DI AGNOSTI C METHODS BACKGROUND OF THE | NVENTION 5 FI ELD OF THE | NVENTI ON
The present invention relates generally to a method of detecting exposure
of a subject such as an animal and in particular a mammal and even nore
particularly a human to a coronavirus or imrunol ogical relative thereof.
More particularly, the present invention 10 relates to screening of a

bi ol ogi cal sanple taken from a j | including a human
for the presence of binding palﬁﬁ§¢§&ésﬁﬂg?Baiaﬁﬂggﬁsgrived conmponents in
order to determine if the subject is infected with or has been exposed to a
coronavirus or inmmunol ogical relative thereof. The present invention
further proviBik€ KGROUIND OKTHEINVIENTIONCt i on of a present or prior
exposure of a subject to a 15 coronavirus or imunol ogical relative
thereof. The ability to rapidly diagnose the presence of a coronavirus or
its rel ats veysIErRIOFEFHRINVENTION veterinary intervention and treatnent at
an early stage to prevent or reduce the risk of spread of infection.
DESCRI PTI ON OF THE PRI OR ART 20 Bi bli ographic details of the publications
referred to iThe phdsentSiBe&itioh Galalcd e8It ® m&d SLARELtRl dxpBsRPdf afsubjfaet
description. Reference to any prior art in this specification is not,” and
shoul d not beéuchzsem amalrand2s padicnbnk eergemelndeven myore periicolarly adyesan; torn

that this prij 1 far art.o e 0 ener.al ; knowl edge in a
conntry.  ThetonRibus iR RBlokical iy SAETR BidtE BEf el e ol i filioag
i n Chi na10 HongateKengeredrithyvan o Kialvgital sathgle akerafiemSh REBREN Suchest 4 @ndnir@al
di scovery of_ a novel 30 coronavirus (Co which was identified as the

probabl e caulstiding fgdmmans fosaths prsence sobtbinding |paveets 96 1coramwiugdomyed

2t N Engt SR bt shBEje deind R Rt s (R R Rt bR o o
cause up to &itopeinenir infhmmological pslativeotistey (. tTIRYprogsht hdvedtiyn B@tier provides

associ at ed ag. causi ng di.seases of the |ower respiratory tract. )
1agnostic Kits for the detection of a present or prior exposure of a subject to a

15 coronavirus or immunological relative thereof. The ability to rapidly diagnose the
presence of a coronavirus or its relatives enables medical or veterinary intervention and

treatment at an early stage to prevent or reduce the risk of spread of infection.

‘ DESCRIPTION OF THE PRIOR ART
20
Bibliographic details of the publications referred to in this specification are also

collected at the end of the description.

Reference to any prior art in this specification is not, and should not be taken as an
25  acknowledgement or any form of suggestion that this prior art forms part of the

common general knowledge in any country.

The recent outbreaks of severe acute respiratory syndrome (SARS) in China, Hong
Kong, Taiwan, Canada, Vietnam and Singapore led to the discovery of a novel
30  coronavirus (CoV) which was identified as the probable causative agent of SARS
(Peiris et al., Lancet 361: 1319-1325, 2003; Ksiazek et al,, N Engl J Med 15:348(20):
1953-66, 2003; Drosten et al, N Engl J Med 15;348(20): 1967-76, 2003). Although
human coronaviruses cause up to 30 percent of colds, previously they had rarely been

associated as causing diseases of the lower respiratory tract.



-2 It was al so previously thought that coronaviruses only caused di sease
I n one host species, however, the energence of SARS | ead scientists to
specul ate that either the SARS-associated CoV could have arisen as a

mut ant of a human coronavirus that acquired new virul ence factors, as a
mut ant of an animal coronavirus that can infect 5 human cells, or as a
reconbi nant of two human coronaviruses or2a human coronavirus and an

ani mal coronavirus. Studies to determ ne the evolution of SARS denonstrate
that anti bodies to the SARS-associ ated CoV were found in serum sanpl es

obtained fr ken ' ' ] : N

serum sanpl eg[ g%tl?(iasg ﬁ%ﬁaggpt@6@@@4%%@8%@@&3%{6&@%?%%?% ?uagéé;'ﬁtﬁ gd
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coronavirus nor a reconbl hant of known coronaviruses. Taken toget her,_ t hese
fi ndi ngs Sugbestedelishat ag heccBARBaas o0 bvahedaCodonsviaisgr @va bushy corvadayvs

bl Tity Lo ) Hibek OO SHEC HORgPyts 438 POIHRENCL RAF OO es,

such as the gV abddiesCRUERE DR Associ@ eblVewtR folh&Gh sBARBSmPRS oBfined

rapidly spread across the world, there is a heightened awareness of a need
for the rapi 8onenasicnisatit SARS dinting osnviatesernce butsnofiin bumar serab|semples bgnked

qui ckly and easily,d I the presepce of a coraonayir ri n i.cal
Yol ativea o Rapsif SRS oipGal oS hifiel cubefRl IR fie iR Sras R GRRaFR
several {Even&e tb HamehiPbafifatRAl FORh&SSudbasibweaasibt @8 nutiBdti @ Hques®ars,
whi ch detect specific sequences of the SARS CoV RNA genone 25 have been

devel oped f ofheubAaRnswiciatndoSeV wepewe diffired substantielly fost ssaeridsa oEalldaenys,
they are very r%ﬁélﬁ%utsés‘,’% %Qﬁﬁ Ao %hteoéXR§-ta$§%'cﬁ%ed‘é¥€ WA SALed hidh: §O5Y, are
able to ideRtl y "Very s cogpy nuUnbers of the viral genonme present 1n-the

bi ol ogi cal skgte corohidnisderla gkombiaht sPletdwre Borofavwiitises) TaRerd edgetier,SARS CoV
genone is respiratory secretigns, either in_the formaof throat swabs or
nasophar yngeHndingpsuegesed thagthe péyR S-associated CoV 1s a previously unknown coronavirus,

15  probably from a non-human host, that somehow acquired an ability to infect humans.

With the emergingr realization that new viruses, such as the CoV Wlﬁch caused SARS,
are able to infect humans and be rapidly spread across the world, there is a heightened
awareness of a need for the rapid development of diagnostic methods which are able to
20  quickly and easily detect the presence of a coronavirus or immunological relatives

thereof in an infected subject.

Since the outbreak of SARS, several reverse transcriptase-polymerase chain reaction

. (RT-PCR) assays, which detect specific sequences of the SARS CoV RNA genome

25  have been developed for use in diagnostic protocols. As with most PCR based assays,
they are very sensitive and laboratory studies have indicated that they are able to
identify very low copy numbers of the viral genome present in the biological sample.

The ideal clinical specimen in which to detect SARS CoV genome is respiratory
srecretions, either in the form of throat swabs or nasopharyngeal aspirates. However,

30 procedures to collect such specimens often induce coughing leaving healthcare workers
at risk of being infected with CoV and acquiring SARS from their patients. In addition,

such assays require technologically sophisticated and cumbersome machinery.



30 procedures to collect such specinmens often induce coughing | eaving
heal t hcare workers at risk of being infected with CoV and acquiring SARS
fromtheir patients. In addition, such assays require technologically
sophi sticated and cunbersone machinery. 3 Alternative diagnostic assays
for CoV and SARS are, therefore, needed. Serological detection procedures
have the potential to play a role in clinBecal diagnosis to confirmor

excl ude the diagnosis of SARS-associated CoV. 5 SUWARY OF THE | NVENTI ON
Thr oughout the specification, unless the context requires otherw se, the

word " Conprir§e: g Laf.l S n§ Y4 " & ONRELS | loei! |
be understooé‘ﬁt't%gnatlgérpd;{a%ﬁ%ﬁ% %ﬁ%fsufséﬂ%&ifmg stasf ?é%éet %rémfgrﬁ% ormlxirsit egehr)glgérll
group of el edevttonosrocadnagdiase thetpotdhtiabto glinea eole inuslimeal aliagmoyis 6t benfirml enent

or integer or group of elenments _or integers. The present invention is
predicted i ne’ﬁgﬁ“?e@ﬁd%i‘gﬂ%%oﬁqm%?éﬁoﬁﬁte% fﬁ%\% cost, rapid and straight
forward assay to determ ne present or prior exposure to SARS-associ ated
CoV. |In accordance with the present invention, subjects including ani mals,

such as I[fl\ﬂﬁfﬁ i miﬁq{@ s are screened for the presence
of bi ndi %mggr ners oiggi/ corrponenlﬁ?.ime preferred binding partners are
subj ect-derived binding partners such as, but not limted to,

i mmunoi nteragfive, nol ecul es...The nos referred i munointeractiv

ol ecul o5 ar dNERRA s SOEIFEAOn: ity (it CEFS! AU SPRERP: (B8 B¥iat e
bi ndi ng ol esulesise AN afbnsPsue Gls OlcbmBRbE” R BGHp S iR O TR IO LRI SIdG 20
same (e.g. RNAI) or ‘any other subject-derived nol ecul e, which bind

speci fi cal | yimplyahe @olnsiberéfiestated rabome or imteger iod gravipf ¢icelements of itegsrs but

bi ndi ng rtners is.then used_as . evidence of prese or _prior. exposure of
= Sub ool ColSt e RGP T GHER slohieel ST fefonr el Rholh b e
contenplates a nethod for detecting 25 exposure of a subject to a

coronavirus or inmunol ogical relative thereof, said method conprisjng the
steps of : (aYheprasenttinventiontis prestictedlin satene heedriptdeuelontsy ot cqiittiapig and

component  derli¥RGeiad'alds & QL@RANe pHRof or b BRI AR RS ARS Aot Redd PO
In accordance with the present invention, subjects including animals, such as mammals
15  and in particular humans are screened for the presence of binding partners of CoV
components. The preferred binding partners are subject-derived binding partners such
as, but not limited to, immunointeractive molecules. The most preferred
immuﬁointeractive molecules are antibodies. Other binding partners include T-cell
associated binding molecules (TABMS) or a nucleic acid molecule complex comprising
20 same {e.g. RNAi) or any other subject-derived molecule, which bind specifically to a
CoV-derived component. The identification of such binding partners is then used as

evidence of presentAor prior exposure of a subject CoV.

Accordingly, one aspect of the present invenﬁon contemplates a method for detecting

25  exposure of a subject to a coronavirus or immunological relative thereof, said method
cbmprising the steps of: |

(a)  contacting a biological sample from the subject with a component

derived from the coronavirus or immunological relative thereof for a time and under

conditions sufficient to facilitate the formation of a complex between the component

30  and a subject-derived binding partner of the component contained within the biological

sample; and



conditions sufficient to facilitate the formati on of a conpl ex between the
conponent 30 and a subject-derived binding partner of the conponent
contained within the biological sanple; and -4- (b) determ ning the
presence of the conplex, wherein the presence of the conplex is indicative
of exposure of the subject to a coronavirus or immnol ogical relative
thereof. 5 As indicated above, the preferded subject-derived binding
partner is an anti body or other imrunointeractive nolecule. Consequently,
anot her aspect of the present invention provi des a nethod for detecting

exposure of a subpgct Ofy i

said nethod 10 cgﬁprl Esl‘%n‘g‘“f‘ﬁ{é résléﬁ Btih-&p%g}gt‘?ﬁ%mae%éﬂ%%ﬁg sarrpl e
from the subpenplesiis mchcactm&pﬁhe@bsurd&m thedutﬁjeanuot heomatoingey or ilsmanological

i mrunol ogi cal relative thereof for a time and under conditions sufficient
to facilitatEl3He hEpefati on of a conpl ex between the conponent and subj ect
derived i mmunoi nteractive nol ecul e contained wthin the biological 15
sanple; and (b) determ ning the presence of the conplex, wherein the
presence ®f Ahdndicaapibtexe) the iprafercat subgecblcrivep binding pirtrich & sudytibody 6mother
coronavirus or_imunol Q |cahFé {el ative thereof. 20 Reference to "steps" is
not to be t aKEHYIHNSHAIIERMONY Sor der and the "steps" may in fact occur
concurrently. In another aspect, the present invention provides kits for

the detection of a coronavirus or inmmunol ggical relative thereof, wherein
the kits contanisquemly( anotherssped of ypresent (HWHHO% SFyeirsra mathod\ ek deteeigor a

total or par E}Qﬁgur%)i)tfr a:ffbe)é?:ft tcf aGOFRNGNLS bismﬁ{lundl@ﬁl%f%ﬂb& ﬁeréo?l &lid ¥ithod

t hereof, (c) d@n i ncuba ate conprisin
10 comprising the steps of

(a)  contacting a biological sample from the subject Witﬁ a component
derived from the coronavirus or immunological relative thereof for a time and under
conditions sufficient to facilitate the formation of a complex between the component
and subject derived immunointeractive molecule contained within the biological

15 sample; and
| (b) defermining the presence of the complex, wherein the presence of the
complex is indicative of exposure of the subject to a coronavirus or immunological

relative thereof,

20  Reference to “steps” is not to be taken in any defined order and the “steps” may in fact

occur concurrently.

In another aspect, the present invention provides kits for the detection of a coronavirus
or immunological relative thereof, wherein the kits contain;
25 | (a)  asolid support;
(b)  acomponent derived from or a total or partial extract of a coronavirus or
immundlogical relative thereof,
(c)  anincubation plate comprising at least 1 well;
(d)  blocking buffer;
30 (e) .= washing buffer;



(d) blocking buffer; 30 (e) washing buffer; -5- (f) at |east one binding
partner such as an i mrunoi nteractive nol ecul e conjugated to a reporter
nol ecul e capabl e of providing a detectable signal; and optionally (Q)
instructions for using the kit. 5 The nethod and kit of the present
invention allow for the detection and di agnosis of a coronavirus or

i mmunol ogi cal relative thereof. In a pretgrred aspect, the coronavirus
detected by the nethod and kit of the present invention include

coronavi ruses or i mrunol ogical relatives thereof which cause synptons

associated with agl) andaik}%m{ ?ﬁ%)ﬁé‘%p‘?éi’g‘%’%&c&ﬁhns e% 8{%131.{ AT W1 olT n{%'ieech r r ed

aspect, the netho venti on exposure

CoV whi ch caustegatedRto 0df 180Tk OfiBleasls Ocipable dofMpkdvidibARS. deTé@&bﬂ‘ﬁBtsfgfmdl a:mﬂi k| t
of the present invention enables rapid and relatively inexpensive 15
det ecti on of oBtpMaBy ot her coronaviruses in individual subjects or

popul ati ons of @j echﬁtggﬁ&g fbﬂhsﬁ@rtgeﬁt?abl es isolation procedures to be

i npl enent ed qui ck rol spr further infection to other
subjects.5Early detection further enables early therapeutic intervention.
20 Wiilst CoV.is a termused to refer to, the SARS—ﬁSSOClated ﬁ%ronaV|rus in

humans, the B¢ 8sdnd andighel t nr%seaﬁo@wﬁrgm lopp I deterfiprcandoHagAsiida i n
any subj ect b&ﬁh%@%ﬂﬁﬂnmmf%@@ ﬂgé &eré@”ﬂ?‘hjﬂ@ﬂﬂe@ %ﬂ@%bfo%m'fl&ymn
erre nce WI

subj ects, however, are nost I'n accor e present
i nvention. 26etBthEF5yI]T1‘6CRIe‘EPIﬁHQﬁdO€1tTHEﬂEI (RIS 1BV gtion mclm;letmomarhgesl o of
both SARS CoV | asitive,and tive sera u5| ng the DB-ElA protqcol. 30

Froure o i HpBmiBeEet veSulis) yerear optih Eune ekt aeprceied wih & J6%er

10  respiratory tract infection. In a most preferred aspect, the method and kit of the present
invention, detect exposure to a CoV which causes SARS or symptoms associated with

SARS.

The method and kit of the present invention enables rapid and relatively inexpensive
16 detection of CoV or other coronaviruses in individual subjects or populations of
subjects which in furn enables isolation procedures to be implemented quickly to
control spread of further infection to other subjects. Early detection further enables

early therapeutic intervention.
20  Whilst CoV is a term used to refer to the SARS-associated coronavirus in humans, the
present invention is applicable to detecting coronaviruses in any subject including non-

human animals, mammals and avian species. Human subjects, however, are most

preferred in accordance with the present invention.
25 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is the analysis of both SARS CoV IgG positive and negative sera using the
DB-EIA protocol.

30 Figure 2 is a comparative analysis of DB-EIA, IFA and ELISA.



-6- Figure 3 is the result of 10 pairs of serum sanples from SARS confirnmed
cases and their conparisons with IFA and ELI SA. Figure 4 is a graphical
representation of the conparison of sensitivities between DB- 5 EIA ELISA
and | FA. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is
predi cated, in part, on the identification of a method for 10 detecting
present or prior exposure of a subject toga coronavirus or inmunol ogical
rel ative thereof More particularly, the invention relates to serol ogical
anal ysis of a biological sanple froma subject in order to determ ne the
resence of g.hj ndi e i fd LBGId 0 Rat &j%gp nt
8eri ved fromﬁ‘aﬂ gg?‘go{r%gt\l}??%%ﬂogrf %@Bﬁﬁ%nérfﬁno og;?’%gfeg r%qﬂé% %é%lg?%lg? . eﬁ{ae
met hod of t héheif@agfatisérizwad IFdnaddsEIUSAf ul for 15 detecting exposure to a
coronavirus or inmmnol ogical relative thereof which causes synptons
associated wth ower respiratory tract infections. In a preferred aspect,

the nethod r - i on: i a
pr or exposuf U 8 EERRhich RERCPRGRAR L E Sol i, SReRbin Rt BEStkn 113
associ at esl WELA, HARA. arnddFAccor di ngly, one aspect of the present invention
contenplates a nethod for detecting exposure of a subject to a coronavirus
or imunol ogical relative thereof, said nmethod conprising the steps of:

(a) contacti i i e e j i a conponent
derived fronﬁiﬁ&%ﬁgbﬁgﬁﬁm&ﬁﬁ@mr%ﬁher eof for a tine
and under 25 conditions sufficient to facilitate the formation of a

conpl ex between the conponent and a subject-derived binding partner of the
conponent comhaigiednividvehtiod e pRiddaedl Galparts BMPIHL; ideniidaibn st £ midthodgoit he
presence of the conplex, wherein the presence of the conplex is indicative
of exposift e détecting Bishyndctr nriprexporwRRfi ¥ subjert tonangpromavrEapr immupelpgical;e
thereof. -7

" relative thereof. More particularly, the invention relates to serological analysis of a
biological sample from a subject in order to determine the presence of a binding partner
specific and discriminatory for a component derived from a coronavirus or an
immunological relative thereof. The method of the present invention is useful for

15  detecting exposure to a coronavirus or immunological relative thereof which causes

symptoms associated with lower respiratory tract infections. In a preferred aspect, the

method of the present invention enables detection of a present or a prior exposure of a

subject to a CoV which causes SARS or symptoms associated with SARS.

20 Accordingly, one aspect of the present invention contemplates a method for detecting
exposure of a subject to a coronavirus or immunological relative thereof, said method
conﬁprising the steps of:

(a) contacting a biological sample from the subject with a component
derived from the coronavirus or immunological relative thereof for a time and under

25 conditions sufficient to facilitate the formation of a complex between the component
and a subject-derived binding partner of the component contained within the biological
sample; and

(b)  determining the presence of the complex, wherein the presence of the
complex is indicative of exposure of the subject to a coronavirus or immunological

30 relative thereof.



In a preferred enbodi nent the binding partner is an interactive nol ecul e
such as an antibody, TABM or nucleic acid based nol ecul e such as RNAI .

Most preferably, however, the binding partner is an imunointeractive

nol ecule. In a particularly preferred enbodi nent, the inmunointeractive
nol ecul e is an anti body. 5 Accordingly, another aspect of the present
invention is a nmethod for detecting exposgre of a subject to a coronavirus
or i mrunol ogi cal relative thereof, said nmethod conprising the steps of:
(a) contacting a biological sanple fromthe subject wth a conponent 10

derived fro AL I 0gj . f tj.me
and under %gﬁ}r&gﬁgﬁgﬁﬁ) ?lglllegl'riltﬂll %Tg?ﬁ? %& ﬁr@g{ ég ?’L?t r\é(r?tﬁ‘%ﬁ% OE%IT‘3 é;{c%gdrsrp ex
between the enitpdpeTABMNG Audddibjaet baked i meleuloTsudioias tRANALL |Mestnpde&<raljle,
cont ai ned wi th n the b| ol ogical sanple; and n&b) determ njng the pre ce
of the conpl 8RViEeths RindHig ﬁ?‘é‘?@n’éembﬂmﬂiﬂ@m efagitygpmelecle. i1p gt Part
exposure. of bRferinficiith hine ShAAAMIHTHOE nlolIUROL AFhfifllody! ! al | ve her eof
In describing or claimng the present Inventlon o%nng t er ni nol ogy
is used ifh accordance to the definitions set forth below 20 It is to be

under st ood t nl ess ot herwi se .indi cated, the su nv nt| on i s not
limted to Hifrﬁg £BPY |%P‘?‘6H§ﬂ“t?rpl’8%ﬁ%8?{8%“§l lwh?fﬁ%qu HrGHRR FHRATE o r

the Iike, angs §§ub§é{§lﬂo a@@ﬁbnﬂﬁfﬂé ot Lbrrduo R gﬁﬂl R thiEeT ﬁ@%tﬁ&ﬁaéon{ﬂ?ﬁmg

term nol ogy used herein Is for the purpoSe of describing particular
enbodi nment s tlnISyEpanﬂ is not intended to be I|mt| ng. 25 It nust be noted

that, as used in he subj,e cification e si.ngul.ar for "a", "an",
and 't her T nel udelt ur StRIpECE Ditielak sEiec B Sk P & SpinenER

ot her wi sy TﬂéﬁSwedf@cFm tﬁé@aﬂahevxrdse&elhﬁﬁ%wgicﬁrfeiahmdftfef aGihy endmhegul e”
includes a single immunointeractive nolecule, as well as two or nore

i mMmunoi nt er ackiditongnézaiemgo facilitate the formation of a complex between the component

and a subject derived-immunointeractive molecule contained within the biological
sample; and |

(b)  determining the presence of the complex, wherein the presence of the

15 complex is indicative of exposure of the subject to a coronavirus or nnmunologlcal

relative thereof,

In describing or claiming the present invention, the following terminology is used in

accordance to the definitions set forth below.

20
1t is to be understood that unless otherwise indicated, the subject invention is not limited
to specific formulations of components, manufacturing methods or the like, and as such
may vary. It is also to be understood that the terminology used herein is for the purpose
of describing particular embodiments only and is not intended to be limiting.

25

(1990 I 11

It must be noted that, as used in the subject specification, the singular forms “a”, “an”,
and “the” include plural aspects unless the context clearly dictates otherwise. Thus, for
example, reference to an “immunointeractive molecule” includes a single
immunointeractive molecule, as well as two or more immunointeractive molecules;
30  reference to a “coronavirus” includes a single coronavirus or two or more COronaviruses

or species of coronaviruses, and so forth.



30 reference to a "coronavirus" includes a single coronavirus or two or
nore coronavi ruses or species of coronaviruses, and so forth. -8- A
coronavirus is defined as a group of RNA ani mal viruses consisting of

envel oped particles 80-120 nun long, with helical capsids. These viruses
are nanmed for their corona-like (halo) appearance in electron m crographs.
The corona or halo is due to an array of-8surface projections on the viral
envel ope, one of which is the E2 gl ycoprotein, 5 the viral attachnent
protein and target of neutralizing antibodies. Coronaviruses are second
only to rhinqyi f . ks i

opi thel i al ooy POSREAnEe HoRRPS, 9 rbilf of AR AnSl il SHRRKEN L ilbbed
to the opti rrpmticg:sow I2G enpésrey, uvih diclitdd ecapsidsl SThesbivdiuses aB3 ntined 6 their
Coronavi rus parti es h ve been seen in e]ectron nlcrographﬁ of, the stool s

of children SAWNAd PCHPBGS WeHCokiog migr F-oElft €QTPR3 QT halgjpdus to %h
associ ation '

“nfect a var?‘é%“’@%%‘ﬁ%*%e LBEARES o e OFMTyIREE oRE DY Slhich EORO R LISePRYCin, o
i's not kn@wn iheasimiaat;achmmtoprolm gnoviergenot ubutmﬂmmgT:hmbodree Enmnmvmtse&:a:cese

inter alia: 15 respirat i.nfections; gﬁ;(erlcmfectlo

possi bl y neuf#o8d; @iy tgy RQYIRYSSS #5 h SSEt ¥ sy caBregoPYd ﬁqr%‘?ﬁﬁrfl%tl’&g’{]‘t

secretions, gﬁﬁ‘(@h‘ﬁl @e@l@%ﬁﬁ%eﬁﬁn??odaﬁf&l‘ ﬁlztﬁéjuf)ﬂbr ré’s@uﬁﬂ%}} fakd wiR of the BE
respiratory tract, but there is no adequate ani mal nodel for the uman

respiratory emvch amnparsta& ofGhe mrualvlrl;ach 12013 to Bﬁ%((ht@@mnamqmtwlem had¢ been
self-limted disease (classica ol d' o set sto be
rare neur ol off¥al” © F’é‘ng‘@Bés Ogﬁh"rﬁt@f" ‘"é'“ldf“-}’i’ea’ﬁ ég@Fﬁ Qﬂnal?
directedgo gé‘sln%%ﬁﬂeﬂﬂs Wf @n LisoeAHBR %Xéhrtﬂés@%hs%&'s%g ha@ﬁeéﬁﬁén%ﬁé@ﬁﬂ at ed

coronaviruseS and in particular CoV which infect humans. Exanpl es of
particul ar CoV strai ns i ncl ude HCoV-229E, HCoV- OC43 and SARS- CoV. Clher

cor onavi ruse%o%o%%%&u es mie dt Qe\;a%lepy op G Udealér GEX b:rdROf‘Vé eﬁgg 1’1u1n|1)er 0 uman
isolates is not known, as many cannot be grown in culture. They are known to cause
inter alia:
15 s respiratory infections;
e enteric infections; and

¢ and possibly neurological syndromes.

Transmitted by aerosols of respiratory secretions, growth appears to be localized in
20  epithelium of upper respiratory tract, but there is no adequate animal model for the
human respiratory coronaviruses. Clinically, most infections cause a mild, self-limited
disease (classical ‘cold” or upset stomach), but there may be rare neurological

complications.

25  Therefore, the present invention is directed to detecting exposure to coronaviruses such
as SARS-associated coronaviruses and in particular CoV which infect humans.
Examples of particular CoV strains include HCoV-229E, HCoV-0C43 and SARS-CoV.
Other coronaviruses contemplated herein include TGEV, PRCoV, PEDV, HEV, all of
which infect pigs, FIPV, FcoV, both of which infect cats, CcoV, which infects dogs,

30 RcoV, which infects rats, MHV, which infects mice, BcoV, which infects cattle and
IBV and TcoV, which infect chickens and turkeys, respectively.



whi ch infect pigs, FIPV, FcoV, both of which infect cats, CcoV, which

i nfects dogs, 30 RcoV, which infects rats, MHV, which infects mce, BcoV,
which infects cattle and |BV and TcoV, which infect chickens and turkeys,
respectively. -9- In a related aspect, the nethod of the present invention
is able to detect exposure to immunol ogical relatives of a coronavirus. As
used herein an "immunol ogi cal relative" _9s defined as any virus which
carries an antigenic epitope which cross-reacts with an antibody directed
to a coronavirus conponent or which elicits an inmunol ogical 5 response
whi ch cross-te r r f
the present Plngg%l tlcgllr%lg ﬁb r?g’l %lg Iﬁaﬁ%/d ?ﬁieo?ljegeﬂﬁ%%veﬂ%%ggr gﬂg\% (fe{é%t %g'g{ogﬁ%stgof
an ani mal comemnandlogisal relativey o5 sorohatiruBaXe used B&Bnﬂ&iﬁ“xhﬁmﬁloldg@m idlhtivad”i on
of two human, coronaviruses or a human coronavirus and an ani nmal 10
coronavi rus Brdedieth a ABY FifumaTIel caryies an ARHSSEC BpItonsi Waich £FRFSHpRcts Wit an
coronavi rus a h e peci r..t Q. e

i nfection of ﬁmdﬁhhﬁ%g@ ﬁl%hg ﬁé&ﬁ%l#ﬁ g%%ogﬁfgﬁ e?%%#§émb”m énﬁéfﬁod
of the praesent-:pomwezﬂiidhcuﬁossnehmdmtﬁmo&mmmso hybri ds of ani mal or avian
and humans viruses which have arisen due to the reconbination of a
coronavirus or coronaviruses and another class of virus. O her 15 viruses
i ncl ude, but

Sl gl e- st T andi SRRl 8 hpihod Ut e pRERIRGS R BtTants of o human

si ngl e- st r anctednaRitas, vinntamesof aganbhe -etomaey dNAnwes dise havé erisen due to a

si ngl e- st randed ég*A retroviruses, human inmunodefi cienc V|rus \?
human papi | | SRMERAIRN offwpchumah Foropavisises pha Rt CopmpYEs aik TE%‘
virus, tfie ERabavkhs BSevddted b Ro W T oh MRinGN1G8R AR bV Eah Solniifus 2
snallpox virus, the rabies virus, the herpes viruses, the sendal virus, the
respiratory whr;ch ds itweh ovogsed thet slpemesz hmnyboomablma&:cumm ef hmaalhses‘\ddltramsk}}s,

herein. a » origRogreae e b e stogn B gl EREE i ratieatns a
25 subj ect - digpirdg dofPhid1Ver Rivh& BEd RRAMIAS! vitksed WRICANRMie! UiSisdh0 BRONSNihe

Preferably, the Dbiological sanple conprises inmunointeractive nolecules
speci fic or Wrembinatieraodray cofonavirus or coronaviruses and another class of virus. Other

15 viruses include, but are not limited to, double-stranded DNA viruses, single-stranded
DNA viruses, (+) single-stranded RNA viruses, (-) single-stranded RNA viruses,
double-stranded DNA viruses, (+) single-stranded RNA retroviruses, human
immunodeficiency virus (HIV), the human papilloma virus, Epstein-Barr virus, the polio
virus, the rabies virus, the Ebola virus, the influenza virus, the encephalitis virus,

20 smallpox virus, the rabies virus, the herpes viruses, the sendai virus, the respiratory
syncytial virus, fhe othromyxoviruses, the measles viruses, the vesicular stomatitis

virus, visna virus and cytomegalovirus.

As used herein, a “biological sample” is any sample from a subject which contains a
25  subject-derived putative binding partner or a coronavirus component. Preferably, the
biological sample comprises immunointeractive molecules specific or discriminatory of
a coronavirus component. A biological sample may be obtained therefore from any
source of material which contains immune material. Preferably, the biological sample
used in the method of the present invention is derived from human subject although the

30  present invention extends to screening a range of non-human subjects.

~ Reference to a “subject” should be understood as a reference to a human or non-human



a coronavirus conponent. A biological sanple nay be obtained therefore from
any source of material which contains inmmune nmaterial. Preferably, the

bi ol ogi cal sanple wused in the nethod of the present invention is derived
from human subj ect although the 30 present invention extends to screening
a range of non-human subjects. Reference to a "subject” should be
understood as a reference to a human or npp- human -10- ani nal or avi an

speci es. Non-human subj ects contenpl ated by the present invention include
non- human pri nmat es, Iivestocks (e.g. sheep, pigs, cows, horses, goats,

donkeys) . | abogay %'iyav% ofes. (ﬁoﬁ hm?i'aﬁ %ubjgétgscoﬁ € pl%té‘(? %gttfle rr(?steﬁ élg' &f - ed

pi gs), donmestic conpani n ani ma 0gs, ca

animals (e. gmcimee&on-ﬁukﬁﬁg@ﬁm@tﬁs, tiesgeks) , (g pilicps ps, fdom }Aysea,n gBMeCi es
i ncl ude any blrd . g. chicken, eese, ducks and_ot her poultry bi rds,  ganme
birds, enus, e%lf%'ﬁ)e F?%@yatorb’t A RLA gb@l%aév@&e@@aabﬂoﬁatraﬁhgms%p@& damesticnp| e

Ty be any SeBbig JRLGK| e d! XG0, (RN NI Blcq ThbR PELUGSRS
such as t#5 Sskm@ftﬂbsbddggoéd)umjﬂﬂf(sfﬁlf figix afpia dpleapwndmm?mﬁrds(mg] dscken,

| ynphoi d speci e bl ood fluid, spu um | rat ory i ncl udi ng nasal
fluid, fecesgﬁseﬁ}s"&h%mda‘Pth%@B’g‘EW@% gameP % cBfS)are introduced into

t he body of the subject and subsequently renoved, such as, for exanple,
the saline solution extracted fromthe lung followng a |ung | avage or
from the col &nshoold bwi nmgemtpodnibatmihe Wibloghal bampleginer|besanmyp kanpihi dfhmatsrial

i rectly o A HcBRii B SUHES Spth LAl aBARIE (BRDY PP IPRRHIger papraly

exanpl e, 1@ bbﬂ:@éht%ﬁrfﬁé %quBM Qlf‘chpésoﬁs%ﬁéﬁ‘ﬂd 'de@FEﬂﬁ:’fs@f é)@aﬁiﬂlé bip8y kP& imesPVal
of all cellular materi al h processing nay b he centrlfugatlon of the

bl ood in ordeychtas opheld aftecmhmls,cbilobdu Iamphcﬂmdnmm&ﬁsmratwhmhpde‘g nashl ch
coul 1 1l UORGERLEL LURRLAM sl B APl et SRS i e
above, ref er gRcgytieet” SideRebschibntiRerchidRb® Chudiehd) Ofbri Sxaitffle,t hebsulinekehutash a
extracted from the lung following a lung lavage or from the colon following an enema.
15
| The biological sample which is tested according to the method of the present invention
may be testéd directly or may require some form of treatment prior to testing. For
example, a blood sample may be processed in order to facilitate the removal of all
cellular material. Such processing may be the centrifugation of the blood in order to
20  pellet the cellular component. Such techniques, which could include centrifugation,
would be familiar to those of skill in the art. Filtration and clotting methods may also be
employed.

As indicated above, reference to “steps” in the subject method is not to be taken as a

25  defined order and two or more steps may be combined or concurrently practiced.

“Detecting” the formation of a complex between a component derived from a
coronavirus or an immunological relative thereof and a subject-derived binding partner
such as an immunointeractive molecule, may be by any convenient method which will
30  be known to those of skill in the art. In one aspect, a secondary antibody which is
conjugated to a label is added to the complex to facilitate detection. A range of labels

providing a detectable signal may be employed. The label may be selected from a group



25 defined order and two or nore steps may be conbined or concurrently
practiced. "Detecting" the formation of a conplex between a conponent
derived froma coronavirus or an i munol ogical relative thereof and a

subj ect-derived binding partner such as an i nmmunointeractive nol ecul e, may
be by any conveni ent nmethod which will 30 be known to those of skill in the
art. In one aspect, a secondary antibody-which is conjugated to a |abel is
added to the conplex to facilitate detection. A range of |abels providing
a detectable signal may be enployed. The | abel nay be selected froma group
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dehydrogenase and the like. The enzyne [ab be used alone or 1n
conbi nat i on ewdynie lab@eusﬁfdl iprihy pesetingteniisn rm:llshl alitdlion phadphetasg thioveetagisha
fl uorophore whic used Bas a suitable |abel in accoydance with the

present i nveRtPS a‘?%cllﬂﬁl&rasebut -galagipiidase; niglucgsg o oxidase,  lysozyme, — malate
fl
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FI TC, cyani ne- ani ne-3 ani n uorescei n,
Texas 15 redmthrmMde\a;zymeS\mmh nﬂama.wdhtmmyMtematimlyna ﬂiihr@pﬂmeem]mkb mayfbet he

conplex of th resen ention i r achi eved by t Lti on of
a secondary ‘éﬁ?f‘. o%iﬁ“‘tag?llet %ﬁ]e’&‘ ?%W‘i%?%e?”étg PRingetion B?F= jlﬂ‘rg
reacted wi t hijinited SHPAL6RERn-10RiocyRHiA4 YEAT) aale s flyrodioffe! AeRckA Rbm
change. 20 As i ndi cated herein, f}: referred bi ndi ng partner. is an

i munoi nt er aBFiGsecyapinedl| @yanitRed, e‘Emm@E 3.6, &iyatinerfuSyanmer7adtuowscein] dexdse”
shoul d bﬁi unlq_ﬁr %‘flc?cpagmns Fsserme‘gn%r LTl phycoerythrln. The detection of the complex _of the

present invention is preferably achieved by the addition of a secondary antibody

attached to horseradish peroxidase, which when reacted with its substrate, DAB,

produces a visually detectable color change.
20  Asindicated herein, the preferred binding partner is an immunointeractive molecule.

Reference to an “immunointeractive molecule” should be understood as a reference to
any molecule comprising an antigen binding portion or a derivative thereof. Preferably,
the immunointeractive molecule is an antibody produced during a humoral response in

25  the subject to coronavirus infection.

As used herein, reference to a ‘“component derived from a coronavirus or
immunological relative thereof” refers to a substance on, in or encoded by a coronavirus
or its immunological relative thereof which either elicits a response in the subject
30 resulting in the production of a binding partner such as an antibody. In a preferred
embodiment, the component derived from the coronavirus or immunological relative

thereof is a viral protein or immunogenic fragment thereof, a glycoprotein, a lipid,



any nol ecul e conprising an antigen binding portion or a derivative thereof.
Preferably, the inmunointeractive nolecule is an antibody produced during
a Inmmoral response in 25 the subject to coronavirus infection. As used
herein, reference to a "conponent derived froma coronavirus or

i mmunol ogi cal relative thereof' refers to a substance on, in or encoded by
a coronavirus or its inmmunol ogical relatiye thereof which either elicits a
response in the subject 30 resulting in the production of a binding partner
such as an antibody. In a preferred enbodinment, the conponent derived from
the coronavir I I ' r

i Mmunogeni ¢ P%%g%%&@gﬁﬁggggghﬁﬁcwc%hﬁhh%@gﬁ%ggﬁﬁﬁﬁhh§aﬁp%§%ﬂ£nﬁ%8hﬁ% %@e,
DNA or RNA obr plasphaliiopesetih Teirslghrotels Rostempldtédiophe bissent iprasiph dddlyded  or
phosphol i poproetin. Viral proteins contenplated by the present invention
include: Small Envel ope Protein: 5 This protein is |ocated at genone
position: 26gl17-26.34d Py small envel ope protein has a predicted |ength
of 76 am no acrés**%%é—prégrt ed structure for this proteinis a Type |
menbr ane Pr of.l“hlsrprmIeimmtlbmterhatogmbmeqfosmbﬁ mmbmsm Cl“lrécmmlher(xéﬁ)pleqmtdmes)
and the C te nlnus e de.t he | e. aOf3 s a
protein with %F E)P ‘giF B@n@éﬁ% W‘@?@%ﬁnﬁ’@ Pé?:f{‘ Sﬁ‘!‘l‘"é“’f?r 8ithis gUoER 18 3t ur e

conprises C ol i gt he
Viral ey ages 1 iienBRge pARCAORARTRL nifciR O gﬁ%gﬁ%?gr%%%?ﬁ%% 5
ATP- bi ndi ng aisd thetG esminud e loets{de)th&redpadiodd.n (E2) The SARS spi ke

gl ycoprotein is a surface projection glycoprotein precursor, with a
predicted length of 1,255 ami no acids. The spike protein is conserved anong

ot her cffongyiyruses, and it is believed that three nol ecul es of the spike

protein formthe characteristic structure observed in these viruses. The
evi dence gi vEsf3al aopmtean Mlﬁmietedmect)iengtht 9p274 anmmmwbacadse Tpe qiredietedistrictutee

m: g,r glengfs ? acgn%]sfeag@%%ﬁ% | 3nd tthe aBragén I {49- él’[li%gl e(ljcliI Sreg]ig'fl ]'llg%)mu?en tﬁeh%ual

membrane. It is also thought that the C-terminal region may have ATP-binding abilities.

15 Spike (§) Glycoprotein (E2)

The SARS spike glycoprotein is a surface projection glycoprotein precursor, with a

predicted length of 1,255 amino acids. The spike protein is conserved among other
coronaviruses, and it is believed that three molecules of the spike protein form the
characteristic structure observed in these viruses. The evidence gives an overall model
20 of a type I membrane protein with the N-terminus and the majority of the protein

(residues 14-1195) on the outside of the virus particle.

Orfl4

The predicted length of Orfl4 is 70 amino acids.
25

Or, ] 0

Orf10 has a predicted length of 39 amino acids.

o
30 OrfY has a predicted length of 44 amino acids. The evidence points to a type II

- membrane protein.



O 14 The predicted length of Ofl4 is 70 amno acids. 25 O 10 Ofl O has
a predicted length of 39 amno acids. OY 30 O 19 has a predicted | ength of
44 am no acids. The evidence points to a type Il nenbrane protein. 13-

O f8 has a predicted length of 122 am no acids. The nenbrane prediction
evidence fromseveral prograns points to a type | nenbrane protein with
the NNtermnus and a major hydrophilic dpymin (residues 16-98) on the
surface of the viral particle. 5 O Of7 has a predicted | ength of 63
amno acids. : O 4 10 Of4 has a predicted |length of 154 am no acids. It
overlaps conmplgitely with. Of3 and the small envel ope protein. Menbrane
(Matrix) G&croﬁ otein M The nenbrane gl ycoprotein M has a predicted | ength
of 221 ani noCefsi hig. a pralicted Senglibof TPk aéits.| Biid hidnibRari¥ppiedicasw BoMbrdic
matri x proteins. The Mprotein is known_to interact with the S (Spike)

gl ycopr ot ei nfroBssageral pegramepnfsrigtactiyne [ sambiener meivin moth be N-tavamnys pad a
envel ope and_Vi Ly i - her I | . B 20 The
replicase | Am@‘)?%@@ﬁﬁga P %{lgﬁ%'g%@%ﬁéﬁqgg%ﬁ{efg@%ﬁ %éﬁggir%aq%?tg% ‘ends from
base 13,898 to 21,485. As in other coronaviruses, a frane shift separates
the la and | b _reading franes. The replicase is highly simlar in both

| ength and aftido aci d sequence to the replicase proteins found in other

coronavi r usegyr7Hag o JrEG S RAGMINR A inPLAEET NS

Orf4
10 Orf4 has a predicted length of 154 amino acids. Tt overlaps completely with. Orf3 and

the small envelope protein.

Membrane (Matrix) Glycoprotein M

The membrane glycoprotein -M has a predicted length of 221 amino acids. Analysis
15  revealed similarity to many coronaviral matrix proteins. The M protein is known to

interact with the S (Spike) glycoprotein, as well as the N protein, during formation of

the viral envelope and viral assembly in other coronaviruses.

Replicase 14/B
20  The replicase 1A Orf extends from base 265 to 13,398; the 1B Oif extends from base

13,398 to 21,485. As in other coronaviruses, a frame shift separates the la and 1b
reading frames, The replicase is highly similar in both length and amino acid sequence
to the replicase proteins found in other coronaviruses. The genes code several proteins
that are produced by proteolytic cleavage of the large initial polyprotein.

25
Orfil
Orfl1 has a predicted length of 84 amino acids. It exhibits some very short regions of

similarity to a section of the human coronavirus E2 glycoprotein precursor.

30  Nucleocapsid Protein

The nucleocapsid protein of SARS bears a high similarity to the nucleocapsid proteins

of other coronaviruses. However, it contains a short unique lysine-rich region



that are produced by proteolytic cleavage of the large initial polyprotein.
25 O11 Ofl 1 has a predicted length of 84 amno acids. It exhibits sone
very short regions of simlarity to a section of the human coronavirus E2
gl ycoprotein precursor. 30 Nucl eocapsid Protein The nucl eocapsid protein of
SARS bears a high simlarity to the nucl eocapsid proteins of other
coronaviruses. However, it contains a shorg- unique lysine-rich region -14-
( KTFPPTEPKKDKKKKTDEAQ) that is not found in any other viruses. It is
speculated that it may be a novel nuclear function involved in

pat hogenesi s i i .of the peptide is.characterisiic, of
B RA b nd 157 BRI BRI 0ERE st 8inP B e PR Rk Seeila o
acids. As indiacaf felyhtes gindvehaudiéRifRAdREA BB dn RkiddehesisS TR HaklybRdic
produced in the subject to a coronavirus or related virus conponent.

However, a bh#drey thapentide inthatasterisie glanddiNAtlgndingipbeieii- may al so be used.
An exanpl e of such a binding partner -is an anti-idiotypic antibody or an
anti body specific for and discrimnatory of a subject-derived antibody
specific $orOgfigoronavirus or related virus conponent. As used herein, an
"anti-idiot y;%i c antibody" is an_antibody which binds to the specific 15
anti gen bi ndilAgPEicteddengihof Fek 3 an?s HBiwp agiier at ed in response to exposure
to a conponent derived froma coronavirus or inmmunol ogical relative
thereof . An i mmune response, as used herein, refers to a selective response
nmount ed by t Ae indieateihkersinsthe predérrederihdibg phrtsseriisn amvantibodspecduced imthiishbjdete s
and/ or cytotoxic cells ar produced agai nst invadi ng coron(gvi ruses or

2
i mrunol ogi cal % #raRgVHS of ?Féf%@ﬁgmwwname Howdihia/dadiag prepe; Yahpiprackd
body. They pr agibel dhyofisht bbdi £5 ek H'@%h@a'%&iﬁ?g%{t&?%aﬁ%nﬂf@cﬁﬁ@p?cs a

| moral i mmune response, the production of cytotoxic l's as a cell-
medi at ed or awlbody ar annantibedy eggedivsfor and discriminatory of a subject-derived antibody

specific for a coronavirus or related virus component.

- As used herein, an “anti-idiotypic antibody” is an antibody which binds to the specific
16  antigen binding site of another antibody generated in response to exposure to a

component derived from a coronavirus or immunological relative thereof.

An immune response, as used herein, refers to a selective response mounted by the
immune system of vertebrates in which specific antibodies and/or cytotoxic cells are
20  produced against invading coronaviruses or immunological relatives thereof, which are
recognized as foreign by the body. The production of antibodies circulating in the blood
is known as a humoral immune response, the production of cytotoxic cells as a cell-

mediated or cellular immune response

25  The preferred method of the present invention relies upon the detection of a complex
formed between an immunointeractive molecule contained within a biological sample
and a component derived from a coronavirus or an immunological relative thereof. A
complex may comprise one or more immunointeractive molecules bound to one or more
components derived from a coronavirus or an immunological relative thereof.

30
Reference to a biological sample being placed in contact with a component derived

from a coronavirus or an immunological relative thereof should be understood as a



25 The preferred nethod of the present invention relies upon the detection

of a conplex forned between an i mrunoi nteractive nol ecul e contained within
a biological sanple and a conmponent derived froma coronavirus or an

i mmunol ogi cal relative thereof. A conplex nmay conprise one or nore

| mmunoi nteractive nol ecul es bound to one or nore conponents derived froma
coronavirus or an immunol ogi cal relative_{yereof. 30 Reference to a

bi ol ogi cal sanpl e being placed in contact with a conponent derived froma

coronavirus or an i mmunol ogi cal relatlve thereof shoul d be understood as a
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Bie
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t he conplex et anot her aspect, the biological sanple may be applled to
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t her eof adde nmponen roma coronavirus or

I mmunol ogi caborhglef! Ovée b Remplk i Sorntt@( aldefectiont Byseoi fathion \wilidal tohfacibitaie diga cal
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the stabl e fBetEeHINRf tbt cemplsipnest anyies agpeshiy ivlagical Wmlam f%n

systemis thg @?1 uél‘?cab 14 %?&&eflﬁ'ﬁséj‘?ﬁ%ﬁﬁﬁfn? N GF 4 he sGMLSHort, 2hdSehd d

supports conterrp ate use in the nmetho the present inVention
i ncl ude any component derlved from a coronavirus or an 1mmun010g10a1 relative thereof added. The

15 component derived from a coronavirus or an immunological relative thereof is then left
in contact with the biological sample for a period of time sufficient and under
conditions which allow the stable formation of a complex. Once a complex is formed, a

detection system is then added to facilitate the detection of the complex.

20  Solid supports contcmplated for use in the method of the present invention include any

| support to which either the immunointeractive molecules or components derived from
the coronavirus or immunological relative thereof can be bound. Examples of solid
supports contemplated by the method and kit of the present invention, include, without
being limited to,. membranes, beads, plates, wells, microspheres and microparticles.

25
Membranes contemplated by the method and kit of the present invention include any
membrane to which either the immunointeractive molecules or components derived
from the coronavirus or immunological relative thereof can bind. Examples of
membranes, include without being limited to, nitrocellulose membranes, polyamide

30 membrane filters, polycarbonate membrane filters, regenerated cellulose membrane
filters, polytetrafluorethylene (PTFE) membrane filters, cellulose acetate membrane

filters and cellulose nitrate membrane filters with filter paper carrier.



support to which either the inmunointeractive nol ecul es or conponents
derived from the coronavirus or inmmunol ogical relative thereof can be
bound. Exanples of solid supports contenplated by the nmethod and kit of
t he present invention, include, without being limted to, nenbranes,
beads, plates, wells, mcrospheres and mcroparticles. 25 Menbranes
contenpl ated by the nethod and kit of theigpresent invention include any
menbrane to which either the i mmunoi nteractive nol ecul es or conponents
derived fromthe coronavirus or inmunological relative thereof can bi nd.
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infection5 Asvitksintection.eClimonicaafection néfestto aine' perifdesSinfaatibmewhareinottie cvirus isme

when a virus s infected .a host and is activel | | cati nd/ .o
causi ng synpﬁ’SH@n% PEEPR WS HIEHERtHD; doraant g Oaﬁy mvﬁgatmf%@tnﬁ%ﬁa ‘%ﬁé dges o
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present in dormant form Is replicating at a oes not result
In the preseitfectih. Hyimgitormetibd ahd aitef thepireseht invedivoc explosdrewnat he detatted of r al

infection. Using th t hod and t .of the present .i nyent Xposur e can
be detected &Y 8%@%‘7 geRqraiony é'md’é]HBP&P’i %ﬁc e n&ﬂe‘?'ﬁi‘?‘r{ﬂ{h? Hites tg@ £
mol ecul eq4n the infected animal. 10 The present invention further provides

a kit for detecting exposure of a subject to a coronavirus or its
i munol ogi caﬂhﬁeirwenwmveﬂ’dum ﬁJ.rtherrgl,‘OVb@smkmf?r detecting exposfugroh dgebject to a

general ly conprises as or ed her ei n_adapt
Pecel ve or C EBmpRTias brat R sQHE oThEEE Pl TarSl lvREN Pl b o
i munol ogi calgefk@hIat b&ﬁpﬁ&steh%lﬁpfsuppw sicht ad"B¥scAbSP heRIP hlgRed @@g@dﬁ@ or
reporter nDIecuIes capabl e of providing
: comprise isolated components or extracts of a coronavirus or an immunological relative
15  thereof. The kit may also comprise reagents, reporter molecules capable of providing
detectable signals and optionally instructions for us. The kit may be in modular form

wherein individual components may be separately purchased.

Accordingly, another aspect of the present invention is directed to a modular kit
20  comprising one or more members wherein at least one member is a solid support
comprising a component or an extract comprising a component of or derived from a

coronavirus or immunological relative thereof.

In an alternative embodiment, the solid support comprises an array of binding partners
25  for one or more components of one or more coronaviruses or immunological relative

thereof from one or more subjects.
The kit may optionally be adapted to be analyzed electronically or
spectrophotometrically or fluorometrically and may further be adapted fir high

30  throughput screening.

The present invention also provides a method for assessing the relative risk of one or



detectabl e signals and optionally instructions for us. The kit may be in
nmodul ar form wherein individual conponents nmay be separately purchased.
Accordi ngly, another aspect of the present invention is directed to a
nodul ar kit 20 conprising one or nore nmenbers wherein at | east one nenber
is a solid support conprising a conponent or an extract conprising a
conponent of or derived froma coronavifus-or imunological relative
thereof. In an alternative enbodi ment, the solid support conprises an array
of binding partners 25 for one or nore conmponents of one or nore
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spect r ophot onedefinedldagtion (§.fuprgeogbphica dryn, ditthsrRY of toubiag &t daptad ¢f r

hi gh 30 throughput screening. The present invention also provides a nethod
for assessi n§aRspartoscentenfer pedicalfreagpent or assessmepy eOmBR{BSt s bei ng exposed

[ ocation (e 0. 2 GBogr Spmridy APl ikl 67 repRRERRy S dophihiof, Sfbh" Sened,

of transportocatiorgcander for nedical treatnment or assessment), conpri sing:

(a) obtaining sanples froma representative population withipn defjined .5
| ocation: and (b) BlssedSrHigeervilenese ot cesHsuPt BEVidial vinerahsrs nehisameleys

sampl e | DOPULGHIADl ol gAY i Hold FMABLR ko f ) B LBl ShaRliY

t he nethod conprising the steps of: contacting a biol ogi cal
from t he subjbestepaicf:n a conponent 10 derived fromthe coronavirus or

i mmunol ogi cal relative_.thereof for a.tinme and under _conditiqns sufficient
to faciI1tate the for nfili onoOHaing it R CHRr BTG SiFptsh i o ppogent

subj ect - ffer | 4&tleli fith B PalohBRusOd: Hlig uSAISRON 3060 HALITOBr W $iHE Bnd fider
bi ol ogical sanple; and (ii) determ ning the presence of the conplex,
wher ei n t he pmedgamgeuficient to facilitate the formation of a complex between the component
and a subject-derived binding partner of the component contained within the biological
sample; and
(i)  determining the presence of the complex, wherein the presence of
15 the complex is indicative of exposure of the subject to a coronavirus or immunological
relative thereof, '

and then assessing the relative risk of exposure within the defined

location.

20 In a preferred embodiment, the present invention also provides a method for assessing
the relative risk of one or more subjects being exposed to a coronavirus or
immunological relative thereof within a defined location (e.g. a geographical area,
industrial or housing estate, a means of transport or center for medical treatment or
assessment), comprising:

25 (a) obtaining samples from a representative population within defined
location; and

(b)  assessing evidence of exposure of individual members of sample
population to a coronavirus or immunological relative thereof by the method comprising
the steps of:

30 (1) contacting a biological sample from the subject with a component
derived from the coronavirus or immunological relative thereof for a fime and under

conditions sufficient to facilitate the formation of a complex between the component



15 the conplex is indicative of exposure of the subject to a coronavirus or
i munol ogical relative thereof, and then assessing the relative risk of
exposure within the defined location. 20 In a preferred enbodi nent, the
present invention also provides a nethod for assessing the relative risk
of one or nore subjects being exposed to a coronavirus or inmunol ogi cal
relative thereof within a defined |locatiorg{e.g. a geographical area,

i ndustrial or housing estate, a neans of transport or center for nedical
treatment or assessnent), conprising: 25 (a) obtaining sanples froma

t o ent), comprisiny bt ai pl es from-
vt donce of Eihountel cpRletiibEyboARRlRE, doild Spuftd bihuf 168 95q0gica

coronavi rus esmplayamndol ogi cal rel ative thereof by the nethod conprising the
steps of: 30 (i) contacting a biological sanple fromthe subject with a
conponent  derived fr okt he JEIGBHRIRR th Breseice ﬁﬁﬂ%?oqoagil%wh%ql%ﬁ}%e%en@r ot
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a conpl ex between 't he conponent - and subj’ect rived i mrunol nteractive
-nol ecul e Zontdatnedhaxeafhi n t he bi ol ogical sanple; and (ii) determning the
presence of the conplex, wherein the presence of the conplex is indicative
of exposure of the subject to a coronavirus or imunological 5 relative

thereof , and then assegsi Ned RGcb@hAlhe/ Solafivk Rk GXRASMHAR WithiH fhd B8fined
~defined location. 10 R sk analysis nay be conducted using software in a

conput er realmbtie.f orm Consequently, the present invention further
relates to a conputer readable program and conputer conprising sane
suitabl e for analyzing exposure of a subject or group of

10  Risk analysis may be conducted using software in a computer readable form.
Consequently, the present mvention further relates to a computer readable program and
computer comprising same suitable for analyzing exposure of a subject or group of
subjects or a risk of exposure of a subject or group of subjects to a coronavirus or
immunological relative thereof.

15
The method of the present invention allows for epidemiological study of outbreaks of
infections caused by a coronavirus or an immunological relative thereof. Such studies
provide valuable information which advance multiple facets of research. For example,
epidemiological studies aid in the identification of the index case of an infection. Such

20  information enables the identification of a defined location from which the source virus

responsible for a viral outbreak originated.

Additionally, the method of the present invention permits for the rapid identification
and isolation of subjects who are infected with a coronavirus or immunological relative
25  thereof. Such information aids in identifying subjects which require medical treatment
as well as defining a location which requires quarantining. Further, the method of the
present invention allows for the monitoring of an infected patient to determine
alterations in their viral loads. Viral load testing may be monitored to determine the
efficacy of existing anti-viral treatments or aid in the development and validation of

30 newly developed anti-viral compounds.

Further, the method of the present invention provide a means for identifying subjects



subjects or a risk of exposure of a subject or group of subjects to a
coronavirus or inmmunol ogical relative thereof. 15 The nethod of the
present invention allows for epidem ol ogi cal study of outbreaks of

i nfections caused by a coronavirus or an inmunol ogical relative thereof.
Such studies provide valuable information which advance nmultiple facets of
research. For exanple, epidem ological sigdies aid in the identification
of the index case of an infection. Such 20 information enables the
identification of a defined |ocation fromwhich the source virus

responsible for a viral .outbreak or.iginated. Additionally.. the nmethod.of
e’ oresent Pipee fefrosd it & SPopoting. Alpvire e FPREiselioh B FReBra Fon
of subjects 1@ FiRymh @E@Eé&?ﬁl‘ﬂobﬁlaﬁoﬁ%@h%bfspﬁlow fdrMie Napiadddnddintihtadrdv e
25 thereof. Such information aids in identifying subjects which require
medi cal tr eatrdisatienofvetdronayige ot immegnaogiod aelatbve thetieeh requires
quarantining. Further, the nethod of the present invention allows for the
nonitoring of an infected patient to determne alterations in their viral

| oads. Vig al ThepebséshventomRyfuler@oiirived 8¢ tﬁ@foﬂ@&rﬁfgrﬁoﬂﬁlhhﬂﬁg cehmpracy of
existing anti-viral treatnments or aid in the devel opnent and val i dation of

30 newl y devel oped anti-viral conpounds. Further, the nethod of the present
i nvention provide a neans for identifying subjects -19- who are infected
with a coronBBXAMPIAL Iowi ng for the rapid isol ation of sero-positive

peopl e from lsag gener al , popul ation. Such tools allow for the rapid

cont ai nent SV FPEZEM on of a coronavirus or inmunol ogi cal relative
thereof. 5 The present invention is further described by the follow ng
non-limting exanples. EXAMPLE 1 SARS virus antigen 10 The virus (SARS CoV
2003VA2714) Thedims (BARS SoVid0MHA217E4) ated dnfthsnstedypaias esulatedlifimgn agmticnd t h

S8 e SeaRes QLN OhSTRY Sh PLAYL okl el S REiEl el
al., Lancet 361: 1779-1785, 2003). The virus was propagated in Vero E6 cells in
medium 199 (Sigma, St Louis, USA) supplemented with 5% fetal calf serum
(Biological Indusfries, Israel) and cultured at 37°C in 5% CO;. The clarified culture

15 supernatants were aliquoted into cryovials and stored at -80°C, and the virus was used
in a plaque assay in Vero E6 cells in a 24 well plate format. The virus was inactivated at
60°C for an hour which was confirmed by plaque assay. Viral aliquots were stored at -
20°C until use.

20 EXAMPLE 2

SARS positive and negative sera

Serum samples from 14 potential SARS cases (diagnosed using WHO criteria) were
used in this study. Five of these were single convalescent serum samples while the other
25  ten were paired sera collected at least two weeks apart with the first serum sample
collected in the acute phase of illness. One hundred and sixty-seven SARS negative
serum samples were used as controls. The control samples included serum collected
from: (1) 20 laboratory staff prior to the onset of the SARS outbreak in Singapore; (2)
42 from volunteers who had a history of dengue fever; (3) 10 patients presenting with
30 autoimmune conditions such as systemic lupus erythematosus; and (4) 95 from

healthcare workers who were negative for SARS CoV neutralizing antibodies.



medi um 199 (Sigma, St Louis, USA) supplenented with 5%fetal calf serum
(Biological Industries, Israel) and cultured at 37C in 5% CQ2. The
clarified culture 15 supernatants were aliquoted into cryovials and stored
at -80C, and the virus was used in a plaque assay in Vero E6 cells in a 24
well plate format. The virus was inactivated at 60C for an hour which was
confirnmed by plaque assay. Viral aliquotspornere stored at - 20C until use.
20 EXAMPLE 2 SARS positive and negative sera Serum sanples from 14

potenti al SARS cases (diagnosed using WHO criteria) were wused in this

dy. Fi fi Lh Lngl I . . | es_whi | h h
25t en ver o oo vl Smf el RrtidEy S BadBR s s S el Bl

ser um sanpl eatalP@ cog chdlh ah Neo@CHEBreP e Ay ¢dndakas Wae bptndied amnh a
si xty-seven SARS negative serum sanples were used as controls. The control

sanpl es i ncl GeRslerbesrdriitigbprected from (1) 20 laboratory staff prior to
the onset of the SARS outbreak in Singapore; (2) 42 fromvolunteers who
had a history of dengue fever; (3) 10 patients presenting with 30
aut oi mune CEXIANPIE Such as system c | upus erythematosus; and (4) 95 from
heal t hcare workers who were negative for SARS CoV neutralizing anti bodies.
-20- Al ser DB-Edtpkmscoler e coded for subsequent blind analysis. The sera
were inactivated at 56C for half an hour before use. Assay conditions were
optim zed using a checkerboard titration. 5 EXAMPLE 3 DB-EZA protocol The

dot - bl ot El ATnag,panf 8TA%Ms geltfemmt 5&@&1&&&1@@&&%@5&@? (ﬁgahaie?%bgisﬁuﬁp

Schnell BA-S 83, 0.45m Keene e active side nitroce ose
(NO) nenbr anBA-3@3nadg5pm; Ketne) NHY Ehepetiet Isidend tBe hitofcelifiRE COC) meatbearsi on
(1xi Orpfu/m ) (range froml| x106 onwar d%) was dotted onto the active side of
the NC n¥hbr ¥t mankpd waee adiensldl apd 3r popd BARSeFaY umvspensiae H 18R PBHMDHEange

menbrane was g Gt l)hrbt %nWa?cﬁ? vv(az M0tedd onto the active side of the NC membrane and then

dried at room temperature. Each dot on the NC membrane was cut into piece (7mm x
7mm) and placed into each well of a 24- or 48-well plastic plate in such way that the
labeled side was facing up. The NC dots were then blocked at 37°C for 30 minutes
15 using blocking buffer containing 5% skim milk (w/v) (range from 1% to 10%) and 0.1%
(range from 0.01% to 0.5%) Tween 20 (Duchefa, The Netherlands). After incubation,
the blocking buffer was aspirated from the wells washed 3 times with washing buffer
[1x PBS with 0.05% (range from 0.01% to 0.1%) Tween 20] with a short incubation of
one minute between each wash. Washing was performed using gentle agitation. The
20 membranes were then used for anti-SARS IgG assay. The antigen dotted membranes
were incubated at 37°C for 15 minutes with serum sample diluted 1:100 in diluent
buffer [2% (1%-3%) skim milk with 0.1% (0.05 to 0.2%) Tween 20] in duplicates. A
strong, weak and negative serum controls were kept in the first column of the plate.
After incubation, Ag-dotted membranes were washed four times with washing buffer.
25  After a final wash, 150p] of rabbit anti-human IgG-HRP (1:1000 in diluent buffer) was
added to each well and incubated at 37°C for 15 minutes. The strips were then washed
for 5 times using washing buffer. After final wash, 150 pl of substrate solution (DAB,
Code no-K3466, DakoCytomation, Denmark) was added to the Ag-dotted membranes.
The presence of anti-SARS IgG was indicated with the development of well-defined
30  circle of brownish stain within 3 minutes on NC membrane, The strips were washed 2

times with water or deionized water, dried at room temperature and results were



7mm) and placed into each well of a 24- or 48-well plastic plate in such
way that the |[|abeled side was facing up. The NC dots were then bl ocked at
37C for 30 mnutes 15 using bl ocking buffer containing 5% skimmlk (wv)
(range from1%to 10%9 and 0.1 % (range fromO0.01%to 0.5% Tween 20
(Duchefa, The Netherlands). After incubation, the blocking buffer was
aspirated fromthe wells washed 3 tinmes wth washing buffer [lIx PBS with
0.05% (range from0.01%to 0.1% Tween 20] with a short incubation of one
m nut e between each wash. Washing was perfornmed using gentle agitation. The

20 nenb , j - ankiLoen .
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1:100 in di | peoportiduaf foehe hddmitbeas¥S ARS IpGinlthe wrirh s@mpeés(0. 05 to 0.2%

Tween 20] in duplicates. A strong, weak and negative serumcontrols were
kept in the first colum of the plate. After incubation, Ag-dotted
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added t o Baclalyepdsitirededulteubat ed at 37C for 15 minutes. The strips were

then washed for 5 tinmes using washing buffer. After final wash, 150 | of
substrate solution (DAB, Code no-K3466, DakoCytomation, Denmark) was added

to the Ag- doghee TR - R f t EA\B&I wasmi waicaigd
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dei oni zed water, dried at roomtenperature and results were -21-
interpreted visually. The intensity of the stain/color devel oped in the dot

i's rough | to the anmount of anti-SARS IgGin the serum
sanpl es.JléA tgn)g‘gﬁgy&ﬂﬁof 37C was found to reduce non-specific reactions

and thus progmsRmbfWordscdek sRsdq3Fi) ve results. For the titration level of
anti-SARS I gG a range of dilufions of serumwere made starting from 1:100

to 1: 6400 and were performed in duplicates in 48 well|l plate format. 1 o
EXAMPLE 4 | n%&%ﬁi'd%'?fo??ﬁﬁn%gﬂt%r%&%n& an'sAQy were prepared using SARS CoV infected and

non-infected Vero E6 cells plated on to teflon coated slides (Erie Scientific Co, USA).
15 SARS CoV infected cells were harvested when classified as being at stage 3+
cytopathic effects. Four microliters of cell suspension was spotied onto Teflon coated
slides and fixed with 80% cold acetone for 10 minutes. Spots were also prepared using
non-infected Vero E6 cells. These cell coated slides were washed three times with PBS
and stored at —20°C until needed. Two microliters of test serum diluted in PBS (1:25 to
20 1:400) was then added in spots (both in virus infected and cell control) and incubated at
37°C for one hour. The slides were rinsed twenty times followed by soaking twice in
PBS for five minutes each time. Mouse anti-human IgG antibody conjugated to FITC
(Zymed, San Francisco, USA) was dituted 1:30 in Evans blue (Sigma, St Louis, USA)
and 2 pl of diluted mouse anti-human IgG antibody was added to each spot and again
25  incubated at 37°C for an hour. After washing as described above, the slides were dried
and examined under a fluorescence microscope (Olympus, Japan). Results were

visualized and digitally photographed.

EXAMPLE 5
30  Enzyme-Linked Immunosorbent Assay (ELISA)



Spot slides for imunofluorescence assay were prepared using SARS CoV
infected and non-infected Vero E6 cells plated on to teflon coated slides
(Erie Scientific Co, USA). 15 SARS CoV infected cells were harvested when
classified as being at stage 3+ cytopathic effects. Four mcroliters of
cell suspension was spotted onto Teflon coated slides and fixed with 80%
cold acetone for 10 m nutes. Spots were apxo prepared using non-infected
Vero E6 cells. These cell coated slides were washed three times with PBS
and stored at -20C until needed. Two microliters of test serumdiluted in

PBS (1:25 to .1 4 n A \SPOL S th in.viruys~ nieckre nd
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Mouse anti-human 1gG anti body conjugated to FITC (Zyned, San Franci sco,
USA) was di | difien waskiagi thregtithes wiithevgshingnfmffest(1x GRS withahPs%ahween 20)pfthe
di | uted nous [ . L bo t Qo bRy 25
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were driefl andeeparhai€dn hoged 33°¢C| Kiay ascolites 6f @riabditfpdn 6F sild svhidapan) .
Results were, vigsualjzed and digitally phot qg{aphed. EXAMPLE 5 30
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four times with washing buffer, SOl of rabbit anti- human 1gG | abeled with

hor ser adi sh PérdxThiasaction waedtoppadodth(SPpY pf Ori Mishifent scifuAfier 13 tinetes atided
and the plat g\ neubated il TG0 2tk LU 55 WELSIRAELS (hIRS
2001) and expressed as OD values. A positive reaction is indicated as the double OD

15  values of the negative control.

EXAMPLE 6
Comparison of DB-EIA, ELISA and IFA

20  DB-EIA was developed using SARS CoV serum recovered from 4 subjects which were
confirmed positive for SARS and 10 SARS negative sera collected a year ago, of which
4 tested positive for dengue IgG. Sera were tested in dilution ranges of 1:12.5 to 1:400.
Results demonstrated that the sera from all 4 patients which had been previously
confirmed as being positive for SARS CoV were positive for SARS CoV using DB-
25  FEIA, while ail 10 SARS CoV negative samples did not show any reaction (see Figure

1.

The 10 SARS confirmed sera were further titrated in ranges of dilutions of 1:100 to
1:6400. Again, all 4 samples tested positive at the lowest dilution, i.e. 1:6400 (sce
30 Figure 3).



wi th washing buffer foll owed by the addition of 501 of substrate (OPD +
H202, Sigma, USA). The reaction was stopped with 501 of O 1M sulfuric
acid. After 15 minutes at roomtenperature the absorption was neasured at
492 run using ELI SA reader (Anthos, 2001) and expressed as OD values. A
positive reaction is indicated as the double OD 15 values-of the negative
control. EXAMPLE 6 Conparison of DB-EIA .#1LSA and | FA 20 DB- El A was

devel oped usi ng SARS CoV serumrecovered from4 subjects which were
confirmed positive for SARS and 10 SARS negative sera collected a year ago,

of which 4 ! G e ' ' ' 0
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patients whi dipghhladelladfdnclgremidointogh theanidys mad aatiniiel 60 SARS CoVenckaiveSARS
CoV were positive far SARS CoV using DB 25 EIA while all 10 SARS CoV
negative sanSheEedipdigihievehaiiciasyreaetinbi wing $4 (seeglishle 10)In BhiSA end RS,
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using ELI SA and 1FA. Results showed a high |evel of background in both the
assays and a nunber of SARS CoV negative sera showed a high | evel of

cross-reactiyj i (see Table 1). In ELISA and | FA, both assays
showed a | omﬁw&%sﬁﬁsi tivity and could not detect anti-SARS |IgG bel ow
5 the 1:800 ?d 1:S400.din) ut.| %%% LESh ctively (see Figure 2 and Figure 3).
EXAVPLE 7 Di REHSIOSS (idigfhe HeLhhPeeia agrot ocol 10 Ten paired sanples from

=

SARS confirned patients Wereeexam' ned using the DB-EIA protocol described

above. Serum sanples were collected from SARS suspected patients at the

time of Himi 357 dAirethspRlps fram HABS aonfisped paliantnwersgixamingsersies fhedaB-Blg. 21

post protocol described above. Serum samples were collected from SARS suspected patients
at the time of admission in hospital and at various time points between day 15-21 post
onset of fever. Results obtained showed that all 10 patients’ sera demonstrated high
levels of specific reactivity (see Figure 3 ).

15
Additionally, the sensitivity and specificity of DB-EIA were confirmed using 14 SARS
confirmed convalescent sera and 167 SARS negative sera. All 14 SARS convalescent
sera showed a clear positive reaction with DB-EIA, thus detecting 100% of the samples
tested. All 167 SARS CoV negative samples were negative using DB-EIA,

20  demonstrating 100% accuracy in the diagnostic capabilities of the assay (Table-1). A
Chi-squared analysis with Yates continuity correction showed that this is a highly

significant finding (*=166.70; p=0.0005).
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onset of fever. Results obtained showed that all 10 patients' sera
denonstrated high I|evels of specific reactivity (see Figure 3 ). 15
Additionally, the sensitivity and specificity of DB-El A were confirned
using 14 SARS confirmed conval escent sera and 167 SARS negative sera. Al
14 SARS conval escent sera showed a clear positive reaction with DB-ElA,
thus detecting 100% of the sanples testezi-Al 167 SARS CoV negative
sanpl es were negative using DB-EIA 20 denonstrating 100% accuracy in the
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-25- CLAIMS 1. A nethod for detecting exposure of an animal to a
coronavirus or inmunol ogical relative thereof, conprising the steps of: 5
(a) contacting a biological sanple fromsaid animal with a conmponent
derived fromsaid coronavirus or an imunol ogical relative thereof for a
time and under conditions sufficient to facilitate the formation of a
conpl ex between said conponent and a suhjgct-derived binding partner of

t he conponent contained within said biological sanple; and 10 (b)
determining the presence of said conplex, wherein the presence of said
conplex is IPEAﬁﬁ |ve of exposure of said subject to a coronavirus or

i mmunol ogi ca ative thereof. 2. The nethod of claim 1, wherein the
conponent is a polypeptide, 15 glycoprotein l'i pid, carbohydrate, DNA, RNA
or RNAi. 3. fhe l.al.5 pol ypepti de.
4. The nethod ofngbggﬂ?gﬁr&ﬁg¥@% @?%e pgrype Fggﬂ?gﬂg&%f gg fromthe 20
group consi sti ng mimsmEbiicanviatiapherodicempriding ¢hd dtepsrafbr ane gl ycoprotein

M Of3, _Of4, Cﬂ$7, OfB Type.l, Of9 TY pe I, Ofl 0, Ofl 1, Plke
gl ycoprot®in Type ?fémqt@aél@lqlﬂzlpﬁ samlefirm sejd apianad Withod egmponsnt The
method of any one of Ch&i g fhn} Qalécofeﬂaﬁﬁis% taf#rrnﬁﬂdﬂblﬁg%aﬂ%faftﬁ(f@@her%?f&d‘d' ng
partner of said conponent is an antibod he net of any one

claims 1 to 5, wher ei ntinleted thdar CDBdJﬂOIlIlS sudficiat ud Ecilithteche fmmmafi& dfa The

nmet hod of any one of clal to 5, erein det ction is t- .infection.
-26- 8. The nethod of W%é@%@%ﬁ%&ﬂ@ﬂ&@f@&@ ISt ﬂe%%dzble@ﬂsﬁm%s

causes synptoms associ gtfd c¥nbbhcdt bEhed ®iRin's3idYidoblcdfdanipld; @Gl ON-

10 (b) determining the presence of said complex, wherein the presence of said

complex is indicative of exposure of said subject to a coronavirus or

immunological relative thereof.

2. The method of claim 1, wherein the component is a polypeptide,
15 glycoprotem lipid, carbohydrate, DNA, RNA or RNA..

3. The method of claim 1, wherein the componeént is a polypeptide.

4. The method of claim 3, wherein the polypeptide is selected from the
20  group con51st1ng of small envelope protein Type I, membrane glycoprotem M, Orf3,
Orf4, Orf7, Orf8 Type I, Orf9 Type L, Orfl10, Orfl1, spike glycoprotein Type L

replicase IA/IB and nucleocapsid protein.

5. The method of any one of claims 1 to 4, wherein the subject-derived

25  binding partner of said component is an antibody.

6. The method of any one of claims 1 to 5, wherein detection is during

acute infection.

30 7. The method of any one of claims 1 to 5, wherein detection is post-

infection.



9. The nmethod of any one of clains 1 to 8, wherein said coronavirus causes
5 SARS or synptons associated with SARS. 10. The nethod of any one of
claime 1 to 9, wherein the biological sanple is selected fromthe group
consi sting of blood, PBCMs, stemcells, nonocytes, T cells, B cells,

macr ophages, dendritic cells, natural killer cells, amiotic fluid,

pl acenta, 10 chorionic villus, cord bl oatgghair, finger nails, bones,
cartilage, skin, saliva, serum plasm, teeth, urine and tissue. 11. The
met hod of any one of clains 1 to 10, wherein said biological sanple is

pl aced onto a nenirane-prior, t.0 - being cont.acted WM th said.conponent. 15 12.
The et hod of any Sone. de B 15 5% FRRGREHER 7 Sl g SRERFARE cab c e
onto a menbr eyifpteiis Aksoctddel ity a Tk ashRekovy frdvt ikrectlino! ogi cal sanple. 13.
The nethod of any one of clains 11 and 12, wherein said nenbrane is a 20
nitrocel |l ul ose menbrane. 14. A nethod for detecting exposure of an ani nmal
to a coronavirus gr i i I I ther. 8 .S . ps
of : (a) contacting'a b?gggghggf)saﬁﬁﬁ%QQ#%ﬁ¥§g§5fg&?ﬁ%?ﬁﬁgFﬁ%ﬁgggg%g%%gt

25 derivesl fSgﬂﬁaamgn@aﬁmﬂam@ﬁgsdﬁmhamunnnunological relative thereof for
a tinme and under conditions sufficient to facilitate the formation of a
conpl ex between said conponent and a subject-derived i nmunointeractive
nol ecul e of the ¢ on i j Lt i i j =R 30
(B) det or i ni ng ¢ oY pr oogmeandBr B s g ¥l o, PhElCBPERIIART WimpBYH 20
conpl ex is i saddectat froma thé grexp osnristingfof dhiod, RBOMaC $tetnacells, marcoptes,i T extlspB

i mrunol ogi cal yelative thereof. -27- 15. The thod .of ¢laim 14, wherein
the conponen9elfssmaéf33§§gﬁég{epﬁ%ﬁw fgq%l)se@aﬁaklaﬂ?ﬁ cols rapiotic RSk, DA, RNA

or RNAI .10  chorionic villus, cord blood, hair, finger nails, bones, cartilage, skin, saliva, serum,

plasma, teeth, urine and tissue.

11.  The method of any one of claims 1 to 10, wherein said biological sample
is placed onto a membrane prior to being contacted with said component.
15
12.  The method of any one of claims 1 to 10, wherein said component is

placed onto a membrane prior to being contacted with the biological sample.

- 13. The method of any one of claims 11 and 12, wherein said membrane is a

20 _ nitrocellulose membrane.

14. A method for detecting exposure of an animal to a coronavirus or
immunological relative thereof, comprising the steps of:
| (a) contacting a biological sample from said animal with a component
25 derived from said coronavirus or an immunological relative thereof
for a time and under conditions sufficient to facilitate the formation
of a complex between said component and a Subj ect-derived
immunointeractive molecule of the component contained within said
biological sample; and
30 (b) determining the presence of said complex, wherein the presence of
said complex is indicative of exposure of said subject to a

coronavirus or immunological relative thereof.



16. The nethod of claim 14, wherein the conponent is a polypeptide. 5 17.
The nmet hod of claim 16, wherein the pol ypeptide is selected fromthe group

consisting of small envel ope protein Type Il, menbrane glycoprotein M
Of3, Of4, Of7, Of8 Type I, Of9 Type Il, Ofl 0, Ofl 1, spike
gl ycoprotein Type I, replicase TA/IB and nucl eocapsid protein. 10 18. The

met hod of any one of clainms 14 to 17, whe2®in the subject-derived binding
partner of said conponent is an antibody. 19. The nmethod of any one of
claims 14 to 18, wherein detection is during 15 acute infection. 20. The

rethod of any one st chab b dreladt 14MELEI Y IELERNAN SoRbral nf eot | on.

20 21. The nethod of any one of c ains’ 1 erein or dnavi rus
causes synpt gheoprstadilpiddathohjiirae| DMNA; RS pi REAdry tract infection. 22.
The met hod of any one of clains 14 to 21, wherein said coronavirus causes
SARS or synptons associated with SARS. 25 23. The nmethod of any one of

claims 14 to 22, vger eithe hiifhdhioRbRghqal Wﬁ@x@ﬂtﬁecérﬁpéﬁhﬁﬁta‘éﬁl}tﬂeﬁﬁa% he group

consi sting of bl ood, PBCMs, stem cells, nonocytes
macr ophages, dendriti c cel I s, natural killer cells, amiotic fluid,

| ta, hor i | d. bl h |
Pt age, ok (3t v ihe Brmof Ot Sias RS hetoinths RONRRIHE Sefrleete iBem the 2g.
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sanple is placed onto mbrane prior to belng contac th said
conmponent . 2@rf4rﬁ)ef75r@rﬁoﬂm@fl @ﬁ?TmHuﬁrﬁiOaﬂDﬂl Bpikeglapromie lypalsai d

conponent is | ac ior to being contacted with the
bi ol Ogl cal S?R.E M anucfggcapm protgln‘

10
18.  The method of any one of claims 14 to 17, wherein the subject-derived

binding partner of said component is an antibody.

19.  The method of any one of claims 14 to 18, wherein detection is during

15  acute infection.

20.  The method of any one of claims 14 to 18, wherein detection is post-

infection.

20 21.  The method of any one of claims 14 to 20, wherein said coronavirus

causes symptoms associated with a lower respiratory tract infection,

22, The method of any one of claims 14 to 21, wherein said coronavirus
causes SARS or symptoms associated with SARS,
25
23.  The method of any one of claims 14 to 22, wherein the biological sample
is selected from the group consisting of blood, PBCMs, stem cells, monocytes, T cells,
B cells, macrophages, dendritic cells, natural killer cells, amniotic fluid, placenta,
chorionic villus, cord blood, hair, finger nails, bones, cartilage, skin, saliva, serum,

30 plasma, teeth, urine and tissue.



26. The nethod of any one of clains 24 and 25, wherein said nenbrane is a
nitrocel |l ul ose nenbrane. ,27. A nmethod for assessing the relative risk of
one or nore subjects being exposed to a coronavirus or imunol ogical
relative thereof within a defined |ocation, conprising: (a) obtaining

bi ol ogi cal sanples froma representative-gépul ation within the defined

| ocation; and (b) assessing evidence of exposure of individual nenbers of a
sanple population to a coronavirus or inmunol ogical relative thereof by
the steps of: (i) Ront dticindghddl &ff Mlyagic@Rblafadd & 17, eiekdif sedlbigiegicyt th a
conponent derived fromthe coronavirus or |nmmunological relative thereof
for a time ar@mpkdeplacedorip @itasBbISne PrieY térbﬁlﬂtg@oﬂ@éieaiwlﬁl snid pemperenht i on of
a conpl ex between the conponent and a subject-derived binding partner of

t he conponent contained within the biological sanple; and (ii) determ ning
the presence of t 35, cormpkexethod &l fiyonk e cRIRS ENEE2 N whetdif s4@TBhP¥néi is

i ndi cative of exposure of the subject to a coronavirus or inmmunol ogi cal
rel ative theriddred oglpgp mmb@sypag%%s@nﬂgcmmdemh thedielpogicabsamplposur e
within the defined |location. -29- 28. A nmethod for assessing the relative
risk of one or nore subjects being exposed to a coronavirus or

i-mrunol ogi cal rel @i ve Thbekdidd Wi dnfione af SR NEHADER W iRRein sGidTREHSIaRGs A a)
obt ai ni ng bi ol _ogi fa]!Q sanples froma representative population wthin
defined | ocatii@erclialose meymbe@sessi ng evi dence-of exposure of i ndivi dual
menbers of a sanple population to a coronavirus or inmunological relative
thereof by the steps of. (i) contacting a biological sanple fromthe

subject with a co%onent . .
27, A method for assessing the relative risk of one or more subjects being

exposed to a coronavirus or immunological relative thereof within a defined location,

comprising;

(@) obtaining biological samples from a represcﬁtaﬁve population within the
defined location; and

(b)  assessing evidence of exposure of individual members of a sample
population to a coronavirus or immunological relative thereof by the steps of:

. (1) contacting a biological sample from the subject with a component
derived from the coronavirus or immunological relative thereof for a time and under
conditions sufficient to facilitate the formation of a complex between the component
and a subject-derived binding pariner of the component contained within the biological
sample; and -

(i)  determining the presence of the complex, wherein the presence of

the complex is indicative of exposure of the subject to a coronavirus or immunological
relative thereof,
and thereby assessing the relative risk of exposure within the defined

location.



derived fromthe coronavirus or imunol ogical relative thereof for a tinme
and under conditions sufficient to facilitate the formati on of a conpl ex
bet ween the conponent and subject derived i munoi nteractive nol ecul e
contained within the biological sanple; and (ii) determ ning the presence
of the conpl ex, wherein the presence of 12X conplex is-indicative of
exposure of the subject to a coronavirus or imunological relative

t hereof, and thereby assessing the relative risk of exposure within the
defined 1ocation. '

28. A method for assessing the relative risk of one or more subjects being
exposed to a coronavirus or immunological relative thereof within a defined location,
comprising:

(a) obtaining biological samples from a representative population within
defined location; and

{b) assessing evidence of exposure of individual members of 2 sample
population to a coronavirus or immunological relative thereof by the steps of:

(1) contacting a biological sample from the subject with a component
derived from the coronavirus or immunclogical relative thereof for a time and under
conditions sufficient to facilitate the formation of a complex between the component
and subject derived immunointeractive molecule contained within the biclogical
sample; and

| (i)  determining the presence of the complex, wherein the presence of
the complex is indicative of exposure of the subject to a coronavirus or immunological
relative thereof, |

and thereby assessing the relative risk of exposure within the defined

location.



