﬁtt@‘lg olf'tl?edsahtg

suita e to tot
p@aformbdut ortied®, demmtute the Qlﬁ)ttmaitnh)lutloﬂ. fotQ, samlpb:l,wltl:’hn&(particular

about 1:1 boyt 1:320, aboyt 1:640Q. [Q071 term
tosi HB%%&Wa HleBifePerey & dyutsd tltﬁﬂﬂfﬁ‘&afffemn
a PR Sath PRt tdtﬁ%lﬂlﬁ@o%bh! f:Yo, Qtfboﬁtnl a0 tabB@dy4d, abdineke

particular antigen as the means determ ning the
atpue s he.ebofit 1:B20, aheutdedtOor antlbody An
anti body-capture immunoassay is an assay that

(R 95 AP ey M58 L RIS G PR NG

nst a particu

usRh tiee AbEfY of Mlbhl&ﬂiody hﬂbl@& Ya@aﬂlculaﬁ hftigeRnik klgemedrs f01
i mmobilized on a support and is capabl e of bi ndi ng an

dedprminiaa yhg presenchpiohe gniagen of apisly. THEABRPIHERIVTES
n?ﬁ@rydags%.g 6%%} 543 b0, 891E&hn éﬂ’g% Shidhs Bsdab! 'd@febtod?ltt‘%dtes

e ant ture assay t antigen is mxed
adahmst ap&mbmidtypathn dehén bbwlagiat sdmpls @ﬁp test subglect.He gene1 al the

argen RV BOa) Rt Remeas gaindpe SRR edy of °
bIQR)EgQal ﬁlﬁﬂ]‘@ T%@tahﬂ&ﬂiy%‘btok}%}d b ARPbiBlogidahhiplé. In a variation of

l'iZed on a support. Altérnatively, the fornmation
thofanmtmiyanptug@arssasaﬂw iahignp is ovpidexith ther?@abQFPYelé thenbiological

D Pl B ATRLBLE Bt 702 80
antibody against the antigen or antibody or both in the antigen-antibody complex
which is immobilized on a support. Alternatively, the formation of the antigen-

antibody complex is measured in solution.

[0072] It is contemplated that a range of immunoassay formats be encompassed
by this definition, including but not limited to direct immunoassays, indirect
immunoassays, and "sandwich" immunoassays. A particularly preferred format is a

sandwich enzyme-linked immunosorbent assay (ELISA). However, it is not intended
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by this definition, including but not limted to

di rect i mmunoassays, indirect immunoassays, and
"sandwi ch" i mmunoassays. A particularly preferred
format is a sandw ch enzyne-1inked i mmunosor bent

assay (ELISA). However, it is not intended 15 that the
tHAf BePRdseht v eition he Dighitednd tigdfdr@at I is chrosmplatedlthatiosher
contenpl ated that other formats, includin%
foragisoingindingaadiaimmpmaayays (Rin brinues Boresaent gseyg dEA), and

ok DSR2t ATB B AT 5
wils B¢ udefillnn theamembddofthe braskhe ipreasemnt THusvehdri antigentimtbody
o Rt 250 G T B R
AR Ty sl i, S e
afitegdy ubipixeHN"agglntivationt (iunguilmgpiog of edllsor otheosstances upon

subst ance on exposure to antibody). "particle .
XIS ﬁ%tftiogﬁ pgr R asghipgsiong Ut %ﬁ?ﬁ%‘i“% oBBértsfip Gopted with
aMdel in BRY&8RAcd IT dhiBody BIBNE8mPIng@ kAR cBkted REth antibody
~clunping"of particles 'coated wth antibody in the |
ingthe peneree of awtigenge nymplemsniplixationt (i¢. shatisoaf cquidementhia an

e .of conpl enent | n_antibody-antigen.reagtion
P Sap O e R ar e ARG § b, P2 Pglpe.
irh TR0 Gyimuh SAMEde N BEH BRRIcshéiistril Sitleclhrdifgldsy, and

related fields. [0073] Detection of an

ant i body-anti gen conpl ex can be perforned by severa
(98730 o dctertien e By PR bRdY A EC RPN S heEate by gpveral

| i Y QUERARH
PR AR A a8 oy PP UK RA DubURIERRNY nerpyne
a flabmegeenhinarkea e radioabtiviey, mat imeglbg, detected bt tidusing this label.

) i,hody" " 't e i b y ILch
AT el abls S rchate antiRaayt HasPTss U Pt ng
reRo SRIRIBX pISAART AnfiB6yhay BOhARENfoRNIROYTEH Ed8sed of

Agai n, appropriate reporter reagents are then added to
admeeentibdy-dntibedy. ddzaim epprotyate rppriauiehesniode drtdiadierhial

S8 O, ST O A8 0

Wi a narKer,

ddsiel tRRsd miBdadep maalsofdeustetisd enth avaslker, including, but not
radioactivity, or a heavy netal conplex Either th
limied ipean SEymRIugieSCERIAYAkSSr Fadinagighy, Sba BrryarystalRgynnie:-
TR L SR FriSURRS fibed
ST S BUBRO e  S Bdc n
sodietsappahlbat sic gatelled sorppeehucadotf redmnidiligd deermias thee  of

bi ndi.ng. [0074], As_ used herein, the.term"reporter
d?@%%%%%@n%ésH@&Hd?%ﬂ?@&@PﬁﬁﬂgaﬁBw Uhds ahich are

capabl e of detecting the presence of antibody bound to
[0D74] 9€hs usE@herBXaiRt&m BepEROda@Eni @AGRA N Ay ekR t&

calorimetric substance which is attached _to
compounds which are capable of detecting the presence of antibody bound to antigen.
For example, a reporter reagent may be a calorimetric substance which is attached to
an enzymatic substrate. Upon binding of antibody and antigen, the enzyme acts on its
substrate and causes the production of a colour. Other reporter reagents include, but
are not limited to fluorogenic and radioactive compounds or molecules. This

definition also encompasses the use of biotin and avidin-based compounds (e.g.,

including compounds but not limited to neutravidin and streptavidin} as part of the
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an enzymatic substrate. Upon binding of antibody and
antigen, the enzyne acts on its substrate and causes
the production of a colour. Qther reporter reagents
include, but are not Iimted to fluorogenic and
radi oacti ve conpounds or nol ecules. This definition
dab&nensieRDBSER et BtRiH&R 0®thePr@ehhinddioaybidiifyIes agkibodies
conpounds (e.g., _including conpounds but not |imted
map ba ased iavhelpigse dventiepingpeiigneoragitl ayifingfoategesolid support.
detection system In one enbodi nent of the present
4GP | Qs BhOkI AL S - Ak RASRS: TRy R REol0, LOR:
present 1 nvention in conjunction W PR oavi arn- coat ed
mariabtosuiipiprdagent§ QQRRE aAsbadssdamigesd, and biher t@ipouh8ohiag be
suPport" is used in reference to any fsolid, ggteri.__l
atiashethiten erammpiedt hesiifcl Aamethnd i the ireds of microtgeniatenpien

r ] t : : i ]
P R R B e G A p D2 AP BL gy s,

cqueolipeeesdd, patisieppeiltcaltuCtflaeks, exanih hesrany othet items.
supports include m croscope slides, coverslips,

N LT
Ub o4 Rt 8Bt doRehraed, EbAthRSult QuiicieM fdEat Naflone ¥4#, an antigenic

gener ally conprises, in an anmount sufficient for at

SABELE0\bpwtein sbd meays fandetemingd cogmis hvwegirtbe antigcaisd>ARS
ans. for tecti a.c l.ex, en iLgeni .

ARl B iR T8RPy BEMED sk Tk Rlfemica

rea@é1iRd. Enstdstiadkagrd Mapaiaget Amoadbchemb@g @apat are also
Instructions for use of a packaged i munocheni cal

typealesicluded al so typically included. [0077] As used
herein, the term "packaged" can refer to the use of a
00'7] 4 RLUskbX hehn, MRUEG] GlacRibel & BlR8StheRE@SE A Solid matri
[paplr, rp%i"[?er ,1e1?(1)1|, Pﬁand t ag EIké:éke calpabl e lEc)f hol di nig it

omngthiial shiclx ediglhisnplasticapapntfitisodyil efid theil keicapadiy pfdmliding
Thus, for .exanpl. a kage,.can.,be . a gl ass vial used

wttgmlcfgﬁ:{i Z‘i‘lﬂtsrﬁ“{%%?‘g?%ﬁfgﬁ%ﬁ?\%ﬂ‘f‘%%% 1S’§Olc laﬁaglaage can be

a gIAtd @8NSl td don€aR nhBigran HhAkidkd 81 cdletifare@hhtided ot @A be
m crogram quantities of a contenplated antigen has

a pécsptiigpplaterwelbloyviieh mu@dgrapy quapiegsi of @lcpnteppireckagigen has
caul d i. Nk i - ] ' e ed
SR DAL 08 BB SAPL s TS0 sty
miropalii & dntilspp et withiAlatperasthaneiryne direentedtédiam teststripeor
irectly coated onto a nenbrane, test tri

dir rip or
dipstisks stelAliapaivelih thepndigpt sty TFetlS SRRieeoT dipmiyang, test
o8 AEERBASSIE A hEaEt: s oAt R, S drcies o
ankingifIrhgatadlysedapnizad @y tthqse chilley inl thslande a t angi bl e

expressi on describing the reagent concentration or at

[0|0$§ft ?r?s%uggosl%%‘orngsteQ}ngcﬁgrrigagaee 4 ta%gl% e c%sprésgi%n rdgéc%tokﬁfgethe
reagent concentration or at least one assay method parameter such as the relative
amounts of reagent and sample to be admixed, maintenance time periods for

reagent/sample admixtures, temperature, buffer conditions and the like.

[0079] In preferred embodiments, a kit of the present invention further includes a
label or indicating means capable of signaling the formation of a complex between the

antigenic SARS CoV protein and the antibody.
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anounts of reagent and sanple to be adm xed,

mai nt enance tinme periods for reagent/sanple

adm xtures, tenperature, buffer conditions and the
like. [0079] In preferred enbodi nents, a kit of the
[Bresent invention further includes a |abel or

BBk at Angsedeiereindhpismea "labels pyriabgliieg ageat f@ﬁmam@ fProf
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For

Pt B le Sl RERRREHE. KRR ENesoER A Rafs
hehBames] éngadente frecibd Ao of deedibigitRe SIFHA@@ML@M By the
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Iabedipoiadicaties mornsovillalependeoncihie [abs] erasdisping peans wped ad the
ptaﬁguvar fgﬁg %L%ar%oagpé agu%umgﬁcp fam@%le qg@éﬂgg dr?f)y Qahﬁ%gg%n.

cati ng
Wil | depend on the Iabel or indicating neans used and

[00R1] paThé kabitlan uidmnnmgmaycanétdmﬂmuescastddbeiiag ageiitlthdye
nder IIed erson,. 0081] The | ahel or
chriaicelt BR: Fanieotin b RO Vg ee SR i A

ffulaﬁ}chi cﬁllﬂse (@ Spthhtis Q'uﬁ‘éiﬁl T @HubRIESS tr@der 3 tiiaBR TRuorescent

wi t hout enatur| ng themto forma fluorochrone (dye)
lalieling hgengs are xatochiomen sedhasrfboeesagin isogranate (Bl } Apeescein

LB EESP oL SRR AR AR sy

tétﬁa@iéﬂhﬁﬁ%aﬂhﬁxeﬁﬁtﬂi@yanate (TRITC), lissamine, rhodamine 8200 sulphonyl
- di met hyl am ne-| - nat pt hal enesul fonyl chlori de

CbDANIS(BB 200 & anethgyikehodani ne i sot hi ocyanate (TRITC),
| i ssam ne, rhodam ne 8200 sul phonyl chloride (RB 200

[ﬁ%ﬂan Art 11 LK EmbbAARALs, thE 1&%%?&%51@%11@‘9%5 @ﬁl{ équhﬁe

or |n dicati ng means I's an enzyne, such
shccjr zsé‘romﬂ:u&hshgmmdﬁaﬁém’) ldRRpse @’{ldﬂﬁgs@ thxligade SquirCﬂﬁdSe

e b S SRS W Ry MR BRbRY k280 B
addidbhdi OBRknts %ﬁﬁ%@&%edqbQxadl@dwtlfaﬁﬂrdc@ptbﬂﬂgﬁﬂt@lﬁﬂ[@t a
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(iBuuhnaaettantda formed gdunhadtvionpirragents fauERE e drelydrogen

peroxide and an oxidation dye precursor such as diaminobenzidine or
tetramethylbenzidine. An additional reagent useful with glucose oxidase is 2,2,-azino-

di-(3-ethyl-benzthiazoline-G-sulfonic acid) (ABTS).

[0083] Radioactive elements are also useful labeling agents and are used
illustratively herein. An exemplary radiolabeling agent is a radioactive element that
produces gamma ray emissions. Elements which themselves emit gamma rays, such

as "L "2, 1281, ¥ and °'Cr represent one class of gamma ray emission-producing
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per oxi de and an oxi dation dye precursor such as

di am nobenzi di ne or tetranethyl benzidine. An

addi ti onal reagent useful with glucose oxidase is
2,2,-azino- di-(3-ethyl-benzthiazoline-G sulfonic

aC|d) (ABTS). [0083] Radioactive elenments are also
ragisagictive ¢laiehi; mgcetgmrsumnaalamdanhs peeferied|in Stk Amothet group of

exenpl ar adl elln a]
R E T TR el P 0R0k o8 S 3 N which
tRAsIN b OOt pBhiSBRNAIsoMYeAN id 6B ehmeﬁ, s@6h s Ganaram@yH,
such as 1241, 1251, 1281, 1321 and 5 Cr represent one
cl ass of ﬁanna ray em ssion-producing 18 radioactive

[Q98&4Ae nt Therdaking afipedy bopbelmg af; p@ml@ﬁﬂayd prRipias fsepel] snown

- f
ety R Elec b Gl glfplity ph e 600 BRAE Rl G be
ldbbledbe hﬁleeﬁjoﬁmnﬁconﬁﬁatid’rmﬁad1&56@}3@3@&9&1111 camnandetids provided
emtter, sucP % 11 Ilnd|%n1or 3H. 0084} The | nking
apd compRiest inthecultygmatviy Thr lsBpderd PRIgIOBIERHY P's
i AP I
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of this invention can also include, preferably as a
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vention o A conplex contar i
fragaeite therdditS. iadreun ptotalh ge laﬁd ﬁmthkge]i’remralﬂy} tlielspelyfiobinding

this inyention, npl ary specific bindi ts are
okt bR BTGy ArOPREEn Whon Bigpressit G GRPBod, o,
conpl ement proteins or fragnments thereof, S. aureus

[0US®] €1 Nin'breRALd ERBodibteRts, E&%f)@:‘i@(pbiﬁdﬁlﬁﬁg&ﬂeﬂaﬁbl@d However,
bi ndi ng "agent binds the anti body or antigen when it

when theeswsimd erskipaciidesa specidppiialing §308ERt is moplabeled.rthejagent
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alangﬁymgynmé vieq g amplHyngaagans shogad HeheePlehe | abel ed
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8‘7i' NGHeRGs OPHE cf’ L d¥hingy ﬁﬂ%al‘(\’ﬁ@ﬂseﬁhﬁ aR@PBLISAY 8hat to

i's bound a conple The kits of the
derJEcesslm’quanmye:rftanmS dAE, k}émulsfé?zﬂ armbachy irEL fl@A samplerpatextrert.

Gt uantity.qof .anti-S M E N o 74 ..
SR sefpts n 41 erpm s srioain Zie) SRt ke dhepised
a%o%,a@hleﬁ gﬁﬁﬁ%ﬁ An"HEHody BURGSE! bRl 168 Sad pheb a@bart HRFte-
I scusse
antigen or enzyme-antibody conjugate to detect and quantify the amount of an antigen

present in a sample.

[0088] In a number of embodiments, an antigenic SARS CoV protein can be
affixed to a solid matrix to form a solid support. A reagent is typically affixed to a
solid matrix by adsorption from an aqueous medium although other modes of

affixation applicable to proteins and peptides well known to those skilled in the art,
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above, which enploy an anti body or antigen bound to a
solid phase and an enzyne- antigen or enzyne-anti body
conjugate to detect and quantify the anount of an
antigen present in a sanple. [0088] In a nunber of
enbodi nents, an antigenic SARS CoV protein can be
caffsused to a solid matrix to forma solid support. A
reagent is typically affixed to a solid matrix by
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IySbNilREINERIn, Wheb the itlicaMORiviahd Bed choye, tiWhafzgmel @ubstiate
i ndicating neans is an enzynme, the enzyne's substrate

canpisaabpesromid e ot Feparty WCliag;eﬁaﬁOhti éumwglé as e aBpyy
d@s%ﬁﬁ’é’cf ﬁllC?&ﬁﬁuﬁgtetagg ]pﬁlg &Y Boreds 1%[ J ﬁ%s@ﬁ% gél%&e%ras @lsﬁ'iﬁ ely
and one or re bu

ers can a e 1 nc

pﬁﬁ@gﬁﬁﬂ@hmﬁsﬁaﬁkdg@dmﬁkeﬂmybgﬁmnsbﬂhwdnagﬂost|c assay
systenB of this invention. [0091] Preferably, the

c. SARS CoV .pratein j oated.or sorhed, on to
(1 20 e 05 1 Bt S Go € B iSfooRivE pag oot 8
e QARG Y Wbdihitd. N sANbIe IS NMtbreSARSINEANM WIHRHRI Atidddc BARS
anti bodies to the antigen which nmay be present In the

Co¥nmpdtein doidrady potibddeesdn tthegeélﬁgexmhichmmm merenbisdhe snle

% 50t 7oA B 80 e o

bhiRd @ Benti bA&Zhathebserian dar antigatit E(A(R;S OsEgroteiy. be
generated in any animal that is not the sane species

as ﬁ ati ent beln%§tested Thus nouse anti -

T M AR R Rt b P et R
th@%a&@ﬁ;ﬁédes%@?ﬂe ;E:Hgﬁ ﬁ‘fr%tgéi@& A mdU4EBA -hiEn antibodies may

ant1 - hunan anti be, for exanple, directed
beamdmﬁhmsmnﬂdlg@mhogbmmy Hegabbit anti-human or goat anti-human. The

anti-human antibodies may be, for example, directed against human IgG, 1gM or IgA

antibodies.

[0093]  The anti-human antibodies may be labelled with a label. The label is any
entity that is capable of being conjugated or bound to the anti-human antibody and
that is capable of being detected by an analytical technique. The label may be
conjugated or bound to the anti-human antibody prior to or after contacting the anti-

human antibody with the antigen/sample.

[0094]  Detection of the label is an indication that the human antibody is present in
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anti bodi es. [0093] The anti-human anti bodi es may be

| abelled with a | abel. The label is any entity that

i s capabl e of being conjugated or bound to the
anti - human anti body and that is capable of being
detected by an analytical technique. The |abel may be
tbosjnuget Edholbeloangptthe deteetedsrithén Hummman émﬁitdbiodthﬁ theoruman
ta or after ontatl e anti- human

pSS i EERRGS Soslle Mbhia P SriPheotiap il

ANbbd\HoGR a@fgehf@@tAR@ €0 Y¥BRinas blR@EYd tosarRe %@ﬂsARB CoV
20 the sanple. If the | abel canhot be detected, then

infeicgon, shegpresends emabisenvetofi e hwwnmuﬁhedy isan fiusbenjion of mébether
e sa Since th he sanpl e, of
opptf B Pt e b A5 %esb B B SRR ERY s Sov pr ot i

is presunmed to arise from SARS CoV i nfection, the

[p08SENCEr Gric aalisdilaent Ohe ldbel uyras a avdrhibaldyoikesy cﬂpable of being
i ndi cation of whether the hunan i's, or has pee

defgstrddyy angnalydcal Appnioyts the plgnicyl @@@51]}/ eﬁlgd-‘ﬁéjugated to the anti-
@gﬁg%ﬂﬁ&ﬁy p #@‘8@&&%% tl%eﬁh@m‘f&?[ﬂ FAY i [geégﬁggyteﬁ.gag;h@d to

el ng y an’anal ytica
thdrari-bahammitbioyly beforgthe angi-hgate dnti e dly hecanddted wWilnrte
anti body. In this enbodinent, the chem cal noiety is
%@E@VWR}econj ugated to the anti-human anti body
before the anti-human antibody is contacted with the

[BUQSPen/ BABlR: emb&OBCHLt the ABOLAEL be SRRG BRI dytdi®ollection of
be anot her anti body or collection o ot her

oélmruabtmncé@ lﬁambn:g?wgwr@ heraiel 2 chanisglomaictyHan is stpabisi aftbging
L T N o

oltdiRatof 0thed hnifHokiek havinp fedihemidadmiofgy thgugieniheto is
noi ety Co‘ﬁij %{:\ted thereto is eneralhéhgound to the
sgnepLlnh bownd taig Bsigiunegn avibpdealigdhe HikumamntBedy s
i gen/ sanple. [0097] In a
<%§@#§§?§@”%%@§g%ﬁ§ﬁﬁﬂkthe met hod further conprises a

washi ng step between steps (b) and (c), and nore
[p08TEr abi @/plb’émmd@mbeémimftm tmethgtl étpﬁlemftomnleses Revasbidg step

B’?%ln Ig@ ﬁ(g’ 6{%01%%%? d e%séa@gﬁgglgﬁ tp(%ogthe

ithde r%slﬁﬁé [sNRefoMbiL alc@@mﬁﬁ:ﬂka |u!§lh@ g valbiuk sblibetdMprising a
serum fromthe ani nmal si)em es in which the anti bod
1

bubfentsiethast ihesritatmiud Bredsiiae golnton ewfiniga pleeyt dggnormal serum
f&én ﬁ]a ra?lﬂs all SB‘ECG{ 1%&{1&'&%@15?%0%2?8 g{ﬁ?chg[ €8 1cél'}11$ B8 is

caBjughtc@ Svag pﬁb@bﬂed Ah chelsifer detyediodst lhyseamnahamshmgkolution.

[0098] A variety of chemical moieties capable of being detected by an analytical
technique and capable of being conjugated to an antibody may be used in the label.
For instance, the chemical moiety may be capable of fluorescence or radioactivity
(see Fuller S.A., Evelegh M.J. & Hurrell J.G.R. (2000) Conjugates of Enzymes to
Antibodies. In: Current Protocols in Molecular Biology. (Eds. Ausubel F.M., Brent
R., Kingston R.E., Moore D.D., Seidman J.G., Smith J.A. & Struhl K.) John Wiley &
Sons, Inc. Vol. 2, pp. 11.1.1-11.1.7, and, Sambrook J., Fritsch E.F. & Maniatis T.
(1989) Molecular cloning. A laboratory manual. 2nd edn. Cold Spring Harbor
Laboratory Press. Cold Spring Harbor, NY, the disclosure of both being hereby
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techni que and capabl e of being conjugated to an

anti body may be used in the |abel. For instance, the
chem cal noiety nay be capable of fluorescence or

radi oactivity (see Fuller S.A, Evelegh MJ. &

Hurrell J.G R (2000) ates of Enzynes to
nmmomj«cﬂ esrefgrenceuin @mm]:djp @% eleanisalimoipy] uselyl Hythis invention is

i0lo . < ZE.

o SR FEE, Pt ooty B i BERRADGH T
tothhigite % us@PRSetdcDthe MR depéndipp on e Parfieldr tdchhiquand chemical

Sanbrook J., Fritsch E.F. & Maniatis T. (1989)
HN@ﬂEb@ﬂ&ﬂ“@Lonlng. A |l aboratory manual . 2nd edn. Cold

Spring Harbor Laboratory Press. Cold Spring Harbor,

t he [

(85518 B AR BRI DRLRRMS £ scncaly o i
tHaare tBor Hsaaﬁ;hlb doltbrhhets'c J ehacoph@ntidc and Iatlilodhbfdbng techniques may

phosphat er t t. ma e b fore
of Kedoirar gariapk Ty Bahe A Bl f, BoaRFBblecfe Spatiera

n Id SAHARIHABGNHEHE9TPreR b IS

k%%?@?g]ggﬁﬁgzﬁgggp@% %&Iéingl yti cal fgcﬁnlques ggg%u
Hambod &Y €cthe drsclvetiaod sfhmhes bemby aiCbngl&ﬁQd/\bb’ feferendgd art .

For exanple, colorinetric, electrophoretic and

i0-1abel]ing.t k
(G50, ; 7 JE o SRS he Pheyl§ i8R EGp oy SREET
s @Bicapic oﬁ\wslué‘lb@h@ib@t[dh d‘fﬁﬂ'ﬁd}ﬁiur c%@e&ﬁtﬂcatﬁ@acbomwe g

Har bor Laboratory Press. %6ﬁkb r bor

t he
nefagie tsa@me@ﬂbfovml@klﬁd ig fhfé@réwl Fl?ﬂf%ﬁl wt @Eﬂlebgﬁdmlques may be
eﬁigfog Fﬁccﬁgtect&)g %IBQIQ(J dqg: rﬁa&%ﬁ{ lh? edif NN ques are

gen

erre spectroscopi c or
vi sual verlflcatlon of a colour change indicating a
[Qi1] i ve he kinefariprasenidstentios may.fudhe coRiptiseneans fohe
preC| te that other techni may be
aghsingye B8 tevieRimeats ey Roagord FE B Elen
i nvention. [00101] The kit of the present |nvention

[orno2fur t hey d@@ﬂﬁﬁlhl%ethﬁpéﬁ@&w‘e QF antilRldesto BOM, E@N @&l 74, the
or such neans nay separate fromthe kjt. 0010%] By

prbensE oF Pashgresse ;9|f § Yiin apebigsdarasderdgtegningd. Ehugythe
N
witfcBet thi Ritan ﬁncbzintihsagiy be pusedt) ttot dely b beotsediml opsacuiesein

infection (one in_which both the vir s and,an
thg Rt BBt TS B dBSpablgaH et L g fr

recDEer@MEb R ¢ BRI BReNAL DUt there is no detectable

virus, such as a subject that has recovered from SARS
CoV infection. [00103] The nethod and kit of the
[(1OSknt | Hhemeihod andiit oé thequesefidnveritingnay be used for field

application such as a routine laboratory test for detection of SARS CoV infection, and
where vaccination is not performed the test can detect asymptomatic SARS CoV

carriers to obtain a realistic estimate of the prevalence of SARS CoV infection.

[00104] In one particular embodiment, the immunoassay is an ELISA.
Antigenic protein GST-N (A111-118) and, optionally, antigenic protein GST-U274
(134-274) is immobilized onto the assay plate. Serum from a patient is contacted with
the immobilised antigenic protein, and the assay plate is washed, blocked and washed

in accordance with standard ELISA techniques described above. If the patient serum
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application such as a routine |aboratory test for
detection of SARS CoV infection, and where
vacci nation is not performed the test can detect
asynptomati c SARS CoV carriers to obtain a realistic
estimate of the preval ence of SARS CoV infection.
is gpHiayied from gpatigiin parly Rbeseinfstio it weanibaidudrya pesty
i tl geni.c te| Tr N (AL 11-118) and
B YL AR B Mol gl o e
wittndrsdridigidparokidadeh & 1B6d aydepcathe. préefcyBfthomime Rk ity
is contacted with the inmmpbilised antigenic protein,
agHbobromplea Il fleqaticpiseu egllegeb ERuE patientiade dage ar

i ' crib
B e SR Ca R RS Fenigfsd Bl RIER DT P hnan te
spatnidevytantihodacdnyugatedseiti hdreahdignpdrbeiduednuidandolour reaction
.days, post- i f_ctlgg%, anti - human | gA or anti - human
i GRLPCH ke s reogeRc ERg g Rengingyfipdis read In an
HI9539Na6 ke PRIN LIRSS, 1S used to detect the presence
of the antigen-primary antibody conplex. If the

8atient serumis collected froma patient in late
QO or Themldbageshed ofthepresent sokendon Sihethvpenifitfyialdthg

R ARE R o BATEH R rr f D e BT HRREE Hrtee

ndgRie (i Bhifibiilafl g akkch Q8ing GRS TARYAI19PEE) bk 106, AA]-Kuman 1eG
usi ng the reagent tetranethyl benzidine, and is read In

seaend@y [agitbesiyas esade a derthermoBh x50 inmum QD LOB)T Fhee Bk FSding
thod of the present. inyention is both specific,,.
o PR GeuE oo B RORBEPUbIYF Thise sisdie Puro bt ko sk pieher
cB@MSialiews,0.45 @itdh Fisi’[i%’\bﬂaui&ﬁ% $al6d (HPAhSE 100%:08E ¥ ELISA
tests, particularly when using GST- N 11-118) and
WhRR # B Fee iR anslgTeasie iz pentlilbo ¢y aifelsupasdive.
SRS T G sl Ob TS SRS st i BL o ERHIRG,
negapve predatiee volus NP E) hiagthe klesimdtaall ipprabtigte ofhef S VEStAhis
adpoil iyeﬂPrpdictive val ue (PPV) of 100% for the
YEAIBRIENGHEH #F9% s in use in low risk areas to ninimze
possibility of a false positive. Simlarly, a |ower
[ooa0s] f Vvaldidhobfer Bartioumh ERbEBmMERC fIRAMALNDEREY I a\éﬂabﬁd and
may be

.a higher negative predictive value (NPV) ‘ _
ingagnechspragiesapipt splr i TAeantigrr prateimslarsmdependgietdinimobilized

. hi.gher ,.ri sk areas.,.[[00106], I n anaqt her i cyl ar
111.(3(:!‘}_%:6%'(3 rl}gﬁff on g pt IOF?ILHE?F&{%@% ang pge%?lagliyé?ﬁ-ﬁ\!l (:Al‘l 1?—1 18) and
GRITWIRICH BT D 0L aaYatk el%maiﬁg@adp@ptstrmﬁaime&&ma@ HMiiBody
i ndependently immobilized in discréete lines on a

cayijugagrdarith geld eo Reidtlrnarteclespit efieerh Mith@GSEPMa(oain placel D8)

= L2 A A_separ a nronat ogr aphy.
p@?%t 8@ %}&%5@4 é‘fé@% %e é}ruil/arg ﬁﬁt?kgogafytﬁle ?eaggxrl]t'aoe%gng Ba is
separated from a , and is separated from the nitrocellulose membrane. Upon addition
of patient serum to the membrane, a releasing buffer is added to the chromatography
strip, and the separator is removed to allow the secondary antibody to migrate into
contact with the antigen-primary antibody complex, which has formed on the
nitrocellulose membrane. A positive test resuit can be visualized typically in 2 to 15
minutes by the appearance of a colour line due to the formation of antigen-primary

antibody-secondary antibody complex containing conjugated gold particles.
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conjugated with gold colloidal particles at one end,
Wth a separator in place to prevent early mgration
of the secondary anti body. The reagent-bearing pad is
separated froma , and is separated fromthe

nitrocel | ul ose nmenbrane. Upon addition of patient
[@é@ah t o Theerapishiprmaynechgmeggeapdy fest papfrey liftls cqugpgnt ©
h t h
o TR SRS LB Y oL SRR s ity bore

ddsbtiled KIOShaete mpiﬂhmﬁrhﬁao&ﬁbir@@@rﬂphlcmys lﬁtﬁh setnsdy/e and
conpl ex, which has fornmed on nitrocel | ul os
Seei r BrRempAripgaqs iy ebipised Wb W%@é?@&ﬁea%@aléﬁm‘[ Jeigement of

94, g‘{’) b%%%ey] th@ Jgoe!;vgs 31% 1 Wﬁ}?ﬂ(%ﬁaa th%sﬁl(pBPﬁb@%g aflex@llent

ine to ornatl ant i gen-"pri mary
cardldthadyits ae Bldd 0)98& i reﬂ}ﬂd)yl te cauptieiky @onTangileg apld

conj ugat ed gol d rtlcle 001 The ..
RGPS Fay 2euBRe AY P L6 it FE LGk pige
toﬂr%éf OHDANES d M@M@%&BQ&&%@@& g% sPRVEDRVA Ce i s
. t he above- described ELI SA, the rapid
|nnunochronatograph|c test is both sensitive and

[0936881fi c. Tmmsacmmagemg progeing pssd obthgiaheyr-dgsenbadlel iSdomay

xcel.l,ent a reenent o t e
A B atied B B Tt e ROL TR BhroBbis R Rl L
scPRrafXE 8 hRNiffeeaf feSimthORer sV\lnhﬁhs&railR&h@ﬁexﬁlygﬁﬁelbped rapid
felation to react|V|t¥%end Thus, the rap

umnmmbmm@wge epheayld prgvide goponly ﬁﬂl@ﬂaﬁ-ﬂfoe Aptividpad pptient
d%g 515 q)%cﬂl%e ?Spﬁl%la@ ht§7 [P Bty tdﬁlﬁﬁrw ﬁﬂalﬂf Mw%?@tems

iC pérformance simlar to
m[aC)eﬁhig}Biesﬂ' ks sanmapalks geivide jopolatomdiagsests demaltshleat may

above-descri be L i ed t he
TSP T R A R e S A TS
varRalRfEL ¥ ?@Jlgt‘ﬂﬁe dixd {09&1@ BPeafe?%ﬂIeﬁﬁ)n@'H@U@él protein in

I'ntrinsica new y devel oped rapid
canmpainec for therdt jpgteaphi ¢ test coul d provide not only
i ndi cations for individual patient diagnosis, but

[U%ﬁgg € ollrn aélﬁﬁﬁegg"l}h 1cul¥r $ td?rﬁgntrﬁ@(ﬁ% n\ﬁh&%/ssﬁﬁs a Westt%m

i dua ¢ proterns

inti@edoblgy Grhe@lipriby hldﬁgeﬁmmﬂd)taﬁlls @fe tdslna@rmd ostodtehambmsane using
that may  provide val uabl e ep qﬁ gglcal i nf or mat
Hy fhe gupid

stansiard tﬁ@h@ﬂ#eé &HOvWR p Hetarte fhsayit Pugast %Olﬁé%’é‘@h?é test,
meﬂz@(ﬂaﬁﬂt nicQ¥&iet chiibe & g“?ﬁ%@iﬁﬁ%%éo@&é BaLRffort Lli'!;% nllJ’;ﬁl%Asame

ein i onparison t N protein. [0010
teﬁn@llch;ang ;ﬁz&rdetacublanf m‘dandmm'emrte 1e$mesa toparicats ayngeguaplotems

Western, inmuno Gener al ant i geni c_pr.ot
atdheseieiiet ohrBep B GHBF BRI RO ROGHaPR sl UST-
Nt(S?ﬂml P@%ﬁd @W@?ﬂw (ltﬁeZ’/@f') tThe’%ﬁ‘oHﬂlé Bt thB enen@Rhek with patient

iI"munochr omat ogr aphy test, individual antigenic
sepuirpad mthcsa:rmldm ympdnmtaacbonmg@ted nstehoely @rdpeithsmed by ggadard
he
Wegteltn blottmg techmques. As above, the secondary antibody is chosen based on
the time point during infection at which the patient sample is collected. The
secondary antibody may be conjugated to the enzyme alkaline phosphatase, and the

detection is then performed by developing a colour reaction using 5-bromo-4-chloro-

3-indolyl-phosphate and nitroblue tetrazolium.
[00110] The above-described Western immunoblot assay is more time
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test, allowing for detection of patient inmune
response to particular antigenic proteins at the sane
time. A strip of nenbrane containing antigenic
proteins, preferably GST- N (A 11-118) and GST- U274
(134- 274) The probing of the nmenbrane with patient
@emmnrmmdw not ag eevhdgpyicd in high thravehpohgiiglatasgumber of

ﬁ)é@sr %\5 ly f Orltnrgg){ ﬁé’ qtﬁ eaiﬂglglq Qs a %ﬁﬁ%og) P & tto' Jffirm

secondary an I'S chosen
ﬁ@ﬁ@ﬂai%sults%tdimddﬁjsmgldﬁbth@ﬂﬁlbtmgdloﬂﬂﬁgh(bsﬁm at which the
patient sanple is collected. The secondary antibody

conj ugated to t e enzyme al kal | ne phosphat a
B 1ihe ol eteopmme: Wé’hesﬁ%trlp‘éfi“ﬁ‘%a PTG Ao

I & hi d T
e A R o B b nbg e
dimtemibow%@mdrs Bed:, Weat B2 T4 thatare obikot tcaSARS Goé/ mqnplevent
tine 24 consumn nd s not a easly adapted to
HPEFE PGSR ArEPods i Bantam drrbether Sl OB o,
However, it may be quite useful as a confirmatory test

foe1aenf i r myn RAEdG Wi die inSSiHoh $s SeRh E@@cmam e Ak
met hod of diagnosis. [00111] In another aspect, the

pitibedy ha\{m@ apreci (sity a0vsad pn @pit@woaw@ﬁtm @@@lyf theppiegenisSARS

GrR Rt SV E NG4SR B B by B RO,

&J2.7 bhibRat (A5ScHBtifikR] By0a %Bﬁleci@gionfoﬁ i@y erigin assocnated with a
Cross-reacti vi tiéof the antibodies with antigens

ltrprsy copBaBITEEIoR @an{ze@ﬁaﬂzjrnwwqos@&yl%FOI%SF?élt backbone
gﬁ%{tﬁ%o df)i})ﬁ] Rﬂé[t?/m ShifaBR e @PR Ak ¥5hANale. QhudiR) Qﬁ%xﬁg gihd/ or single

spectficity téward an épi
dait. abotk qbolynlomm@zﬂfmm’rwpaﬁﬁa geibbdicSARS alsChy iptlrmtfetm of

S Foe g oRBRORS e e oohes, TRCen

1\‘1@&’&%9' afe Bieegingbt%e B IIP6 0Pl AiaRd %E@Rinaﬁ zﬁﬁb%fé@m@ ofa

human constant region), humani zed (a huma
smgiﬁlrmglp@k@uhllmxtm@ﬁlafﬁwftﬁackbone t oget her Wit h
hypervarlable reglon of animal, e.g., murine, origin),

BO448] 5! "R GhodilAelins 30 §,[1g1°wﬁ'09mﬁmmeﬁpepgﬂg@éd\ﬁ or

Ies nmay a
Honago@ndrSragenegits, thért ol ireZentrafed by fimagmenatisn off: dnmammal with a

RGO GATPERGE S RN SRaROBHOF SoaMEactly Su0) TR TOdEAgink be
AIRUYRE of oﬁ%&bﬁ%ﬁ u l\/f‘etlﬂﬂ‘ds 'toc‘%tzo}ﬂ?&fjgol){'c@(gilal 8 m@H&deQﬂj ‘aﬂ?ooches

agal nst t otel ns of SARS
are wetidmovags therart rl%vg IEIEﬂ\tISWI d&er‘écfibocmseAdsaberamle’dﬂmylal Cold

oD e, BRern HaitbigndD: SR F25kk AR D elton e

ANt bHONHBS REVYBiBEhem. 50:657-680. For monoclonal antibodies, see Kohler &
Milstein (1975) Nature 256:495-497.

[00114] The antibodies of the invention, which are raised to S, M, N, E or
U274 proteins of SARS CoV, or homologs or fragments thereof, are produced and
identified using standard immunological assays, e.g., Western blot analysis, dot blot
assay, or ELISA (see, e.g., Coligan ef al., Current Protocols in Immunology (1994}
John Wiley & Sons, Inc., New York, NY). The antibodies are used in diagnostic
methods to detect the presence of antigenic SARS CoV protein S, M, E, N or U274 in
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pol ycl onal or nonoclonal. Methods to produce
pol ycl onal or nonoclonal antibodies are well known in
the art. For a review, see "Antibodies, A Laboratory
Manual , Cold Spring Harbor Laboratory, Eds. E. Harl ow
and D. Lane (1988), and D.E. Yelton el al., 1981.
a fample Ravh a8 bohexeal 501186.7 TB8antibedres arride] wedlin alfinity

anti podi es,. see..Kohl.e | in (197 [ .
S R N TRt T DA S
hbIEBs f Badiddnselledef. S, M N, E or U274 proteins of

SARS CoV, or honol ogs or fragnents thereof, are

dﬂéoduced and identified using_standard inmunol ogi cal
[G0448) s, ellhpese sindled ar thesrtovillgpadilysindersigpd thet ap immygsey |

or \ | n !
cPhplPrIR Sy Sl Bok AR Fy Rl il B R gosA
pré@ikor Rolodher fedpinidnactha@soRbebatsech ihe adiilagiyastheCinvention
net hods to, detect the presence of antigenic SARS CoV
angk ikt tarest antigeg, beingp.dYl. 2y gy P74 prodeis ghpppraclogy piiragiments
o8 ORI TG 00Oy SRR,
ddtiXTvhg phoimehns: @ingBARIt GoMdestood hiethecgsigaric SARGnEmY protein

th f. [0011 Th killed.in, i ily .
rea&%ﬁ@wa@ﬁaﬁ%ﬂmos ﬁ@geregﬂﬁ%lﬁkgrﬁﬂ» 32‘&%‘“&5383%%5@% in
a SRAMONEN! 4 Bbol BenSIaNPhiG Ahibb&y S thMinvEntidh Rrusddftd

protein or honol ogs or fragnment's thereof, or between
sordpaingre sabgdiy sudh ashregasticamtiagor bapdy.ifosthe gregenceadSivgent-oV
Qeinﬁgs M E, N or U274 protein or honol ogs or
W?W%@ Wt s t hereof , whichever is used, and that any
unbound material is renoved prior to detecting the
[0orT8Ee COPRRERX forl thallifg e etlsiioatibdiads, §dreatanellgome host
SARS CoV protein _reagents are useful_fqéﬁ@e%gcti g )
animal igredt sdewish anfigen, with pptertial {prapodyeg HROPHL @ elisedwith
m?gl%ﬂw%leﬁs fgmgng a ﬁﬂﬂlicg)‘?x?a SAR!cBHs Wb(!lﬁ/eﬂﬁbxﬁpf;ﬂo%g)’. Bfnatic
e tnvendtion TS used for screening a sanple, such as
cedls gaythei deriesd framtthesplédng hsyph fode, arldeeppeaelideoddf GRS nic

CoV eptides. .[.0011 Br,i ef | for .maki.ng .
BT SO B IS Bt S PofFf o Tagigomas
inBRd S Burin BRI ERACAN [tiits Sdh AP CILASHS TR B NS134 g4/ DISP2/0-

produci ng antlbOdgﬂ are fused with E&;elona cells,

A bt MGIgA 2S.BYH P3N -@]g-z@t la®-sb 31 266 3\ 8 binbeln (QFo Aad
tiG: By, e i ved. f ,
s Bl RRRO g, AP S B R o § P A e P i -

2IRNATRLGMIsehaTa At el hisd mbukhhuiam Heeertiagelofmarkcell higes

roducti on of hybridonmas include routjne el ona I
(Hanyreeylingyeh 2l éediipry Manoddangl Antibeges ang4-¢¢ll 5&121‘/“%11‘“&3%%]1 J. L.

Turk (editor) Research Monographs in Immunology, Vol. 3, Elsevier/North Holland
Biomedical Press, New York (1981)).

[00117] Somatic cell-myeloma cell hybrids are plated in multiple wells with a
selective medium, such as HAT medium. Selective media allow for the detection of
antibodyproducing hybridomas over other undesirable fused-cell hybrids. Selective
media also prevent growth of unfused myeloma cells which would otherwise continue
to divide indefinitely, since myeloma cells lack genetic information necessary to
generate enzymes for cell growth. B lymphocytes derived from somatic cells contain

genetic information necessary for generating enzymes for cell growth but lack the
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Agl4, X63-Ag8.653, P3-NS-1-Ag-4-1, P.sub.3

X63Ag8U. sub. 1, OF, and S194/5XX0O BU.1; rat cell Iines
i ncludi ng 210. RCY3. Agl . 2.3; cell lines including U
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ingludwehzyipuet lnilam‘noasdaes zwlbmnnmmaﬂays aplrgue B$saxs, @f/‘fotﬂ]@qit)/na
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selectlve neglunl The infused cells were killed off by

he HAT or selective nmedium 011%% A screen
[99308ba | sHgdprs T D A, B8 antbody

arg ok N Dinta H%Z L&} %’zﬁ Iﬁ%ﬁﬁ‘?ab%{ @Pt@é&ﬁh@&ﬁﬁﬁo@&&% in

re used i n order
aﬁtiboﬂfeev;&mtﬁd foel ByMdEaN dir)Uﬁ‘Md @IMBlal’tweim d)asee@hjdmndmglas can be

ot herss. Screenin t hods used to xan1ne
frsiSerivioa T sarRES o A RGIGhe WP HS b PHOGSHE® YRR
mga%m%enm RRASTAYAT fudi G ITOL TRNQASHAKBdevRlopS HEn @S S@&Y&ing

ytotoxicity assays, dot imrunobinding assays,
ﬂmBp@m@@m@n@@om&ameﬁe@uubmtdbbﬂﬁﬂwgu@ﬂmﬁfn and ot her
in vitro binding assays. [00119] Hybri donas which test

[Oﬁg?m | Ve ’ghorrﬁglgt I 1%1 anl\ﬂb gies sec?‘%cecpgg ﬁeasgfecgﬁ% lau@(fu“?a cells

al ne ure an In o

arB K@M pMRAch @R aell cantre h@dluﬁﬁm&meﬁ&sfﬂmd bocoentibnaE, N
or U274. Alternatlvely, desired g brld mas can, be
immyragieylip praligation g Hisa eI a8, 19R P¥AP e e 2ype
I he
S AR ek IR FR a0, e P QR F e ety o
affieity eluongtogtdphyspeci fi ¢ nonocl onal anti body produced
by the hybri doma

[0G121] The antibodies produce according to the present invention can be used
to detect the presence of an antigenic SARS CoV protein or antigenic fragment
thereof, including in diagnostic methods, identifying the presence of the particular
antigenic protein in a patient sample or in a viral isolate obtained from a patient, as
well as detecting purified recombinant antigenic SARS CoV proteins or antigenic
fragments thereof. The antibodies may also be used in standard purification
techniques, for example, immunoprecipitation. The antibodies provided by the
invention may be used in immunoassays in accordance with known techniques, for

example, capture ELISAs, Western immunoblots, or immunofluorescence assays, as
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[00120] The nonocl onal anti bodi es secreted by the

sel ected hybridoma cells are suitably purified from
cell culture mediumor ascites fluid by conventiona

i mmunogl obul in purification procedures such as, for
exanpl e, protein A- SEPHARCSE hydroxyl apatite
dessribedhesgeaphy, gel el ectrophoresis, dialysis, or
affinity chromatography. [00121] The anti bodies

ce a
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apti bodi e al so.be n standard purifi

G Bt SR TP 2o 5o T ERARSTIGT it TSR TR Pl

tl rirRy 'aﬁﬁb&fyqylﬂlqﬁgd Q)ythé B gehiﬂ\b?@t%inofbr Heankiseel plithary

noassays i n accordance W th known techniques, for
aetxlaxdplcempmpwbrch iEthesAstectvd by drervarinnumotbiods desciibed above, for

fl uorescen e as 7 desc
cxORaDY “iEe erhory RUoEoURGEd R h AT A Bopy pgpicn
n@@b@r&bgﬁgae@t&ﬁ@em){m&wn@l n, particularly S, M E
N" or or an antigenic fragnent t hereof, using an
antlbody of the invention. nple is contacted wi
Q0173 nar y Adlfaceayts aeipsed @dierea@ aﬁerfglly Hﬁ‘omﬁtgi
CoV proteln particularly S, M E, N or U274 protein

Etigenic fragnment thereof, for a tinme and

un er condltlons sufficient for the anti body to form
a conplex with an antigen. |f the antlgenlc proteln |s
[Bdnt | Exnmplebipdecofl SATRNS Co 0; ERG 5 :

to the antlgenlc protein, fornlng an antigen- prlnary

ody X then detected by the
[@;{r ﬁus rreﬁ‘?“n f! éz\gg‘rl(%lg )éssabove, for exanple by using

a secondary antlbody di rected agai nst the primary _
[GOtde)ody, Mménifﬂs Mhyealgelts osgdug dtiestut p waredetrdesddoiiom Sigma

<§¥8i$§§lmiea,r Rie Fedr ah et ligsiamprtng i ud' ©
A’ﬁa@ ch{%@re @fou%éi%% P26 008 Nhdaserd bAIBRES ki 37°C in 5%

00125] Materials And Met hods Eomza]
CKZ&UEDU&}GQCO Alodfeddimgtesmedinn contaifiis 1 gtofi glpcosyleer, 2 mM L-

gﬁl%l 1(1:1?13 5 gforf(s)rH111m%1carbo11ate/11te1 0.1 mM non-essential amino acids, 0.1

mg of streptomycin/ml, 100 U of penicillin, and 5% fetal bovine serum (HyClone,
South Logan, Utah).

[00127] Construction of plasmids: For transient expression in mammalian
cells, the vectors used were pXJ40HA, for tagging proteins at the N terminus with one
hemagglutinin (HA) epitope (15), and pXJ40-3_HA, for tagging proteins with three
HA epitopes at the C terminus. For the expression of glutathione S-transferase (GST)
fusion proteins in bacteria, genes were cloned in frame with GST in pGEX-4T-1
(Amersham Pharmacia Biotech, Uppsala, Sweden). For the stable transfection of S in

CHO cells, a full-length S construct tagged at the C-terminal end with green
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(St. Louis, M.), unless otherw se stated. Al cell
lines were purchased fromthe Anmerican Type Culture
Col | ection (Manassas, Va.) and were cultured at 37C in
5% 02 in Dul becco's nodified Eagl e nedi um cont ai ni ng
| g of glucose/liter, 2 mMML- glutamne, 1.5 g of
flsadscant potar foFigtvessiclaned int@ thk: MM veseentdesdribadnmGB

ci.ds, . 0. stre n/m, 100 .U

25a3% A phene St RrdsBE RS M s SRR RP e, sout
Logan, Utah). [00127] Construction of plasm ds: For
transient expression in mammalian cells, the vectors
used were pXJ40HA, for tagging proteins at the N
termnus wth one hemaggl utinin (HA) epitope (15),
Tael 1 Plasijals foy tady proteins with three HA
epitopes at the C termnus. For the expression of
ﬂl utathione S-transferase ((‘QT\ fusion pr ot eins in
bact;@,g,ll,ua, gené$1:MBI§*'cl oﬁgeﬂﬂ:ﬂ:fh f#lar‘n‘y sMth GST in

LML LILS’ U Sa| a,
Mﬂ@ 7?4For t e0-8¥abl e ﬂ%aﬁ%f ecti dfl of Splon CHO

Hifull-1efgth S corfsby uct tafbed at the
%5%@]}:&%&,\, end m@ﬁ ar eenr?z& fluor QSTJCGHt protein (G-P)

wasighoned mtcuj;JmapM\/lT@mez:tor assidescribed in GB
233EM®‘3:Z«"“’AII of t-h?@“ st fté¥s usdd™for this study are
IPE]% ‘Pk I Tabl e‘mf":?':TabI e )bH asni déiéused for this
asnmi d Nugj@,@tl dc pxpsi - Amiyo acid Total no.
tds
le4011A— U274 400-22 134-274 141 pX 140-E-YHA 1-228
76 1X.140-M Y1A 1-663 1-221 221 X, 140- Ul22- Y1
[0R128b60 15ABS- G 20RSY AUBRReINI<0BS. 78 6 SBRS pafcabs

B A R T LU P A A C s
LS Tie D S0k 26BalIZIAIA VA0S 0018 HGARS. RI/CoV-
inichgatoh 6 el Thapaipire e Gy EROl Tt Sl et
738, QBsthARTR s, RMRASseWRnScri %Ilﬁﬂa@,tp@ﬁoﬁﬂedkﬁﬁll Shipeasddpayen

viral "RNA kit (Valencia, froma SARS- CoV-
Rnase H " reverse transcriptase (GleO BRL Galthersbm g, Md.) and an oligo(dT)

primer. PCRs were performed with either HotStar™ polymerase (Qiagen),
Titanium™ Tag DNA polymerase {(Clontech Laboratories Inc., Palo Alto, Calif’), or
High Fidelity™ Tag polymerase (Roche Molecular Biochemicals, Indianapolis, Ind.).
In some cases, overlapping cDNAs provided by the Genome Institute of Singapore
(isolate SIN2774; accession no. AY283798) were used as templates instead. All of the
primers used for this study were synthesized by Genset Singapore 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 7ag 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)
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infected Vero E6 cell culture supernatant harvested

when the cultures showed at |east 75% cytopathic
effects. Reverse transcription was performed with
Superscript II1TM Rnase Il - reverse transcriptase

(G bco BRL, Gaithersburg, M.) and an, ol i go(dT)
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Prasihedemicited frhosthé btoes odithf 1Erabi Edhaedei-‘rt’qEE’BSiQ miM Jeig-HCL,
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grow ng cul tureés optical densi d at 600 nm of - 0. e250
go

SBS bl anside gels ang staBied 1ibEB3 5% &ldomapse bkiangplug B
d d
OGRS TN B G bR NP SR o1 °1

i sopropyl - (3-D-thiogal act opyranoside (I PTG, after
[0gi3dD t heWesmh} bloves dlysis:| Fondetsteon gloowndiyss, apmbkierately 10°

hat 37C or 12 h at 30C, gﬁl s were, harvested,
transigdgddreed GeHs paE) DAt G hifkgompsing WissiPaaEdde She- 1

pW%QQSM %Hfé vl ek feaBy bo Iﬁlkﬁd@ernu@cﬁe }BJEQn& feRefiMih&at ed

4n ulTrasoni ¢ processor (M sonix Inc.
(Maemhany @hireracN Bojech)GEle fagsibomep mteebln@(em’v@ %herontat dry

TN TN YT NN -
incubated with either an anti-HA polyclonal or anti-GST monoclonal antibody (Santa
Cruz Biotechnology, Santa Cruz, Calif.) overnight at 4°C and washed extensively
with PBST (PBS containing 0.05% Tween 20), followed by incubation with an
appropriate horseradish peroxidase (HRP)-conjugated secondary antibody (Pierce) for
1 h at room temperature. Membranes were then washed extensively with PBST, and
the detection of signals by an enhanced chemiluminescence method (Pierce) was
performed. For patient sera, each sample was first treated with 0.5% Triton X-100 and

0.1 mg of RNase (Sigma)/ml and then diluted 1:150 to 1:500 with PBST containing
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Proteins were eluted fromthe beads with 10 mM r educed
GSHin 50 MM Tris-HCl, pH 9.2, and 0.1 % SDS, and
protein concentrations were deternm ned by use of a
Coonassi e PlusTM assay kit (Pierce, Rockford M. )
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Breafur ariat 080 e of N s5 R TR oR 1Ty Bl e
e SRR 4iftfbodies weRaAcbatadtfedl & al&Bnt @mbe@fe WHIHMEBST was
containing 30 1% nonfat dry mlk. After incubation for

alsotwped whan largommbestpel smpes wire §o8e seigeicdat 4C, the
menbr anes were i ncubated with an anti - human

nj u uz
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inawv i Bivr &scane an@biis fto Yetaniiink ady-S iwmdndreadtivitp onpatzem sera
te nper at ur
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?Ri,ye{dcgﬁlmﬁé%hé &aﬁﬂﬁcthfe@s%@&o@mﬂ@hsf@&ecpﬁusQﬁhﬁe S@¢cted in
romthe seven pairs of sSera, Western blots of a

@éneticind™ (FibetBRS.) BST- If wetko Felly wexsi then analyzep mader argiss

28 TR o AR RGPS G e

thé ¥RsfeBEteRPre@d16:0siBhAl R@@@idk@ﬂ QS IFRH L AnRSum Eblﬁammg 100 UM
menbr anes were cut into strips of about 0.8 nmm wi

%._rSd);;eimﬁ ions inorepsesthp p@]ﬂfggjsuw Q Hzegeobyt e pBMII Cofector (see GB
bR R bR AR TG P PopgEop B
HI&QX”F&%HM&%ML@gnOEQdS slidee (Ielafdky aintl ey vand! foslewad by fi@ing in
a?:gtrolng gt DZ%QC for Ibl? Then the cells were incubated with sera at dilutions of 1:20,
1:40, 1:80, and 1:160 (in PBS) for 1.5 h at 37°C, followed by incubation with a
fluorescein isothiocyanate (FITC)- or thodamine (Rh)-conjugated anti-human IgG
(Sigma) at a 1:20 dilution for 1.5 h at 37°C. When Rh-conjugated anti-human IgG
was used, it was diluted in PBS, and when FITC-conjugated anti-human IgG, [gM
(Sigma), or IgA (Dako A/S, Glostrup, Denmark) was used, it was diluted in 0.05%
Evans Blue solution (Fluka, Buchs, Switerland), which blocks GFP fluorescence from

transfected cells. Slides were then viewed under a Zeiss microscope (Carl Zeiss
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i ncubat ed overnight with the sera, at room
tenperature, to detect any signal. The secondary

anti bodi es were incubated for 1 h at roomtenperature.
This method was al so used when | arge nunbers of
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19 March 2003 27 March 2003
‘aii 19 March 2003 4 April 2003 lf:
By 2A 9 March 20058 18 March 2003 9
93 9 March 2003 2 May 2006 54
1 Il 24 February 2003 7 March 2003 i
11B 24 February 2003 3 April 2003 38

[00134] The last set of sera was obtained from 61 probable SARS patients who
were discharged from Tan Tock Seng Hospital. For some of these patients, sera were
taken upon discharge (3 to 4 weeks after the onset of illness), while most of the

patients were recruited >3 weeks after discharge (>6 weeks after the onset of illness)
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witten consent, and approval fromthe Tan Tock Seng
Hospital Ethics Conmttee has been granted. The

second set of sera consisted of seven pairs of sanples
that were collected frompatients admtted to Tan

Tock Seng Hospital or Singapore CGeneral Hos-pital.
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one atlent ati ent ), a serum sarrp e was taken
vaddrs. Due to the la1 ge size (~4. 7 kbp) and heavy glycosylation of the spike (S)
protein, it was analyzed separately by an immunofluorescence method as described
below. In addition, two of the SARS-CoV unique proteins (U274 and U122) were
also included in this study, and they will be referred to hereafter as UX, where “X”
stands for the number of predicted amino acids of the proteins. In this study, we used
only the C-terminal hydrophilic region of U274, as it has three potential
transmembrane domains at its N-terminal end and these hydrophobic regions may
affect the solubility of a recombinant U274 protein. The positions of the structural and
unique proteins and their corresponding ORF numbers, as designated by Marra and

coworkers (5), are shown in Figure 1.

[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.
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6) were I%o?ested and they were reactive specifically towards both GST-N and
GST-U274, but not to GST-U122 or GST (Figure 4).

[00140] Profile of IgG, IgM, and IgA antibodies against N and U274 proteins
in seven pairs of sera obtained at two time points of infection: A set of paired sera
from seven patients were also examined for reactivity against GST-N and GST-U274,
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
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[00142] Determination of the sensiiivity and specificity of immunoreactivity
(IgG) against N and U274 proteins: In order to determine the sensitivity and
specificity of the immunoreactivity against N and U274, we obtained another 61
samples from probable SARS patients who were discharged from hospitals and tested
them for the presence of IgG antibodies against N and U274 by Western blot analysis.
As shown in Table 3, the samples were taken from 31 to 111 days after the onset of

illness. (Legend for Table 3: “Determined by Western blot analysis; +++, ++, +,
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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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[00044) ) PabdrenlonByaeGiantibbdies @aﬁﬁ@ﬁlﬁll&&-f&Vﬁ@ml‘em in
Reactivity to No. of drys alter P ?teln U274
aotvepscenigpiyire senathy zwygqoﬂgprqsgqrwés@ue to the large size and heavy

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-noflucrescence 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 case 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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[00147F + +_Bxamplp 2: ELISA and Immunochromatographic Assays

[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 I mM p-
mercaptoethanol; 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 pl 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 pul of Tris-based diluent
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.Det ection of 1aG antibodies. i SARS- CoV S. tei
RRGORoAr SembRe Bhaeaccra B O A oRe gy eBkb pgg S for
abV8h ARotHRRt pA HIEHSH2E PN Bash@RVY derie®BidvaiukigNn ©fS Phent

S protein, 1t is advant a&goqs to express this protein

Non 6#&&}%4&1&& thecabworsatogrgplenripivap aeaeredagepaiateiyracpardingda the
L. £ . | ' o TR . :
PRRSRLR e ATt DRy At e GRS g

d&HER. Brichls, MBIl celBill @R Inyer framsi e he dvetbddpore fiut bf § gagt h
S construct tagged at the Ctermnal end with GFP.
(Whatarans Ape drbanMigh hwaninrsiedtvidsthe Sispdlgnddhe Gplode s

SPSRRLORS R SOl Ul 3 S BRI, g0 15
refpectiVlgs witkki@ioDel (ls/inkg Oelifiseohyfiog machine. The membrane was
ST BTN Rpcgce) staln pg meLnod L0, St ST NS i o
MATREG e veRIAIES $aaRItaREMS§LdModics, Inc.), 0.05% Triton X-
100, and 0.5% casein. The blocked membrane was then dried at 37°C for 60 min
before being affixed to a membrane backing. The reagent-bearing pad was prepared
using a porous matrix. The porous matrix was sprayed with goat anti-human IgG
antibodies that were labeled with colloidal gold particles 25 to 30 nm in diameter.
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
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Briefly, the cells were fixed wth acetone and then

i ncubated with diluted patient sera, followed by

i ncubation with an Rh-conjugated anti-human |IgG

anti body. [00145] As shown in Figure 7, sera from
patients 1 to 6 all contained 1gG antlbodles agai nst
water gathdétrelet BeHBO4. Al mofl Nasr eaeldh B sodingh daslesylgnibte (pH
g )2s observed when a control serumwas used. Al
TEemai ni ng sanples were tested simlarly, except that
t he Rh-conjugated anti-human 1gG anti body was repl aced
[oo1EB] a Fl TGeh wlﬁ%azsqﬂ oPnedililed uR LSRG BitEH
concentration of Evans Bl ue sol ution 0.05% . This is
SH@GWS@H@@WIOEE éhegﬁsaea‘t@rvlcea@l@ S@fnpjlmr@ﬂ ai@va’élto Qngltam lntseplly

hose

a‘m‘fo"r?é’ S’nl%?tJ a?ft *E‘F] mefn EVan ’§P i S&%’Pu‘*’t ‘F%‘fﬁr%%&ée oy ’f°f‘ o i
viglatkviddbwah hpbxintie (3P s fthitedesemeag bllit ﬁsf&@smg washmg
trans-fected cells (data not shown)

byffer pese addgd tqcm%%ﬂel womvéﬁwé%wb% éolgéa%@lf(%pat anti-

RS BOANE Sl TENARDEREL kh ot SRE Mol Rt rogruding end
todilldwriht clﬁme@Irapht’S:lé@aabntahd tlihelbgmbmb J?Jag leici tém% infd eontact The
S 1:

| owest di |l ut
0@@“@ é%ld'f F‘%ﬂ‘lfq?gﬁ By %%m?giﬁ UHBIREISS Weskkther & fatmlglafe
a&&gssthéﬂf‘&%% hf&%tlﬂﬁ Et@fyeThé heulk estihd I%at.fl [1 fchH?y 2 to

ut|o or conpari son. hi ¢
I ﬁnmluﬂmcmgh tbdvﬁwlmdlnﬁowm)negmke&ultsv@rial lsd1W¢® by the

oBBRH Sl S DS o o
eiftftPor 8AB of B8 3est BBes ApBeard theBRewih@rwildid e (Fiv@k)g) st r ong

S|gnals (+++) were observed at a 1:40 dilution, the
gnal s decreased ‘%r adual |y at higher dilutions, i

003841 at e Hrgricnbanabiys:be Kappisettiple Wi ugeddo rrsﬁ@aurﬁé%ﬂ(
Stlt%h%t@%f sélg(eepnew ‘tewgéﬁstﬁ %gltglgy f’ﬁg ng'\x:lr?;%ql\g te-gp a cf:tglg glg\g[%?ggé
Kapfpatstt&lstns azﬂ&esmfmn@ﬁﬁ (b tovih. 13 ahd) @,0 4(gb'brea&1ni ckaglent

CARTONY B8l (§ BB GG PacrEERS R STPOr e e b TR the
dRDAMNsis oPBLATA a@%“l’;‘fﬁﬁ%s 1ofELAIRNRMG5 was selected but confirmed

I mmuriochr omat ogr aphi ¢ ays [00148] Materials and
wit@thq:a@ha valogsg), \Rgclmncmiﬁamvmra@tiefiiln@honﬂf@nmt@ml al s

iR p IRl et 35 b o e e ARBRISE Do ova " For

this study, the Gst-U274 protein was further purified
[00155] 2 SupguflexTM S-200 HR10/ 30 col umm on an AKTA
fast protein quuid chromat ogr aphy (FPLC) system

(OTBET FiCL(HSSY Rt NERIPLc B o4 20alTs g dpieted
[gG antibodies to SARS CoV in 100% (n="74) of the convalescent-phase samples
from the SARS patients, with a mean # standard deviation OD value 0of 2.32 = 0.54
(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
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mer capt oet hanol ; the flowrate was 0.5 m/mn; and

fractions of 1 mM were collected. Fractions 12 and 13
wer e conbi ned and di al yzed agai nst phosphat e- buf f ered
saline (PBS) overnight with at | east three changes of

buf f er, 5@&00150 Serum speci nens: Seventg
18,0 ERIOR CLER YEIesR RS S Wi Favsn swiplss Bem téetsééismaélﬁﬂts

oFTRES DL AL LSRR R SR I By o
>slef(uin 1S@ttpivils dvf&mxt elahplened from healthy | ocal donors

vvho wor ked at the Institute of Ml ecul ar and Cell
i c.of Singapore. All

M08keBnsent, and pati ent

san‘pl es were coI I ect ed at 16 to 65 days fromthe onset
of—syrptoens- —ade--o 119—sera—f+om heal t hy
donor s purcha%_%fj"j’_‘fﬂ’_"bm PHHEPHE ¢ a Partners, Inc.
( Fragkddan, Mags. ), “pwer el ncI LfdedL ?ﬁe st udy as
addi ti onal hBAF¥ hi?;‘:ltodfj{, s[!’;;::f[oo 51]" ELI SA: The Gst-N
e CetH—tia74- d in carbonate
DR 9. 8)* at'™f i n&F'"condent Pt i'8hs of 0.1 and
Oz0@iB1eg/ M , respectively prior to plate coating. The
pl"é%e; wer e p*@@o "{—i’d a%"‘gesqtl”be‘&“( Iﬁ') Briefly, the
{3l - b [
Mé’hw pol y@t;zyreme m;,elﬁotn agr phatgs (I muno 1B;
T{H I coated with
t KBkt 8Hi xt ures at a vol ume of 100 | per well by
i ncubation overni ght (16 to 18 h) at room

t Th ti it
G e e Rabid ra R srapIBE LoV EFH i vy wghlued
séfﬁﬁl@s Blogkad ad ihla G%@-QIZ?H lordtBI8E uscdBh ltﬁe @pidacst tdasreBas By

luént for 1 h at roomtenperature. The plates were
amtmoﬂw@ in 1046 lketiof?o rind B5 Y@ ot Ak reseedsivelyl of (e s from

SR 308 ks s W Gahanr A el S0k Al
d¥B&ioadaiedor thSHOS aek Qak HUO%K#IBOWQQKE&)IWQ} ﬂDnljﬂ ﬁwt@dteﬂprotem

for 30 mn at 37C, foll owed si X washes I?%T
inHbe saidiisslswasopesk fodrass-eu mtﬁleﬁ ddhg S%@Pmrmﬁﬁ?ﬁ

dfﬁ%}lj%q q{ﬂ!: ?é%% $t119 ef%le g@w&taﬁ%@e g}')écﬁﬁ& ”iJPWaeﬁld%@dﬁ? drab. O

m Xt ure was "{ ncuba
oOfB mrﬂtIOB%Cl esiﬁb‘(&wpiyam theetested hepulatasi €tatde ). W hrmﬁlw rBsults

PBST and col or .devel o oceeded th the a
WEe RIS (et pit e HLEA SR st ot abRE B ebaRs.
wiflQ 1Ja89z?£tamlc lof 1A0t(EEbIA 51 3n RidItibRNGHRAEIIRAL ddirdARndRD k
at 37 the reaction was stopped by adding 100 | of 1

0.88%)Gvagfonnduehen Ueheacspity e poinfe of theirarid tesbiat gdpigons ranging
ePBOR R I T adh i T 9 et BT H SRS Sapld B patient
saRIEY @nendased

Table 5 Acreement between the immunochromatographic test and the ELISA
test
Rupidh Mo, of FLISA resalts £ K:l_pp_u
lesl Positive Negalive Agreement slatistic®
Posilive 4 ! Y6 1.00
MNegative {l 208 100

# A Yapps statistic of =073 represenls excellent agreement, 0490 to 873
represents good-to-air agreement, and 20,40 represents poor sgreement (1),
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I mmunochr omat ogr aphi ¢ test device consisted of a

chromat ography strip, a separator, and an absorbent

pad, all housed in a cassette as described previously

in US Patent No. 6,316,205, and the chromatography

strip was prepared separatel y according to the

[0 dur e Hasmipled dna niunobigimatography
nodi fication before asserrbl y into the device.

Aéﬁ@fl y, a nitrocellul ose menbrane with an average

pore size of 8 p.m (Watman, Ann Arbor, Mch.) was

[se158]ed Wrdekidre afBMdMiend the Gst-U274 reconbi nant
antigens in two separate |ines, at concentrati ons of

0.1 and 0.15 ng/ m , respectlvely, with a Bi gDo
[00160Ine, Sarurm specyfyersy SeryhaRernIes wekreolerst e pgisnts who

ok i Ao ar Rebge T e e 10,0

whiotweré ar?r%fﬁtl athHl éaomma\ﬂegﬁuau\mapms Hl| Hhng) Ko}, 586chr 18 darch

X- , . . Th mh ]
oty 2§ D05 R it G Do e (T A oEPR 1P esied o
AR R A0S amséﬂfﬁaed 1B QRGENE oSBT b 01 :PEGh dBFioR! BRAL ed

using a porous matri x. The porous matrix was sprayed
nwianﬂimg,c%ﬁ sanin samplesnfiéig Gealthytdopodi cofedtérhlocalby i@ Hatgdf e

W th 0|d old.particles.25 to, 30, nmi

i o Ga b AL R RO ADDGAES FRRPGHRLAOS ByehiEy Hhy
B IQficdl ‘Paftﬁ]ér(lﬁ@ er%hkl@rﬂ NIAY Greiel"lﬁchﬂ@yﬂnq}ie stﬁdy as additional
chr omat ogr aphi ¢ card was prepared fixing a 0.1 %

hyglthy ganteelg. 0 the dsraselcqsioby Senelebs Rlag@osaﬁe( , DRLANeES)
t L1 ul d : .
cllhnvre%gﬁrg} W ozgs fls,] 5 ﬁfgll’l@% E\ﬂg%s?%ﬁg fz:iljg E@éd ﬂﬁ_ﬁﬁ%g ntré?uded 50

sﬁﬁﬁl@;ﬂ&lch Has pAtan el hddntod-S AR S r¢litpd &per (mnﬁnﬁ@i as denpye
in size. An assay device s assenbl ed by

femes?cqt ﬁ@ffelsﬁnalré&%?elﬁ%at aSTRALGT R B5st (o HBRCk s SpBerpplosis).

cassette and then a separator, followed by one unit

[(551 d‘lI] e ChyopRLORNLERE St AL H: 'Tﬁ’re betaf ﬁraﬂ)@ﬁér Bd ah&rti@Pout as
of the cassette. In addition,

dcseagembcwe hleEsam]gje vl/aBhe&xrfSﬁeﬁrsm:SAéiSsGO]érleﬁ@aEé & eve edils

e b Tooq0f st PGl PR PR DG Sorgse Hbhes of

sh44 93t 60RETOVESARS gso\eﬁaféctsafceum%fadoaﬁlrﬁar with adigh wter
was added to the specinmen w ndow of the assay devi ce

pcrsr@ves@mﬁpbsm samplsabeiofesi Rptepesamplespaenajed igsariel dyafold
ns %{art'idéewmt? E‘qb%e aé’&ﬁ% M&?nﬁe@@nﬁ 1ﬁc%@5’1!3§ @ortﬁ)emm at

Vi éw ng ow I n approxi mately 3
3‘$°C tﬂhe emegs orse ehshedage mneB al BPBS ba’@ra/\mﬁhﬂmgmcbhﬂ‘tﬂoarfor 30

m\él\g E"le??? %gﬁgfg%gqpt’f P‘gtb ﬁ%‘ggé%éﬁa%g%“tﬂ lfplg%acglgl@sothlocyanate A

le hadl E@cﬁcad ;3;1:?0 g@@f @k PuoMB&ent IS WY 86LPYo Hibhddhan

e protru
that of a weakly positive control included in the study.

[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 added with 10ul of serum in
200pl/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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to allow the chromat ographi c el enent and the absorbent
pad to cone into contact. The colloidal gol d-Iabel ed
goat anti-human 1 gG anti bodies were then allowed to

m grate across the chromatographic strip conpletely.

The result can be read in typically 2 to 15 mn

gbhir amtighuntdnd gGi (16100 glilwiiogovas addabgdDDpepar esdil and widubateé for a

o el o apReat ange of 7 eSnrel | B Sl ¥yonea
oGl 98l Qm Wi Ghe ARELUESS LR PR Ry Mk o

(leappathsibehiisinkl Afes ausadintiocubaasilinght Bak as 87 &hghdreattion
agreenment between the results by the new rapid test

wii dtopaed breggldmng BX0ul prapwplhos NIt iThe paticnd dewstties §OFg were
nge'agig'eé & A?SOK% wgﬁ]? 65?1911‘1}&61%9% ﬁl‘?e%m excel | ent
agreenent,” good to falr agreenent, and poor agreenent,
respectively (17). For the data analysis for ELISA,
[@0r188]bi t r RupidlikmithoolabmetogfapidBestwabgae|tee hechbbuit-based
confirmed wth the delta_values (7),. which cou )
to5t epiereWatPIPHifice &t ﬁsalr%tfsa%g@ﬁtl?ﬁ%? )Lt%nf%wﬁﬁ @Pwﬁlg the

L i i [ | Ak 00155]
P B BT b P P E VS FaRhies ord
chliolmatid gaphyfstrip, 2Gepdrier Hid Srabdetbect pad alllhg@ednin ialvoshcds as
dto SARS-CoV in 100% (n = 74) of the conval escent-phase
§ F&s fromthe SARS patients, with a nean standard
deviation OD value of 2.32 0.54 (Table 4 and Figure
[601 64& n . comhé aklomatipraphds strip frhSdeppSisddtwivierveaSRRE-spaE ic

y

f oun the test out of the 210 contro] sera.from

rezqelélbh@at pieeinfo RsFY amdtGstd/2rd spparatelydatewing agiptadled gisclopie
f . ‘ '
of P 324 s Bl Tl RS SRS O 4680 bound

t@pthe dithér or @othadfuke [NRMWiliadd LOAKbiIGTbhed e imhmunacduiieon,

t he ELI SA gave ositive delta qf 5. 4 a negatjve
fergred gappe getgeted hufhede ﬂé%sgépﬁ%ﬁ%l 0 epaele Rt
Igﬁmﬁ heR98drivi 4GSl Rl bY@daAdeHERlcabnG bhe WaBKigg bawmel (@9).

own in Figure 41 10, "when titration curves were

obt ai ned with seven sanples fromthe SARS patients by
[Q&168] t hi Thnewar WaA alsotrerredut fatiopyngeHecibbihatinsigstion

fou at. dilutions ranghngafr > 10 : |
ol i e S0P L EPRAG L GOB Gt shrdi ot SRR e
sATApIK &Vesl anSAlIRBed ¥ hig@fk $atdraktnid covyr £ pntivabs thmeribrane in

Nio. yn PPV NPV '"|'ust lornm |, ) .
indow. Three drops of the reagent-releasing and washing buffer

the resulf-viewing win
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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trositiw? sem- tXsili4Ct Sped- total tiviiv total
[icily ELISA (conmbi nedp' 74174 100 11210 995 98.7 100
Rapid test Gst-N 42+42 100 2,210 99.0 95.3 100
(]st-LJ274 30142 85.7 0)210 100 100 97.2 Conbi ned
4242 100 212[0 99.0 95.3 100 " Gst-N plus Gsi-U274.
tHe00d:5 7P D Ratpt of therramigle mmfu@gfncap heccut §meaSM@hthSé2mde@

d%\‘/lflt%tlé]o&ulﬂngts lgbe\aele &2 ﬁgl ﬁ;’g Ea'?%g él%g tih% §§Tt gf } ues Gﬁt k%%ga statistic
wab tisdAad in@sisird tHOB¥n A DI ah aéi gmaitheBhech Yhd l%ﬁultlfby‘ltﬁ& new
r

respectively, of the sera om SARS patients who net

rapirbleyioddhe Resy EAITArA SARS safighe walyg of ?@1&% 0.4t b |

PR Pl B L AP G o

é@ﬁécti&z@llyr((ﬂ’f);o cross-react with 2 of the 210 sera from
healthy controls. The test was therefore shown to
have speci fi C|ty, PPV, and NPV of 99.0, 95.3, and
(OG54 resfettifSvel y, with the tested popul ations (Table
4) Wien the results were conpared, the rapid test

ebghe Ekbah.gay ﬁn@palﬁ?&?tﬁh hente BOIseR %"}:ﬁes@ﬁteg 9 Bble 6,
V\nthakappa statistic of 1.00 (Table 5). In addition,

tlaee ecféivhieat atddD OelSaOloh 3¢ Rad 6D 02988 ambed ouaveluaken the

e { t th t
PR TIERORs Fh S SRR g BB S LIS Aprocuced
et s‘fo@él’ﬁé'i}e@'f W0 BINRDBIBRS) KRB evVEaall BaisitBity of 509|186 of
éFI ure 11 Tabl e 5 Agreenent between the

alle 16 dhewv gL rﬂéilpm‘fé padermanee yAroRringhwhepthe opisf yplve
RS fl%]ugte(‘lg r o b (5'5 to?‘ §‘ Tl‘!e%l% glﬁé'()/lﬁ 8?@%@%3\63‘50[{

sinli s 05| |ve Negati ve
vAlud QBtctfed o‘é&eﬂaﬂmﬂlﬁoﬁtla% ®bfeCSARS xﬁoi’ﬁted sptpkethias did with the

031);@5% e5hne O flofeimpiaifd St e Ifhats 8 gy the positive
“%%Fléﬁﬁ gl@lj thad gﬂlkglgﬂégl te&xﬁm%lel(%6 sl ed FonP Reihy

nmuno r omat
controls were tested and a mean OD of 0. 0432+0 0745 was obtained. OD 0.25 was

found to be equivalent to the mean OD+3SD, whereas OD 0.45 to the mean OD+58D.
The two cutoff values of OD 0.25 and OD 0.45 produced similar high specificities of
98% vs. 99.2%, 100% vs. 100% and 92% vs. 98% with the respective supplemental
healthy control and the disease controls groups of non-SARS patients who suffered

respiratory illness or fever (Table 6).

45



Assays [00159] Materials and Meth oils [00160] Serum
speci nens: Serum speci nens were coll ected from
patients who presented with clinical suspected SARS
according to the WHO definition (18) and who were
admtted to three acute regional hospitals in Hong
Tiibledh bet ween 18 March and 24 May 2003. A total of 227
serum sanples fromthese patients was tested using an
IF test (9) and confirmed to have IF titers of>1:10 to
2se0-ditgrign. T the neEaniLigE, 385 SekkMm-sanphes
from-hea -8oRors—coH-ected-t-ocal-+ Hong Keng——--
were Useld™a&” coht rl s. "R dddi'tion, {5@% sera from
heal t hy donors purchased from Bl""‘““@l i B’

nical. Partner
e fdrankbd ngs MA» wepsessi neleuded i n the study as
addi ti,ongl .hegalthy conis ol Fors Forwst hewdi Seases s e

cont rel-s.—Genel-abs—bi-a +es—(-6-D—Sngapore)———
31 7 5 g w50
a'ehi Ve E8r i 'YanPes f1om'Vari olis previ ous studies

wer e gsed:and the$® i netuded™s0 “§anpl“es *Bach™f r'tm *
pat. ebiswhes: had men- SARS nelat ed«f eves (confirmed as
dengue fever) or suffered non-SARS relatgd o we o

respifatory 111'ness (contirmed. as. tubercul-osis)-

[00161] | mrunof | yor escent test: The | E. test Was ...

If_ éb’é\ \écai enlg it}l‘;dgﬂ resnlls ofh:ullé'dnors(lionthungé.gilhrvﬁcor éRép&lwri_WI bbedd b above\l\?ng;\
Exarrpl e 1. Bri efI y, snears of SARS CoV-infected Vero
cells were prepared, fixed in acetone for 10 mn, and
[8@brid at WiBDGelvafodf eluset atfa) dhitss thefELIS Aedetestadi Igr 60

70%,S Ve d fi
R SARSERY TS SR ar Bef ot el kTR b Pl s

sERktveRlor9amh R %158 ERBLEithEhsS RIdeREtH Waf: @hﬂbocﬁ’és' tH SARES CoV
starting with 1: 10 were added to the snears and

m ﬁ%“@b’é&” dnd @9%34 the samies cgi;i@tem‘ﬁi@msﬁfe&‘i pativatsel waldhdags, 11

a:ijt qa@%%'l Fﬁ§ Q}% ft% ﬁw% nse hg?‘@[lc I@%ﬂ?% Tgé V&{ecﬁgzty

ofaﬂahﬁﬂ e«ﬁﬂﬁthél cutﬁﬁftdah&(b)f @]}a’O as réinalaamml le higls at59905% (ﬂ?a %of 385)

ositive if | uor escent |ntenslty M%i ﬁ g
fihgh%hearlqhaﬁonttcﬂa@m@rte%te%ém SIRFOSTHNARC S GFRIF Thetedhus
pld&d H‘%ﬁg)véf&utﬁiﬂf f%ds% ah QB2 ) @-#%AfheT Iljlﬁfo%%h&% JFase

pro uce a s Diagnostics Pte Ltd in Singapore
BLES A ivais lagotfwndrte condvird aetl vothdiFgiters ge@satedbailet IF test with

evi ously described for Exanple 2
(5335‘5( I‘?él%\% ays were carried out following strictly
the instruction provided. Briefly, the ELISA plates
[o@rE|addegyviindidloh QR thefrapiimiindchidlito gibhic odst: When the
Tri s-based dil uent containing BSA and skimm | k powde

sameiset phelieal specipens3gerailesteghusrpche @nﬂ!dowauwhgﬁmafogl aphic
te@@%fﬁ? Par WEltfgrnE3§§J to e e EE@&Q@E@%tEﬂg’ed. The overall detection

rate with SARS associated specimens by the rapid test was 70.5% (160 of 227) with

its specificity at 97.7% (376 of 385) (Table 7). The respective detection rates were
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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goat anti-human 1gG (1:500 dilution) was added at 100
per well and incubated for a further 30 mn at 37 C
The plates were then washed six tines in PBST and

all owed a col or developnment with the addition of 1001
per well of enzyne substrate TMB
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inyyppRuarescenagrdditers werrreied hy redf dest &i@rlﬁﬁoy‘n@% (gl 2).

a portion of the menbrane in the result-view ng

Wa 210 [ [6)
Iﬁ@amﬁMEmﬂanAméltlng front reached the blue indicator

line in the viewing wi ndow. The separator tab was
pulled until resistance was felt and an additiona
drop of the reagent-releasing_and washing buffer was
then added ta@.dihe sanple well. [@@i@ﬁ] The resul t §™°
can be read—in-typieal-l-y—2—45-mn huthe Vi ew ng
wi ndow Btit *vier @& al’f r dﬁrde&”ﬁP 1%“%?5 ‘B'Sanpl e was
scored as negatlve when only the«gontrof*?ine

ppear tve-whenm the con I and either
o““ﬁ&tH”%f“”ﬂe“mtéﬁ? Tes méﬁ% segﬁ in ﬁﬁi vi ewi ng
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sk N 16731 807120 46757 15119 1‘17!227 384,385 AR/50 47450

52% 67% 81% 9% 69.2% 099.7% 6% 94% 09.4% 84.6%

Gar-U2T4 1431 8120 557 4/19 187227 378 46/20 A4%50

k % 9% 1% 8% 57.9% O8% Q5% 66.7% 6. 3%

3%

= pPY and NPV were caleuinted based on results of healthy donors and those of SARS paticols obtained at the same testing sde in Hong Kong

Table 8 Agreement between the immunochromatography and ELISA assay
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the nean OD ratio of the sanple population fromthe
cutof f neasured in standard deviation units (7) were
cal cul ated for validating the cutoff values. The kappa
statistic was used to neasure the strength of an
agreenent _between the results by the new rapid test
and the new ELI SA. Arkappa.cit atIStAg&eéf@élﬁle of Kapg®:
0.40 to 0.75 and <0.40 represents ‘excell ent
agreenent, a goot—to—farr—agreenent d a poor a
agr eenmeRtpidriespecPosigiey (Neghtivd 00168] “Resul t s %ﬁﬁ%Q]
Eval uati on and validation of the ELISA: As presented
in Table 6, three cutoff values at OD 0.45, OD 0.30
and OD 0.25 were applied in evaluating the
perfornHnCe—0f”rhE—EtrSA“—mrrh—rhé“t_rﬁff__ar___§ér_ér
OD 0. 45, PodiéveEL| SA IgfoducedS t he be83-2%peci fi ci@y! of
100@6(385 of 385) but a |ow overall sensitivity of 60%
(136 of ( Tabl ver, i ved performance
was obt gkﬂhen t cutg? val ue gﬁé% adj usted | ower
to OD .
cutof f value, detected gverall aInDst 129 o e SARS
[QFdi at eExampia S Westgrn Blod a oryyesplorali
shjable 6). An inproved delta value of 0.53 vs. 0.10
the positive was also obtained. In a
suppl enentary test, further 1066 sanples from healthy
[@®it3]ol s WeneridlestdMeaidlsa nean OD of 0.0432+0. 0745
was obtained. OD 0.25 was found to be equivalent to

[(S#}@ﬁe WO Cgf:)i‘zllﬂf s;{fgfmeggeg?nwnda% CCIl IF% gg(,‘%g\el%%gggl ected

wiihBohant Fb&INS SRS Ghdidned \Erh@&‘veﬁ:fadnﬁﬁc% t6She 9% Ie/ok ORI ospital
100% and 92% vs. 98% w th the resgﬁ@tlve supplenenttaon
T

oh@glSingapeisriaansral Heapitahe iy seradont brdthy deneys.diypeagid it
R
B R Sl i Foghietl, N TR lf P RELAEA REKo WP B ety
chFEMlél.$?o£lﬂlelmﬂ1(SA]ES Bﬂez%ﬂ:c&m@}éialcﬁmmd (Hﬁie(abt E)agﬁb)st(d&SA)

n- SARS Non- SARS Pnsitira Nc4' e hmam@? gd
@:elz_qle@sPiq%mtwﬁngwwsﬁﬁw PSS i PIO o igarert use
%cp 1»5%@5 b’i%&@ 14@/ 18 SRR S (0 LRYTBRY A T u R U058 Rad es each

8" 0% 100% 92% 98. 8" 16 85. 7% 0. 53 242 OOVl " 11i
ﬁoftsaam@ts Aho3iad 18N BARS sty feSeA(c @@ md 36 A¢0B6 f%@IB‘Q)

sé%eﬁ%n@zSégS %?6571?5%%1% 0%} ﬁﬁl'es O/f’conﬁiﬁ%od%§ uﬁ;eilc/{:lo’lsg)sg%l%gc{?tlon

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 (KCl, 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
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tig Table 6 The t est
b%Lﬁ%ﬁge%%§g§§§§m%%§§a| lﬁ%ﬂ\c?&)gf(gs 8% a21d NPV of

85.7% The performance of the ELISA was also found to
[@@HTGr d Wafduseiatth Rabbif nvtisesa:dameifiatetsdyy wetegraised best

W t R2=0. 93 ure.12). [.001 Eval,uation.of the

n}ogﬁfglang TR A adsy 135?21%1&6%%? CrlygfEEHaRig o

rQbn®idait fdteiSPT6E RS MRKEralspedifehouté RAkE, g fdRiodapsid, or
I mmunochr omat ographic test, simlar erfor mance to

thelraembifane hroteing Bre\gsneratsh baisneaytamepies lév@ﬂaiqn o & e/ capice

SARS
B AT F5 S50 i 5 e 1ol A e
aflj3 ¢t QSlga&§$t Lday Oy )Whdbss thembeatanuﬁndﬁtspmﬁcom that es

were 55% 68% 81% and 79%f r the four s of
cayalenedscRnhing PErcin Ve esagaed By spaagcejs ifoquitoy ANy

Z%%‘l{mté v ﬁ e BB¥Rs whth ltl‘H% 3P yﬁﬁéﬁ‘ﬁo&ﬁ@ ateh extnh@[ﬁe)égn da¥iplete

onset of ¢TIl ni synptons™ ( Tabl e
Frduind’stadptvantt The aeichatswoere Goosdsl aidnveqhs ottewnlsfor 8to 16 times

S CTOPNE T R T T

FTéﬂlﬁd@SdH WNaf (Qg@hd" S@'LQ)‘%% gdahestadraanticiagh @szed @nimals were
J\/ out of the 160 sanples found to be

hmsstcd Wadzuys aﬁqeﬂnemt protsizaioncodhyeie adsorhed| veithypamaglian cell
rt her t. ted | ess
TGS BB PRaREL A PEASRE' o7 ' £33 o

speci mens fromthe healthy controls In contrast, the

@TSEJZM Sexsesdipttrflninyde geh el@&fﬁf;ﬂdob'esﬁf (PRYGK) LB ot mﬁﬂlb)
of the SARS associ.ated sa t contributed Lo
SErartH GTahe SRS GT L Vg s PR OS Al sepirgfit S bith

SSRGSy o
daetraritpebuffer of 3.2% SDS, 0.5 M Tris (pH6.8), 32% glycerol, 3.2% 2-
mercaptoethanol and 0.05% bromophenol blue tracking dye was boiled for 5 min in a
water bath. For molecular weight determination, 50ul each of the treated 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 ul) 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
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Gst-N protein were those collected frompatients at an
earlier stage 1 to 20 days after the onset of

clinical synptonms (Table 7). The test was therefore
showed to have PPV and NPV of 94.7% and 84. 9%
respectively with the tested popul ati ons (Table 7).
Eagrwiaeo) Galy.) o ppitenseliulasoymemabrane { Waatmapi detbershauggn, Germany).
further al.uat Mt i.S ) Q) : .
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nochromat ographic test 1n detecting |Ig

anti bodies to SARS Sensitivity Specificity PI'V NPV..
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respiratory fever Conbi ned 17/ 31 1120 46/ 57, ..
o7 1 LRP IR 46y SeamRTRaY G w5 SapEBUN A ubasion
st%gs V& tedi¥igd ﬁ?@lﬂ&ﬂ%ﬁn@&rigé’/ Were. d AN BLEY iddubBA6d 88ys
46/ 57 15/ 19 157/ 227 384385 48150 47/ 50 52% 67% 81% 79%

(Genchass IV a g 0696 9v9n@e), and spgled fgns miy tn Uptk pensirip of a Tris-

oS0 e AP R MR e
ieabsad Fded Hras edthaput edihk tepeaftivhealatihy ndarfdiskapdutieose
of SAR%g%atienis obt ai ped at the saare testi

Cg_l]!ﬁé]ﬁlﬁlgl,( Sryrog] (é)og/d% L b8 RERLr S SHES VIR gvashedr}v'gtir%last \/%it{l rll ml
02@1@%9 GOFRTE: @pr%ﬁ;%?héﬁélléj 5 Blih S6hIABE 83k héh BRESAe }fﬁiaﬁon of

greenent Kappa est Positive Negative (

tlet satd. §he otembPosi stiipsevdrd 4undEr BukAsd{8 1 hoMewéhilvd of 2

B N N ST TN MO
PRy ehbath®ranR. Mefithedburg, MD) at a dilution of 1:1000 in the blocking
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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[00174] Serum speci nmens: Forty conval escent serum
speci nens were collected wth consent from SARS
patients who were adnitted to the Tan Tock Seng
Hospital or the Singapore CGeneral Hospital. Fifty
sera from heal thy donors, purchased from Biodinica
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€l ns re exp esse
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Pharmaci a). For the GST-S, the 48 GST- the GST-E
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ob$eRNSl- (@ﬂg@&ér M). Aﬁ"lhal@rﬁb eRed oand', ﬁﬁteﬁ&&ﬂib%@ﬂmﬁ theit@n protein
proteins were detected in Western Bl ot usin

bglms(l\lmmd B hdEppieximaiplyi45dedya qsg%m@tgd withhe ngrotem of SARS-
(}D’ (t)cgﬁ{fn *11%gtydﬁe§qge}cﬂngcluﬁ% %hgglcu éleg ﬁ%&dSAfig ‘fahﬁenhs %? S%ne 15,

'ONs were e npari ng w t
T‘ébi@@‘}i aslscvicn, aGacmmsiie bandinteasisieadibe tWRABE ged wéSmarchet

, submtted). [00177 use an It tisera:

hgéi@cwth dhogmsqrailpnlrowle %%Egé)&tlws oboabeat 1 Nhyer taicppon-

@&P{P& Al A H8& ﬂobsg g%ls FRNEE Behidl) oréisdeRg dofols (Figure 15).

espective reconb protelns. The nouse anti sera

Fspe(anfplﬂ:; theoNh peotsp |ck(Es 1¢aq@drm| 6o 68isind 52%rof the samples from
the healthy, the respiratory illness and the fever controls respectively (Table 10}. In
fact, these N related proteins reacted to 15 out of the 18 samples (83%) previously
found to be false positive by an ELISA (Table 10). In contrast, 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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the nmenbrane proteins were generated by subcut aneous

i nocul ation of BALB/c mce wth 50g of the respective
reconbi nant proteins enulsified in conplete Freund's
adj uvant (Sigma, St Louis, MO . Wiereas the rabbit
antiserumspecific to the envel ope reconbi nant
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ophoresi s (PAGE) and

i ré\%g% %hfﬁmhg%t ?zgtr?%)lﬁqgji; the SARS-CoV viral lysate

was perforrred on 11 % separating gels vvlth a 3.5%

Tsbladki ng Gedsitivity pdrspeaifititsr of t€ Westefn inimuRARS- CoV

viral lysate in 800 | of denaturing buffer of 3.2%

SDS, 0.5 MTris (pH6.8), 32%qglyceral, 3 2%?2

nmer capt oettfanol are=005% br“‘@*‘f*rﬁﬁﬁenol Sopflagiet 1 ac kifg™

dye was Dol ed for @ N in_ a=at er bath. For R

tFested ysite  dAlpl € and Yhe {3i nbow nol'ecul ar™ ™
rar ker s wer e appl ied to separaterwel | s (8*m widthy*
Qn.i.he sane . SDS- PAGE gel . Far other imunghlot .

anal ysis, the treated sanple (800 |) was appl [ ed to.
t'Hé™"pr epar afi've wel | ("£30 mi‘n wi"dth) and '

elzest r ophor esed at¢« a eonstant current @wuntis thee -
tracking, dye,reached the bottom,The separated , .
prote| ns were electro-transferred in a tank appar at us

(Hoef fer®, Sdn 49 Franti'sco, "Cal {"f*.) td a "" e
Rictoceld ul ese nmenbrane (\What manmy. Ger brer shausen, ¢ it
Cermany)—After—the—transfer;, the menbrarnes were

-tf-. Hrml;.nngLm.dd@ﬁ:gx%ilyt,h@gauu\MmL:Jﬁ](mQ:Qﬁ.{m_santaﬂtc,L:u'xiwth ik dn:ulteg:@uhuu((ux]y.- 6 g per
menbrane, as a sanple addition control) and the GST-N
reconbi nant protein (4.3 ng per nenbrane) using the
Aut osl ot TM machi ne (Genel abs Di agnostics, Singapore).
The menbrane was then incubated for 45 mnin a
blotting solution containing 5%nonfat m |k powder
before being rinsed for 30 mn in PBS containing 0.5%
Tween- 20. Subsequently, the nenbrane was left to dry
at roomtenperature (RT) for 20 mn prior to being
cut into 3 mmstrips and stored at 2-8C until used.
[00179] Western innnunobl ot assay and anal ysis: The
Western i mmunobl ot
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assay was carried out at roomtenperature on a rocking
platformfor all incubation steps. Wen testing, the
menbrane strips were placed in AutoBl ot incubation
trays (Genel abs Diagnostics, Singapore) and soaked
for 5mninl1lm per strlp of a Tris- based wash
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(triplet), and 24-kDa (diffused) (Figure 13). Wen the
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4. The method of claim 1 or claim 2 wherein the antigen comprises:
amino acids 46 to 480 of S,
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.
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York, U S. A 58 WHAT IS CLAIMED IS: 1. A nethod for
det ecting the presence or absence of antibody to SARS
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Uaﬁ§9g§@(3gﬁpreof follomed by the step of detecting
he conpl eX by contacting the conplex with an
antl-hunan | gA anti body or an anti-human I gM anti body,

ei.n . detection .of the specific binding between
o he THRMRLGH SRt o rdi 7S EiEn S pilaft i Bar e
the sanple contains antibody specific to SARS CoV. 2.
The nmethod of claiml for testing whether a human is
10nf &bt exgthoy ofanhase dledaimsSxip §seitreio USARSI DGO semtrer ei n
t he anti body-containing sanple is fromthe human
bei ng tested, and wherein specific binding between the

1ant The gtiRAG I than DRI tHendhealsasllthad fibhe Ruikmnvhewas
i nfected by or has been %gosed to SARS CoV. 3. The

infeqipdBY 6F haslbaPm PSP 91 SARS 5 0N Br aieRn ¢ Had 4 dpgerpst-infection.

conprises a protein selected fromthe group
consisting of M E, N, U274 and an antigenic fragnent
12heThomethdd of brima O hddref thelsatum ik cotleatédfromz: inlnemeiio was

.the ti gen _conprise ids 46 to. 4 of S,
infae OB aPRooa P sthie SRS 18 VaBHERen? abf 1T daysRostintiigon.
134 to 274 of WU274. 5. The nethod of claim3 wherein

the antigen conprises: N having amno acids 111 to
131 8Th|emethed of olaima i) wdieeedin the s¢Bun isgolquedfroyzitimap, wikhwas

any one of  cl 3 mh h i gen
B P8 e e G A v R £ Fidigh e 320
infb@romof . 59 7. The nethod of any one of clalns | to 6
wherein the protein is fused to a
14.  The method of any one of the preceding claims 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.

15. The method of claim 14 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.
16.  Anisolated antibody directed against an antigenic SARS CoV protein,

wherein the antigenic SARS CoV protein is S, M, E, N or U274 protein or an

antigenic fragment thereof detectable by contacting a complex of the antibody and the
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het er ol ogous protein. 8. The nethod of claim7 wherein
the heterol ogous protein is glutathione S transferase
(GST). 9. The nethod of any one of clainms 1 to 8
wherein the antigen is immobilized. 10. The nethod of
any one of clains 3 to 9 wherein the sanple is serum
amtigenTm%ARﬁtGm‘d podteipl vaiilnal tivmenasi kAt ndibedy gmari anti-human IgM
%ﬁfcted froma human who was infected by or has
Yexposed to SARS CoV, between 2 and 60 days
post-lnfectlon 12. The method of claim 10 wherein
the serumis collected froma human who was infected
1By orlhhastibulyrel eiqonslédfvh%eisﬂrf@n@bwy beliigeied agaian .10, N or
s..post-infegction met hod of claim 10
It?\‘ﬁé#’é&ﬁ” YR E SRV RS ﬁa%mefqt the eoé froma human who was
infected by or has been exposed to SARS CoV, between

and 60 days post infection. 14. The method of any
1§ne dthe epib %g’e?fé‘hiﬂﬁd 6 hsreis therratiapey tsrﬁléreetﬁeﬁ%lﬂst

detegbﬁﬂgmn&ﬁgﬂgq be§ conprises visualizing the
conple y neans of an’enzynme, a coloured dye, a

f | uoNeBD A ardme acidlsdhem 1 18dehgstent nol ecul e, a

nol ecul e cont i Ni i oactive atomor a nol ecule
cont &MRGRFIds ééQ?gﬁﬁfQ?? ‘15. The nethod of claim 14
wherein the enzyne is al kaline phosphat ase or

hor seradi sh peroxi dase, wherein the fluorescent dye is
181 TCThe antimdamif obymdidvhentie thei antibbdy wolireciad egainst

cont i ng a heaw: oi dal gol d conpl ex.
%LP‘@%ﬁ%?%@aﬁﬁtqﬁtgylgﬁ?§§?£8 agai nst an antigenic

SARSHQJQ% M Bldne 270eperan the antigeni c SARS CoV

protein is S, M E, N or U274 protein or an antigenic

fragnent thereof detectable by contacting a conplex of

QQAhe %ri]t Iagtot?%y%?%l):f] '&? gtoclzﬁ[tlts gg@ '15 (RAR% @yt}{%@aﬁ Qtﬁt?t?(ﬁ%

y or an a uman
antlbody 17. The antlbody of claim 16 wherein the
antlbody .S dlrected agai .ns rot.ei.n

2br  arfhganiikpshiiof any g lalFﬁéPé%ﬁg thg 1S°arrlﬁ8n%fi?rrﬂ€%%b08t

claim16 mhereln the anti body is directed agai nst
ami no acids 46 to 480 of S, N having am no acids 111
200 1MScatehetmtipadiage foridnioctadg s plkddncer 27sened oflymribody to

SARS coronavirus (CoV) in a sample, the package comprising

(a) 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 comprising an anti-human IgA antibody or an anti-human IgM antibody.

23. A commercial package for testing whether a human is infected by or has been
exposed to SARS coronavirus (CoV), the package comprising

(a) 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 antigen and an antibody

against the antigen comprising an anti-human IgA antibody or an anti-human IgM
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19. The anti body of claim 17 wherein the antibody is
directed against N having amno acids 111 to 118
del eted, or am no acids 134 to 274 of W274. 20. The
anti body of any one of clains 16 to 19 that is a
pol yclonal antibody. 21. The antjibody of any one of
aptibddys whereiothg gamnétis isargibegyreehtavlg sampieocafd%@ hurpan beng
té@gpercial package for detecting the presence or

énce of antibody to SARS coronavirus (CoV) in a
sanpl e, the package conprising (a) a SARS CoV antigen
conprising a protein selected fromthe group ) )
28onsiTdeipagkage oSclajm 2Eor plaing2¥ srheiginthg antigan Aesyeiseca protein

LA30TIO TSR p R PR3 LRI e e

tigrbdfgen conpri sing an anti-human | gA anti body or an
anti-human 1 gM anti body. 23. A commercial package for
testing whether a human is infected by or has been
Xpo : -
o B i b e ises et n
sel eatrgnb dcidedd toel8§rodSp consisting of S, M E, N,
U274 nd an j nmuno i C nment thereof; and (b)
rrean;Nﬁ%’ﬁn%l?é?’é‘@@?ﬁéqi?&%h‘iﬁr%iﬁﬁg%en the antigen and
an anhjiRPsyds AYabNTY of le7aNt i gen conprising an
anti-human |1 gA anti body or an anti-human IgM 61
anti body, wherein the sanple is an anti body-cont ai ni ng
anpl.e of .the man,peing. tested. 24 The package of
287t s peees p oS 37 Rrekin (e R st S oy 1 c0s o
pr ot & RavigehRtbadidsn1omd N glaen ogonsi sting of M E,
N, U274, and an innunoanic fragment thereof. 25. The
pack agenoicids kidrip 234 6f Ugi4i m 23 wherein the anti gen
conprises: amno acids 46 to 480 of S, N having am no
acids 111 to 118 deleted, or amno acids 134 to 274
20f UZR4 padlGge dheapatk agdaini 2T akrirPde whiggeni contphiees N or
ntigen conprises: N h%¥in9 amno acids 111 to 118
fof 8 mBrnogRoitagr s eset o 274 of W274. 27. The
package of claim 22 or claim23 wherein the antigen

conprises N or . o
28.  The package of any one of claims 22 to 27 wherein the protein is fused to a

heterologous protein.

29.  The package of claim 28 wherein the heterologous protein is glutathione S
transferase (GST).

30. The package of any one of claims 22 to 29 wherein the antigen is
immobilized.

31.  The package of any one of claims 22 to 30 wherein the sample is serum.
32.  The package of claim 31 wherein the serum is collected from a human who

was infected by or has been exposed to SARS CoV, between 2 and 60 days post-

infection.
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U274 or an immunogeni c fragnment thereof. 28. The
package of any one of clains 22 to 27 wherein the
protein is fused to a heterologous protein. 29. The
package of claim 28 wherein the heterol ogous protein
is glutathione S transferase (GST). 30. The package
of any one of clains 22 to 29 wherein the antigen is

;’: o Bg'lhu;%éc ge ofl %la;rn;] 7) grléﬂgt%e gél u%nig g]ée%te%hfr(ﬁjn %llﬁﬁqaﬁ%vlp

e sanp €15 38Fu

wak @i Bt bWOERBI el BEposed WSARS @@Ivl betieen P radl & dblymm-
who was I nfected by or has been exposed to SARS CoV,

ife¢tigen 2 and 60 days post- infection. 62 33. The
package of claim 32 wherein the serumis collected
froma human who was infected by or has been exposed
340 SARSp&ERMdge bEtlweed2 Fharth th setaysis polddeied findre athiuoran who

34. The package of claim3 j the
“@émfe%t%g Y PF %@e%me%ﬁA%§0§mgeW% @911@?‘5 ﬁ% post-
uH@ exposed to SARS CoV, between 16 and 60 days post -

ectlon 35. The package of any one of clains 26 to
34 wherein the nmeans for detecting the conplex

further conprises a v al ted.f .
3he. ol oRa et gry A o R g TSR Ble HieB roy e
tifd déﬂﬁﬁé@ﬁl?ﬂleldéb‘?npxﬁ,eé:@eﬁhéﬂimgﬁﬁ%ﬁ REletfed 6l Be gfdup consisting

nol ecul e containing a radi oacti ve atom and a nol ecul e

of antwiynieny C@th@é\dye,r?eﬂlaireSC% dyFreechsat kiagecseent ardpnlas
sl Gtelfing A7 agtiZe Mol B RRT e PR R e ey metal
FI TC or rhodani ne, and wherein the nol ecul e

nt h t al [loid | d
G A ThsadleOf VD BSOTSGER HE G088 MALDIe ZHCUREBAGH!
llései%lsﬁpeMxﬁfas%élm ﬂugi)e c t g@ngITbr@ 1%“91% and

conprising contfacting an anti irected agal nst a
wheadeihs mdedvbetmdhihing mhchey JgeuaUp coboidilsgdlagomples, M

E, N and U274, with an antigen- containing sanple, for
a tinme and under conditions sufficient for the

S?nt | DOl JrQleftif G FRIsEXcoWrlabscBe 8M8,iMIER, Mok LM S ARS
by the step of detecting the conplex b contactlng

CoNeproteip lexmeihoh cemprasing cdneabing g Ant slixggted pgainst a protein
sgected 'H‘Ol%atﬂe gl%up 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 followed by the step of detecting the complex by
contacting the complex with an anti-human IgA antibody or an anti-human IgM
antibody; and wherein detection of the specific binding between the antibody and the
antigen complex indicates that the sample contains an antigen that comprises S, M, E,

N, U274 or an immunogenic fragment thereof.

38. A method of detecting the presence or absence of M, E, N or U274 SARS
CoV protein, the method comprising contacting an antibody directed against a protein
selected from the group consisting of 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 followed by the step of detecting the complex by contacting the
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anti body; and wherein detection of the specific
bi ndi ng between the anti body and the antigen conpl ex
i ndicates that the sanple contains an antigen that
conprises S, M E, N, U274 or an inmunogenic fragnment
thereof. 38. A nethod of detecting the presence or
caiplen e thomn emn lmmay IgA appibadigaRe anggymndel] aptibpfy and
t ho n t
RGP oS OE B PRk oy 88 e,
c@ﬁapl\v.fk ilfelicbsamst thi Tpluicshaianammitiggenha ooinarisesng, E, N, U274
sanple, for a time and under conditions sufficient for
of pelBMENeEsaiF fFagnredt theeokonpl ex with an anti gen
foll owed by the step of detecting the conpl ex by
contacting the 63 conplex with an anti-human | gA
3ant i bgymethodof antdnelinaims ffMiait ihboidy, Westdn imhemeblot,
detection of the sp eC|f c binding between the anti body
Eh bt 1 @t n EL-Gth OF PR 0F"r§8‘?”<98?%§yt hat the sanple
contains an antigen that conprises M E, N, U274 or
an i nmunogeni ¢ fragnent thereof. 39. The nethod of an
46ne dFheahethodoBhyome38 ctahm 37 3 wegtierthe staprohaticasing the
ELI SA, capture [.SA,or uorescence assa
CB PO S SRR TS e ) SS GGG aHopRa dver 2
ﬂ%ﬁ:@ce‘ﬁf d ta%ﬁémnﬁnmaa:en@ﬂmkﬁé £ABRCHISRBnidinsned fedidagtive
the conpl e nmeans of an enzyne, a col oured dye, a
afwmm@m@@nvle@y@tallwlg:m@ﬁw @descent nol ecul e, a
nol ecul e containing a radi oactive atomor a nolecul e
containing a heavy netal. 41. The nethod of claim40
4nher el hétBodbZolam 4G whkilchl thaenphasip h&tahﬁ@plﬁﬁphatase or

hor ser adi sh_ per oxi dase, wherein the f ore nt dye.is
hesyiadish PRIREiERS nderea e fqessesn dypis b r}%ﬁ amine, and

\Aglgfguﬂh@'n&gec%l@&ﬁl\fé{nﬂgtaq}eavysmétapﬁ| al 18Rk @ﬂa dompRR! ex.
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