DI AGNOSTI C METHODS BACKGROUND OF THE | NVENTION 5 FI ELD OF THE | NVENTI ON
The present invention relates generally to a nethod 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 immunol ogical relative thereof.
More particularly, the present invention 10 relates to screening of a

bi ol ogi cal sanple taken frompyaAgiNes$TICCMIETHOD ™I including a human
for the presence of binding partners of coronavirus-derived conponents in
order to determine if the subject is infected with or has been exposed to a
coronaviru (g LG relat| . The present invention
further przgmmtétx %&mwﬁ@ ection of a present or prior
exposure of a subject to a 15 coronavirus or imunol ogical relative
thereof. The ability to rapidly diagnose the presence of a coronavirus or
its rel ati V3ELEHAE ¥H¥W$ﬁﬂo r veterinary intervention and treatnment at
an early stage to prevent or reduce the risk of spread of infection. /
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in Chin® HERES Roirgeenng Man, Pivtagiseasample taiem EHE spujessouel pe¢ 13

di scovery OhcRdf@Ve! hifaf AHPNAY 'Sﬁﬂé%négoo\f) bi’l\ﬁh%" pARFers 98N ehidn8 RS REq
probabl e causative agent of SAR Peiris et ., Lancet 361: 1319-1325,

2003; Ksi azempmetnerk in oletogletedmivied  fifs; sBUB (0 Infectdd B@h @b haPbR8 cxfrsod tea et
al., N Engl J Med 15:348(20):. 1967-.76, . 200 Al t hough hungn_ cor onayi ruses
catise up L ORIEAPE BhIHTCREE T BEIST TH oA Ay RBEnProvides
associ at ed AgorfedHE kY Bk SRAREcIn 1dFe IpPWBHt hLDBLF 24PENrd 08 sulect 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 1s 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
(Peirts et al., Lancet 361: 1319-1325, 2003; Ksiazek ef 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.



It was al so previously thought that coronaviruses only caused disease in
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 of “a 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
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wi th CoV and acquiring SARS fromtheir patients. In addition,
With the emerging realization that new viruses, such as the CoV which 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,
| fhey 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
secretions, 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.



such assays require technol ogically sophisticated and cunbersonme nachi nery.
3 Alternative diagnostic assays for CoV and SARS are, therefore, needed.
Ser ol ogi cal detection procedures have the potential to play a role in
clinical diagnosis to confirmor exclude the diagnosis of SARS-associ ated
CoV. 5 SUMVARY OF THE | NVENTI ON Thr oughoyut the specification, unless the
context requires otherw se, the word "tonprise", or variations such as
"conprises" or "conprising", will be understood to inply the inclusion of
a stated el enent or integer or group of elenents or integers but 10 not
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subj ects including animals, such as manmal s 15 and in particul ar hunmans are
screened for the presence of binding partners of CoV conponents. The
preferred binding partners are Q@%Ject-derived bi ndi ng partners such as,

but not 4 i NPUMMARY QM THEINYENEION ecul es. The nost preferred

i mrunoi nteractive nol ecul es are anti bodies. O her binding partners include
T-cell associated binding nol ecules (TABVMs) or a nucleic acid nol ecul e
conpl ex conphidoagting:t 2thes aperifietign, RINAs3 the aoytedtt Requiskbpeitwiser theedvord

mol ecul e, which bind specifically to a CoV-derived conmponent. The

i denti fi cat IOAPERE’s REVAHAHNSYCH AP t RUPRIISES” OhefPRIENNS's Wik e dideistog to
present or i f J NGl t he
D esent | Vo CeHERBII alcd ViRl o lescf B Bl cop@liolTRacts 1l
subj ect1t o moidhy exvdsiorust aoy oilmmulieolenigprdalegeradr aroupen ftehemanid or in@getsnmet hod
conprising the steps of: (a) contacting a biological sanple fromthe
subject with a conponent derived fromthe coronavirus or i mmunol ogical

rel ative theRepfesélinforkiof8s PRAIMAOIRY parf 8R Y AdeANs BWIh) i 18R cdsO rhR@idnlit at e
the formation of a conpl ex between the conponent 30 and a subject-derived

bi ndi ng par straeght dérwand asseyrpodeenine preagm od priot Bipvstisdo SiAR Segisocikted 20l e;
and In accordance wit’h 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 pariners are subject-derived binding partners such
as, but not limited to, immunointeractive molecules. The most preferred
immunointeractive 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-denved component. The identification of such binding partners is then used as

evidence of present or prior exposure of a subject CoV.

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

25  exposure of a subject to a coronavirus or immunological relative thereof, said method
comprising 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



4 (b) determning the presence of the conplex, wherein the presence of the
conplex is indicative of exposure of the subject to a coronavirus or

i mrunol ogi cal relative thereof 5 As indicated above, the preferred

subj ect-derived binding partner is an antibody or other inmunointeractive
nol ecul e. Consequently, another aspect of the present invention provides a
met hod for detecting exposure of a subj#ct to a coronavirus or

i mrunol ogi cal relative thereof, said method 10 conprising the steps of:
(a) contacting a biological sanple fromthe subject with a conponent
derived from t he(bgor odeariminiag ghe prasemel efgthe alompdxatwheecih hies erkerfcerofatheé i me
and under conditions,sufficient to facilitate the formation of a_ conpl ex
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cont ai ned Wejdai 0 g i ol ogi cal 15 sanple; and (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 imunological relative

t hereof .. 20, Reference to "steps” is not,to . taken in any defined qrder
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present i nvigihh@intBraeNvasickiks for the detection of a coronavirus or

i munol ogi cal relative thereof, wherein the kits contain: 25 (a) a solid
support; (b) a conponent derived fromor a total or partial extract of a
coronaviru n I : [ at e
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10  comprsing 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) determining the presence of the compiex, 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
immunological relative thereof;,
(c)  anincubation plate comprising at least 1 well;
(d)  blocking buffer;
30 (e) washing buffer;



conjugated to a reporter nol ecul e capable of providing a detectable signal;
and optionally (g) 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 inmunol ogical relative thereof In a preferred aspect, the
coronavirus detected by the nethod and kit of the present invention

i ncl ude coronaviruses or inmmunol ogi cal-?el atives thereof which cause
synptonms associated with a | ower 10 respiratory tract infection. In a nost
preferred aspect, the nethod and kit of the present invention, detect
exposure to a Col) whi sthleastusies bis8RS partsy nutions as smaiuabdbdctradtive m&ARBe The
met hod and kit of the present invention enables rapid and rel atively

i nexpensi veCorAuEAlfd: &b EHOgET G%“E}e%ﬁe (f@ﬂ@ﬁe A BioY "ﬂgjsaege‘ieﬁtab]ﬁdf‘lg? u&nd

subj ects oroRRpUiti ons of subjects which in turn enables isolation
procedures to be 1nplenmented quickly to control spread of further
infection to oth@ subpeetons Eauksipngdatlatti on further enables early
therapeuytic intervention. 20 Wiilst CoVis a termused to refer to the
SARS- associ ated coronavirus in humans, the present invention is applicable

to detecti Mohe Q@R InH YSESH thd pARY¥nISHAIRh 21186 86 HROIAQMon RHARMLARLSBE S,
mammal s and avi an species. Human subjects, however, are nost preferred in
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Figure 1 is lysis_of ,bot.h SARS, CoV | gG.posi.tive and negat.ive sera
using the REGRSUE BeRbd g R R s R AERTRRIbA FoRR sARPRI LG 3F
DB- El A, | FAngfigndibdi&A. refatfvieg Uheredf ivehitmh &cat@s whinpRinsl Asdodiatedl @fithsar Wwer
sanpl es from SARS confirmed cases and their conparisons with |IFA and

ELI SA. 1 gueepiztery feachidentionaln 3 mgplayeksirad penscbitha methed pakiisdihgpresent
sensi tivitl g9 R WaER B postirFtda do¥ RAAuEAARS or symptoms associated with

SARS.

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

carly 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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is predicated,
in part, on the identification of a method for 10 detecting present or
prior exposure of a subject to a coronavirus or inmmnological relative
thereof. More particularly, the invention relates to serological analysis
of a biological sanple froma subject in order to determ ne the presence
of a binding partner specific and discrYmnatory for a conponent derived
froma coronavirus or an immunol ogical relative thereof. The nethod of the
present invention is useful for 15 detecting exposure to a coronavirus or

i mrunol ogi cBigureBads itherashléoédd palrs oif seawus esnplsy fiptofBRAswafimed dases tahd | ower

respiratory, tract infecti I eferred aspect, the nethod of the
pr esent invtgﬁlff%]ﬁ‘p%l?ﬁé’ﬁfgg&g@%@@?i‘%ﬂg‘gf a present or a prior exposure of a

subject to a CoV which causes SARS or synptons associated with SARS. 20
Accordingly, one aspect of the present invention contenplates a nmethod for
detecting HEgpoedig acgraphienl ppraesentagon of shaoeramparigen of sensitimdesdesiteesn PBrat i ve

t her eof , Salii rﬁﬁ@%@md Arpri sing the steps of. (a) contacting a biological
sanpl e #%on1 € subject with a conponent derived fromthe coronavirus or
i mmunol ogi cal relative thereof for a tine and under 25 conditions

sufficient to facilitate the formation of a conpl ex between the conponent

and a subj eDETATLEN DESCRIPTICNOFTHINENVENTHDN contai ned within the
bi ol ogi cal sanple; and (b) determ ning the presence of the conpl ex,

wherein the presence of the conplex is indicative of exposure of the
subject to coronavi rus. or. i nol gqgical = 30 rel.ative thereof. -7 Ipn a
orof orred elBoRTRE " REB 1faPHGpatt foPaits ORe iNEPHCEiQi of Betiod Beich as
an ant{obodyetectinBMrodenn B IpBilof eRfdErd 38 a0subplce sl lecstbfdlids FRNMmuldISdical

preferably, however, the binding partner is an immunointeractive nolecule.
In a parti ciglagive jtherppie Netccppraeiaty, hatinvanken ralaten de ricealagicdlvanafssiseelube i s
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met hod for I Ng "exposur
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
comprising 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.



of a subject to a coronavirus or inmunol ogical relative thereof, said

met hod conprising the steps op (a) contacting a biological sanple fromthe
subject with a conponent 10 derived fromthe coronavirus or imunol ogi cal
relative thereof for a tine and under <conditions sufficient to facilitate
the formation of a conpl ex between the conponent and a subject

derived-i mmunoi nteractive nol ecul e contained within the biological sanple;
and (b) determ ning the presence of the conpl ex, wherein the presence of
the 15 conplex is indicative of exposure of the subject to a coronavirus or
i mmunol ogi cbll a praderaed vmbodiereebfhe bindide gortnén isgaromterbaivei mgletitle spelesenn

i nvention foI ter nol i ed.in .acc nce . to th
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fornmul ati ons of conponents, manufacturing nethods or the |like, and as such

may vary. |prefesredieshodinans hememynaipidractivg mpleeuleds a asibedy: used herein is
for theépurpose of describing particular enbodi ments only and is not
intended to be limting. 25 It nust be noted that, as used in the subject

speci fi cat i Agcordihglys hi@hbrakpdcd bithe pcsent iBfentiond s d mdtel' foir defettile; dlposiak
aspects unl ess the context clearly dictates otherw se. Thus, for exanple,
reference t% &MbISCHAMEPTARSHEE OF YEMyBPlegirlaelafine fhemod, wikmatiod comprising
|nnun0|nter@%g&%$oﬁnlecule as well as two or nore imunointeractive

nol ecul es; erence to a "coronavirus" includes a single coronavirus or
two or nore corofavi resestingra dpdogiesl mﬁmmerﬁmavﬁmusﬂﬁanawﬂhﬁncbnmbhan 8 A

coronavjrus,is fined as a group .of RNA anl vi ruses consjstin
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The corona or halo is to an
and a subject denved—unmunomteractlve 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 coronmavirus or immunological

relative thereof,

In describing or claiming the present invention, the following terminology is used in
accordance to the definitions set forth below.

20
It 1s 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 1s 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
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.



array of surface projections on the viral envel ope, one of which is the E2
gl ycoprotein, 5 the viral attachnent protein and target of neutralizing
anti bodi es. Coronaviruses are second only to rhinoviruses as a cause of
the common cold. Coronavirus infect epithelial cells and remains |ocalized
in the upper respiratory tract, due to the optinmum growth tenperature of
the virus, which is 33 to 35C. Coronavirus particles have been seen in

el ectron m crographs of the stools of children and adults with diarrhea and
10 gastroenteritis, However, an association with these di seases has never
been provenA ommgNEYs ideined mset groapvafr R¥Ayarimahsiaess sonsisting efenvelnped exact
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present invention i directed to detecting exposure to coyonaviruses such
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SARS, Cov. PR R R Rl Sl 49e Be Y Eonme e R Al been,
PEDV, HEV, skkh infelectohchickofraghs ¢fl @8, stdd1PVYf chitdén dpdtddults wikli dinrihed ead
cats, CcoV, which infects dogs, 30 RcoV, g\/\%ich, infects rats, MV, which

i nf ect s'%ni c%%stf%wlanﬁio&fﬁw?rn%wgm%&qW%h & dipgagesing MPEF\PECRHATRRL nf ect
chi ckens and turkeys, respectively. -9 In a related aspect, the nmethod of
the present invention is able to detect exposure to i mmunol ogi cal

rel ati ves ofomnzorseavifeesa vasety sddnmemalsnamh birdsnTheot:ogt caimbeebfhimett i s
defined as an vi.rus, which carries an antigenic (?t%}é ohe \Ahil%b Cross-reacts

with an 15olates 1s not known, as many cannot be grown in cu ey are known fo cause
inter alia:
15 * respiratory infections;

* enteric infections; and

e 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-0OC43 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, BeoV, which infects cattle and
IBV and TcoV, which infect chickens and turkeys, respectively.



anti body directed to a coronavirus conponent or which elicits an

i munol ogi cal 5 response which cross-reacts with a coronavirus. Viruses
detected by the nethod of the present invention include nutants of a human
coronavirus, nutants of an animal coronavirus, or viruses that have arisen
due to a reconbination of two human cor&naV|ruses or a human coronavirus
and an ani mal 10 coronavirus or even two” animal or two avian or an ani nal
and an avi an coronavirus and which has then crossed the species barrier to
enabl e infection of humans. Additionally, virus exposure detected by the
met hod of tlhea prlatedmspachvibameathod ol thedwessnp bwention 5 atiy by dctsctoerxr:aﬂmm«b or
avi an and hl%ﬂ?ol&’%éa"f%gﬁnml o(iha Qpargr?av?rlhlgf %P%glehe(ggnfﬁq?a@gn%%g g}ca )éel NPt a

coronavi rus or coronaviruses and ano Muses
i ncl ude, bu dafigedi@s ahy Firhedhich caOeHhe asilg eﬁ&dﬁﬂto%mw BR8Sreacts with an
single-stranded DNA viruses, (+) single-stran RNA viruses, ()

si ngl e- st r aHEEARMAEGte {93  COrRRAYILE COMPARRIS dODNAIGH ﬁh@@san(mymunologwal

si ngl e- g \ mrunodefici ency virus (HT), the
human paplﬁ¥9&9m5Wﬁ§g%hE8§%%¥§§§%??H@ﬁgﬂgh the polio virus, the rabies
virus, the EboI a VI rus, the influenza virus, the encephalitis virus, 20

smal | pox VI %ﬁbl eaj&w ri’j t he herpes viruses, the sendal virus, the
respiratory lr's‘%?ﬁ b %Oéﬂrﬁmwm%% inglyde waipaiseal yhrmaRs,

the vesi CU'@i‘oﬁvﬁH@tIthaﬁts O Aok Sl SRS IS AN BIPYRL L UildhSand ysed
herein, a "biological sanmple”™ I's any sanple froma subject ich contains a
25 subj ect Idecrmknealtmmbﬁttwvdmmamdcargnmueﬂeor arhumanocanaiinig sandoarp emiati .

Preferahly, the biol ogi onprises i mmunointeractive nol.ecul es
Cpecit 1D &Ry o Grihal O SPE AR £t &b B AGHE: SRR PP BRICR A Eanpl o

may be obt ajRied hfabﬁfeﬁfc%s@ecf fH%’EE@(HMs bR ©S%n3bhlcTRIEdAbf MM&R, ﬁﬁﬂft1@hﬂ§f
imune material. Preferably, the biological sanple used in the nethod of
t he presentVvitusvexpobwa detecttdr by &zt mle@nﬂmfntan rsesopevvesiiiar owhhlet ¢xposige to
pr esent |nvent|on xtends to scree 8@$§'v e of,. g}hunan su

t

Ref er ence t3°R%® o BT Th sl S VI AP oRiSen g&g%ﬁdﬁﬁn or

non- human -rkGorAbindfdn OF aaudraﬂaﬁﬁ@%reéoroﬁ@mrubéén&m shbthecthiss ontvembl etied by
t he present .invention _include non-human prinmates, |ivestocks (e.g. sheep,
pi gs, cBuns, Vifi§es 8% ludge hutsare 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 Eboia virus, the influenza virus, the encephalitis virus,
20  smallpox virus, the rabies virus, the herpes viruses, the sendai virus, the respiratory
syncytial virus, the 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



donkeys), laboratory aninmals (e.g. mce, hansters, rabbits, rats, guinea

pi gs), donmestic conpanion animals (e.g. dogs, cats), captive wild or taned
animals (e.g. foxes, 5 kangaroos, dingoes), reptiles or fish. Avian species
include any bird (e.g. chicken, geese, ducks and other poultry birds, gane
birds, enus, ostriches). It should be querstood that the biol ogi cal sanple
may be any sanple of material derived fromthe subject. This includes
reference to both sanples which are naturally 10 present in the subject,
such as tissue and body fluids (for exanple biopsy specinens such as

| ynphoi d sp¥emakas avigh speries. Washhimar wbjmﬁmmpétqdi prather prepant liudintign nasal

fluid, fec el reti nd samles which are introduced into
the body of *PHe SOETnE LGy GEmyER: ebnoBhs PO .

the saline dwikuys)olaborawky amieds (¢ @nmidachdrdigrs f @bbigNritg dhided Res)AURPRHOT
fromthe colon foll ow ng{; an enema. 15 The bi ol ogi cal sanple ich is tested
accor di ng tRREI e ARERIDIC-EhEOBY, cedflt RPN MLlg or riemed cinitaals og-gdi ose% | y or

may requy re s Of: t teRriQr t] F . | e, | ood
Sl o oy EeEPot CABLAE). AR SR Alipd 3abdS, fRkos B HRKIE, Prick) OP 5
mat eri al .  Sgeeke, gndeesd iotigr payltlyditiheaoetirdsf angiat baricladk).t he bl ood in order
to 20 pellet the cellular conmponent. Such techni ques, which could include

centrifugation, would be famliar to those of skill in the art. Filtration

and cl ot Ui ng #BHIAORS iBiBbd WultAhe HIRLOXETsarfic il 68RY ARGKE of hhGTANCe

to "steps" in the subject nethod is no as a defined order
and two or dasived Sroapshensupjdse Tusrichelts scferone tr bathtdapnppesaeliclc ek naturally

"Det ectjng"_the, f t] f | t . t_derived f
cor onavit o< TR choef oS Rt S bBRiegr GRPREPERyEsD: sermss ™ °
bi ndi ng pardudRras I§MehoidSsp8dimeAINBINUHLBE tHuYE FRIGE ]gfla@i _alﬂlﬁy_imuchxg 3]

conveni ent net hod wﬁich wi Il 30 be known to those of ski inthe art. In
one aspect , TgdsEeemerdrgneialiseerdiionsh and sarsples whjchgpae ddradoced inghthie tiody added

(0,4 Commho bl 35l GTAR SehbRD: AchrSS ol Sea R 00,
-11 i ncl udi exgragted iroaihg ¢img @1I6@in d/iShg laaAgECAZYHR thacdldRDIBRNR B endma.
| um nes1%ent nmol ecul e, a
The biological sample which is tested according to the method of the present invention
may be tested 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
corqnavirus 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



chem | um nescent nol ecul e, a | anthanide ion such as Europium (Eu34), a
radi oi sotope and a direct visual label. In the case of a direct visual

| abel , use nay be made of a <colloidal netallic or non-netallic particular,
a dye particle, an enzyne or a substrate, an 5 organic polyner, a |atex
particle, a |iposone, or other vesicle gﬁntaining a signal producing
substance and the like. A large nunber "of "enzynes suitable for use as

| abels are disclosed in United States Patent Nos. 4, 366,241, 4,843,000 and
4,849, 338. Suitable enzynme |abels useful in the present invention include
al kal i ne phosipiEgasdromegwe p gafialyikt, ap enoid agbiordpherd, erlaminescent molecule, a

I 3- gal act os] : S j,das | ysozyne, .malate .10 hydr qgenase and
the T o, - THERT T EoIKLE 2 B GOV Kot BlSnihn LSS 6H2RGRERoE
second enzyamd avdiredt visual Natsedl bt hertasdAbf ardi@bi viehal, laigelf hstomapergadhech may
be wused as a suitable |abel in_accordance with the present invention

i ncl udes, biftlopdel pstalliq prpqnageialic Fartipiase dyapartige.Angnzyng o8 2 Crbstiase, amnd
the fl ugyoc ' | ec El _ecyvani : ine-3. i ne-3. 5,
Cyani nes, GARE fofusiéh, BCRRR baRlle & osoffib™3L M6 v Bitaitin AT T

phycoer yt hrpmduchiesubstaacd amahtheflikeha le@epligbeods éMr®mep bEisd foir Ve labéls | S
preferably acgjirseved by _t he §ddi tion of a secondar%/%gnti bod attached to

hor ser adi sH'p Gloserhnd nifgd; SiptehRaignt Nog Ae@owAL 1P 0k 43%‘%%?3&355?31)1‘3
produces a g sughintldRbas iR BleSpre@nP InveAaRORc1ud0 aﬁ%lih{gféc%‘,?gﬁgs&g E&@érgdisltl he

preferred binding partner 1s an I mmunol nteractive no erence to an
"i munoi nt epeactidase, mihadferdse, $hoaldotbsidaseindglisdéseodogidask, r dyeizemes tmmlatany

nol ecul co([r?qui#si ng an antigen binding portion or a derivative thereof.
Pr ef er a c

 dehygraseriitiAge thse et Threcnrymeclabd may he uast plosaypr in saudugtienr i ng
a humoral rgsRana&dnzgme WcﬁHthﬁfutﬁjﬁ. dﬁgéﬁgﬁ\)’éﬁ %Sﬂﬁd}éﬁ?)&é Q\}gllj<:}fai§1a§7I ged

herein, reference to a "conponent derive rom a ¢éorona
i munol ogi csskd raelaaguitablet label dofdtcordfmreswitlo tlee prebstt amesmtion indludesy benisamed by

irus. or i i munol pgi cal r ive thereof ich . either elicits a
Fecponea 1 it ke daersog Pl i [Pk eng: B raone 4 1SERGEA X% t ner
such as an @y, R9ayine-bn (%aﬂih@f3§r0)%ﬁine%fm0@i/m5, F?&iﬁ@@ﬂﬁ&?&ceﬁﬁrﬂé&g from

the coronavirus or imunol ogical relative "thereof”is a viral protein or
i munogdéni crefly spderine Histaone adgblyvsopyiriai The addtéqpiod, of- t2 complex of the

present mvention 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,



car bohydrate, DNA or RNA or conbination thereof such as a |ipoprotein,
phosphol i pid or phospholi poproetin. Viral proteins contenplated by the
present invention include: Small Envel ope Protein: 5 This protein is

| ocated at genome position: 26,117-26,347. The small envel ope protein has
a predicted |l ength of 76 am no aci ds. Taﬁtpredicted structure for this
protein is a Type Il nenbrane protein w“h the majority of the hydrophilic
dormain (46 residues) and the C term nus |ocated outside the viral
particle. 10 D,., Of3 is a protein with a predicted | ength of 274 am no
aci ds. The ¢arealivératel DNA weRINA or combinatiers theraof swihmss: bpaprothi, phigspbelitid
149-am no Le p si.de .t.he vir i s.also thought
Uhat the.C. g2l BRrse By iy PRute® aisbrinisThy hemeieet byefid &g (Y

A ycoprotein E2 The SARS spi ke glycoprotein is a surface projection

gl ycoprotein precursor with a predicted Iength of 1,255 ami no acids. The

spi ke prot a&ﬁi@_@éﬁ‘@&_@@amhg other coronaviruses, and it is believed
t hat thr5ee0—gplg %Jcle Isi?] ?{Cﬁese h(lﬁﬁe QB&}@ rb6f 101 @éiﬂf‘l T%h%hﬁﬁte%%lﬁé% ﬁro}%m&el 20

structure ruse € “evi enée grves an over

of at ype Ihamesnpxredmedp]mgthldf 6 dthinbheidy: The mmecaﬁtdmhhe fomjtod pioyeinfis hhe
protein S|dﬁes 14-1195) on the outside of the virys particle. 4r14 The
predicted | '&’Ri‘t gempsapg @W@m?‘@lﬂ&ﬁhﬁ‘n@a&%ﬁlﬂ:@f theshygreplglic demam (fgsregiducs)

predicted | gp9hbcqkmaduaidkie 8 o9 has a predicted |l ength of
44 am no acﬁiéll The evi dence p%(jisﬂgghedﬁméﬁgmge Il menbrane protein. -13

Of8 Of8 has a predicted Iength of 122 am no acids. The nenbrane

pr edi ct%oon @/édence
Orf3 is a protein with a predicted length of 274 amino acids. The predicted structure
comprises C-terminus and the adjacent 149-amino acid region lie inside the viral

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

16 Spike (S) 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 | 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 Orf14 is 70 amino acids.
25
- orflo
Orf10 has a predicted length of 39 amino acids.

Orf9
30 Orf® has a predicted length of 44 amino acids. The evidence points to a type II

membrane protein.



fromseveral prograns points to a type | nenbrane protein with the

N-term nus and a nmjor hydrophilic domain (residues 16-98) on the surface
of the viral particle. 5 QL7 Of7 has a predicted |l ength of 63 am no
acids. O 4 10 Of4 has a predicted |length of 154 am no acids. It overlaps
completely with Of3 and the small envelope protein. Menbrane (Matrix)

A ycoprotein M The nenbrane gl ycopr ot ei"n3M has a predicted | ength of 221
am no acids. Analysis 15 revealed simlarity to many coronaviral matriXx
proteins. The Mprotein is known to interact with the S (Spike)

gl ycoprotei@f8as well as the N protein, during formation of the viral

epl i case | AT &P ERE FoHPHs LB RecI: 258 MGt PP SR BHISCS r om
base 13, 3%Both BevekalBBgrai® ot td 8 iy cOl RBABHE PeSteindwiih AENSBIihuS&RAY at es
the la and | b readi n]g frames. The Teplicase is highly simlar in both

1%

| engt h and m#ehbydephilie defuaindeesidues t 88 ) @pthe surdeewf dteaiirad pémtigled i n ot her
coronavi5ruses. The genes code several proteins that are produced by
proteol ytic cleavage of the large initial polyprotein. 25 Ofl1ll Ofll has a
predicted |l@pgth of 84 ami no acids. It exhibits some very short regions of
simlarity to_a section of the human coronavirus E2 gl ycoprotein precursor.
30 Nucl eocdgd? dasp predictedipesth oE P2 aaiesAcifispr ot ei n of SARS bears a high
simlarity to the nucl eocapsid proteins of other coronaviruses. However,

it contains a short unique lysine-rich region -14 ( KTFPPTEPKKDKKKKTDEAQ
that is notOffgund in any other viruses. It is speculated that it may be a

novel nucl ear,.  functiop involved. in pathogenesis. The highly basic
1L(1J 8rf4 has a preJl'cted \fength of 154 Fejlmgno gc?ds. It overlaps completely with Orf3 and

the small envelope protein.

Membrane (Matrix) Glveoprotein 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 Orf extends from base

13,398 to 21,485. As in other coronaviruscs, a frame shift separates the 1a 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

Orfll
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 Proiein

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



nature of the peptide is characteristic of an RNA-binding protein. 5 O 13
The predicted length of Of13 is 98 am no acids. As indicated herein the
preferred binding partner is an anti body produced in the subject to a
coronavirus or related virus conponent. However, a binding partner of the
targeted 10 anti body may al so be used. An exanple of such a binding partner
is an anti-idiotypic antibody or an aﬁﬂﬁbody specific for and
discrimnatory of a subject-derived antibody specific for a coronavirus or
rel ated virus conponent. As used herein, an "anti-idiotypic antibody" is an
ant i body WHRATFPHTERK KK KKK HpBAQ) ilet isltot dodridgeanp othdi myuses.tleischeanaitder
anti body generated in response to_exposure to a c onent, derived froma
coronaviruéﬂa?3?ﬁﬁhh8ﬁb5?@%ﬂ“¥@@éﬁ#§'O?HEWQEqu%@a @STEE$3H§§fb§?3used
herein, refgihgebPiiR pefli®Ck icHBaEBERARTTAn TNALAMRYprbRgn. 1 Mune system of
vertebrates in which specific antibodies and/or cytotoxic cells are 20
produced agai nst invadi ng coronaviruses or immunol ogical relatives thereof,
whi ch are k anized as foreign by the body. The production of antibodies
circulating—ﬁz—the bl ood is known as a hunoral inmune response, the
product i on THe mydioledtdngiice 0:F1 RR B @@hb acifedi ated or cel lul ar i mune
response 25 The preferred nethod of the present invention relies upon the
detection of a conplex fornmed between an inmunointeractive nol ecul e

contai ned wiihi 1.0l-0gi cal - 0 ] fL0

cor onavi rug sk UM AT B Rin R R BURARERL BEHUE AOMer o
one or nor eoiamunniriesaetatadevirmlceaipoasntb Plonadvér a ORRliy paidkeof hengasnedt s

derived from.a coronayirus or an inmmunol ggical_ relative thereof. 30 |
Ref er en@e ta&ﬁﬁo Bﬁazs@ilsed?e ussaﬂpﬁ\sp %mge B? Scbcp Pindpgmagiaer W aang-dintadnent

derived T rahadFer ahaliboy Qecitil fof Ml lBlinfiRtor Aedl hitfedt BEfiRRf aisgn d be
enc (% Cl

understood as a -15 refer to any nethod o l'ttating the 1 nteraction
of one or mprafic dfonmwirenariras i ektedrolwcompsnat. t he bi ol ogi cal sanple with a
conmponent derived froma coronavirus or an imunol ogical relative thereof
such that coupling, binding or otherw se association

As used herein, an “anti-idiotypic antibody” is an antibody which binds to the specific

15  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.

i _ _
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



bet ween the i munoi nteractive nol ecule and a specific conponent derived
froma 5 coronavirus or an imunol ogical relative thereof can occur. For
exanpl e, the conponent derived froma coronavirus or an inmunol ogi cal
relative thereof may be bound to a nenbrane, such as a nitrocellul ose
nmenbrane, or to any solid support, and the biological sanple added. The

bi ol ogi cal sanple is then left in contad®-with the bound conponent derived
froma coronavirus or an immunol ogical relative thereof for a 10 period of
time sufficient and under conditions which allow the stable formation of a
conpl ex. Oreterence cbmrmh;emeihsdfoﬁ favddatirey ﬁieﬁlﬁertabﬁnh @f;tﬁieemrﬂcﬁe tﬂmunﬁdtéembtim

facilitate t { of t he nﬂa et an%g_ ect, the

bi ol ogi cal @gﬁf)‘? &s a%‘ﬁ?h S&EPISY ar?é’FﬁPPg degyjed,frgm E’ac PRAVYUS T 4 ose
menbr ane, qm&c@ogﬁ@il'xglaﬁv@@ﬂéréof ﬁ&ﬁ thhecop® Oﬂﬁﬁfn der bieAvikd QBoRiation
coronavirus or an 1nmunol ogical relative t ‘of ad ed. The 15 conponent

deri ved fr drateeaothensvinnysnioractive mmienudd algd caa.’spepéicatom[mnehb dewfedi fomhen

left in contact.with the. bi olq all slatﬂr’q) et:%for eri od f time %uf{_ll ci ent
o unadr BRI E W R SR AR Pucr fa s Flr eoMEPBY hivce
conpl ex i s dopipgtRent deriveé@!fRsih a0fbroNHi@MNor Snt IAGRuRASIBEL trolafia€ ildrd At Bay BE
detection of the conplex. 20 Solid supﬁorts contenplated for use in the

met hod of thRundiegenembiverurioas k mitrase ulasg/membm@@r or focanptrobf smimri@@nd he

i mrunoi nt er,act I s,derived from, the carona us or
i mmunol ogi ctgg Hla’lﬁ%@vg 1§fagg d gg{r%p@%f} Ga%(ﬁam%? \ t?“é% leoff n%c?lont Uy su p Fts

cont enpl at esbubyl compomait dovadnfor iatcofhnalifes @r@SSMunoMaeddl tdddtiveitherbordBr a
without being |limted to, nenbranes, beads, plates, wells, mcrospheres

and ni cpopd%wé@stlm@gumrﬁm ane sndesrioadiiions sdudy allows theseble BAEatan ok t he
present in o%%p‘ & Cbtﬂ:%l u&me[g@y 18 Mtﬁ ang, té&l&)%&g fsttgfﬁ{ ({0{%8 to facilitate. the

i mrunoi nt eract1 vé nol ecu or conpdnen € coronavirus or
i mmunol ogi odetectieh af theeconipdexe b yﬂamoitbneﬂﬁhpe&xmmbMngloﬁl saﬁ@t&majﬂbs appiiedltoide

wi t hout bel ng limted t ni trocel 1 I ose 1rszZ?rrbr anes, pol ?(Em de 30 nrgr ane
filters, 1 YRRt Bt BRI OF T IR MeP ot 8b ol LR BEeT et
filters, p%oﬂ&h&ﬁfdeﬁ%@ﬁmﬂ £8& ok TEbr Hﬁﬁﬁﬁﬂﬁﬁo&fcﬁlﬁ%faﬁve Bfkdotl 954 gRet at e

menbrane filters and cellulose nitrate menbrane filters wth filter paper
carri erld - l®mponent derived from a coronavirus or an mlmunologlcal 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 contemplated 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.



The nethod and kit of the present invention can detect exposure of an
animal to a coronavirus or imunol ogical relative either during periods of
acute infection or chronic infection. As used herein, "acute infection"
refers to the period of time when a virus has infected a host and is
actively replicating and/ or causing synptons associated 5 with infection.
Chronic infection refers to the period of Tnfection, wherein the virus is
no |l onger present or is present in dormant formor is replicating at a

| evel which does not result in the presence of synptons which are

typi cal | y aSbowsicthaddand kit ofcthe @resentalnventivinecan detect Usipnspre fod ameartiod! tnd ki t

of the present invention, exposure.can be detected at tine_.after the
gener at | on SouY R e EBEEH, BBt fntertip o MeP e TRRIOT B The
present i nvetibhionnfettidr) s WREQWERAS “@céd InfE@iont efBGHH ML FERASItEnOHhen a

subject to a coraonavirus or its immnological relative. The kit may be in
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nodul ar kit 20 conprTsing one or nore vber s erel h at [east one nenber
is a solid sydpoe afterdhpgineratign af e immoecintetrctisameidcnkah tisoimbacicsli angmal.
conpone,n)t of or derived froma coronavirus or inmunol ogical relative
thereof .” In an alternative enbodi nent, the solid support conprises an array

of bindi ng PRs bRGER indéntibAruRNE SoviRE & 160 TRONLR S WxpOiife OF aMhbfect to a
coronavi ruses or imrunol ogical relative thereof fromone or nore subjects.

The kit maycasprdvanaor yts memugalogisdl retative. diwllytzedy b drany nproghlept frm but
spect r ophot oerr%ta?'li caol | y.or fluaronetri caféln% ﬁ?nd. y, furt h‘?ﬁﬁ%e adapted fir
hgh 30 t HFOSHNSCRRSES & s HhEon TER A o b 2Boisor EEVE et hoo
for assessi@ngrite is@htad botfipdrichts Hfex@B@s Of a tdrbnavirus 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 fluoromefrically 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



nore subjects being exposed to a coronavirus or immunol ogical relative
thereof within a defined |ocation (e.g. a geographical area, industrial or
housi ng estate, a neans of transport or center for medical treatment or
assessnment), conprising: (a) obtaining sanples froma representative

popul ation within defined 5 |ocation; gnd (b) assessing evidence of
exposure of individual nenbers of sanpl 7'popu|ation to a coronavirus or

i mmrunol ogi cal relative thereof by the nethod conprising the steps of (i)
.contacting a biological sanple fromthe subject with a conponent 10 derived
from the comoreespbjegts being exposwl logi cabnavituabr emihelpgicsl fobtiva thdrerd veitidn under

conditions sufficient.to facilitate.the fornmati.on of a.conplex between the
conponent - et Bty (G5 isePistina] Atpop BRLHERL Of Ho e HHGme R AL ai ned
Wi thin the ®BiBhOTLESInter T MbECal dBtAdnt dr £4848KBMY ddehpkRBPr €esence of the
conpl ex, wherein the presence of 15 the conpleX is indicative of exposure
of the subject t@)a cortopag pasples fomunmoiepgsaddtiver pdputlition tvhithie odefingdd

t hen assessing. th el ative risk of exposure within the defined |ocation.
20 In a%grngggéﬂ%g%bodinent, the present invention also provides a nethod

for assessing t@& redsadskivig EvidéncRf o NEpOFUrOEE iITdIPIea! sndddieR0 EXpRSsaE to a
coronavirus or_ imrunol ogical relative thereof within a defined | ocation
(e.g. a gedifiPHiHOB 4P a gproBavirys oy iprnglogpl nelatiae Hreod by the mathed spRposing
transport qhegggg . for medical treatnent or assessnent), conprising: 25
(a) obtaining sanples froma representative popul ation within defined

| ocation; and (b) ass@ssi ngnextideabeleficaxpaplerfrondthe sadjeri @itabh compbesns of
sanpl e I
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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
(1)  determining the presence of the complex, wherein the presence of
16 the complex is indicative of exposure of the subject to a coronavirus or immunclogical
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
denived 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 (i) contacting a biological sanple fromthe subject with a conponent
derived fromthe coronavirus or inmmunological relative thereof for a tine
and under conditions sufficient to facilitate the formati on of a conpl ex
bet ween the conponent -18 and subject derived i mmunoi nteractive nol ecul e
contained within the biol ogical sanpleﬁgand (i1) determning the presence
of the conpl ex, wherein the presence of "°the conplex is indicative of
exposure of the subject to a coronavirus or inmunological 5 relative
thereof, and then assessing the relative risk of exposure within the

defi ned | ocaid ewbjedtodeiwk anampeinterantiye baolsowlducensained i wighis othewhiodogical a
conput er rqggla;%nfornl Consequently, the present invention further
relates toa oﬁpuger readabl e program and conputer conprising sane
suitabl e for anal yzi ng)expaséhtniaf tlt Fodineebf @E canPKR, Rherebitbi pedkséncelof a
ri sk of exposure of .a, subject or group of subjects to a coronavirus or
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al ows fror epidemiplpgi cal study of outbreaks of infections caused by a
coronavirus or an I munol ogical relative thereof. Such studies provide
val uabl e i nformati on whi ch advance multiple facets of research. For
exanpl e, epidemological studies aid in the .identification of the jndex
case of an infection.2Sudenoessessingr Hist redHvenesl o8 wResurgekihin bgrddmeds a
defined | ocgti:p from which the source virus responsible for a vira

out break originated. Additionally, the nethod of the present invention
permts for the rapid identification and isolation of subjects who are

infected with a coronavirus or j nol.ogi cg] relative 25 thereof Such
|t or et orfkda Y Gt oy FonleCli; GH0E. SRPERE riBqh: FurREE SeAtoblee fifen
as wel | as defseqidndlyathk peabaaRviMiios TufRGUERLRS 1914 IbAPLIcP IAGabIE PrdSh and he
met hod of the present invention allows for the nonitoring of "an infected
patient to @herBrer erenprisingesans switabla farhanalyzing edpobwady. 2 wubjedt drogrgup et i ng
may be nonitored to deke&nine t he . : . .
subjects or a tisk of exposure of a subject or group of subjects to a coronavirus or
immunological relative thereof.
18
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
aiterations 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



efficacy of existing anti-viral treatnments or aid in the devel opnent and
val idation of 30 newy devel oped anti-viral conpounds. Further, the nethod
of the present invention provide a nmeans for identifying subjects -19 who
are infected with a coronavirus, allowng for the rapid isolation of
sero-positive people fromthe general popul ation. Such tools allow for the
rapi d contai nnent and eradication of a 1€or onavi rus or i munol ogi cal
relative thereof. 5 The present invention is further described by the
followi ng non-limting exanples. EXAMPLE 1 SARS virus antigen 10 The virus
(SARS CoV 20b@wreififettediwat a mrbinai\e;rus,t altbpwing goi ﬂmlralbiddscﬁlam af pabipesitive

di agnosed vmth SARS %hhe se enc VQ@% ad_bee eV| 0 det erm ned
Ruan et alPeOPe R, §6gfne gols pijgw OFG H’&%f’flé&n?ln

Vero E6 Ce'érﬁdlbfﬂlonrﬂi"@c'éfﬂnll%%s(og"lﬁ%nogglda@wlaﬁwe%ofsUppl errent ed with 5%
fetal calf serum (Biological Industri€es, Israel) and cultured at 37Cin 5%

CX2. The clarified culture 15 supernatants were aliquoted into cryovials

Colls 1 a D marrt RARSE At SeBSod PLe bR epR S BB Bl T or an

hour whi ch was confirmed by plaque assay. Viral aliquots were stored at -
20C until use. 20 EXAMPLE 2 SARS positive and negative sera Serum sanpl es
from 14 potEXAMPEARRP cases (diagnosed using WHO criteria) were wused in
this study. Five of these were single conval escent serum sanples while the
ot her 25 t e¥dBEvaupaintiph sera coll ected at | east two weeks apart with the
first serumsanple collected in the acute phase of illness. One hundred
and si xty-seven SARS negative serum sanples were used as controls. The
cont r ol ypsanphLPirk N WARS CAELUM CRALIROLREY i 1A é)wgsolsbpa%r ﬁ&&ra/ st f
prior to the onset of the SARS outbreak 1 n Singap ]r%

vol unt eer s dipgnosediwathi S ARD the seiquermeqfevitiely bad b€®) pl‘EQlOpdyI(btWJSde duentds ng

\éVISt Pr 321 aut£9| e S8 di'H9°1”7%55li85'3)a5f vsltx."uef‘smw%s lplfl(?pagate n erot B8 Rus lnd (4)

medium 199 (Sigma, St Louis, USA) supplemented with 5% fetal calf serum
(Biological Industries, Israel) and cultured at 37°C in 5% CO,. The clarified culture
15 supematants 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 {en were paired sera collected at least two weeks apart with the first serum sample
c.ollected 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.



heal t hcare workers who were negative for SARS CoV neutralizing anti bodies.
-20 All serum sanpl es were 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-El A protocol The
dot-blot EIA was perforned onto nitrocel | ul ose nenbrane (Schl ei ncher &
Schuell BA-S 83, 0.4511m Keene, NH). -Ple active side of the

nitrocel l ul ose (NC) nenbrane 10 was marked using a pencil and 3 | of SARS
CoV suspension (1x107pfu/m ) (range from 1x10 onwards) was dotted onto the
active si deAbfsctuhesaN®lesewbtreandedafod stbeequend biind amdly«io die tserpesratinacavatédic h

dot on the NC rane, was .cut .into piece (7mfMmx . 7 and pl.aced i nto each
wel | of a f&ﬁmg- JaK) at}, hout ibé?%Fa % iAﬁSéﬁ&ﬁﬂ%@%ﬂ%%@ Qpdmireth 3588 i de
was faci ng diRekefhrdNGraads were then bl ocked at 37C for 30 m nutes 15 using

bl ocki ng buffer containing 5 %skimmlk (wv) (range from1l %to 10% and
0.1 % (range from0.01%to 0.5% Tween 20 (Duchefa, The Net herl ands).

After incu i bl ocki ng buffer was aspirated fromthe wells washed
3 ti rresr}’wi ?ﬁmlﬁyﬂﬁuffer [Ix PBS with 0.05% (range from0.01%to 0.1%
Tween 20] whk! t,incubation of one mnute between each wash. Washi ng
was perfor\r,r% %@ﬁ’}é’?‘é’é’%tle agitation. The 20 nenbranes were then used for

anti-SARS | gG assay. The antigen dotted nenbranes were incubated at 37C
for 15 mnutes with serumsanple diluted 1;:100 in diluent _buffer [2%

(1% 3% ski MAdatblehi B4 wasiperfqmed optp witrpopliuiese apenplypng (Schlghichenéeichugll
t , i : i the figst f
The plate. PR S48k ReSR! NI A wBl%: MG 1 SEPAiRhiGhe (NG mEROUAE 2

Wit h vwaghi ngasdombiled . usdfy Apkidil and Bnalofvesks AH0lsugplndiabpit1045/ml YrRBe
| gG HRP (1: 1000 i n. dil uent buff&g was added to each well and incubated at
37C for 15 M4, onterdsk wppdotied entoribe aplshside of ghe NG membransi and theshi ng

DL ool R 00 eI R b B i o RS89
presence of7nam) in®pRSed Gt wich woldiotated opigghwdlh plastey plaRiiEsiEh @fay that the
well - def nelgbeled 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 mimute 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 n0-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



30 circle of brownish stain within 3 m nutes on NC nenbrane. The strips
were washed 2 tinmes with water or deionized water, dried at room
tenperature and results were -21 interpreted visually. The intensity of the
stain/col or developed in the dot is roughly proportional to the anount of
anti-SARS IgGin the serumsanples. A tenperature of 37C was found to
reduce non-specific reactions and thus 'p°1'10duce few 5 false positive
results. For the titration level of anti-SARS IgG a range of dilutions of
serumwere made starting from1:100 to 1:6400 and were perforned in

dupl i cat es interg8tedetibuablyatlThe fintensity. ofl the EMAMBLIE developethaf theodasis anaghlpssay
(I'FA) Spot slides faor i munofl uore e _assay were prepared using SARS CoV
i nfected antf°P ﬁg?lﬁ?glﬁaé’EP%PgaI@G§g§gﬁgGﬁP CeGIEhsY 1’E’gflon 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
cel | suspenditenpsratrespibl T €dvasfoundliefredrecoatsperifis tdadiémnsand thisgeoduk tféw 80%
cold acest onf: for .éo m n#t es. Spots were al so prepared using non-infected
Vero E6 el P PPREERISME coated slides were washed three tines with PBS
and stored at ---20C until needed. Two microliters of test serumdiluted in
PBS (1:25 to 20 1:400) was then added in spots (both in virus infected and
cel | contr ofyr Baditratienblayddolaanti-3ARSt kG, gneange . ditptienss of gesmwasveee piads ed

twenty tines, f. spaki twice in PBS for five, p nut ach. tine.
Vouse ant | - i SotE A o B0 L Y & BelSimd R el 48 W e B98P o
USA) was diluted 1:30 in Evans blue (Sigm, St Louis, USA) and 2 | of

di l uted nouse anti-hunman |1 gG anti body was added to each spot and again 25
i ncubat®d AEXAMPBE dn hour. After washing as described above, the slides
were dried _and exam ned under a fluorescence m croscope (A ynpus, Japan).
Results mr@"mvvgfﬁ%w%ﬂ%ﬁwa({ﬁ/i)a| |y phot ographed. EXAMPLE 5 30

Enzyne- Li nked | nmunosor bent Assay (ELISA) -22

Spot slides for immunofluorescence 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 microliters of cell suspension was spotted 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 diluted 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)



Maxi sorp F96 m cropl ates (NUNC, USA) were coated overnight at 4C with 50pl1
of SARS CoV suspension (106pfu/m) in coating buffer (Fluka, Biochem ca,
Germany). After washing three tinmes with washing buffer (Ix PBS with 0.05%
Tween 20), the wunbound reactive sites were bl ocked wi th bl ocking (2% (w v)
skimmlk with 0.1%5 Tween) for half an hour at 37C. Fifty mcroliters of
serial dilutions of serumwhich had béertrdiluted in diluent buffer (2%
skimmlk with 0.1% Tween 20) were added into well in duplicates (1:12.5
to 1600) and plates were incubated at 37C for an hour. After incubation,
pl at es wer eMaashgdF9@uricioplates (NLE‘&‘C\AHSAI) vgroubddied pvafighoht 4abbiith $0pliof
human 1 gG Igﬁgﬁsg th horserﬁp eI’OXI dase diluted 1:4000 (v/Vv) in

di l uents bu BV \iysPengigad L mpF%al@g uten §ilukey Biockergict.oFemangbyr

Pl ates wer eAﬁeﬁa@%ég%&me@%mewﬁ \ec«mh%qmﬁe{ fre{ pBR! L fiech 90y Thienaggl dibon of

501 of substrate ( Si gna, he reaction was stopp€d with
501 of 0. 1Mmhoundrpastizeisites Mel:ﬁeblomlﬁec}rwnthtlﬂsclamg (2% ow/v)eskper woillrwith el %

oo S RTIR I Eh R B0FTIC, PRl Bt sl b S BB O
15 val ues Obechhiglur@datdiet Gafftr @Ps sl WYk &ifh (CORPBYd:a20) %reta‘adgd o %bh SA
and | FA 20 DB- El A was devel OB ed usi n SARS CoV serumrecovered from4

subj ect s whiticfuplispies (E3A5i omeaPOp eod td wtes frisre Snlsitehdt 30°GARSambgart iAfterser a

col l ected a, tested iti r..de Sera were
tested in dln¥u atlg P%ﬁeﬁe‘ger(‘?fw;fhiézl Tout, timgs %‘ %é%ﬁ?@efdgﬁﬁﬁgt ?"E’Ebétda‘{that

the sera frema Isgcﬂrab@kuezﬂttﬁhdmrﬁa}s@?&ohﬁﬁae BE¥d QUDLY (vﬁ}?m BiEREs BerfPel ng
positive for SARS CoV were positive SARS CoV using DB 25 EIA while all

10 SARS'®owWwhaegddadvandsthenplates micebatest atshw fomyanrlwaiet Plates (vewe “ﬁslgﬂ.dré tinkp. The

1100 to  1EhOBAGERRE TS bl adehicBieRoah Dol fPREe forPrithnstnm

di lution, iyga)lTRAciieRas $8 ﬂzédg\k}ftﬁ 53%& of ngl\/ﬂ_g\.gﬁﬁﬁ%l@ EAHP ﬁaﬁmxﬁés Here

al so exam ned u5| ng ELI SA and FA Res sho
room temperature the absorption was measured at 492 nm using ELISA 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
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 EIA, while all 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 (see
30  Figure 3).



hi gh | evel of background in both the assays and a nunber of SARS CoV
negative sera showed a high level of cross-reactivity using | FA (see Table
1). In ELISA and IFA, both assays showed a |ow | evel of sensitivity and
coul d not detect anti-SARS I1gG below 5 the 1:800 and 1:400 dil utions,
respectively (see Figure 2 and Figure 3)., EXAMPLE 7 Di agnosi s using the

DB- El A protocol 10 Ten paired sanpl es f’dm SARS confir nmed patients were
exam ned using the DB-EIA protocol described above. Serum sanpl es were
col l ected from SARS suspected patients at the tine of adm ssion in

hospi t al anBhetamesargnsamples wene alse ehamined nsidgFLISA 2nd JB4t Reswdis showsd 4 ever .

Resul t s obt.ai t hat .all atients' sera ed hi gh
evel s of  selfveEOPUERplolRY /¥ buaRe BHHERTs niSha GATRRS Ko febaltydier
sensi ti vit yshandd sPRigh flewd] tof creds-rBRtiRtA WRESFAOREE MABR LS T ELIFA NRSFA,
confirnmed conval escent sera and 167 SARS negative sera. Al 14 SARS

conval escentoth gespys SwsiRda lawdewhpf jrasitivity and eandd nefrdeidct atpBARSAgGrhelny
det ect i 9 . R ti |
or o neaat i 8 12b sh T FBMNAGy. hERLALp1 e HBGs SR Fige BP0 VE SATP! €8

di agnostic capabilities of the assay (Table-1). A Chi-squared anal ysis
wWth Yates continuity correction showed that this is a highly significant
findi ng (QEXAMPREI70005). 25BI BLI OGRAPHY Drosten et al., NEngl JMed 15;
348(20):1967-76, 2003. Ksiazek et al., NEngl JMed 15; 348(20):1953-66, 2003.
Marra et alDiagBesieusiag 3o DBoBIbpmgcol 1399- 404, 2003. Rota et al., Science
30, -300(5624): 1394-9, 2003. 30 Peiris et al., Lancet 361: 1319-1325, 2003.
Ruan et al., Lancet 361: 1779-1785, 2003. -24 TABLE 1 x2 analysis of the

di fferemce Téh pAiRAURRBIRSIGH SIS c6MddRHRE Sdré ERaraitdd REBatthy ®B-EIA
protocol described above. Serum samples were collected from SARS suspected patients
at the time of admission in hospital and &t 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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5 sera tested. DB-ElIA PositiveNegative Positivel4d014 Negative0167167
14167181 SARS x = 166.70; odds ratio = infinity 2z -25 CLAIMS 1. A nethod
for detecting exposure of an aninmal to a coronavirus or immunol ogi cal
relative thereof, conprising the steps of 5 (a) contacting a biol ogical
sanple fromsaid animal with a conponent. derived fromsaid coronavirus or
an i mmunol ogi cal relative thereof for a2%ime and under conditions
sufficient to facilitate the formation of a conplex between said conponent
and a subject-derived binding partner of the conponent contained within
sai d biological sanple; and 10 (b) determ ning the presence of said

conpl ex, wherein the presence of saimq;E *ex is indicative of exposure of
said subject to a coronavirus or i ﬁ@ﬁgg cal relative thereof. 2. The
met hod of claim 11, wherein the conponent is a polypeptide, 15
glycoprotein, lipid, carbohydrate, DNA, RNA or RNAi. 3. The nethod of claim
1, wher ei n 2 hanalysispgribadifferencepol ygmpndickeof SARFheonfientd gosifive had neitive
mhereinfghqwngégiptide is selected fromthe 20 group consisting of smal
envel ope pro b ype | T, menbrane glycoprotein M Of3, Of4, Of7, Of'8
Type I, Of9 Type II, Ofl 0, Ofl 1, spike glycoprotein Type |, replicase
| A1 B and nucl eocapsid protein. 5. The nethod of any one of clains 1 to 4,
wher ei n the subj ectPBéAved

Positive | Negative

Positive 14 0 14
Negative | 0 167 167 '
14 167 181 SARS

%’ = 166.70; odds ratio = infinity



25 bi nding partner of said conponent is an antibody. 6. The nethod of any
one of clains 1 to 5, wherein detection is during acute infection. 30 7.
The net hod of any one of clainms 1 to 5, wherein detection is post-
infection. -26 8. The method of any one of clains 1 to 7, wherein said
coronavirus causes synptons associated with a |ower respiratory tract
infection. 9. The nethod of any one of -@Pains 1 to 8, wherein said
coronavirus causes 5 SARS or synptons associated with SARS. 10. The net hod
of any one of clainms 1 to 9, wherein the biological sanple is selected
fromthe grdupM®nsi sting of blood, PBCMs, stemcells, nonocytes, T cells,
B cells, macrophages, dendritic cells, natural killer cells, amiotic
fluid, placenta, 10 chorionic villus, cord blood, hair, finger nails,

bones, cartl.| ageA nuithad, fos déteatng exposmmg of 331 aemel toeetdnavims ore and ti ssue. 15

11. The method of _any,one,of clajns to 10 erein.said biological sanple
is placed onto dnﬁ@ﬁ%?gw@lH?WSF%%%B%%F%BPQ%$§@%f%@sﬁfth sai d conponent. 12.
The metisod of any) on&odfacth@h Bldgiddd sdiple WoRd &iidarfidlalwiAReAPOhHeitS Pl aced

onto a menbrane prior_to being contacted with the biol ogical sanple. 13.

The method of any onelesived frammgidicoranayirupor shigrennelegical retatits thereof Hra 20
ni trocel | ul ose menbragg, . b &éhdliffong%hﬁﬁi’en} %rfagl?ﬁat%%{ﬂe 2ARAIRS _Of an
I'mmunol ogr cal rela

animal to a coronavirus or tive ereof, conprising the
steps of (a) contactidmpledbaveg sl caamest dndanpubtddaiveddindid parter
conponent derived from said coronavirus or. an _imunol ogical relative
thereof for a tine #HdhusRIEROnEBifONtaiRadsvishin piid bilesied spaples prcht e t he

formatisgn (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 glycoprotein, lipid, carbohydrate, DNA, RNA or RNAI.

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

4. The method of claim 3, wherein the polypeptide is selected from the
20  group consisting of small envelope protein Type IT, membrane glycoprotein M, Orf3,
Orf4, Orf7, OrfR Type I, Orf9 Type II, Orf10, Orfl1, spike glycoprotein Type I,

replicase LA/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.



of a conpl ex between said conponent and a subj ect-derived i mmunoi nteractive
nol ecul e of the conponent contained within said biological sanple; and (b)
determ ning the presence of said conplex, wherein the presence of said
conplex is indicative of exposure of said subject to a coronavirus or

i mmunol ogi cal relative thereof. -27 15. The nethod of claim 14, wherein the
conponent is a polypeptide, glycoprot e‘izrq,' | i pid, carbohydrate, DNA, RNA or
RNAi . 16. The nmethod of claim 14, wherein the conponent is a polypeptide. 5
17. The method of claim 16, wherein the pol ypeptide is selected fromthe
group consi stings.of sHed heidngd ef apeorgrafckiims Typé, whereinsaidrcanmagirycopsast ei n

M Of3, Of4, Of7, Of'8 Type |, Of9 Type. LI,. Ofl 0, Ofl 1, spike
gl ycopr ot ei WR/FES ?%Sb?lé%fji“eg’s%bw&? T@léﬂﬁtyr%’ﬂ BECUBRi d protein. 10 18. The
met hod of any one of clainms 14 to 17, wherein the subject-derived binding

partner of said conponent is an antibody. 19. The nethod of any one of
clains 14 to 18,9%wherEiametbpéof amronieiglaimea d to § 5vhareinsaidroemavions ca@es The

met hod of f ai.ms 14 to. .1 erein detection is post- infection.
20 21. %e%n%{{ﬁggsﬁ?p%nﬁa?)sr?glaéefd%]lﬂég%\g& to 20, wherein said coronavirus

causes synptons associated with a |ower respiratory tract infection. 22.
The nethod of any one of clains 14 to 21, wherein said coronavirus _ causes

SARS o sympt ool tass GBIcAREoHPt HSARS! B fo Frieharen HexbioloERRYsaome bt
cl ai > 14" t@128 MAEYR) fobDeorRl:Bho8 i8ba THINE sk o3RL BBHEIelS bl 0T 0UP

consisting o , stem nonocyt es,
cells, macrophages, dendritic cells, natural kifler cells, amniotic fluid, placenta,
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 subject-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.



B cells, macrophages, dendritic cells, natural killer cells, amiotic
fluid, placenta, chorionic villus, cord blood, hair, finger nails, bones,
cartilage, skin, saliva, serum 30 plasnma, teeth, urine and tissue. -28
24. The nmethod of any one of clainms 14 to 23, wherein said biological
sanple is placed onto a nenbrane prior tQ being contacted with said
conponent. 25. The nethod of any one of “l'ains 14 to 23, wherein said
conponent is 5 placed onto a nenbrane prior to being contacted with the
bi ol ogi cal sanple. 26. The nethod of any one of clainms 24 and 25, wherein
sai d menbrane islla nFhamebpd of deen bridreagie thel@naipnent ik a polypeptidlet ect i ng a

coronavi rus LSl g [o] W ort,..(b) a conponent of derived
froma tot agl(y}(gérﬁ%tgl?lt ﬁ%d’ Cex@rhg?{a%%gjlgp‘to %M‘é’s or inmmunol ogical relative
thereof; (c) an incubation pate conprising at least 1 well; 15 (d)

bl ocki ng buffer; ée) washi ng buffer; (f) at |east one imunointeractive

nol ecul e conj ugat®d tHhemetdpd et glpim hhavhespn tharomppnerf)is p Relypertideons f or
using sag d kit. 20 28. The kit of claim 27, wherein said incubation plate
is selected froma 12 well, 24 well, 48 well, 96 well and a 192 wel |l

plate. 29. The ki% ofTld methoddf clatne t &iwhessih thedailgepadd B seltied fos ihs

sel ected from 25t he groyp c?nsi ting of a flurochronme, a chromagen_and a
radi oi sot op%."“%@‘?nﬁﬁémﬁpf srgpll gvgiqpeproteipnbmsilh mesrtyansaglyroRFricindV gOrt3,

nitrocel | ul 013400 I SEeSHl jive risk of
one or nor eeifﬁbj ect sﬁggﬁgﬂgﬁge Ilti]’g)t(jirat;i (gcg)rrgl?\lé\%@ ?%gggéﬁ}?tﬁ%u??gqéoﬁéi cal

rel ative t hepkeise MABiand audeddapsd praseiat i on,
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 bioclogical sample
is selected from the group consisting of blood, PBCMs, stem cells, monocytes, T cells,
B cells, inacrophages, 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,



conprising: -29 (a) obtaining biological sanples froma representative
popul ation within the defined |ocation; and (b) assessing evi dence of
exposure of individual nenbers of a sanple population to a coronavirus or
i mrunol ogi cal relative thereof by the steps of 5 (i) contacting a

bi ol ogi cal sanmple fromthe subject with g conponent derived fromthe
coronavirus or inmmunol ogical relative tH8reof for a time and under
conditions sufficient to facilitate the formati on of a conpl ex between the
conponent and a subj ect-derived bindi ng partner of the conponent contained
wi thin the bi ol oft cal Thesaethp@of aprypne®f claims tetosd rivdierain sdid bislageshce of the
conpl ex, rekyn. rese he ¢ | ex 1s. il.ndicatjve of exposure of
Che sub ect i Sis P RLRRIE Blans i FITRnlaPi AR sep@ap B

t hereby assessing the relative risk of exposure within the defined

| ocation. 15 32. A nmethod for assessing the relative risk of one or nore
subj ects being “®xposki methad ebayrpagiof Gairpy 14 ind i orbseie sind pepBRIehbist her eof

Wi t hin def;i i i Sl ng. j A hiql ogi.cal sanpl es
from a reprisenr P BebBne FOPR Adhd tondd Gith Bl Bl 2 °00)
assessi ng evi dence of exposure of individual nenbers of a sanple

popul ation to a ronaviru r .i mmunol ogi cal re|lative thereof hy the steps
of . (i) cont actiipg anﬂ?edpﬁtgf"gafm’éfé}?ﬁloéc%%ﬁ?‘fPl‘gi%%wl’@&qmﬁﬁlgﬁw&l HipdAent
derived frombigufRE aRaWrides or i munol ogical relative thereof for a tine

and under 25 conditions sufficient to facilitate the formation of a conpl ex
bet ween the conponent and subject derived i mmunoi nteractive nol ecul e

contai n1%d W thi rb7t he Ell{%lfglg&e(f&:lting%%gﬁ)lng\;dn?snc%mpﬁsing:

(a) a solid support;

(b) a component of derived from a total or partial extract of a coronavirus or
immunological relative thereof;
(c) an incubation pate comprising at least 1 well;
15 (d) blocking buffer;
| (e) washing buffer;
® at least one immunointeractive molecule conjugated to a reporter; and
optionally
(2) mstructions for using said kit.
20
28.  The kit of claim 27, wherein said incubation plate is selected from a 12
well, 24 well, 48 well, 96 well and a 192 well plate.

29. The kit of claim 27, wherein said detectable molecule is selected from

25  the group consisting of a flurochrome, a chromagen and a radioisotope.

30. The kit of claim 27, wherein said membrane is a nitrocellulose
membrane,
30 31. 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:



(i1) determning the presence of the conplex, wherein the presence of the
conplex is indicative of exposure of the subject to a coronavirus or

i mmunol ogi cal 30 relative thereof, and thereby assessing the relative risk
of exposure within the defined | ocation.

-29 -

(a) obtaining biclogical samples from a representative 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:

5 (i) 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 partner of the component contained within the biological
sample; and

10 (1)  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.
15
32. 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
20  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
25  conditions sufficient to facilitate the formation of a complex between the component
and subject derived immunointeractive molecule 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
30  relative thereof,
and thereby assessing the relative risk of exposure within the defined

location.



