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(57) ABSTRACT 

The present invention relates to an isolated novel virus 
causing Severe Acute Respiratory Syndrome (SARS) in 
humans (“hSARS virus'). The hSARS virus is identified to 
be morphologically and phylogenetically similar to known 
member of Coronaviridae. The present invention provides 
the complete genomic sequence of the hSARS virus. Fur 
thermore, the invention provides the nucleic acids and 
peptides encoded by and/or derived from the hSARS virus 
and their use in diagnostic methods and therapeutic meth 
ods, including vaccines. In addition, the invention provides 
chimeric or recombinant viruses encoded by said nucleotide 
sequences and antibodies immunospecific to the polypep 
tides encoded by the nucleotide sequences. 
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a cag gac gct gta gct tca aaa at C tta gga ttg cct acg cag act gtt 49 
Glin Asp Ala Val Ala Ser Lys Ile Leu Gly Leu Pro Thr Glin Thr Val 
l 5 10 5 

gat toa toa cag got tot gaa tat gac tat gtC ata t t c aca caa act 97 
Asp Ser Ser Glin Gly Ser Glu Tyr Asp Tyr Val Ile Phe Thr Glin Thr 

2O 25 3O 
act gaa aca gca cac tot tdt aat gtc. aac cqc ttcaat gtg gct atc l 45 
Thr Glu Thir Ala His Ser Cys Asn Val Asn Arg Phe Asn Val Ala Ile 

3S 40 45 
aca agg gca aaa att ggc att ttg tcc ata atg tct gat aga. gat Ctt 193 
Thr Arg Ala Lys Ile Gly Ile Leu. Cys Ile Met Ser Asp Arg Asp Leu 

50 55 60 
tat gac aaa citg caa titt aca agt cta gaa at a Cca C9t cqC aat gtg 241 
Tyr Asp Llys Leu Glin Phe Thr Ser Lieu Glu Ile Pro Arg Arg Asn Val 
65 70 75 8O 
gct aca tta caa gCa gala aat gta act gga ctt ttt aag gac togt agt 289 
Ala Thr Leu Glin Ala Glu Asin Val Thr Gly Lieu Phe Lys Asp Cys Ser 

8S 90 95 

aag atc att act ggit ctt cat CCt aca cag gCa cct aca cac ct c agc 337 
Lys Ile Ile Thr Gly Lieu. His Pro Thr Glin Ala Pro Thr His Leu Ser 

100 O5 110 
gtt gat ata aaa titc aag act gaa gega tta tdt gtt gaC at a cca gegC 385 
Val Asp Ile Llys Phe Llys Thr Glu Gly Lieu. Cys Val Asp Ile Pro Gly 

15 2O 125 
ata coa aag gac atg acc tac cogt aga ct c atc. tct atg atg ggt ttc. 433 
Ile Pro Lys Asp Met Thr Tyr Arg Arg Lieu. Ile Ser Met Met Gly Phe 

30 35 14 O 
aaa atgaat tac Caa gtc. aat ggt tac CCt aat atg ttt atc acc cqC 481 
Lys Met Asn Tyr Glin Val Asn Gly Tyr Pro Asn Met Phe Ile Thr Arg 
145 150 1SS 60 
gaa gaa gCt att Cdt cac gtt Cdt gCg togg att ggc titt gat gta gag 529 
Glu Glu Ala Ile Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu 

1.65 170 175 

ggc tigt cat gca act aga gat gct gtg ggt act aac Cta cct ct c cag 577 
Gly Cys His Ala Thr Arg Asp Ala Val Gly Thr Asn Lieu Pro Leu Gln 

180 185 190 

Cta gga titt tot aca ggt gtt aac tta gta gct gta ccg act ggit tat 625 
Leu Gly Phe Ser Thr Gly Val Asn Lieu Val Ala Val Pro Thr Gly Tyr 

195 200 2O5 
gtt gac act gaa aat aac cta 646 
Val Asp Thr Glu Asn Asn Lieu 

210 215 

FIG. 1 
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t aaa togt agt aga atc ata cct gcg cqt gcg cgc gta gag tigt titt gat 49 
Lys Cys Ser Arg Ile Ile Pro Ala Arg Ala Arg Val Glu Cys Phe Asp 
l 5 1O 15 

aaa titc aaa gtg aat tca aca cta gaa cag tat gtt ttctg.c act gta 97 
Lys Phe Llys Val Asn Ser Thr Lieu. Glu Glin Tyr Val Phe Cys Thr Val 

20 25 30 

aat gca ttg cca gala aca act gct gaC att gta gtc titt gat gala atc 145 
Asn Ala Leu Pro Glu Thir Thr Ala Asp Ile Val Val Phe Asp Glu Ile 

35 40 45 

tct atg gct act aat tat gac ttg agt gtt gtc. aat gct aga citt cqt 193 
Ser Met Ala Thr ASn Tyr Asp Leu Ser Val Val Asn Ala Arg Leu Arg 

5 O 55 60 

gca aaa cac tac gtc. tat att ggc gat cot gct caa tta cca gcc ccc 241 
Ala Lys His Tyr Val Tyr Ile Gly Asp Pro Ala Glin Leu Pro Ala Pro 
65 70 75 8O 

cgc aca ttg citg act aaa ggc aca cta gaa coa gaa tat ttt aat tda 289 
Arg Thr Lieu. Leu Thir Lys Gly Thr Leu Glu Pro Glu Tyr Phe Asn Ser 

85 90 95 

gtg tgc aga. Ctt atg aaa aca at a gg. t c ca gac atg titc Ctt gga act 337 
Val Cys Arg Leu Met Lys Thr Ile Gly Pro Asp Met Phe Leu Gly. Thr 

100 105 10 

tgt cqc cqt tdt CCt gct gaa att gtt gac act gtg agt gct tta gtt 385 
Cys Arg Arg Cys Pro Ala Glu Ile Val Asp Thr Val Ser Ala Leu Val 

1S 120 25 

tat gaC aat aag Cta aaa gca cac aag gag aag to a gct caa tagc titc 433 
Tyr Asp Asn Lys Lieu Lys Ala His Lys Glu Lys Ser Ala Glin Cys Phe 

13 O 35 140 

aaa atg tt C tac aaa ggt gtt att aca cat gat gtt toa tot gca atc 48l 
Lys Met Phe Tyr Lys Gly Val Ile Thr His Asp Val Ser Ser Ala Ile 
145 150 S5 160 

aac aga cct caa ata ggc gtt gta aga gaa titt Ctt aca cqC aat cot 529 
Asn Arg Pro Glin Ile Gly Val Val Arg Glu Phe Leu Thr Arg Asn Pro 

1.65 17 O 175 
gct tdg aga aaa gct gtt ttt atc. tca Cct tat aat tca cag aac gct 577 
Ala Trp Arg Lys Ala Val Phe Ile Ser Pro Tyr Asn Ser Glin Asn Ala 

180 185 190 

gta gct tca aaa at C tta gga ttg cct acg cag act gtt gat toa toa 625 
Val Ala Ser Lys Ile Leu Gly Lieu Pro Thr Glin Thr Val Asp Ser Ser 

195 200 205 

cag ggt tot gaa tat gac tat gtc. ata titc aca Caa act act gala aca 673 
Glin Gly Ser Glu Tyr Asp Tyr Val Ile Phe Thr Glin Thr Thr Glu Thr 

210 215 220 

FG. 8 
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gca cac tot tdt aat gtC aac cgc titc aat gtg gCt atc aca agg gca 72 
Ala His Ser Cys Asn Val Asn Arg Phe Asn Val Ala Ile Thr Arg Ala 
225 23 O 235 24 O 

aaa att ggC atti ttg tgc ata atg tot gat aga gat citt tat gac aaa 769 
Lys Ile Gly Ile Lieu. Cys Ile Met Ser Asp Arg Asp Leu Tyr Asp Lys 

245 250 255 

Ctg caa titt aca agt cta gaa ata cca cqt cqC aat gtg gct aca tta 87 
Leu Gln Phe Thr Ser Leu Glu Ile Pro Arg Arg Asn Val Ala Thr Leu 

260 265 27 O 

caa gca gaa aat gta act gga Ctt ttt aag gaC tdt agt aag atc att 865 
Glin Ala Glu Asn Val Thr Gly Leu Phe Lys Asp Cys Ser Lys Ile Ile 

275 28O 285 

act gct Ctt Cat CCt aca Cag gCa cct aca Cac Ct c agc gtt gat ata 913 
Thr Gly Lieu. His Pro Thr Glin Ala Pro Thr His Leu Ser Val Asp Ile 

29 O 295 300 

aaa ttC aag act gaa gga tta tdt gtt gac at a cca ggC at a cca aag 96. 
Llys Phe Lys Thr Glu Gly Lieu. Cys Val Asp Ile Pro Gly Ile Pro Lys 
3 O 5 31 O 35 320 

gac atg acc tac cqt aga ct c atc. tct atg at g g g t titc aaa atgaat lo O9 
Asp Met Thr Tyr Arg Arg Lieu. Ile Ser Met Met Gly Phe Lys Met Asn 

3.25 33 O 335 

tac caa gtc. aat ggit tac cct aat atg ttt atc acc cqc gaa gaa gct 1057 
Tyr Glin Val Asn Gly Tyr Pro Asn Met Phe Ile Thr Arg Glu Glu Ala 

34 O 3 45 350 

att cgt cac gtt cdt gcg togg att ggc titt gat gta gag ggC togt cat 1105 
Ile Arg His Val Arg Ala Trp Ile Gly Phe Asp Val Glu Gly Cys His 

355 360 365 

gca act aga gat gct gtg ggt act aac Cta cct ct c cag cta goga titt 1153 
Ala Thr Arg Asp Ala Val Gly Thr Asn Lieu Pro Leu Gln Leu Gly Phe 

370 375 38 O 

tot aca ggt gtt aac tta gta gct gta ccg act ggit tat gtt gaC act 1201. 
Ser Thr Gly Val Asn Leu Val Ala Val Pro Thr Gly Tyr Val Asp Thr 
385 39 O. 395 400 

gala aat aac cta 1213 
Glu ASn ASn Lieu 

FIG. 8 Cont 
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c aga acc atg cct aac atg Ctt agg a ta atg gcc tot Ctt gtt citt gct 49 
Arg Thr Met Pro Asn Met Leu Arg Ile Met Ala Ser Leu Val Leu Ala 
l 5 10 5 

cgc aaa cat aac act tcc tet aac tta toa cac cq t t t c tac agg tta 97 
Arg Llys His Asn Thr Cys Cys Asn Leu Ser His Arg Phe Tyr Arg Lieu 

20 25 3O 

gct aac gag tet gC9 Caa gta tta agt gag at g g to atg tgt ggC ggc 145 
Ala Asn Glu Cys Ala Glin Val Leu Ser Glu Met Val Met Cys Gly Gly 

35 40 45 

tca cita tat gtt aaa cca ggt gga aca toa toc ggt gat gct aca act 193 
Ser Leu Tyr Val Llys Pro Gly Gly Thr Ser Ser Gly Asp Ala Thr Thr 

SO 55 60 

gct tat gct aat agt g to ttt aac att tdt caa gCt gtt aca gcc aat 241 
Ala Tyr Ala Asn Ser Val Phe Asn Ile Cys Glin Ala Val Thr Ala Asn 
65 70 75 80 

gta aat gca Ctt Ctt toa act gat ggit aat aag ata gct gaC aag tat 289 
Val Asn Ala Lieu Leu Ser Thr Asp Gly ASn Lys Ile Ala Asp Llys Tyr 

85 9 O 95 

gtc. cqc aat Cta caa cac agg ctC tat gag tdt citc tat aga aat agg 337 
Val Arg Asn Lieu Gln His Arg Lieu Tyr Glu Cys Lieu Tyr Arg Asn Arg 

100 O5 11 O 

gat gtt gat cat gaa ttc gtg gat gag ttt tac gct tac Ctg Cdt aaa 385 
Asp Val Asp His Glu Phe Val Asp Glu Phe Tyr Ala Tyr Lieu Arg Lys 

15 l2O 25 

cat titc. tcc atg atg att Ctt tot gat gat gcc gtt gtg to C tat aac 433 
His Phe Ser Met Met Ile Leu Ser Asp Asp Ala Val Val Cys Tyr Asn 

13 O 13S 14 O 

agt aac tat gcg gct caa got tta gta gct agc att aag aac titt aag 481 
Ser Asn Tyr Ala Ala Glin Gly Lieu Val Ala Ser Ile Lys Asn Phe Lys 
145 50 55 160 

gca gtt Ctt tat tat caa aat aat gtg titc atg tot gag gca aaa tdt 529 
Ala Val Leu Tyr Tyr Glin Asn Asn Val Phe Met Ser Glu Ala Lys Cys 

165 170 S 75 

tgg act gag act gaC Ctt act aaa gga cct Cac gaa ttt tec toa Cag S77 
Trp Thr Glu Thr Asp Leu Thr Lys Gly Pro His Glu Phe Cys Ser Glin 

180 185 1.90 

cat aca atg cta gtt aaa caa gga gat gat tac gtg tac Ctg cct tac 625 
His Thr Met Leu Val Lys Gln Gly Asp Asp Tyr Val Tyr Lieu Pro Tyr 

195 200 2O5 

cca gat CCa toa aga at a tta ggC gCa ggC to t t t t gtc gat gat att 673 
Pro Asp Pro Ser Arg Ile Leu Gly Ala Gly Cys Phe Val Asp Asp Ile 

21 O 215 22O 

gtc. aaa cag atg gta cac tta toga titg aaa ggt toc gtg tda citg gct 72 
Val Lys Gln Met Val His Leu 
225 23 O 

att gat gC 729 

FIG. 9 
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gagg tactac 
taatgccact 
tg tacccaac 
tcggCatgca 
ccatcggact 
Cagctgttga 
gaat catacc 
tagaacagta 
totttgatga 
gtgcaaaa.ca 
tgactala agg 
tagg to caga 
tgagtgctitt 
toaaaatgtt 
alaatagg C9t 
tect CaCCtta 
ctgttgattic 
cagdacactic 
ttttgttgcat 
taccacgt.cg 
gtag taagat 
taaaatt Cala 
accgtag act 
atatgttitat 
tagagggctg 
tttctacagg 
cagaattcac 
CactCatgta 
gtgatacact 
agcttacatc 
acaaacgtgc 
tgg9ttittga 
gtaacct tca 
gttgttgatgC 
attgg totgt 
aagta Caaca 
a cattggaaa 
acgatgctca 
Cta CaCat Ca 
gttaccCagc 
taccaggctg 
tcgataaaag 
Cttgtgagtic 
ctacgtgtat 
accgacagta 
acaaacaatt 
atgttggCtta 
ttitcCat Cat 
aaaataagac 
aaccagtgcc 
taatctggga 
tgactgacat 
atgg tagagt 
Cagaaggttc 
gag to a Catt 
gcattattoa 

gaCatacaag 
tag tigcacct 
act CalacatC 
aaagtactict 
tgctictotat 
tg.ccctatgt 
tg.cgcgtgcg 
tgttittctgc 
aatctotatg 
Ctacgtctat 
Cacactagaa 
catgttcc tt 
agtt tatgac 
Cta Calaaggit 
tgta agagaa 
taatticacag 
at cacagggit 
ttgtaatgtc. 
aatgtctgat 
caatgtggct 
cattactggit 
gaCtgaagga 
catctotatg 
caccc.gcgaa 
toatgcaact 
tgtta actta 
Cagagittaat 
taaaggcttg 
gaaaggattg 
aatgaagtac 
aacttgcttt 
ctatgtctat 
gagtaaccat 
tat catgact 
tgaataccct 
catggttgttg 
to Caaaggct 
gcCatgtag t 
cgataaattic 
caatgcaatt 
tgatggtggt 
tgCatt tact 
tcatggcaaa 
tacacgatgc 
Cttggatgca 
tgatact tat 
taatgttgtt 
taataatgct 
alaCact tcct 
agagattalag 
Ctacaaaaga 
tgccaagaaa 
99a agga Ca9. 
agt Calaaggt 
aattggagaa 
acagttgcct 

ttgaatgttg 
actictag tig C 
tcagatgagt 
acact C Caag 
taccCatctg 
gaaaaggcat 
cgc.gtagagt 
actgtaaatg 
gctactaatt 
attggcgatc 
ccagaatatt 
ggaacttgtc 
aataagctaa 
gttattacac 
titt Cttacac 
aacgCtg tag 
totgaatatg 
aaccgctt Ca 
agagatct tt 
a Catta Caag 
citt catcc ta. 
ttatgtgttg 
atgggttt Ca 
gaagctatto 
agagatgctg 
gtagctgtac 
gcaaaacctic 
CCCtggaatg 
tCagacagag 
tttgttcaaga 
totact tcat 
aaCCCattta 
gacCala Catt 
agatgtt tag 
attataggag 
aagttctgcat 
at Caagtgttg 
gacaaagctt 
actgatggtg 
gtgttgtaggit 
agtttgtatg 
aatttaaag C 
Caagtag tdt 
aatttaggtg 
tataatatga 
aac Ctgttgga 
aataaaggac 
gttta Cacala 
gttaatgttg 
at act Caata 
gaag CCCCag 
CCtactgaga 
gtag acct tt 
ctaa.caccitt 
toagtaaaaa 
gaalacc tact 
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gtgattact t 
CaCaagag Ca 
tttctagcaa 
gaccacctgg 
citcgcatagt 
taalaa tattt 
gttittgataa 
cattgccaga 
atgacttgag 
ctgct caatt 
ttaatticagt 
gCCgttgtcC 
aag cacacala 
atgatgtttc 
gCaatcCtgc 
Cttcaaaaat 
actatgtcat 
atgtggctat 
atga Calaact 
cagaaaatgt 
cacaggcacc 
acatacCagg 
aaatgaatta 
gtCacgttctg 
tggg tactaa 
cgactggitta 
CacCaggtga 
tag togcgitat 
togtgttcgt. 
ttgga CCtga 
Cagatactta 
tgattgatgt 
gccagg taca 
cagtccatga 
atgaactgag 
tgcttgctga 
tgccticaggC 
acaaaataga 
tttgtttgtt 
ttgacacaag 
tgaataagca 
aattgcCttt 
Cgga tattga 
gtgctgtttg 
tgatttctgc 
ata catttac 
aCtttgatgg 
agg tagatgg 
catttgagct 
atttgggtgt 
Cacatgitatic 
gtgcttgttc 
ttagaaacgc 
Calaaggga CC 
cacagtttaa 
ttacticagag 

F.G. 1 O Cont 

tgttgttgaca 
Ctatgttgaga. 
tgttgcaaat 
tactgg taag 
gtata C9g Ca 
gccCatagat 
attcaaagtg 
aacaactgct 
tgttgtcaat 
accagcc.ccc 
gtgCagacitt 
tgctgaaatt 
ggatalagt ca. 
atctgcaatc 
ttggagaaaa 
Cttaggattg 
att Caca Caa 
Ca Calaggg Ca 
gcaatttaca 
aactggacitt 
taca Cacct c 
Cataccaaag 
ccaag toaat 
tgcgtggatt 
CCtacct CtC 
tgttga cact 
ccagtttaaa 
taagatagta 
CCtttggg.cg 
alagala C9tgt 
tgcctgctgg 
t cagcagtgg 
tggaalatgca 
gtgctttgtt 
ggittaattct 
taagtttcca 
tgaagtagaa 
ggaactict tc 
ttgga attgt 
agtcttgtca 
tgcatt CCaC 
ctitt tact at 
ttatgttcca 
cagacaccat 
tggatttagc 
Cagg ttacag 
acacgc.cggC 
tattgatgtg 
ttgggctalag 
tgatat cact 
tacaataggit 
tt Cact tact 
cc.gtaatggit 
agcacaagct 
ctactittaag 
Cagaga Citta 
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totcacactg 
attactggct 
tatcaaaagg 
agt cattttg 
tgctictoatg 
aaatgtag ta. 
aattcaacaC 
gaCattg tag 
gCtag act tc 
cgcacattgc 
atgaaaacaa 
gttgacactg 
gct Caatgct 
aacagacctc 
gctgtttitta 
Cctacgcaga 
act actgaaa 
aaaattggca 
agtictagaaa 
tttalagg act 
agCgttgata 
gacatgacct 
ggttacccta 
ggCtttgatg 
Cagctagg at 
gaaaataa.ca 
catct tatac 
caaatgctica 
catggctttg 
tgttctgttgttg 
aatcattctg 
gg Ctttacgg 
Catgtggcta 
aag.cgcgttg 
gCttgcagaa 
gttct tcatg 
tggaagttct 
tattottatg 
aacgttgatc 
aacttgaact 
actCcagctt 
totgatagt c 
Ctcaaatctg 
gCaaatgagt 
ctatggattt 
agtttagaaa 
gaag Cacctg 
gagat Ctttg 
cg talacatta 
gctaatactg 
gt Ctgcacala 
gtCttgtttg 
gttittaataa 
agcgtcaatg 
aaagtaga.cg 
gaggattitta 



Patent Application Publication 

2O61 
20221 
2O281 
2O3 41 
204 Ol 
2O46 
2O521 
2O58. 
2O64 
2O7 Ol 
2O761 
2O821 
2O88. 
2O941 
20 Ol 
2061 
21121 
21.18 
21241 
23 Ol 
2361 
21421 
21481 
254 
21601 
266 
272 
21.78 
21841 
2.90. 
2 1961 
22O2 
2208 
2214 
2220 
22261 
22321 
223.81 
22441 
225 O1. 
2256. 
2262 
22681 
2274.1 
228O1 
22861 
22921 
22.981 
23041 
230 
2361 
2322 
23281 
2334 
23 401 
23461 

agcc.ca.gatc 
gatataagct 
aaCttggCgg 
aatta gagga 
aaa.caggttc 
agataataaa 
atgctgaaat 
aactacaagc 
aaagaatgct 
aaggaataat 
ctittagctgt 
ttgcaccagg 
Cagat Cttala 
taCatacggC 
atgttgacaaa 
agcaaaaact 
ctgacct tta 
atgcatcatc 
aaattgatgg 
agttgttcttic 
ctgtaatgtc 
gtaggctitat 
actaaacgaa 
accggtgcac 
tgaggggggt 
att tattt Ct 
gcaa.ccctgt 
ttgtc.cgtgg 
ttaa CaattC 
tctittgctgt 
ttaattgcac 
gtaattittaa 
ataagggcta 
alacct attitt 
cCtttitcacc 
taaag.ccaac 
attgttctoa 
aagga attta 
ctaat attac 
totatgcatg 
acticala Catt 
tttgcttcto 
tag.cgcCagg 
tgggttgttgt 
attataalata 
atgtgcc titt 
cattaaatga 
tag tacttitc 
ctgacctitat 
tgttaactCc 
attt cactica 
Cttittggggg 
tatat Caaga 
cagottggCg 
taggagctga 
gtgctagtta 

a Calaatggala 
CogagggCtat 
tCtt Cattta 
ttittatcCCt 
atcaaaatgt 
gtcacaagat 
ttcattcatg 
aagttcaag.cg 
tottgaaaag 
gatgaatgtc. 
a CCCta Caac 
tacagctgtg 
tgact tcgtC 
taataaatgg 
agagaatgac 
agccCtgggt 
Caagct tatg 
atcggaag Ca 
Ctataccatg 
Ctatt CactC 
totta aggag 
cattagagaa 
catgtt tatt 
cacttittgat 
tetractatCct 
tCcatttitat 
catac Cttitt 
ttgggtttitt 
tactaatgtt 
tt Ctala accc 
titt cqagtac 
acacttacga 
tCalacctata 
taagttgcct 
tgct Caagac 
tacatttatg 
alaat CCaCtt 
ccagacct ct 
aaacttgttgt 
ggag agaaaa 
tttitt Calacc 
Caatgtctat 
acaaactggit 
CCttgCttgg 
tagg tatCtt 
citcccctgat 
ttatggttitt 
ttttgaactt 
taagaaccag 
ttct tcaaag 
ttCcgttcga 
tgtaagttgta 
tgttalactgc 
catatatt ct 
gCatgtcgac 
cCatacagtt 

FIG. 

actgactittc 
gcct tcgaac 
atgataggct 
atggacagoa 
gtgttgttctg 
ttgtcagtga 
Ctttggtgta 
tggCaaCCag 
tgttgaCCttC 
gcaaagtata 
atgagagtta 
Ctcagacaat 
to cqacgcag 
gacct tatta 
totaaagaag 
ggttctatag 
ggccatttct 
tttittaattg 
Catgctaact 
tttgacatga 
aatcaaat Ca 
aacaacagag 
ttct tatt at 
gatgttcaag 
gatgaaattit 
totaatgtta 
aaggatggta 
ggttctacca 
gttatacgag 
atggg tacac 
attatctgatg 
gagtttgttgt 
gatgtag titc 
Cttgg tatta 
atttgggg Ca 
Ctcaag tatg 
gctgaactica 
aattt caggg 
CCttittggag 
aalaatttcta 
tttalagtgct 
gCagattctt 
gtt attgctg 
aatactagga 
agacatggca 
ggcaaacctt 
taCaCCactal 
ttaaatgcac 
tgtgtcaatt 
agattt Caac 
gatcc taalaa 
attacacctg 
actgatgttt 
actggaaa.ca 
act tct tatg 
tctitt attac 
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togagctcgc 
a catcgttta 
tagccaag.cg 
Cagtgaaaaa 
tgattgatct 
tttcaaaagt 
aggatggaCa 
9tgttgcgat 
aga attatgg 
ct caactgtg 
tt cactittgg 
ggttgccaac 
att Ctactitt 
ttagcgatat 
ggtttittcac 
Ctgtaaagat 
CatggtggaC 
gggctalacta 
acatttitctg 
gcaaattitcc 
atgatatgat 
ttgttggtttc 
tetct tact ct 
CtCctaatta 
ttagat Caga 
Cagggittt Ca 
tittattittgc 
tgaacaacaa 
catgta actt 
agacacatac 
ccttitt.cgct 
ttaaaaataa 
gtgat Ctacc 
a Catta Calaa 
CgtCagctgC 
atgaaaatgg 
aatgctctgt 
ttgttccctic 
aggtttittaa 
attgttgttgc 
atggCdttt C 
ttgtag toala 
attata atta 
acattgatgc 
agct tagg cc 
gcaccccacc 
Ctgg Cattgg 
CggCCaC ggt 
ttaattittaa. 
Cattt Caa.ca 
Catctgaaat 
gaacaaatgc 
Ctacagcaat 
atg tatto.ca 
agtgCgaCat 
gtag tactag 

1O Cont 

tatggatgaa 
tggagatttic 
Ctcacaagat 
ttaCtt Cata 
tt tacttgat 
gg to alaggtt 
tgttgaalacc 
gCCtaacttg 
tgaaaatgct 
tCaatactta 
tgctggctict 
tgg Cacacta 
aattggagaC 
gtatgaccct 
ttatctgttgt 
aacagagcat 
agct tttgtt 
tcttggcaag 
gaggaacaca 
tottaa atta 
ttatt citctt 
aagtgatatt 
Cactagtggit 
CaCt Caacat 
CaCtCttitat 
tact attaat 
tgcCacagag 
gt Cacagtcg 
tgaattgttgt 
tatgatatt C 
tgatgttt Ca 
agatgggttt 
ttctggttitt 
ttittagagcC 
agcc tattitt 
taca at Caca 
taagagctitt 
aggagatgtt 
tgC tactaala 
tgattactict 
tgcCactalag 
gggagatgat 
taaattgc.ca 
tact tca act 
Ctttgagaga 
tgctcittaat 
ctacca acct 
ttgtggacca 
tggact cact 
atttgg.ccgt. 
attaga catt 
ttcatctgaa 
toatgcagat 
gact Caag Ca 
tcc tattgga 
CCaaaaat Ct 
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ttcatacagc 
agt catggac 
tCaCCaCtta 
acagatgcgC 
gaCtttgtc.g 
acaattgact 
ttctaccCaa 
taCaagatgc 
gttataccala 
aata cactta 
gatalaaggag 
Cttgtcgatt 
tgttgcaa Cag 
aggaccaaac 
ggatttataa 
tCttggaatg 
acaaatgtaa 
CCgaaggaac 
aatcCt at CC 
agaggaactg 
Ctggaaaaag 
Cttgttaa.ca 
agtgaccttg 
aCtt Cat Cta 
tta act cagg 
catacgtttg 
aaatcaaatg 
gtgattatta 
gacaa.ccctt 
gataatgcat 
gaaaagt Cag 
ctictatgttt 
aacactittga 
attcttacag 
gttggctatt 
gatgctgttg 
gagattgaca 
gtgagatt CC 
ttccct tctg 
gtgctctaca 
ttgaatgat C 
gtaaga caaa 
gatgattit.ca 
ggtaattata 
gacatat Cta 
tgttattggc 
tacagagttg 
aaattat C Ca 
gg tactggtg 
gatgtttctg 
toaccttgct 
gttgctgttc 
CalactCaCaC 
gcctgtctta 
gctgg Cattit 
attgttggCtt 
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NOVEL HUMAN VIRUS CAUSING SEVERE 
ACUTE RESPIRATORY SYNDROME (SARS) 

AND USES THEREOF 

0001. This application claims priority benefit to U.S. 
provisional application No. 60/457,031, filed Mar. 24, 2003: 
U.S. provisional application No. 60/457,730, filed Mar. 26, 
2003: U.S. provisional application No. 60/459,931, filed 
Apr. 2, 2003: U.S. provisional application No. 60/460,357, 
filed Apr. 3, 2003: U.S. provisional application No. 60/461, 
265, filed Apr. 8, 2003: U.S. provisional application No. 
60/462.805, filed Apr. 14, 2003; and U.S. provisional appli 
cation No. 60/464,886 filed Apr. 23, 2003, each of which is 
incorporated herein by reference in its entirety. 
0002 The instant application contains a lengthy 
Sequence Listing which is being concurrently Submitted via 
triplicate CD-R in lieu of a printed paper copy, and is hereby 
incorporated by reference in its entirety. Said CD-R, 
recorded on Mar. 16, 2004, are labeled “CRF, “Copy 1” and 
“Copy 2, respectively, and each contains only one identical 
1.58 MB file (V9661069. APP). 

INTRODUCTION 

0003. The present invention relates to an isolated novel 
virus causing Severe Acute Respiratory Syndrome (SARS) 
in humans (“hSARS virus'). The hSARS virus is identified 
to be morphologically and phylogenetically similar to 
known members of Coronaviridae. The present invention 
relates to a nucleotide sequence comprising the complete 
genomic sequence of the hSARS virus. The invention fur 
ther relates to nucleotide sequences comprising a portion of 
the genomic sequence of the hSARS virus. The invention 
also relates to the deduced amino acid sequences of the 
complete genome of the hSARS virus. The invention further 
relates to the nucleic acids and peptides encoded by and/or 
derived from these sequences and their use in diagnostic 
methods and therapeutic methods, such as for immunogens. 
The invention further encompasses chimeric or recombinant 
viruses encoded by said nucleotide sequences and antibodies 
directed against polypeptides encoded by the nucleotide 
sequence. Furthermore, the invention relates to vaccine 
preparations comprising the hSARS virus, including recom 
binant and chimeric forms of said virus as well as protein 
extracts and subunits of said virus. 

BACKGROUND OF THE INVENTION 

0004 Recently, there has been an outbreak of atypical 
pneumonia in Guangdong province in mainland China. 
Between November 2002 and March 2003, there were 792 
reported cases with 31 fatalities (WHO. Severe Acute Res 
piratory Syndrome (SARS) Weekly Epidemiol Rec. 2003: 
78: 86). In response to this crisis, the Hospital Authority in 
Hong Kong has increased the Surveillance on patients with 
severe atypical pneumonia. In the course of this investiga 
tion, a number of clusters of health care workers with the 
disease were identified. In addition, there were clusters of 
pneumonia incidents among persons in close contact with 
those infected. The disease was unusual in its severity and its 
progression in spite of the antibiotic treatment typical for the 
bacterial pathogens that are known to be commonly asso 
ciated with atypical pneumonia. The present inventors were 
one of the groups involved in the investigation of these 
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patients. All tests for identifying commonly recognized 
viruses and bacteria were negative in these patients. The 
disease was given the acronym Severe Acute Respiratory 
Syndrome (“SARS'). The etiologic agent responsible for 
this disease was not known until the isolation of hSARS 
virus from the SARS patients by the present inventors as 
disclosed herein. Namely, the present invention discloses a 
novel human virus that has been isolated and identified from 
the patients suffering from SARS. The invention is useful in 
both clinical and scientific research applications. 

SUMMARY OF INVENTION 

0005. The present invention is based upon the inventor's 
isolation and identification of a novel virus causing Severe 
Acute Respiratory Syndrome in humans (“hSARS virus'). 
The virus was isolated from the patients suffering from 
SARS in the recent outbreak of severe atypical pneumonia 
in China. The isolated virus is an enveloped, single-stranded 
RNA virus of positive polarity which belongs to the order, 
Nidovirales, of the family, Coronaviridae. Accordingly, the 
invention relates to the isolated hSARS virus that morpho 
logically and phylogenetically relates to known members of 
Coronaviridae. In a specific embodiment, the isolated 
hSARS virus is that which was deposited with China Center 
for Type Culture Collection (CCTCC) on Apr. 2, 2003 and 
accorded an accession number, CCTCC-V2003.03, as 
described in Section 7, infra. In another specific embodi 
ment, the invention provides complete genomic sequence of 
the hSARS virus. In a preferred embodiment, the virus 
comprises a nucleotide sequence of SEQ ID NO:15. In 
another specific embodiment, the invention provides nucleic 
acids isolated from the virus. The virus preferably comprises 
a nucleotide sequence of SEQ ID NO:1, 11 and/or 13 in its 
genome. In a specific embodiment, the present invention 
provides isolated nucleic acid molecules comprising or, 
alternatively, consisting of the nucleotide sequence of SEQ 
ID NO:1, a complement thereof or a portion thereof, pref 
erably at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 200, 
300, 350, 400, 450, 500, 550, 600, or more contiguous 
nucleotides of the nucleotide sequence of SEQID NO:1, or 
a complement thereof. In another specific embodiment, the 
present invention provides isolated nucleic acid molecules 
comprising or, alternatively, consisting of the nucleotide 
sequence of SEQ ID NO:11, a complement thereof or a 
portion thereof, preferably at least 5, 10, 15, 20, 25, 30, 35, 
40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 
1,150, 1,200, or more contiguous nucleotides of the nucle 
otide sequence of SEQID NO:11, or a complement thereof. 
In yet another specific embodiment, the present invention 
provides isolated nucleic acid molecules comprising or, 
alternatively, consisting of the nucleotide sequence of SEQ 
ID NO:13, a complement thereof or a portion thereof, 
preferably at least 5, 10, 15, 20, 25, 30, 35, 40, 45, 100, 150, 
200, 300, 350, 400, 450, 500, 550, 600, 650, 700, or more 
contiguous nucleotides of the nucleotide sequence of SEQ 
ID NO:13, or a complement thereof. In another specific 
embodiment, the present invention provides isolated nucleic 
acid molecules comprising or, alternatively, consisting of the 
nucleotide sequence of SEQ ID NO:15, a complement 
thereof or a portion thereof, preferably at least 5, 10, 15, 20, 
25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 
550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 
1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000, 
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7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000, 
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 
29,000 or more contiguous nucleotides of the nucleotide 
sequence of SEQ ID NO:15, or a complement thereof. 
Furthermore, in another specific embodiment, the invention 
provides isolated nucleic acid molecules which hybridize 
under Stringent conditions, as defined herein, to a nucleic 
acid molecule having the sequence of SEQID NO:1, 11, 13, 
15, 16, 240, 737, 1108, 1590 or 1965 or a complement 
thereof. In one embodiment, the invention provides an 
isolated nucleic acid molecule which is antisense to the 
coding strand of a nucleic acid of the invention. In another 
specific embodiment, the invention provides isolated 
polypeptides or proteins that are encoded by a nucleic acid 
molecule comprising or, alternatively consisting of a nucle 
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 
45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, or 
more contiguous nucleotides of the nucleotide sequence of 
SEQ ID NO:1, or a complement thereof. In yet another 
specific embodiment, the invention provides isolated 
polypeptides or proteins that are encoded by a nucleic acid 
molecule comprising or, alternatively consisting of a nucle 
otide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 40, 
45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 
700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 1,150, 
1,200 or more contiguous nucleotides of the nucleotide 
sequence of SEQID NO:11, or a complement thereof. In yet 
another specific embodiment, the invention provides iso 
lated polypeptides or proteins that are encoded by a nucleic 
acid molecule comprising or, alternatively consisting of a 
nucleotide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 
40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 
650, 700, or more contiguous nucleotides of the nucleotide 
sequence of SEQID NO:13, or a complement thereof. In yet 
another specific embodiment, the invention provides iso 
lated polypeptides or proteins that are encoded by a nucleic 
acid molecule comprising or, alternatively consisting of a 
nucleotide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 
40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 
1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 
8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000, 
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 
29,000 or more contiguous nucleotides of the nucleotide 
sequence of SEQID NO:15, or a complement thereof. The 
invention further provides proteins or polypeptides that are 
isolated from the hSARS virus, including viral proteins 
isolated from cells infected with the virus but not present in 
comparable uninfected cells. The invention further provides 
proteins or polypeptides of SEQ ID NOS:2, 12 and 14 and 
those shown in FIGS. 11 (SEQ ID NOS:17-239, 241-736 
and 738-1107) and 12 (1109-1589, 1591-1964, 1966-2470). 
The polypeptides or the proteins of the present invention 
preferably have a biological activity of the protein (includ 
ing antigenicity and/or immunogenicity) encoded by the 
sequence of SEQID NO:1, 11, 13, 16, 240, 737, 1108, 1590 
or 1965. In other embodiments, the polypeptides or the 
proteins of the present invention have a biological activity of 
the protein (including antigenicity and/or immunogenicity) 
encoded by a nucleotide sequence that is at least 5, 10, 15, 
20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000, 
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1,050, 1,100, 1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 
6,000, 7,000, 8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 
14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 
21,000, 22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 
28,000, 29,000 or more contiguous nucleotides of the nucle 
otide sequence of SEQID NO:15, or a complement thereof. 
In other embodiments, the polypeptides or the proteins of the 
present invention have a biological activity of the protein 
(including antigenicity and/or immunogenicity) of FIGS. 11 
(SEQID NOS:17-239,241-736 and 738-1107) and 12 (SEQ 
ID NOS:1109-1589, 1591-1964 and 1966-2470). 
0006. In one aspect, the invention provides a method for 
propagating the hSARS virus in host cells comprising infect 
ing the host cells with the isolated hSARS virus, culturing 
the host cells to allow the virus to multiply, and harvesting 
the resulting virions. Also provide by the present invention 
are host cells that are infected with the hSARS virus. In 
another aspect, the invention relates to the use of the isolated 
hSARS virus for diagnostic and therapeutic methods. In a 
specific embodiment, the invention provides a method of 
detecting in a biological sample an antibody immunospecific 
for the hSARS virus using the isolated hSARS virus or any 
proteins or polypeptides thereof. In another specific embodi 
ment, the invention provides a method of screening for an 
antibody which immunospecifically binds and neutralizes 
hSARS. Such an antibody is useful for a passive immuni 
zation or immunotherapy of a subject infected with hSARS. 
0007. The invention further relates to the use of the 
sequence information of the isolated virus for diagnostic and 
therapeutic methods. In a specific embodiment, the inven 
tion provides nucleic acid molecules which are suitable for 
use as primers consisting of or comprising the nucleotide 
sequence of SEQ ID NO:1, 11, 13, or 15, a complement 
thereof, or at least a portion of the nucleotide sequence 
thereof. In another specific embodiment, the invention pro 
vides nucleic acid molecules which are suitable for hybrid 
ization to hSARS nucleic acid, including, but not limited to, 
as PCR primers, Reverse Transcriptase primers, probes for 
Southern analysis or other nucleic acid hybridization analy 
sis for the detection of hSARS nucleic acids, e.g., consisting 
of or comprising the nucleotide sequence of SEQID NO:1, 
11, 13, or 15, a complement thereof, or a portion thereof. The 
invention further encompasses chimeric or recombinant 
viruses encoded in whole or in part by said nucleotide 
Sequences. 

0008. The invention further provides antibodies that spe 
cifically bind a polypeptide of the invention encoded by the 
nucleotide sequence of SEQID NO:1, 11, 13, 16, 240, 737, 
1108, 1590 or 1965, or a fragment thereof, or encoded by a 
nucleic acid comprising a nucleotide sequence that hybrid 
izes under stringent conditions to the nucleotide sequence of 
SEQID NO:1, 11, or 13, and/or any hSARS epitope, having 
one or more biological activities of a polypeptide of the 
invention. The invention further provides antibodies that 
specifically bind polypeptides of the invention encoded by 
the nucleotide sequence of SEQID NO:15 or a complement 
thereof, or a fragment thereof. These polypeptides include 
those shown in FIGS. 11 (SEQ ID NOS:17-239, 241-736 
and 738-1107) and 12 (SEQID NOS: 1109-1589, 1591-1964 
and 1966-2470). The invention further provides antibodies 
that specifically bind polypeptides of the invention encoded 
by a nucleic acid comprising a nucleotide sequence that 
hybridizes under stringent conditions to the nucleotide 
sequence of SEQ ID NO:15, and/or any hSARS epitope, 
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having one or more biological activities of a polypeptide of 
the invention. Such antibodies include, but are not limited to 
polyclonal, monoclonal, bi-specific, multi-specific, human, 
humanized, chimeric antibodies, single chain antibodies, 
Fab fragments, F(ab') fragments, disulfide-linked FVs, 
intrabodies and fragments containing either a VL or VH 
domain or even a complementary determining region (CDR) 
that specifically binds to a polypeptide of the invention. 
0009. In one embodiment, the invention provides meth 
ods for detecting the presence, activity or expression of the 
hSARS virus of the invention in a biological material, such 
as cells, blood, saliva, urine, and so forth. The increased or 
decreased activity or expression of the hSARS virus in a 
sample relative to a control sample can be determined by 
contacting the biological material with an agent which can 
detect directly or indirectly the presence, activity or expres 
sion of the hSARS virus. In a specific embodiment, the 
detecting agents are the antibodies or nucleic acid molecules 
of the present invention. Antibodies of the invention may 
also be used to treat SARS. 

0010. In another embodiment, the invention provides 
vaccine preparations, comprising the hSARS virus, includ 
ing recombinant and chimeric forms of said virus, or protein 
Subunits of the virus. In a specific embodiment, the vaccine 
preparations of the present invention comprise live but 
attenuated hSARS virus with or without adjuvants. In 
another specific embodiment, the vaccine preparations of the 
invention comprise an inactivated or killed hSARS virus. 
Such attenuated or inactivated viruses may be prepared by a 
series of passages of the virus through the host cells or by 
preparing recombinant or chimeric forms of virus. Accord 
ingly, the present invention further provides methods of 
preparing recombinant or chimeric forms of hSARS. In 
another specific invention, the vaccine preparations of the 
present invention comprise a nucleic acid or fragment of the 
hSARS virus, e.g., the virus having accession no. CCTCC 
V200303, or nucleic acid molecules having the sequence of 
SEQ ID NO.1, 11, 13, or 15, or a fragment thereof. In 
another embodiment, the invention provides vaccine prepa 
rations comprising one or more polypeptides isolated from 
or produced from nucleic acid of hSARS virus, for example, 
of deposit accession no. CCTCC-V2003.03. In a specific 
embodiment, the vaccine preparations comprise a polypep 
tide of the invention encoded by the nucleotide sequence of 
SEQID NO:1, 11, 13, 16, 240, 737, 1108, 1590 or 1965, or 
a fragment thereof. In a specific embodiment, the vaccine 
preparations comprise polypeptides of the invention as 
shown in FIGS. 11 (SEQ ID NOS:17-239, 241-736 and 
738-1107) and 12 (SEQID NOS:1109-1589, 1591-1964 and 
1966-2470) or encoded by the nucleotide sequence of SEQ 
ID NO:15, or a fragment thereof. Furthermore, the present 
invention provides methods for treating, ameliorating, man 
aging or preventing SARS by administering the vaccine 
preparations or antibodies of the present invention alone or 
in combination with adjuvants, or other pharmaceutically 
acceptable excipients. 
0011. In another aspect, the present invention provides 
pharmaceutical compositions comprising anti-viral agents of 
the present invention and a pharmaceutically acceptable 
carrier. In a specific embodiment, the anti-viral agent of the 
invention is an antibody that immunospecifically binds 
hSARS virus or any hSARS epitope. In another specific 
embodiment, the anti-viral agent is a polypeptide or protein 
of the present invention or nucleic acid molecule of the 
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invention. The invention also provides kits containing a 
pharmaceutical composition of the present invention. 

3.1 Definitions 

0012. The term “an antibody or an antibody fragment that 
immunospecifically binds a polypeptide of the invention” as 
used herein refers to an antibody or a fragment thereof that 
immunospecifically binds to the polypeptide encoded by the 
nucleotide sequence of SEQ ID NO: 1, 11, 13 or 15, or a 
fragment thereof, and does not non-specifically bind to other 
polypeptides. An antibody or a fragment thereof that immu 
nospecifically binds to the polypeptide of the invention may 
cross-react with other antigens. Preferably, an antibody or a 
fragment thereof that immunospecifically binds to a 
polypeptide of the invention does not cross-react with other 
antigens. An antibody or a fragment thereof that immuno 
specifically binds to the polypeptide of the invention, can be 
identified by, for example, immunoassays or other tech 
niques known to those skilled in the art. 
(0013. An "isolated” or “purified” peptide or protein is 
Substantially free of cellular material or other contaminating 
proteins from the cell or tissue source from which the protein 
is derived, or substantially free of chemical precursors or 
other chemicals when chemically synthesized. The language 
“substantially free of cellular material includes prepara 
tions of a polypeptide?protein in which the polypeptide/ 
protein is separated from cellular components of the cells 
from which it is isolated or recombinantly produced. Thus, 
a polypeptide?protein that is substantially free of cellular 
material includes preparations of the polypeptide?protein 
having less than about 30%, 20%, 10%, 5%, 2.5%, or 1%, 
(by dry weight) of contaminating protein. When the 
polypeptide?protein is recombinantly produced, it is also 
preferably substantially free of culture medium, i.e., culture 
medium represents less than about 20%, 10%, or 5% of the 
volume of the protein preparation. When polypeptide/pro 
tein is produced by chemical synthesis, it is preferably 
Substantially free of chemical precursors or other chemicals, 
i.e., it is separated from chemical precursors or other chemi 
cals which are involved in the synthesis of the protein. 
Accordingly, such preparations of the polypeptide?protein 
have less than about 30%, 20%, 10%, 5% (by dry weight) of 
chemical precursors or compounds other than polypeptide? 
protein fragment of interest. In a preferred embodiment of 
the present invention, polypeptides/proteins are isolated or 
purified. 
0014. An "isolated nucleic acid molecule is one which is 
separated from other nucleic acid molecules which are 
present in the natural source of the nucleic acid molecule. 
Moreover, an "isolated nucleic acid molecule, such as a 
cDNA molecule, can be substantially free of other cellular 
material, or culture medium when produced by recombinant 
techniques, or Substantially free of chemical precursors or 
other chemicals when chemically synthesized. In a preferred 
embodiment of the invention, nucleic acid molecules encod 
ing polypeptides/proteins of the invention are isolated or 
purified. The term "isolated nucleic acid molecule does not 
include a nucleic acid that is a member of a library that has 
not been purified away from other library clones containing 
other nucleic acid molecules. 
(0015 The term “portion” or “fragment” as used herein 
refers to a fragment of a nucleic acid molecule containing at 
least about 25, 30, 35, 40, 45, 100, 150, 200, 250, 300, 350, 
400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 
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1000, 1050, 1100, 1150, 1200, 1250, 1300, 1350, 2,000, 
3,000, 4,000, 5,000, 6,000, 7,000, 8,000, 9,000, 10,000, 
11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 
18,000, 19,000, 20,000, 21,000, 22,000, 23,000, 24,000, 
25,000, 26,000, 27,000, 28,000, 29,000, or more contiguous 
nucleic acids in length of the relevant nucleic acid molecule 
and having at least one functional feature of the nucleic acid 
molecule (or the encoded protein has one functional feature 
of the protein encoded by the nucleic acid molecule); or a 
fragment of a protein or a polypeptide containing at least 5, 
10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 90, 
100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 
340,360, 400, 500, 600, 700, 800, 900, 1,000, 1,500, 2,000, 
2,500, 3,000, 3,500, 4,000, 4,100, 4,200, 4,300, 4,350, 
4,360, 4.370, 4.380 amino acid residues in length of the 
relevant protein or polypeptide and having at least one 
functional feature of the protein or polypeptide. 
0016. The term “having a biological activity of the pro 
tein' or “having biological activities of the polypeptides of 
the invention” refers to the characteristics of the polypep 
tides or proteins having a common biological activity similar 
or identical structural domain and/or having sufficient amino 
acid identity to the polypeptide encoded by the nucleotide 
sequence of SEQ ID NO:1, 11, 13, 15, 16, 240, 737, 1108, 
1590 or 1965. Such commonbiological activities of the 
polypeptides of the invention include antigenicity and 
immunogenicity. 
0017. The term “under stringent condition” refers to 
hybridization and washing conditions under which nucle 
otide sequences having at least 70%, at least 75%, at least 
80%, at least 85%, at least 90%, or at least 95% identity to 
each other remain hybridized to each other. Such hybrid 
ization conditions are described in, for example but not 
limited to, Current Protocols in Molecular Biology, John 
Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6.: Basic Methods in 
Molecular Biology, Elsevier Science Publishing Co., Inc., 
N.Y. (1986), pp. 75-78, and 84-87; and Molecular Cloning, 
Cold Spring Harbor Laboratory, N.Y. (1982), pp. 387-389, 
and are well known to those skilled in the art. A preferred, 
non-limiting example of Stringent hybridization conditions 
is hybridization in 6x sodium chloride/sodium citrate (SSC), 
0.5% SDS at about 68°C. followed by one or more washes 
in 2x SSC, 0.5% SDS at room temperature. Another pre 
ferred, non-limiting example of Stringent hybridization con 
ditions is hybridization in 6x SSC at about 45° C. followed 
by one or more washes in 0.2x SSC, 0.1% SDS at about 
50-650 C. 
0.018. The term “variant” as used herein refers either to a 
naturally occurring genetic mutant of hSARS or a recom 
binantly prepared variation of hSARS each of which contain 
one or more mutations in its genome compared to the 
hSARS of CCTCC-V200303. The term “variant” may also 
refers either to a naturally occurring variation of a given 
peptide or a recombinantly prepared variation of a given 
peptide or protein in which one or more amino acid residues 
have been modified by amino acid substitution, addition, or 
deletion. 

DESCRIPTION OF THE FIGURES 

0019 FIG. 1 shows a partial DNA sequence (SEQ ID 
NO: 1) and its deduced amino acid sequence (SEQID NO:2) 
obtained from the SARS virus that has 57% homology to the 
RNA-dependent RNA polymerase protein of known Coro 
naviruses. 
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0020 FIG. 2 shows an electron micrograph of the novel 
hSARS virus that has similar morphological characteristics 
of coronaviruses. 
0021 FIG. 3 shows an immunofluorescent staining for 
IgG antibodies that are specifically bound to the FrHK-4 
cells infected with the novel human respiratory virus of 
Coronaviridae. 
0022 FIG. 4 shows an electron micrograph of ultra 
centrifuged deposit of hSARS virus that was grown in the 
cell culture and negatively stained with 3% potassium 
phospho-tungstate at pH 7.0. 
0023 FIG. 5A shows a thin-section electron micrograph 
of lung biopsy of a patient with SARS; and FIG. 5B shows 
a thin section electron micrograph of hSARS-infected cells. 
0024 FIG. 6 shows the result of phylogenetic analysis for 
the partial protein sequence (215 amino acids; SEQ ID 
NO:2) of the hSARS virus (GenBank accession number 
AY268070). The phylogenetic tree is constructed by the 
neighbor-jointing method. The horizontal-line distance rep 
resents the number of sites at which the two sequences 
compared are different. Bootstrap values are deducted from 
500 replicates. 
0025 FIG. 7A shows an amplification plot of fluores 
cence intensity against the PCR cycle in a real-time quan 
titative PCR assay that can detect a hSARS virus in samples 
quantitatively. The copy numbers of input plasmid DNA in 
the reactions are indicated. The X-axis denotes the cycle 
number of a quantitative PCR assay and the Y-axis denotes 
the fluorescence intensity (FI) over the backgroud. FIG. 7B 
shows the result of a melting curve analysis of PCR products 
from clinical samples. Signals from positive (+ve) samples, 
negative (-ve) samples and water control (water) are indi 
cated. The X-axis denotes the temperature (C.) and the 
Y-axis denotes the fluorescence intensity (F1) over the 
background. 
0026 FIG. 8 shows another partial DNA sequence (SEQ 
ID NO:11) and its deduced amino acid sequence (SEQ ID 
NO:12) obtained from the SARS virus. 
(0027 FIG. 9 shows yet another partial DNA sequence 
(SEQID NO:13) and its deduced amino acid sequence (SEQ 
ID NO:14) obtained from the SARS virus. 
0028 FIG. 10 shows the entire genomic DNA sequence 
(SEQ ID NO:15) of the SARS virus. 
0029 FIG. 11 shows the deduced amino acid sequences 
obtained from SEQ ID NO:15 in three frames (see SEQ ID 
NOS:16, 240 and 737). An asterisk (*) indicates a stop 
codon which marks the end of a peptide. The first-frame 
amino acid sequences: SEQ ID NOS:17-239; the second 
frame amino acid sequences: SEQID NOS:241-736; and the 
third-frame amino acid sequences: SEQ ID NO:738-1107. 
0030 FIG. 12 shows the deduced amino acid sequences 
obtained from the complement of SEQ ID NO:15 in three 
frames (see SEQID NOS:1108, 1590 and 1965). Anasterisk 
(*) indicates a stop codon which marks the end of a peptide. 
The first-frame amino acid sequences: SEQ ID NOS:1109– 
1589; the second-frame amino acid sequences: SEQ ID 
NOS:1591-1964; and the third-frame amino acid sequences: 
SEQ ID NO:1966-2470. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0031. The present invention relates to the isolated hSARS 
virus that morphologically and phylogenetically relates to 
known Coronaviruses. In a specific embodiment, the iso 
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lated hSARS virus is that of CCTCC-V2003.03. In another 
specific embodiment, the virus comprises a nucleotide 
sequence of SEQ ID NO:1, 11, 13, and/or 15. In a specific 
embodiment, the present invention provides isolated nucleic 
acid molecules of the hSARS virus, comprising, or, alter 
natively, consisting of the nucleotide sequence of SEQ ID 
NO:1, 11, 13, and/or 15, a complement thereof or a portion 
thereof. In another specific embodiment, the invention pro 
vides isolated nucleic acid molecules which hybridize under 
stringent conditions, as defined herein, to a nucleic acid 
molecule having the sequence of SEQ ID NO:1, 11, 13, or 
15, or specific genes of known member of Coronaviridae, or 
a complement thereof. In another specific embodiment, the 
invention provides isolated polypeptides or proteins that are 
encoded by a nucleic acid molecule comprising a nucleotide 
sequence that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 
45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, or 
more contiguous nucleotides of the nucleotide sequence of 
SEQID NO:1, or a complement thereof. In another specific 
embodiment, the invention provides isolated polypeptides or 
proteins that are encoded by a nucleic acid molecule com 
prising a nucleotide sequence that is at least about 5, 10, 15. 
20, 25, 30, 35, 40, 45, 100, 150, 200, 300, 350, 400, 450, 
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1,000, 
1,050, 1,100, 1,150, 1,200, or more contiguous nucleotides 
of the nucleotide sequence of SEQID NO:11, or a comple 
ment thereof. In yet another specific embodiment, the inven 
tion provides isolated polypeptides or proteins that are 
encoded by a nucleic acid molecule comprising a nucleotide 
sequence that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 
45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 650, 
700, or more contiguous nucleotides of the nucleotide 
sequence of SEQID NO:13, or a complement thereof. In yet 
another specific embodiment, the invention provides iso 
lated polypeptides or proteins that are encoded by a nucleic 
acid molecule comprising or, alternatively consisting of a 
nucleotide sequence that is at least 5, 10, 15, 20, 25, 30, 35, 
40, 45, 100, 150, 200, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1,000, 1,050, 1,100, 
1,150, 1,200, 2,000, 3,000, 4,000, 5,000, 6,000, 7,000, 
8,000, 9,000, 10,000, 11,000, 12,000, 13,000, 14,000, 
15,000, 16,000, 17,000, 18,000, 19,000, 20,000, 21,000, 
22,000, 23,000, 24,000, 25,000, 26,000, 27,000, 28,000, 
29,000 or more contiguous nucleotides of the nucleotide 
sequence of SEQID NO:15, or a complement thereof. The 
polypeptides include those shown in FIGS. 11 (SEQ ID 
NOS:17-239, 241-736 and 738-1107) and 12 (SEQ ID 
NOS:1109-1589, 1591-1964 and 1966-2470). The polypep 
tides or the proteins of the present invention preferably have 
one or more biological activities of the proteins encoded by 
the sequence of SEQID NO:1, 11, 13, 15, or the native viral 
proteins containing the amino acid sequences encoded by 
the sequence of SEQID NO:1, 11, 13, or 15, or those shown 
in FIGS. 11 (SEQ ID NOS:17-239, 241-736 and 738-1107) 
and 12 (SEQ ID NOS:1109-1589, 1591-1964 and 1966 
2470). 
0032. The present invention also relates to a method for 
propagating the hSARS virus in host cells. 
0033. The invention further relates to the use of the 
sequence information of the isolated virus for diagnostic and 
therapeutic methods. In a specific embodiment, the inven 
tion provides the entire nucleotide sequence of hSARS 
virus, CCTCC-V200303, SEQ ID NO:15, or fragments, or 
complement thereof. Furthermore, the present invention 
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relates to a nucleic acid molecule that hybridizes any portion 
of the genome of the hSARS virus, CCTCC-V200303, SEQ 
ID NO:15, under the stringent conditions. In a specific 
embodiment, the invention provides nucleic acid molecules 
which are Suitable for use as primers consisting of or 
comprising the nucleotide sequence of SEQ ID NO:1, 11, 
13, or 15, or a complement thereof, or a portion thereof. In 
a non-limiting embodiment, the invention provides the prim 
ers consisting of or comprising the nucleotide sequence of 
SEQ ID NOS:3 and/or 4. In another specific embodiment, 
the invention provides nucleic acid molecules which are 
suitable for use as hybridization probes for the detection of 
nucleic acids encoding a polypeptide of the invention, 
consisting of or comprising the nucleotide sequence of SEQ 
ID NO:1, 11, 13, or 15, a complement thereof, or a portion 
thereof. The invention further encompasses chimeric or 
recombinant viruses or viral proteins encoded by said nucle 
otide sequences. 
0034. The invention further provides antibodies that spe 
cifically bind a polypeptide of the invention encoded by the 
nucleotide sequence of SEQID NO:1, 11, 13, 16, 240, 737, 
1108, 1590 or 1965, or a fragment thereof, or any hSARS 
epitope. The invention further provides antibodies that spe 
cifically bind the polypeptides of the invention encoded by 
the nucleotide sequence of SEQ ID NO:15, or a fragment 
thereof, or any hSARS epitope. Such antibodies include, but 
are not limited to polyclonal, monoclonal, bi-specific, multi 
specific, human, humanized, chimeric antibodies, single 
chain antibodies, Fab fragments, F(ab')2 fragments, disul 
fide-linked FVs, intrabodies and fragments containing either 
a VL or VH domain or even a complementary determining 
region (CDR) that specifically binds to a polypeptide of the 
invention. 

0035. In one embodiment, the invention provides meth 
ods for detecting the presence, activity or expression of the 
hSARS virus of the invention in a biological material, such 
as cells, blood, saliva, urine, sputum, nasopharyngeal aspi 
rates, and so forth. The presence of the hSARS virus in a 
sample can be determined by contacting the biological 
material with an agent which can detect directly or indirectly 
the presence of the hSARS virus. In a specific embodiment, 
the detection agents are the antibodies of the present inven 
tion. In another embodiment, the detection agent is a nucleic 
acid of the present invention. 
0036. In another embodiment, the invention provides 
vaccine preparations comprising the hSARS virus, including 
recombinant and chimeric forms of said virus, or Subunits of 
the virus. In a specific embodiment, the vaccine preparations 
comprise live but attenuated hSARS virus with or without 
pharmaceutically acceptable carriers, including adjuvants. 
In another specific embodiment, the vaccine preparations 
comprise an inactivated or killed hSARS virus with or 
without pharmaceutically acceptable carriers, including 
adjuvants. 
0037. The present invention further provides methods of 
preparing recombinant or chimeric forms of hSARS. In 
another specific invention, the vaccine preparations of the 
present invention comprise one or more nucleic acid mol 
ecules comprising or consisting of the sequence of SEQID 
NO. 1, 11, 13, and/or, 15, or a fragment thereof. In another 
embodiment, the invention provides vaccine preparations 
comprising one or more polypeptides of the invention 
encoded by a nucleotide sequence comprising or consisting 
of the nucleotide sequence of SEQID NO:1, 11, 13, 16, 240, 
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737, 1108, 1590 and/or 1965, or a fragment thereof. In 
another embodiment, the invention provides vaccine prepa 
rations comprising one or more polypeptides of the inven 
tion encoded by a nucleotide sequence comprising or con 
sisting of the nucleotide sequence of SEQ ID NO:15, or a 
fragment thereof. Furthermore, the present invention pro 
vides methods for treating, ameliorating, managing, or pre 
venting SARS by administering the vaccine preparations or 
antibodies of the present invention alone or in combination 
with antivirals e.g., amantadine, rimantadine, gancyclovir, 
acyclovir, ribavirin, penciclovir, oseltamivir, foScamet 
zidovudine (AZT), didanosine (ddI), lamivudine (3TC), 
Zalcitabine (ddC), stavudine (d4T), nevirapine, delavirdine, 
indinavir, ritonavir, Vidarabine, nelfinavir, saquinavir, 
relenza, tamiflu, pleconaril, interferons, etc., steroids and 
corticosteroids such as prednisone, cortisone, fluticaSone 
and glucocorticoid, antibiotics, analgesics, bronchodialaters, 
or other treatments for respiratory and/or viral infections. 
0038. Furthermore, the present invention provides phar 
maceutical compositions comprising anti-viral agents of the 
present invention and a pharmaceutically acceptable carrier. 
The present invention also provides kits comprising phar 
maceutical compositions of the present invention. 
0039. In another aspect, the present invention provides 
methods for screening anti-viral agents that inhibit the 
infectivity or replication of hSARS virus or variants thereof. 

5.1 Recombinant and Chimeric hSARS Viruses 

0040. The present invention encompasses recombinant or 
chimeric viruses encoded by viral vectors derived from the 
genome of hSARS virus or natural variants thereof. In a 
specific embodiment, a recombinant virus is one derived 
from the hSARS virus of deposit accession no. CCTCC 
V2003.03. In a specific embodiment, the virus has a nucle 
otide sequence of SEQ ID NO:15. In another specific 
embodiment, a recombinant virus is one derived from a 
natural variant of hSARS virus. A natural variant of hSARS 
has a sequence that is different from the genomic sequence 
(SEQ ID NO:15) of the hSARS virus, CCTCC-V200303, 
due to one or more naturally occurred mutations, including, 
but not limited to, point mutations, rearrangements, inser 
tions, deletions etc., to the genomic sequence that may or 
may not result in a phenotypic change. In accordance with 
the present invention, a viral vector which is derived from 
the genome of the hSARS virus, CCTCC-V200303, is one 
that contains a nucleic acid sequence that encodes at least a 
part of one ORF of the hSARS virus. In a specific embodi 
ment, the ORF comprises or consists of a nucleotide 
sequence of SEQID NO:1, 11 or 13, or a fragment thereof. 
In a specific embodiment, there are more than one ORF 
within the nucleotide sequence of SEQ ID NO:15 or a 
complement thereof, as shown in FIGS. 11 (SEQ ID NOS: 
16, 240 and 737) and 12 (SEQ ID NOS:1108, 1590 and 
1965), or a fragment thereof. In another embodiment, the 
polypeptide encoded by the ORF comprises or consists of an 
amino acid sequence of SEQ ID NO:2, 12, or 14, or a 
fragment thereof, or shown in FIGS. 11 (SEQ ID NOS:17 
239, 241-736 and 738-1107) and 12 (SEQ ID NOS:1109 
1589, 1591-1964 and 1966-2470), or a fragment thereof. In 
accordance with the present invention these viral vectors 
may or may not include nucleic acids that are non-native to 
the viral genome. 
0041. In another specific embodiment, a chimeric virus of 
the invention is a recombinant hSARS virus which further 
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comprises a heterologous nucleotide sequence. In accor 
dance with the invention, a chimeric virus may be encoded 
by a nucleotide sequence in which heterologous nucleotide 
sequences have been added to the genome or in which 
endogenous or native nucleotide sequences have been 
replaced with heterologous nucleotide sequences. 
0042. According to the present invention, the chimeric 
viruses are encoded by the viral vectors of the invention 
which further comprise a heterologous nucleotide sequence. 
In accordance with the present invention a chimeric virus is 
encoded by a viral vector that may or may not include 
nucleic acids that are non-native to the viral genome. In 
accordance with the invention a chimeric virus is encoded 
by a viral vector to which heterologous nucleotide sequences 
have been added, inserted or substituted for native or non 
native sequences. In accordance with the present invention, 
the chimeric virus may be encoded by nucleotide sequences 
derived from different strains or variants of hSARS virus. In 
particular, the chimeric virus is encoded by nucleotide 
sequences that encode antigenic polypeptides derived from 
different strains or variants of hSARS virus. 

0043. A chimeric virus may be of particular use for the 
generation of recombinant vaccines protecting against two 
or more viruses (Tao et al., J. Virol. 72,2955-2961: Durbin 
et al., 2000, J. Virol. 74, 6821-6831; Skiadopoulos et al., 
1998, J. Virol. 72, 1762-1768 (1998); Teng et al., 2000, J. 
Virol. 74,9317-9321). For example, it can be envisaged that 
a virus vector derived from the hSARS virus expressing one 
or more proteins of variants of hSARS virus, or vice versa, 
will protect a subject vaccinated with Such vector against 
infections by both the native hSARS and the variant. Attenu 
ated and replication-defective viruses may be of use for 
vaccination purposes with live vaccines as has been Sug 
gested for other viruses. (See, PCTWO 02/057302, at pp. 6 
and 23, incorporated by reference herein). 
0044. In accordance with the present invention the het 
erologous sequence to be incorporated into the viral vectors 
encoding the recombinant or chimeric viruses of the inven 
tion include sequences obtained or derived from different 
strains or variants of hSARS. 

0045. In certain embodiments, the chimeric or recombi 
nant viruses of the invention are encoded by viral vectors 
derived from viral genomes wherein one or more sequences, 
intergenic regions, termini sequences, or portions or entire 
ORF have been substituted with a heterologous or non 
native sequence. In certain embodiments of the invention, 
the chimeric viruses of the invention are encoded by viral 
vectors derived from viral genomes wherein one or more 
heterologous sequences have been inserted or added to the 
Vector. 

0046. The selection of the viral vector may depend on the 
species of the subject that is to be treated or protected from 
a viral infection. If the Subject is human, then an attenuated 
hSARS virus can be used to provide the antigenic sequences. 
0047. In accordance with the present invention, the viral 
vectors can be engineered to provide antigenic sequences 
which confer protection against infection by the hSARS and 
natural variants thereof. The viral vectors may be engineered 
to provide one, two, three or more antigenic sequences. In 
accordance with the present invention the antigenic 
sequences may be derived from the same virus, from dif 
ferent strains or variants of the same type of virus, or from 
different viruses. 
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0048. The expression products and/or recombinant or 
chimeric virions obtained in accordance with the invention 
may advantageously be utilized in vaccine formulations. 
The expression products and chimeric virions of the present 
invention may be engineered to create vaccines against a 
broad range of pathogens, including viral and bacterial 
antigens, tumor antigens, allergen antigens, and auto anti 
gens involved in autoimmune disorders. In particular, the 
chimeric virions of the present invention may be engineered 
to create vaccines for the protection of a subject from 
infections with hSARS virus and variants thereof. 
0049. In certain embodiments, the expression products 
and recombinant or chimeric virions of the present invention 
may be engineered to create vaccines against a broad range 
of pathogens, including viral antigens, tumor antigens and 
autoantigens involved in autoimmune disorders. One way to 
achieve this goal involves modifying existing hSARS genes 
to contain foreign sequences in their respective external 
domains. Where the heterologous sequences are epitopes or 
antigens of pathogens, these chimeric viruses may be used 
to induce a protective immune response against the disease 
agent from which these determinants are derived. 
0050 Thus, the present invention relates to the use of 
viral vectors and recombinant or chimeric viruses to formu 
late vaccines against a broad range of viruses and/or anti 
gens. The present invention also encompasses recombinant 
viruses comprising a viral vector derived from the hSARS or 
variants thereof which contains sequences which result in a 
virus having a phenotype more suitable for use in vaccine 
formulations, e.g., attenuated phenotype or enhanced anti 
genicity. The mutations and modifications can be in coding 
regions, in intergenic regions and in the leader and trailer 
sequences of the virus. 
0051. The invention provides a host cell comprising a 
nucleic acid or a vector according to the invention. Plasmid 
or viral vectors containing the polymerase components of 
hSARS virus are generated in prokaryotic cells for the 
expression of the components in relevant cell types (bacte 
ria, insect cells, eukaryotic cells). Plasmid or viral vectors 
containing full-length or partial copies of the hSARS 
genome will be generated in prokaryotic cells for the expres 
sion of viral nucleic acids in-vitro or in-vivo. The latter 
vectors may contain other viral sequences for the generation 
of chimeric viruses or chimeric virus proteins, may lack 
parts of the viral genome for the generation of replication 
defective virus, and may contain mutations, deletions or 
insertions for the generation of attenuated viruses. In addi 
tion, the present invention provides a host cell infected with 
hSARS virus, for example, of deposit no. CCTCC 
V2OO3O3. 

0052 Infectious copies of hSARS (being wild type, 
attenuated, replication-defective or chimeric) can be pro 
duced upon co-expression of the polymerase components 
according to the state-of-the-art technologies described 
above. 
0053. In addition, eukaryotic cells, transiently or stably 
expressing one or more full-length or partial hSARS pro 
teins can be used. Such cells can be made by transfection 
(proteins or nucleic acid vectors), infection (viral vectors) or 
transduction (viral vectors) and may be useful for comple 
mentation of mentioned wild type, attenuated, replication 
defective or chimeric viruses. 

0054 The viral vectors and chimeric viruses of the 
present invention may be used to modulate a subjects 
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immune system by Stimulating a humoral immune response, 
a cellular immune response or by stimulating tolerance to an 
antigen. As used herein, a Subject means: humans, primates, 
horses, cows, sheep, pigs, goats, dogs, cats, avian species 
and rodents. 

5.2 Formulation of Vaccines and Antivirals 

0055. In a preferred embodiment, the invention provides 
a proteinaceous molecule or hSARS virus specific viral 
protein or functional fragment thereof encoded by a nucleic 
acid according to the invention. Useful proteinaceous mol 
ecules are for example derived from any of the genes or 
genomic fragments derivable from the virus according to the 
invention, including envelop protein (E protein), integral 
membrane protein (M protein), spike protein (S protein), 
nucleocapsid protein (N protein), hemaglutinin esterase (HE 
protein), and RNA-dependent RNA polymerase. Such mol 
ecules, or antigenic fragments thereof, as provided herein, 
are for example useful in diagnostic methods or kits and in 
pharmaceutical compositions such as Subunit vaccines. Par 
ticularly useful are polypeptides encoded by the nucleotide 
sequence of SEQID NO:1, 11, 13, or 15, or as shown in FIG. 
11 (SEQ ID NOS:17-239, 241-736 and 738-1107) and 12 
(SEQ ID NOS:1109-1589, 1591-1964 and 1966-2470), or 
antigenic fragments thereof for inclusion as antigen or 
Subunit immunogen, but inactivated whole virus can also be 
used. Particularly useful are also those proteinaceous sub 
stances that are encoded by recombinant nucleic acid frag 
ments of the hSARS genome, of course preferred are those 
that are within the preferred bounds and metes of ORFs, in 
particular, for eliciting hSARS specific antibody or T cell 
responses, whether in vivo (e.g. for protective or therapeutic 
purposes or for providing diagnostic antibodies) or in vitro 
(e.g. by phage display technology or another technique 
useful for generating synthetic antibodies). 
0056. The invention provides vaccine formulations for 
the prevention and treatment of infections with hSARS 
virus. In certain embodiments, the vaccine of the invention 
comprises recombinant and chimeric viruses of the hSARS 
virus. In certain embodiments, the virus is attenuated. 
0057. In another embodiment of this aspect of the inven 
tion, inactivated vaccine formulations may be prepared 
using conventional techniques to “kill the chimeric viruses. 
Inactivated vaccines are "dead” in the sense that their 
infectivity has been destroyed. Ideally, the infectivity of the 
virus is destroyed without affecting its immunogenicity. In 
order to prepare inactivated vaccines, the chimeric virus may 
be grown in cell culture or in the allantois of the chick 
embryo, purified by Zonal ultracentrifugation, inactivated by 
formaldehyde or B-propiolactone, and pooled. The resulting 
vaccine is usually inoculated intramuscularly. 
0.058 Inactivated viruses may be formulated with a suit 
able adjuvant in order to enhance the immunological 
response. Such adjuvants may include but are not limited to 
mineral gels, e.g., aluminum hydroxide; Surface active Sub 
stances such as lysolecithin, pluronic polyols, polyanions; 
peptides; oil emulsions; and potentially useful human adju 
vants such as BCG and Corynebacterium parvum. 
0059. In another aspect, the present invention also pro 
vides DNA vaccine formulations comprising a nucleic acid 
or fragment of the hSARS virus, e.g., the virus having 
accession no. CCTCC-V200303, or nucleic acid molecules 
having the sequence of SEQ ID NO:1, 11, 13, or 15, or a 
fragment thereof. In another specific embodiment, the DNA 
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vaccine formulations of the present invention comprises a 
nucleic acid or fragment thereof encoding the antibodies 
which immunospecifically binds hSARS viruses. In DNA 
vaccine formulations, a vaccine DNA comprises a viral 
vector, such as that derived from the hSARS virus, bacterial 
plasmid, or other expression vector, bearing an insert com 
prising a nucleic acid molecule of the present invention 
operably linked to one or more control elements, thereby 
allowing expression of the vaccinating proteins encoded by 
said nucleic acid molecule in a vaccinated Subject. Such 
vectors can be prepared by recombinant DNA technology as 
recombinant or chimeric viral vectors carrying a nucleic acid 
molecule of the present invention (see also Section 5.1 . 
Supra). 
0060 Various heterologous vectors are described for 
DNA vaccinations against viral infections. For example, the 
vectors described in the following references may be used to 
express hSARS sequences instead of the sequences of the 
viruses or other pathogens described; in particular, vectors 
described for hepatitis B virus (Michel, M. L. et al., 1995, 
DAN-mediated immunization to the hepatitis B surface 
antigen in mice: Aspects of the humoral response mimic 
hepatitis B viral infection in humans, Proc. Natl. Aca. Sci. 
USA 92:5307-5311; Davis, H. L. et al., 1993, DNA-based 
immunization induces continuous seretion of hepatitis B 
Surface antigen and high levels of circulating antibody, 
Human Molec. Genetics 2:1847-1851), HIV virus (Wang, B. 
et al., 1993, Gene inoculation generates immune responses 
against human imunodeficiency virus type 1, Proc. Natl. 
Acad. Sci. USA 90:4156-4160: Lu, S. et al., 1996, Simian 
immunodeficiency virus DNA vaccine trial in macques, J. 
Virol. 70:3978-3991: Letvin, N. L. et al., 1997, Potent, 
protective anti-HIV immune responses generated by bimo 
dal HIV envelope DNA plus protein vaccination, Proc Natl 
AcadSci USA. 94(17):9378-83), and influenza viruses (Rob 
inson, H L et al., 1993, Protection against a lethal influenza 
virus challenge by immunization with a haemagglutinin 
expressing plasmid DNA, Vaccine 11:957-960: Ulmer, J. B. 
et al., Heterologous protection against influenza by injection 
of DNA encoding a viral protein, Science 259:1745-1749), 
as well as bacterial infections, such as tuberculosis (Tascon, 
R. E. et al., 1996, Vaccination against tuberculosis by DNA 
injection, Nature Med. 2:888-892; Huygen, K. et al., 1996, 
Immunogenicity and protective efficacy of a tuberculosis 
DNA vaccine, Nature Med., 2:893-898), and parasitic infec 
tion, Such as malaria (Sedegah, M., 1994, Protection against 
malaria by immunization with plasmid DNA encoding cir 
cumsporozoite protein, Proc. Natl. Acad. Sci. USA 91:9866 
9870: Doolan, D. L. et al., 1996, Circumventing genetic 
restriction of protection against malaria with multigene 
DNA immunization: CD8+ T cell-interferon Ö, and nitric 
oxide-dependent immunity, J. Exper. Med., 1183:1739 
1746). 
0061. Many methods may be used to introduce the vac 
cine formulations described above. These include, but are 
not limited to, oral, intradermal, intramuscular, intraperito 
neal, intravenous, Subcutaneous, and intranasal routes. Alter 
natively, it may be preferable to introduce the chimeric virus 
vaccine formulation via the natural route of infection of the 
pathogen for which the vaccine is designed. The DNA 
vaccines of the present invention may be administered in 
saline Solutions by injections into muscle or skin using a 
syringe and needle (Wolff J. A. et al., 1990, Direct gene 
transfer into mouse muscle in vivo, Science 247: 1465-1468; 
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Raz, E., 1994, Intradermal gene immunization: The possible 
role of DNA uptake in the induction of cellular immunity to 
viruses, c. Natl. Acd. Sci. USA 91:9519-9523). Another way 
to administer DNA vaccines is called “gene gun' method, 
whereby microscopic gold beads coated with the DNA 
molecules of interest is fired into the cells (Tang, D. et al., 
1992, Genetic immunization is a simple method for eliciting 
an immune response, Nature 356:152-154). For general 
reviews of the methods for DNA vaccines, see Robinson, H. 
L., 1999, DNA vaccines: basic mechanism and immune 
responses (Review), Int. J. Mol. Med. 4(5):549-555; Barber, 
B., 1997. Introduction: Emerging vaccine strategies, Semi 
nars in Immunology 9(5):269-270; and Robinson, H. L. et 
al., 1997, DNA vaccines, Seminars in Immunology 9(5): 271 
283. 

5.3 Attenuation of hSARS Virus or Variants Thereof 

0062. The hSARS virus or variants thereof of the inven 
tion can be genetically engineered to exhibit an attenuated 
phenotype. In particular, the viruses of the invention exhibit 
an attenuated phenotype in a subject to which the virus is 
administered as a vaccine. Attenuation can be achieved by 
any method known to a skilled artisan. Without being bound 
by theory, the attenuated phenotype of the viruses of the 
invention can be caused, e.g., by using a virus that naturally 
does not replicate well in an intended host species, for 
example, by reduced replication of the viral genome, by 
reduced ability of the virus to infect a host cell, or by 
reduced ability of the viral proteins to assemble to an 
infectious viral particle relative to the wild type strain of the 
virus. 
0063. The attenuated phenotypes of hSARS virus or 
variants thereof can be tested by any method known to the 
artisan. A candidate virus can, for example, be tested for its 
ability to infect a host or for the rate of replication in a cell 
culture system. In certain embodiments, growth curves at 
different temperatures are used to test the attenuated phe 
notype of the virus. For example, an attenuated virus is able 
to grow at 35° C., but not at 39° C. or 40° C. In certain 
embodiments, different cell lines can be used to evaluate the 
attenuated phenotype of the virus. For example, an attenu 
ated virus may only be able to grow in monkey cell lines but 
not the human cell lines, or the achievable virus titers in 
different cell lines are different for the attenuated virus. In 
certain embodiments, viral replication in the respiratory tract 
of a small animal model, including but not limited to, 
hamsters, cotton rats, mice and guinea pigs, is used to 
evaluate the attenuated phenotypes of the virus. In other 
embodiments, the immune response induced by the virus, 
including but not limited to, the antibody titers (e.g., assayed 
by plaque reduction neutralization assay or ELISA) is used 
to evaluate the attenuated phenotypes of the virus. In a 
specific embodiment, the plaque reduction neutralization 
assay or ELISA is carried out at a low dose. In certain 
embodiments, the ability of the hSARS virus to elicit 
pathological symptoms in an animal model can be tested. A 
reduced ability of the virus to elicit pathological symptoms 
in an animal model system is indicative of its attenuated 
phenotype. In a specific embodiment, the candidate viruses 
are tested in a monkey model for nasal infection, indicated 
by mucous production. 
0064. The viruses of the invention can be attenuated such 
that one or more of the functional characteristics of the virus 
are impaired. In certain embodiments, attenuation is mea 
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sured in comparison to the wild type strain of the virus from 
which the attenuated virus is derived. In other embodiments, 
attenuation is determined by comparing the growth of an 
attenuated virus in different host systems. Thus, for a non 
limiting example, hSARS virus or a variant thereof is said to 
be attenuated when grown in a human host if the growth of 
the hSARS or variant thereof in the human host is reduced 
compared to the non-attenuated hSARS or variant thereof. 
0065. In certain embodiments, the attenuated virus of the 
invention is capable of infecting a host, is capable of 
replicating in a host such that infectious viral particles are 
produced. In comparison to the wild type strain, however, 
the attenuated Strain grows to lower titers or grows more 
slowly. Any technique known to the skilled artisan can be 
used to determine the growth curve of the attenuated virus 
and compare it to the growth curve of the wild type virus. 
0.066. In certain embodiments, the attenuated virus of the 
invention (e.g., a recombinant or chimeric hSARS) cannot 
replicate in human cells as well as the wild type virus (e.g., 
wild type hSARS) does. However, the attenuated virus can 
replicate well in a cell line that lack interferon functions, 
such as Vero cells. 

0067. In other embodiments, the attenuated virus of the 
invention is capable of infecting a host, of replicating in the 
host, and of causing proteins of the virus of the invention to 
be inserted into the cytoplasmic membrane, but the attenu 
ated virus does not cause the host to produce new infectious 
viral particles. In certain embodiments, the attenuated virus 
infects the host, replicates in the host, and causes viral 
proteins to be inserted in the cytoplasmic membrane of the 
host with the same efficiency as the wild type hSARS. In 
other embodiments, the ability of the attenuated virus to 
cause viral proteins to be inserted into the cytoplasmic 
membrane into the host cell is reduced compared to the wild 
type virus. In certain embodiments, the ability of the attenu 
ated hSARS virus to replicate in the host is reduced com 
pared to the wild type virus. Any technique known to the 
skilled artisan can be used to determine whether a virus is 
capable of infecting a mammalian cell, of replicating within 
the host, and of causing viral proteins to be inserted into the 
cytoplasmic membrane of the host. 
0068. In certain embodiments, the attenuated virus of the 
invention is capable of infecting a host. In contrast to the 
wild type hSARS, however, the attenuated hSARS cannot be 
replicated in the host. In a specific embodiment, the attenu 
ated hSARS virus can infect a host and can cause the host 
to insert viral proteins in its cytoplasmic membranes, but the 
attenuated virus is incapable of being replicated in the host. 
Any method known to the skilled artisan can be used to test 
whether the attenuated hSARS has infected the host and has 
caused the host to insert viral proteins in its cytoplasmic 
membranes. 
0069. In certain embodiments, the ability of the attenu 
ated virus to infect a host is reduced compared to the ability 
of the wild type virus to infect the same host. Any technique 
known to the skilled artisan can be used to determine 
whether a virus is capable of infecting a host. 
0070. In certain embodiments, mutations (e.g., missense 
mutations) are introduced into the genome of the virus, for 
example, into the sequence of SEQID NO:1, 11, 13, or 15, 
or to generate a virus with an attenuated phenotype. Muta 
tions (e.g., missense mutations) can be introduced into the 
structural genes and/or regulatory genes of the hSARS. 
Mutations can be additions, Substitutions, deletions, or com 
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binations thereof. Such variant of hSARS can be screened 
for a predicted functionality, such as infectivity, replication 
ability, protein synthesis ability, assembling ability, as well 
as cytopathic effect in cell cultures. In a specific embodi 
ment, the missense mutation is a cold-sensitive mutation. In 
another embodiment, the missense mutation is a heat-sen 
sitive mutation. In another embodiment, the missense muta 
tion prevents a normal processing or cleavage of the viral 
proteins. 
(0071. In other embodiments, deletions are introduced 
into the genome of the hSARS virus, which result in the 
attenuation of the virus. 
0072. In certain embodiments, attenuation of the virus is 
achieved by replacing a gene of the wild type virus with a 
gene of a virus of a different species, of a different Subgroup, 
or of a different variant. In another aspect, attenuation of the 
virus is achieved by replacing one or more specific domains 
of a protein of the wild type virus with domains derived from 
the corresponding protein of a virus of a different species. In 
certain other embodiments, attenuation of the virus is 
achieved by deleting one or more specific domains of a 
protein of the wild type virus. 
0073. When a live attenuated vaccine is used, its safety 
must also be considered. The vaccine must not cause dis 
ease. Any techniques known in the art that can make a 
vaccine safe may be used in the present invention. In 
addition to attenuation techniques, other techniques may be 
used. One non-limiting example is to use a soluble heter 
ologous gene that cannot be incorporated into the virion 
membrane. For example, a single copy of the soluble version 
of a viral transmembrane protein lacking the transmembrane 
and cytosolic domains thereof, can be used. 
0074 Various assays can be used to test the safety of a 
vaccine. For example, Sucrose gradients and neutralization 
assays can be used to test the safety. A Sucrose gradient assay 
can be used to determine whether a heterologous protein is 
inserted in a virion. If the heterologous protein is inserted in 
the virion, the virion should be tested for its ability to cause 
symptoms in an appropriate animal model since the virus 
may have acquired new, possibly pathological, properties. 

5.4 Adjuvants and Carrier Molecules 
0075 hSARS-associated antigens are administered with 
one or more adjuvants. In one embodiment, the hSARS 
associated antigen is administered together with a mineral 
salt adjuvants or mineral salt gel adjuvant. Such mineral salt 
and mineral salt gel adjuvants include, but are not limited to, 
aluminum hydroxide (ALHYDROGEL REHYDRAGEL), 
aluminum phosphate gel, aluminum hydroxyphosphate 
(ADJU-PHOS), and calcium phosphate. 
0076. In another embodiment, hSARS-associated antigen 

is administered with an immunostimulatory adjuvant. Such 
class of adjuvants, include, but are not limited to, cytokines 
(e.g., interleukin-2, interleukin-7, interleukin-12, granulo 
cyte-macrophage colony Stimulating factor (GM-CSF), 
interfereon-Y interleukin-1B (IL-1B), and IL-1B peptide or 
Sclavo Peptide), cytokine-containing liposomes, triterpe 
noid glycosides or Saponins (e.g., QuilA and QS-21, also 
sold under the trademark STIMULON, ISCOPREP), 
Muramyl Dipeptide (MDP) derivatives, such as N-acetyl 
muramyl-L-threonyl-D-isoglutamine (Threonyl-MDP sold 
under the trademark TERMURTIDE), GMDP, N-acetyl-nor 
muramyl-L-alanyl-D-isoglutamine, N-acetylmuramyl-L- 
alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn 






























