
[0005c] In 

[0004] 	The discovery of the role of DCs as specialized antigen-presenting cells 

(A.PCs) has fatted attempts at DC-based immunizanonivaccination that involve loading DCs 

with specific antigens (Bancivx-eau, .1. & PaIndia, A.K. 2005. Nat. Rev. Immune!. 5:296-306; 

Figdor, C.G. et al. 2004. Nat. Med. 10:475-480, each of which is incorporated herein by 

reference in its entirety). However, ail of these attempts involve ex vivo loading of Des with 

specific antigens. 	Ex vivo generated DCs are then administered to the patient. 	Ex vivo 

generation of DCs for each patient is extremely labor intensive process. 

f00051 	By contrast, the present invention is directed inter cilia to targeting, antigen 

loading and activation of DCs in vivo, Which results in vivo treatment of diseases by 

generating a beneficial immune response in the patient. 	The invention thus fulfills a 

longstanding need for effective and efficient reairnes for immunization/vaccination. 

SUMMARY OF THE INVENTION 

[0005a] In one aspect, there is provided an in vitro method of delivering a lentiviral vector 

encoding an antigen to a dendritic cell expressing DC-SIGN (Dendritic Cell Specific ICAM-3 

(Intracellular Adhesion Molecules 3)-GrabbingNonintegrin), the method comprising: 

transducing the dendritic cell with a recombinant virus, wherein the recombinant virus 
comprises said lentiviral vector, 
wherein the recombinant virus comprises an alphavirus glycoprotein that targets said cell 
expressing DC-SIGN, 
wherein said glycoprotein is an alpha,vims,  E2 glycoprotein mutated at a heparan sulfate 
binding site to decrease or eliminate its bineling to heparan sulfate. 

[0005b1 In one aspect, there is provided a recombinant virus as defined herein, or a pharmaceutical 

composition comprising said recombinant virus. 

one aspect, there is provided a recombinant virus comprising a lentiviral vector encoding an antigen and an alphavirus 

glycoprotein that targets cells expressing DC-SIGN wherein said glycoprotein is an 
alphavirus E2 glycoprotein mutated at a heparan sulfate binding site to decrease or 
eliminate its binding to heparan sulfate, for us- in stimulating an immune response to said 
antigen in a mammal. 

[0005d] In one aspect, there is provided a dendritic cell transduced 	h a recombinant virus, wherein the 
4 
recombinant virus is as defined herein. 
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[0006] 	In one aspect of the invention methods of delivering a polynucleotide to a 

dendritic cell expressing DC-SIGN are provided. 	In some embodiments the methods 

comprise transducing the dendritic cell with a recombinant virus, wherein the recombinant 

virus comprises the polynucleotide to be delivered and a targeting molecule that binds DC- 

SIGN. In some embodiments the targeting molecule is specific for DC-SIGN. 

[0007] 	In some embodiments of the invention, the recombinant virus comprises 

sequences from a lentivirus genome, such as an HIV genome. 

[00081 	In other embodiments the recombinant virus comprises sequences from a 

grunmaretrovirus genome, such as sequences from a Mouse Stem Cell Virus (MSCV) 

genome or a Murine Leukemia Virus (MLV) genome. 

100091 	In some embodiments of the invention, the methods utilize a targeting 

molecule comprising a viral glycoprotein derived from at least one virus selected from the 

group of. Sindbis virus, influenza virus, Lassa fever virus, tick-borne encephalitis virus, 

Dengue virus, Hepatitis B virus, Rabies virus, Semliki Forest virus, Ross River virus, Aura 

virus, Boma disease virus, Bantam virus, and SARS-CoV virus. 	In more particular 

embodiments, the targeting molecule comprises a modified viral glycoprotein derived from 

Sindbis virus (SIN or SVG). In certain embodiments, the targeting molecule is SINmu also 

'mown as SVGmu (SEQ ID NO: 11). 
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WHAT IS CLAIMED IS: 
/ 

1. Use of a replication deficient lentivirus pseudotyped with a virus envelope comprisint a 
modified E2 alphavirus glycoprotein comprising a modification that reduces binding • said E2 
to heparan sulfate, wherein the lentivirus comprises a polynucleotide encoding an a 	igen 
wherein said polynucleotide is exogenous to the lentivirus genome, and whereinti-   lentivirus 
comprising the modified E2 alphavirus glycoprotein more efficiently transduces i endritic cells 
expressing DC-SIGN relative to cell types not expressing DC-SIGN, in an am• 	sufficient to 
elicit an antibody response or antigen-specific T-cell response to the antigen 	n the manufacture 
of a medicament for eliciting an antibody response or antigen-specific T-c 	response in a 
mammal. 

2. The use of claim 1 wherein the medicament elicits an antigen-spec lc T-cell response. 

3. The use of claim 2 wherein the medicament elicits an antibody esponse. 

4. The use of claim 2 wherein the replication deficient lentivi 	s is to be administered 
subcutaneously. 

5. The use of claim 1 wherein the E2 alphavirus glycop t, em is a Sindbis virus glycoprotein. 

6. The use of claim 5 wherein the medicament elicit an antigen-specific T-cell response. 

7. The use of claim 5 wherein the medicament el 	ts an antibody response. 

8. The use of claim 1 wherein the replication 	eficient lentivirus is to be administered 
subcutaneously. 

/ 
9. The use of claim 5 wherein the replication deficient lentivirus is to be administered 
subcutaneously. 

10. The use of claim 5 wherein th 	irus envelope further comprises an El alphavirus 
glycoprotein. 

11. The use of claim 1 whe 	the E2 glycoprotein is produced from the nucleic acid sequence 
of SEQ ID NO: 3 or comp r ses the amino acid sequence of SEQ ID NO: 11. 

12. The use of claim 5 	herein the lentivirus comprises an HIV sector, a MSCV vector or an 
MLV vector. 

13. The use of cl 	1 wherein the replication deficient lentivirus further comprises a 
polynucleotide . coding a second antigen. 

14. The use 	f claim 5 wherein the replication deficient lentivirus further comprises a 
polynucleotide encoding a second antigen. 
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15. The use of claim 5 wherein the mammal is a human. 

16. The use of claim 1 wherein the antigen is a tumor associated antigen, viral antigen, bac 	al 
antigen, fungal antigen, protozoan parasite antigen, helminth 	antigen, or ectopar..ite  parasite 
antigen. 

17. The use of claim 2 wherein the antigen-specific T-cell response is a CD8 T-ce 	response. 

1.8. A recombinant replication deficient lentivirus pseudotyped with a modified 	2 alphavirus 
glycoprotein comprising a modification that reduces binding of said E2 to he,! an sulfate, 
wherein the lentivirus more efficiently transduces dendritic cells expressin: IC-SIGN relative to 
cell types not expressing DC-SIGN; wherein the lentivirus comprises a po 	ucleotide encoding 
an antigen wherein said polynucleotide is exogenous to the lentivirus ge o 	e, and wherein said 
lentivirus is capable of eliciting an antibody response or antigen-speci r c T-cell response to the 
antigen. 

19. The recombinant lentivirus of claim 18, wherein the recomb 	ant lentivirus comprises a 
sequence from an HIV genome. 

20. The recombinant lentivirus of claim 18, wherein the ewmbinant lentivirus comprises an 
inactivated or self-inactivating 3' LTR. 

21. The recombinant lentivirus of claim 18, wherein 	e E2 alphavirus glycoprotein comprises 
the sequence defined by SEQ ID NO: 11. 

22. The recombinant lentivirus of claim 18, w 	rein the antigen is a tumor antigen. 

23. The recombinant lentivirus of claim i 8 	rther comprising an El alphavirus glycoprotein. 

24. The recombinant lentivirus of dal 	8, wherein the E2 alphavirus glycoprotein is a Sindbis 
virus E2 glycoprotein. 

25. Use of a replication deficient -ntivirus that (a) comprises an exogenous polynucleotide 

encoding an antigen associate 	h a disease, and (b) is pseudotyped with a virus envelope 

comprising modified E2 alp avirus glycoprotein that transduces dendritic cells more efficiently 

than other cell types, in 	amount sufficient to stimulate an immune response to said antigen, in 

the manufacture of a 	edicament for stimulating an antigen-specific immune response in a 

mammal. 

26. The use of 	aim 25 wherein the immune response is an antibody response or antigen- 

specific T- 	response or both. 
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27. The use of claim 26 wherein the immune response is an antigen-specific T-cell response./ 

28. The use of claim 27 wherein the antigen-specific T-cell response is a CD8+  T-cell re sonse. 

29. The use of claim 25 wherein the virus envelope further comprises an El alphavi 	s 

glycoprotein. 

30. The use of claim 25 wherein the E2 glycoprotein is produced from then 	leic acid sequence 

of SEQ ID NO: 3 or comprises the amino acid sequence of SEQ ID NO: 1 . 

31. The use of claim 25 wherein the lentivirus comprises an HIV vector, a MSCV vector or an 

MLV vector. 

32. The use of claim 25 wherein the replication deficient lentiv ms further comprises a 

polynucleotide encoding a second antigen associated with a 	isease. 

33. The use of claim 25 wherein the mammal is a hum. . 

34. The use of claim 25 wherein the antigen is a tui. or associated antigen, viral antigen, bacterial 

antigen, fungal antigen, protozoan parasite anti: n, helminth parasite antigen, or ectoparasite 

antigen.. 

35. The use according to claim 34 where'the antigen is Her-2 receptor, MAGE, BAGE, RAGE, 

NY-ESO, MART-1/Melan-A, gp100 z.75, mda-7, tyrosinase, tyrosinase-related protein, 

prostate specific membrane antige 	PSMA), prostate-specific antigen (PSA), ras, bcr/abl, 

Her2/neu, p53, cytochrome P451 1B1, N-acetylglucosaminyltransferase-V, human papilloma 

virus protein E6, human papi oma virus protein E7, carcinoembryonic antigen and alpha-

fetoprotein, gp120, an ade svirus polypeptide, an alphavims polypeptide, a calicivirus 

polypeptide, calicivirus 	apsid antigen, a coronavims polypeptide, s distemper virus polypeptide, 

an Ebola virus polyp. .tide, an enterovirus polypeptide, a flavivirus polypeptides, a hepatitis 

virus (AE) polyp- 	de, a hepatitis B core antigen, a hepatitis or surface antigen, a herpesvirus 

polypeptide, a 	es simplex virus glycoptrotein, a varicella zoster virus glycoprotein, an 

immunode s ency virus polypeptide, a human immunodeficiency virus envelope protein, a 

human i 	unodeficiency virus protease, an infectious peritonitis virus polypeptide, an influenza 

virus no ypeptide, an influenza A hemagglutinin, an influenza A neuraminidase, an influenza A 
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nucleoprotein, a leukemia virus polypeptide, a Marburg virus polypeptide, an orthomyxov 

polypeptide, a papilloma virus polypeptide, a parainfluenza virus polypeptide, a parainfi enza 

virus hemagglutinin, aparainfluenza virus neuraminidase, a paramyxovirus polypep • -, a 

parvovirus polypeptide, a pestivirus polypeptide, a picorna virus polypeptidea polio 	s capsid 

polypeptide, a pox virus polypeptide, a vaccinia virus polypeptide, a rabies vim- polypeptide, a 

rabies virus glycoprotein G, a reovirus polypeptide, a retrovirus polypeptide, 	rotavirus 

polypeptide, an Absidia polypeptide, an Acremonium polypeptide, an Alte 	aria polypeptide, an 

Aspergillus polypeptide, a Basidiobolus polypeptide, a Bipolaris polypeptide, a Blastomyces 

polypeptide, a Candida polypeptide, a Coccidioides polypeptide, a C• idiobolus polypeptide, a 

Cryptococcus polypeptide, a Curvalaria polypeptide, an Epidermo t yton polypeptide, an 

Exophiala polypeptide, an Geotrichum polypeptide, a Histoplas t a polypeptide, a Madurella 

polypeptide, a Malassezia polypeptide, a Microsporum polypeptide, a Moniliella polypeptide, a 

Mortierella polypeptide, a Mucor polypeptide, a Paecilom ces polypeptide, a Penicillium 

polypeptide, a Phialemonium polypeptide, a Phialophor polypeptide, a Prototheca polypeptide, 

a Pseudallescheria polypeptide, a Pseudomicrodochi 	polypeptide, a Pythium polypeptide, a 

Rhinosporidium polypeptide, a Rhizopus polypep de, a Scolecobasidium polypeptide, a 

Sporothrix polypeptide, a Stemphylium polype 	de, a Trichophyton polypeptide, a 

Trichosporon polypeptide, and a Xylohypha olypeptide, a Babesia polypeptide, a Balantidium 

polypeptide, a Besnoitia polypeptide, a Cr 	osporidium polypeptide, an Eimeria polypeptide, 

an Encephalitozoon polypeptide, an En 	oeba polypeptide, a Giardia polypeptide, a 

Hammondia polypeptide, a Hepatoz•on polypeptide, an Isospora polypeptide, a Leishmania 

polypeptide, a Microsporidia pol 	eptide, a Neospora polypeptide, a Nosema polypeptide, a 

Pentatrichomonas polypeptide, 4 Plasmodium polypeptide, P. falciparum circumsporozoite 

(PfCSP), sporozoite surface xrotein 2 (PfSSP2), carboxyl terminus of liver state antigen 1 

(PfLSA1 c-teiui), expo rte. protein 1 (PfExp-1), a Pneumocystis polypeptide, a Sarcocystis 

polypeptide, a Schisto • 	a polypeptide, Ta heileria polypeptide, a Toxoplasma polypeptide, a 

Trypanosoma polyp ptide, an Acanthocheilonema polypeptide, an Aelurostrongylus 

polypeptide, an 	cylostoma polypeptide, an Angiostrongylus polypeptide, an Ascaris 

polypeptide, a 	rugia polypeptide, a Bunostomum polypeptide, a Capillaria polypeptide, a 

Chabertia pt ypeptide, a Cooperia polypeptide, a Crenosoma polypeptide, a Dictyocaulus 

polypept e, a Dioctophyme polypeptide, a Dipetalonema polypeptide, a Diphyllobothrium 
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polypeptide, a Diplydium polypeptide, a Dirofilaria polypeptide, a Dracunculus polypeptide, 

Enterobius polypeptide, a Filaroides polypeptide, a Haemonchus polypeptide, a Lagochilas axis 

polypeptide, a Loa polypeptide, a Mansonella polypeptide, a Muellerius polypeptide, a 

Nanophyetus polypeptide, a Necator polypeptide, a Nematodirus polypeptide, an 

Oesophagostomum polypeptide, an Onchocerca polypeptide, an Opisthorchis pol rieptide, ab 

Ostertagia polypeptide, a Parafilaria polypeptide, a Paragonimus polypeptide, a '' a ascaris 

polypeptide, a Physaloptera polypeptide, a Protostrongylus polypeptide, a Se 	na polypeptide, a 

Spirocerca polypeptide, a Spirometra polypeptide, a Stephanofilaria polypeptide, a Strongyloides 

polypeptide, a Strongylus polypeptide, a Thelazia polypeptide, a Toxasraris polypeptide, a 

Toxocara polypeptide, a Trichinella polypeptide, a Trichostrongylus .olypeptide, a Trichuris 

polypeptide, an Uncinaria polypeptide, a Wuchereria polypeptide a flea polypeptide, a tick 

polypeptide, a hard tick polypeptide, a soft tick polypeptide, a P y polypeptide, a midge 

polypeptide, a mosquito polypeptide, a sand fly polypeptide a black fly polypeptide, a horse fly 

horn fly 	 deer fly polypeptide, a 	polypeptide, a 	polypep 	a tsetse fly polypeptide, a stable fly 

polypeptide, a myiasis-causing fly polypeptide, a bitin 	gnat polypeptide, an ant polypeptide, a 

spider polypeptide, a lice polypeptide, a mite poi 	tidea true bug polypeptide, a bed bug 

polypeptide, and a kissing bug polypeptide. 

36. The use of claim 25 wherein the lentivi 	s further comprises a nucleotide sequence encoding 

a maturation factor. 

37. The use of claim 36 wherein the 	aturation factor is selected from the group consisting of 

GM-CSF, 1L-2, 1L-4, 1L-6, 1L-7 	L-15, IL-21, IL-23, TNFa, B7.1, B7.2, 4-1BB, CD40 ligand 

(CD4OL) and drug-inducible 	140 (iCD40). 

38. The use of claim 25 w 	e n the replication deficient lentivirus is administered 

subcutaneously or int a• ennally. 

39. The use of clai , 25 wherein the E2 alphavirus glycoprotein is a Sindbis virus glycoprotein. 

40. The use o 	aim 39 wherein the replication deficient lentivirus is administered 

subcutaneo 	ly or intradermally. 
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41. The use of claim 39 wherein the lentivirus comprises an HIV vector, a MSCV vector or an/  

MLV vector. 

42. The use of claim 39 wherein the replication deficient lentivirus further comprises a 

polynucleotide encoding a second antigen associated with a disease. 

43. The use of claim 39 wherein the mammal is a human. 

44. The use of claim 39 wherein the antigen is a tumor associated antigen, v al antigen, bacterial 

antigen, fungal antigen, protozoan parasite antigen, helminth parasite ant ten, or ectoparasite 

antigen. 

45. The use according to claim 44 wherein the antigen is Her-2 e eptor, MAGE, BAGE, RAGE, 

NY-ESO, MART-1/Melan-A, gp100, gp75, mda-7, tyrosinase 	yrosinase-related protein, 

prostate specific membrane antigen (PSMA), prostate-spec 	antigen (PSA), ras, bcr/abl, 

Her2/neu, p53, cytochrome P450 1BI, N-acetylglucos 	yltransferase-V, human papilloma 

virus protein E6, human papilloma virus protein E7, 	noembryonic antigen and alpha- 

fetoprotein, gp120, an adenovirus polypeptide, an 	phavirus polypeptide, a calicivirus 

polypeptide, calicivirus capsid antigen, a corona 	ms polypeptide, s distemper virus polypeptide, 

an Ebola virus polypeptide, an enterovirus po 	s eptide, a flavivirus polypeptides, a hepatitis 

virus (AE) polypeptide, a hepatitis B core -ritigen, a hepatitis or surface antigen, a herpesvirus 

polypeptide, a herpes simplex virus gly optrotein, a varicella zoster virus glycoprotein, an 

immunodeficiency virus polypeptide a human immunodeficiency virus envelope protein, a 

human immunodeficiency virus p 	tease, an infectious peritonitis virus polypeptide, an influenza 

virus polypeptide, an influenza A hemagglutinin, an influenza A neuraminidase, an influenza A 

nucleoprotein, a leukemia v 	s polypeptide, a Marburg virus polypeptide, an orthomyxovims 

polypeptide, a papilloma 	ins polypeptide, a parainfluenza virus polypeptide, a parainfluenza 

virus hemagglutinin, .4arainfluenza virus neuraminidase, a paramyxovirus polypeptide, a 

parvovirus polypep' de, a pestivirus polypeptide, a picorna virus polypeptidea poliovims capsid 

polypeptide, a pt 	virus polypeptide, a vaccinia virus polypeptide, a rabies virus polypeptide, a 

rabies virus 	coprotein G, a reovirus polypeptide, a retrovirus polypeptide, a rotavirus 

polypeptid 	an Absidia polypeptide, an Acremonium polypeptide, an Altemaria polypeptide, an 

Asperg 	us polypeptide, a Basidiobolus polypeptide, a Bipolaris polypeptide, a Blastomyces 
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polypeptide, a Candida polypeptide, a Coccidioides polypeptide, a Conidiobolus polypeptide, a 

Cryptococcus polypeptide, a Curvalaria polypeptide, an Epidermophyton polypeptide, an 

Exophiala polypeptide, an Geotrichum polypeptide, a Histoplasma polypeptide, a Madure a 

polypeptide, a Malassezia polypeptide, a Microsporum polypeptide, a Moniliella polyp pride, a 

Mortierella polypeptide, a Mucor polypeptide, a Paecilomyces polypeptide, a Penic 	ium  

po]ypeptide, a Phialemonium polypeptide, a Phialophora polypeptide, a Protothe.a polypeptide, 

a Pseudallescheria polypeptide, a Pseudomicrodochium polypeptide, a Pythiu. polypeptide, a 

Rhinosporidium polypeptide, a Rhizopus polypeptide, a Scolecobasidium polypeptide, a 

Sporothrix polypeptide, a Stemphylium polypeptide, a Trichophyton po ; .eptide, a 

Trichosporon polypeptide, and a Xylohypha polypeptide, a Babesia p& ypeptide, a Balantidium 

polypeptide, a Besnoitia polypeptide, a Cryptosporidium polypep • e an Eimeria polypeptide, 

an Encephalitozoon polypeptide, an Entamoeba polypeptide, a t ardia polypeptide, a 

Hammondia polypeptide, a Hepatozoon polypeptide, an Isos. e ra polypeptide, a Leishmania 

polypeptide, a Microsporidia polypeptide, a Neospora pol • eptide, a Nosema polypeptide, a 

Pentatrichomonas polypeptide, a Plasmodium polypept' 4 e, P. falciparum circumsporozoite 

(yfr SP), sporozoite surface protein 2 (PfSSP2), ca 	xyl terminus of liver state antigen 1 

(PfLSAI c-term), exported protein 1 (PfExp-I), . 'neumocystis polypeptide, a Sarcocystis 

polypeptide, a Schistosoma polypeptide, Ta h• ' eria polypeptide, a Toxoplasma polypeptide, a 

Trypanosoma polypeptide, an Acanthocheil nema polypeptide, an Aelurostrongylus 

polypeptide, an Ancylostoma polypeptid , an Angiostrongylus polypeptide, an Ascaris 

polypeptide, a Brugia polypeptide, a 	nostomum polypeptide, a Capillaria polypeptide, a 

Chabenia polypeptide, a Cooperia •.olypeptide, a Crenosoma polypeptide, a Dictyocaulus 

polypeptide, a Dioctophyme po tleptide, a Dipetalonema polypeptide, a Diphyllobothrium 

polypeptide, a Diplydium po 	•eptide, a Dirofilaria polypeptide, a Dracunculus polypeptide, an 

Enterobius polypeptide, a 	ilaroides polypeptide, a Haemonchus polypeptide, a Lagochilascaris 

polypeptide, a Loa pol j.eptide, a Mansonella polypeptide, a Muellerius polypeptide, a 

Nanophyetu.s polyp 	tide, a Necator polypeptide, a Nematodirus polypeptide, an 

Oesophagostom 	polypeptide, an Onchocerca polypeptide, an Opisthorchis polypeptide, ab 

Ostertagia pol, 	eptide, a Parafilaria polypeptide, a Paragonimus polypeptide, a Parascaris 

polypeptid 	a Physaloptera polypeptide, a Protostrongylus polypeptide, a Setaria polypeptide, a 

Spirocer a polypeptide, a Spirometra polypeptide, a Stephanofilaria polypeptide, a Strongyloides 
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polypeptide, a Strongylus polypeptide, a Thelazia polypeptide, a Toxascaris polypeptide, a 

Toxocara polypeptide, a Trichinella polypeptide, a Trichostrongylus polypeptide, a Trichu 

polypeptide, an Uncinaria polypeptide, a Wuchereria polypeptide, a flea polypeptide, a t k 

polypeptide, a hard tick polypeptide, a soft tick polypeptide, a fly polypeptide, a mid 

polypeptide, a mosquito polypeptide, a sand fly polypeptide, a black fly polypep 	a horse fly 

polypeptide, a horn fly polypeptide, a deer fly polypeptide, a tsetse fly polypept 	e, a stable fly 

polypeptide, a myiasis-causing fly polypeptide, a biting gnat polypeptide, an :nt polypeptide, a 

spider polypeptide, a lice polypeptide, a mite polypeptide, a true bug pol 	eptide, a bed bug 

polypeptide, and a kissing bug polypeptide. 

46. The use of claim 39 wherein the lentivirus further comprises a r cleotide sequence encoding 

a maturation factor. 

47. A recombinant replication deficient lentivirus pseudo yp- s with a modified E2 alphavirus 

glycoprotein that more efficiently transduces dendritic ce s compared to other cell types; 

wherein the lentivirus comprises an exogenous polynu' eotide encoding an antigen associated 

with a disease, and wherein said lentivirus is capab 	of stimulating an immune response to said 

antigen. 

48. The recombinant lentivirus of claim 47, 	terein the recombinant lentivirus comprises an 

inactivated or self inactivating 3' LTR, 

49. The recombinant lentivirus of clai 	47 wherein the immune response is an antibody response 

or antigen-specific T-cell response • both. 

50. The recombinant lentivirus 	claim 49 wherein the immune response is an antigen-specific 

T-cell response. 

51. The recombinant lent 	s of claim 50 wherein the antigen-specific T-cell response is a 

CD8+  T-cell response. 

52. The recombin. r lentivirus of claim 47 wherein the virus envelope further comprises an El 

alphavirus glyc 	rotein. 

53. The recoa binant lentivirus of claim 47 wherein the E2 glycoprotein is produced from the 

nucleic a d sequence of SEQ ID NO: 3 or comprises the amino acid sequence of SEQ ID NO: 

11. 
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54. The recombinant lentivirus of claim 47 wherein the lentivirus comprises an HIV vector/ 

MSCV vector or an MLV vector. 

55. The recombinant lentivirus of claim 47 	wherein the replication deficient lentivi 	e 

comprises a polynucleotide encoding a second antigen associated with a disease. 

56. The recombinant lentivirus of claim 47 wherein the antigen is a tumor asso' rated antigen, 

viral antigen, bacterial antigen, fungal antigen, protozoan parasite antigen, he minth parasite 

antigen, or ectoparasite antigen. 

57. The recombinant lentivirus of claim 56 wherein the antigen is 	e -2 receptor, MAGE, 

BAGE, RAGE, NY-ESO, MART-1/Melan-A, gp100, gp75, mda-7, yrosinase, tyrosinase-related 

protein, prostate specific membrane antigen (PSMA), prostate-specific antigen (PSA), ras, 

bcr/abl, Her2/neu, p53, cytochrome P450 1BI, N-acetylgluco aminyltransferase-V, human 

papilloma virus protein E6, human papilloma virus protein 	7, carcinoembryonic antigen and 

alpha-fetoprotein, gp120, an adenovirus polypeptide, an 	phavirus polypeptide, a calicivirus 

polypeptide, calicivirus capsid antigen, a coronavirus 	o ypeptide, s distemper virus polypeptide, 

an Ebola virus polypeptide, an enterovirus polypeprde, a flavivirus polypeptides, a hepatitis 

virus (AE) polypeptide, a hepatitis B core antig 	a hepatitis or surface antigen, a herpesvirus 

polypeptide, a herpes simplex virus glycoptr 	em, a varicella zoster virus glycoprotein, an 

immunodeficiency virus polypeptide, a hu 	an immunodeficiency virus envelope protein, a 

human immunodeficiency virus proteas 	an infectious peritonitis virus polypeptide, an influenza 

virus polypeptide, an influenza A he 	agglutinin, an influenza A neuraminidase, an influenza A 

nucleoprotein, a leukemia virus po, 	eptide, a Marburg virus polypeptide, an orthomyxovirus 

polypeptide, a papilloma virus p 41 ypeptide, a parainfluenza virus polypeptide, a parainfluenza 

virus hemagglutinin, aparai 	uenza virus neuraminidase, a paramyxovirus polypeptide, a 

parvovirus polypeptide, a pestivirus polypeptide, a picorna virus polypeptidea poliovirus capsid 

polypeptide, a pox vita- polypeptide, a vaccinia virus polypeptide, a rabies virus polypeptide, a 

rabies virus glycop • em G, a reovirus polypeptide, a retrovirus polypeptide, a rotavirus 

polypeptide, an A sidia polypeptide, an Acremonium polypeptide, an Alternaria polypeptide, an 

Aspergillus po 	eptide, a Basidiobolus polypeptide, a Bipolaris polypeptide, a Blastomyces 

polypeptide 	Candida polypeptide, a Coccidioides polypeptide, a Conidiobolus polypeptide, a 

Cryptoco 	us polypeptide, a Curvalaria polypeptide, an Epidennophyton polypeptide, an 
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Exophiala polypeptide, an Geotrichum polypeptide, a Histoplasma polypeptide, a Madure 

polypeptide, a Malassezia polypeptide, a Microsporum polypeptide, a Moniliella polypeptide, a 

Mortierella polypeptide, a Mucor polypeptide, a Paecilomyces polypeptide, a Penicil 

polypeptide, a Phialemonium polypeptide, a Phialophora polypeptide, a Protothec. solypeptide, 

a Pseudallescheria polypeptide, a Pseudomicrodochium polypeptide, a Pythium .olypeptide, a 

Rhinosporidium polypeptide, a Rhizopus polypeptide, a Scolecobasidium po 	eptide, a 

Sporothrix polypeptide, a Stemphylium polypeptide, a Trichophyton po 	. -ptide, a Trichosporon 

polypeptide, and a Xylohypha polypeptide, a Babesia polypeptide, a Ba 	tidium polypeptide, a 

Besnoitia polypeptide, a Cryptosporidium polypeptide, an Eimeria p 	ypeptide, an 

Encephalitozoon polypeptide, an Entamoeba polypeptide, a Giardi polypeptide, a Hammondia 

polypeptide, a Hepatozoon polypeptide, an Isospora polypeptid , a Leishmania polypeptide, a 

Microsporidia polypeptide, a Neospora polypeptide, a Nose 	c polypeptide, a Pentatrichomonas 

polypeptide, a Plasmodium polypeptide, P. falciparum c 	sporozoite (PfCSP), sporozoite 

surface protein 2 (PfSSP2), carboxyl terminus of livers • e antigen 1 (PfLSA1 c-tenn), exported 

protein 1 (PfExp-1), a Pneumocystis polypeptide, a S. rcocystis polypeptide, a Schistosoma 

polypeptide, Ta heileria polypeptide, a Toxoplas 	polypeptide, a Trypanosonna polypeptide, an 

Acanthocheilonema polypeptide, an Aelurostro r gylus polypeptide, an Ancylostoma polypeptide, 

an Angiostrongylus polypeptide, an Ascaris nolypeptide, a Brugia polypeptide, a Bunostomum 

polypeptide, a Capillaria polypeptide, a C abertia poly-peptide, a Cooperia polypeptide, a 

Crenosoma polypeptide, a Dictyocaulu polypeptide, a Dioctophyme polypeptide, a 

Dipetalonema polypeptide, a Diphyl .bothrium polypeptide, a Diplydium polypeptide, a 

Dirofilaria polypeptide, a Dracun 	lus polypeptide, an Enterobius polypeptide, a Filaroides 

polypeptide, a Haemonchus po 	.eptide, a Lagochilascaris polypeptide, a Loa polypeptide, a 

Mansonella polypeptide, a 	el erius polypeptide, a Nanophyetus polypeptide, a Necator 

polypeptide, a Nematodi 	polypeptide, an Oesophagostomum polypeptide, an Onchocerca 

polypeptide, an Opisth rchis polypeptide, ab Ostertagia polypeptide, a Parafilaria polypeptide, a 

Paragonimus polyp- aide, a Parascaris polypeptide, a Physaloptera polypeptide, a 

Protostrongylus ;4 ypeptide, a Setaria polypeptide, a Spirocerca polypeptide, a Spirometra 

polypeptide, a ttephanofilaria polypeptide, a Strongyloides polypeptide, a Strongylus 

polypeptide a Thelazia polypeptide, a Toxascaris polypeptide, a Toxocara polypeptide, a 

Trichinel • polypeptide, a Trichostrongylus polypeptide, a Trichuris polypeptide, an Uncinaria 
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polypeptide, a Wuchereria polypeptide, a flea polypeptide, a tick polypeptide, a hard tick 

polypeptide, a soft tick polypeptide, a fly polypeptide, a midge polypeptide, a mosquito 

polypeptide, a sand fly polypeptide, a black fly polypeptide, a horse fly polypeptide, a in 	fly 

polypeptide, a deer fly polypeptide, a tsetse fly polypeptide, a stable fly polypeptide, . myiasis- 

causing fly polypeptide, a biting gnat polypeptide, an ant polypeptide, a spider poi, 	eptide, a lice 

polypeptide, a mite polypeptide, a true bug polypeptide, a bed bug polypeptide, 	d a kissing bug 

polypeptide. 

58. The recombinant lentivirus of claim 47 wherein the lentivirus further , omprises a nucleotide 

sequence encoding a maturation factor. 

59. The recombinant lentivirus of claim 58 wherein the maturation actor is selected from the 

group consisting of GM-CSF, 1L-2, 1L-4, 1L-6, 1L-7, IL-15, IL 	1, IL-23, TNFa, B7.1, B7.2, 4- 

1BB, CD40 ligand (CD4OL) and drug-inducible CD40 (iCD,  1) 

60. The recombinant lentivirus of claim 47 wherein the E 	alphavirus glycoprotein is a Sindbis 

virus glycoprotein. 

61. The recombinant lentivirus of claim 60 whereir mie lentivirus comprises an HIV vector, a 

MSCV vector or an MLV vector. 

62. The recombinant lentivirus of claim 60 	erein the replication deficient lentivirus further 

comprises a polynucleotide encoding a e Ond antigen associated with a disease. 

63. The recombinant lentivirus of clai. 60 wherein the antigen is a tumor associated antigen, 

viral antigen, bacterial antigen, funtal antigen, protozoan parasite antigen, helminth parasite 

antigen, or ectoparasite antigen.  

64. The recombinant lentivi 	s of claim 63 wherein the antigen is Her-2 receptor, MACE, 

BAGE, RAGE, NY-ESO 	RT-1/Melan-A, gp100, g 75, mda-7, tyrosinase, tyrosinase-related 

protein, prostate specif membrane antigen (PSMA), prostate-specific antigen (PSA), ras, 

bcr/abl, Her2/neu, 	3, cytochrome P450 1B1, N-acetylglucosaminyltransferase-V, human 

papilloma virus 	otein E6, human papilloma virus protein E7, carcinoembryonic antigen and 

alpha-fetoprot 	n, gp120, an adenovirus polypeptide, an alphavirus polypeptide, a calicivirus 

polypeptid , calicivirus capsid antigen, a coronavirus polypeptide, s distemper virus polypeptide, 

an Ebol. virus polypeptide, an enterovirus polypeptide, a flavivirus polypeptides, a hepatitis 
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virus (AE) polypeptide, a hepatitis B core antigen, a hepatitis or surface antigen, a herpesv 	s 

polypeptide, a herpes simplex virus glycoptrotein, a varicella zoster virus glycoprotein, 

immunodeficiency virus polypeptide, a human immunodeficiency virus envelope pro in, a 

human immunodeficiency virus protease, an infectious peritonitis virus polypeptid , an influenza 

virus polypeptide, an influenza A hemagglutinin, an influenza A neuraminidase . 	influenza A 

nucleoprotein, a leukemia virus polypeptide, a Marburg virus polypeptide, an •rthomyxovirus 

polypeptide, a papilloma virus polypeptide, a parainfluenza virus polypepf e, a parainfluenza 

virus hemagglutinin, aparainfluenza virus neuraminidase, a paramyxon 	polypeptide, a 

parvovirus polypeptide, a pestivirus polypeptide, a picorna virus pol r eptidea poliovirus capsid 

polypeptide, a pox virus polypeptide, a vaccinia virus polypeptide, 	rabies virus polypeptide, a 

rabies virus glycoprotein G, a reovirus polypeptide, a retrovirus .o 	eptide, a rotavirus 

polypeptide, an Absidia polypeptide, an Acremonium polype tide, an Alternaria polypeptide, an 

Aspergillus polypeptide, a Basidiobolus polypeptide, a B $4 aris polypeptide, a Blastomyces 

polypeptide, a Candida polypeptide, a Coccidioides pot, • eptide, a Conidiobolus polypeptide, a 

Cryptococcus polypeptide, a Curvalaria polypeptide, 4 	Epidermophyton polypeptide, an 

Exophiala polypeptide, an Geotrichum polypeptid$, 	Histoplasma polypeptide, a Madurella 

polypeptide, a Malassezia polypeptide, a Micro 	orum polypeptide, a Moniliella polypeptide, a 

Mortierella polypeptide, a Mucor polypeptid , a Paecilomyces polypeptide, a Penicillium 

polypeptide, a Phialemonium polypeptide, a Phialophora polypeptide, a Prototheca polypeptide, 

a Pseudallescheria polypeptide, a Pseu• • 	icrodochium polypeptide, a Pythium polypeptide, a 

Rhinosporidium polypeptide, a Rhizwus polypeptide, a Scolecobasidium polypeptide, a 

Sporothrix polypeptide, a Stemph 	um polypeptide, a Trichophyton polypeptide, a Trichosporon 

polypeptide, and a Xylohypha polypeptide, a Babesia polypeptide, a Balantidium polypeptide, a 

Besnoitia polypeptide, a Cr •tosporidium polypeptide, an Eimeria polypeptide, an 

Encephalitozoon polypep, de, an Entamoeba polypeptide, a Giardia polypeptide, a Hammondia 

polypeptide, a Hepato 	on polypeptide, an Isospora polypeptide, a Leishmania polypeptide, a 

Microsporidia pol • .ptide, a Neospora polypeptide, a Nosema polypeptide, a Pentatrichomonas 

polypeptide, a P1. modium polypeptide, P. falciparum circumsporozoite (PfCSP), sporozoite 

surface protei 	(PfSSP2), carboxyl terminus of liver state antigen 1 (PfLSAI c-term), exported 

protein 1 (P r  xp-1), a Pneumocystis polypeptide, a Sarcocystis polypeptide, a Schistosoma 

polypept ae, Ta heileria polypeptide, a Toxoplasma polypeptide, a Trypanosoma polypeptide, an 
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Acanthocheilonema polypeptide, an Aelurostrongylus polypeptide, an Ancylostoma polypeptide, 

an Angiostrongylus polypeptide, an Ascaris polypeptide, a Brugia polypeptide, a Bunostt mum 

polypeptide, a Capillaria polypeptide, a Chabertia polypeptide, a Cooperia polypeptid., a 

Crenosoma polypeptide, a Dictyocaulus polypeptide, a Dioctophyme polypeptide, . 

Dipetalonema polypeptide, a Diphyllobothrium polypeptide, a Diplydium polyp:. ide, a 

Dirofilaria polypeptide, a Dracunculus polypeptide, an Enterobius polypeptid., a Filaroides 

polypeptide, a Haemonchus polypeptide, a Lagochilascaris polypeptide, a 	oa polypeptide, a 

Mansonella polypeptide, a Muellerius polypeptide, a Nanophyetus pol t  ptide, a Necator 

polypeptide, a Nematodirus polypeptide, an Oesophagostomum pol • -ptide, an Onchocerca 

polypeptide, an Opisthorchis polypeptide, ab Ostertagia polypepti. 	a Parafilaria polypeptide, a 

Paragonimus polypeptide, a Parascaris polypeptide, a Physalop • a polypeptide, a 

Protostrongylus polypeptide, a Setaria polypeptide, a Spiroce .a polypeptide, a Spirometra 

polypeptide, a Stephanofilaria polypeptide, a Strongyloide polypeptide, a Strongylus 

polypeptide, a Thelazia polypeptide, a Toxascaris polyp ptide, a Toxocara polypeptide, a 

Trichinella polypeptide, a Trichostrongylus polypept 	e, a Trichuris polypeptide, an Uncinaria 

polypeptide, a Wuchereria polypeptide, a flea pol 	eptide, a tick polypeptide, a hard tick 

polypeptide, a soft tick polypeptide, a fly polyp= • Me, a midge polypeptide, a mosquito 

polypeptide, a sand fly polypeptide, a black R 	polypeptide, a horse fly polypeptide, a horn fly 

polypeptide„ a deer fly polypeptide, a tset „. fly polypeptide, a stable fly polypeptide, a myiasis- 

causing fly polypeptide, a biting gnat p 	ypeptide, an ant polypeptide, a spider polypeptide, a lice 

polypeptide, a mite polypeptide, a t 	e bug polypeptide, a bed bug polypeptide, and a kissing bug 

polypeptide. 

65. 	The recombinant lentiv ms of claim 60 wherein the lentwirus further comprises a 

nucleotide sequence encodi g a maturation factor. 

-95- 



WHAT IS CLAIMED IS: 

1.  An in vitro method of delivering a lentiviral vector encoding an antigen to a dendritic cell 
expressing DC-SIGN (Dendritic Cell Specific ICAM-3 (Intracellular Adhesion Molecules 
3)-Grabbing Nonintegrin), the method comprising: 

transducing the dendritic cell with a recombinant virus, wherein the recombinant virus 
comprises said lentiviral vector, 
wherein the recombinant virus comprises an alphavirus glycoprotein that targets said cell 
expressing DC-SIGN, 
wherein said glycoprotein is an alphavirus E2 glycoprotein mutated at a heparan sulfate 
binding site to decrease or eliminate its binding to heparan sulfate. 

2.  The method of claim 1, wherein said glycoprotein is a Sindbis E2 glycoprotein mutated at 
a heparan sulfate binding site. 

3.  The method of claim 2, wherein the virus comprises a Sindbis El protein and said Sindbis 
E2 protein and optionally (a) comprises sequences from a murine leukemia virus (MLV) 
genome or from a human immunodeficiency virus (HIV) genome, and/or (b) encodes a 
tumor antigen or an HIV antigen. 

4.  A recombinant virus as defined in any one of claims 1 to 3, or a pharmaceutical 
composition comprising said recombinant virus. 

5.  A recombinant virus comprising a lentiviral vector encoding an antigen and an alphavirus 
glycoprotein that targets cells expressing DC-SIGN wherein said glycoprotein is an 
alphavirus E2 glycoprotein mutated at a heparan sulfate binding site to decrease or 
eliminate its binding to heparan sulfate, for use in stimulating an immune response to said 
antigen in a mammal. 

6.  The recombinant virus for use according to claim 5 wherein said glycoprotein is a Sindbis 
E2 glycoprotein mutated at a heparan sulfate binding site. 

7.  The recombinant virus for use according to claim 5 or 6, wherein the mammal is human. 

8.  The recombinant virus for use according to claim 5, 6 or 7, wherein the virus comprises a 
Sindbis El protein and said Sindbis E2 protein. 

9.  The recombinant virus for use according to claim any one of claims 5 to 8, wherein the 
lentiviral vector comprises sequences from a Murine Leukemia Virus (MLV) genome or 
from an HIV genome. 

10.  The recombinant virus for use according to any one of claims 5 to 9, wherein the antigen 
is a tumour antigen or an HIV antigen. 

11.  The recombinant virus for use according to any one of claims 5 to 10, wherein the 
recombinant virus encodes a second gene of interest, such as a maturation factor selected 
from the group consisting of GM-CSF, 1L-2, IL-4, IL-6, IL-7, IL-15, IL-21, IL-23, INFa, 
B7.1, B7.2, 4-1 BB, CD40 ligand (CD4OL) and drug-inducible CD40 (iCD40). 
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12.  A dendritic cell transduced with a recombinant virus, wherein the recombinant virus is as 
defined in any one of claims 1 to 3. 

13.  The recombinant virus for use according to claim 5 wherein the antigen is a tumor 
associated antigen, viral antigen, bacterial antigen, fungal antigen, protozoan parasite 
antigen, helminth parasite antigen, or ectoparasite antigen. 

14.  The recombinant virus for use according to claim 13, 

wherein said tumor associated antigen is selected from the group consisting of Her-2 
receptor, MAGE, BAGE, RAGE, and NY-ESO, MART-1/Melan-A, gp100, gp75, mda-7, 
tyrosinase and tyrosinase-related protein, prostate specific membrane antigen (PSMA), 
prostate-specific antigen (PSA), mutated ras, bcr/abl rearrangement, Her2/neu, mutated or 
wild-type 	p53, 	cytochrome 	P450 	1B1, 	N-acetylglucosaminyltransferase-V; 	human 
papilloma virus proteins E6 and E7; carcinoembryonic antigen and alpha-fetoprotein; 
wherein 	said 	viral 	antigen 	is 	selected 	from 	the 	group 	consisting 	of adenovirus 
polypeptides, alphavirus polypeptides, calicivirus polypeptides, calicivirus capsid antigen, 
coronavirus 	polypeptides, 	distemper 	virus 	polypeptides, 	Ebola virus 	polypeptides, 
enterovirus polypeptides, 	flavivirus 	polypeptides, 	hepatitis 	virus 	(AE) 	polypeptides, 
hepatitis B core or surface antigen, herpesvirus polypeptides, herpes simplex virus 
glycoprotein, varicella zoster virus glycoprotein, immunodeficiency virus polypeptides, 
human 	immunodeficiency 	virus 	envelope 	or 	protease, 	infectious 	peritonitis 	virus 
polypeptides, influenza virus polypeptides, influenza A hemagglutinin, influenza A 
neuraminidase, influenza A nucleoprotein, leukemia virus polypeptides, Marburg virus 
polypeptides, orthomyxovirus polypeptides, papilloma virus polypeptides, parainfluenza 
virus polypeptides, 	parainfluenza virus hemagglutinin/neuraminidase, 	paramyxovirus 
polypeptides, 	parvovirus 	polypeptides, 	pestivirus 	polypeptides, 	picorna 	virus 
polypeptides, poliovirus capsid polypeptide, 	pox 	virus polypeptides, 	vaccinia virus 
polypeptide, rabies virus polypeptides, rabies virus glycoprotein G, reovirus polypeptides, 
rctrovints polypeptides, and rotavirus polypeptides; 
wherein said bacterial antigen is selected from the group consisting of Actinomyces 
polypeptides, Bacillus polypeptides, Bacteroides polypeptides, Bordetella polypeptides, 
Bartonella 	polypeptides, 	Borrelia 	polypeptides, 	B. 	burgdorferi 	OspA, 	Brucella 
polypeptides, Carnpylobacter polypeptides, Capnocytophaga polypeptides, Chlamydia 
polypeptides, 	Clostridium 	polypeptides, 	Corynebacterium 	polypeptides, 	Coxiella 
polypeptides, 	Den-natophilus 	polypeptides, 	Enterococcus 	polypeptides, 	Ehrlichia 
polypeptides, 	Escherichia 	polypeptides, 	Francisella 	polypeptides, 	Fusobacterium 
polypeptides, Haernobartonella polypeptides, Haemophilus polypeptides, H. influenzae 
type b outer membrane protein, Helicobacter polypeptides, Klebsiella polypeptides, L-
faun bacteria polypeptides, Leptospira polypeptides, Listeria polypeptides, Mycobacteria 
polypeptides, 	Mycoplasma 	polypeptides, 	Neisseria 	polypeptides, 	Neorickettsia 
polypeptides, Nocardia polypeptides, Pasteurella polypeptides, Peptococcus polypeptides, 
Peptostreptococcus 	polypeptides, 	Pneumococcus 	polypeptides, Proteus 	polypeptides, 
Pseudomonas 	polypeptides, 	Rickettsia 	polypeptides, 	Rochalimaea 	polypeptides, 
Salmonella 	polypeptides, 	Shigella 	polypeptides, 	Staphylococcus 	polypeptides, 
Streptococcus 	polypeptides, 	S. 	pyogenes 	M 	proteins, 	Treponema 	polypeptides, 
andYersinia polypeptides, Y. pestis Fl antigen and Y. pestis V antigen; 
wherein said fungal antigen is selected from the group consisting of Absidia polypeptides, 
Acremonium 	polypeptides, 	Alternaria 	polypeptides, 	Aspergillus 	polypeptides, 
Basidiobolus polypeptides, Bipolaris polypeptides, Blastomyces polypeptides, Candida 
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polypeptides, 	Coccidioides 	polypeptides, 	Conidiobolus 	polypeptides, 	Cryptococcus 
polypeptides, 	Curval aria 	polypeptides, 	Epidermophyton 	pot ypeptid es, 	Exophiala 
polypeptides, 	Geotrichum 	polypeptides, 	Histoplasma 	polypeptides, 	Madurella 
polypeptides, 	Malassezia 	polypeptides, 	Microsporum 	polypeptides, 	Moniliella 
polypeptides, Mortierella polypeptides, Mucor polypeptides, Paecilomyces polypeptides, 
Penicillium 	polypeptides, 	Phialemonium 	polypeptides, 	Phi aloph ora 	polypeptides, 
Prototheca 	polypeptides, 	Pseudallescheria 	polypeptides, 	Pseudomicrodochium 
polypeptides, 	Pythium 	polypeptides, 	Rhinosporidium 	polypeptides, 	Rhizopus 
polypeptides, 	Scolecobasidium 	polypeptides, 	Sporothrix polypeptides, 	Stemphylium 
polypeptides, Trichophyton polypeptides, Trichosporon polypeptides, and Xylohypha 
polypeptides; 
wherein said protozoan antigen is selected from the group consisting of Babesia 
polypeptides, 	Balantidium 	polypeptides, 	Besnoitia 	polypeptides, 	Cryptosporidium 
polypeptides, 	Eimeria 	polypeptides, 	Encephalitozoon 	polypeptides, 	Entamoeba 
polypeptides, Giardia polypeptides, Hammondia polypeptides, Hepatozoon polypeptides, 
Isospora polypeptides, Leishmania polypeptides, Microsporidia polypeptides, Neospora 
polypeptides, 	Nosema 	polypeptides, 	Pentatrichomonas 	polypeptides, 	Plasmodium 
polypeptides, P. falciparum circumsporozoite (PfCSP), sporozoite surface protein 2 
(PfSSP2), carboxyl terminus of liver state antigen 1 (PfLSA1 c-term), exported protein 1 
(PfExp-1), 	Pneumocystis 	polypeptides, 	Sarcocystis 	polypeptides, 	Schistosoma 
polypeptides, 	Theileria 	polypeptides, 	Toxoplasma 	polypeptides, 	and 	Trypanosoma 
polypeptides; 
wherein 	said 	helminth 	antigen 	is 	selected 	from 	the 	group 	consisting 	of 
Acanthocheilonema 	polypeptides, 	Aelurostrongylus 	polypeptides, 	Ancylostoma 
polypeptides, Angiostrongylus polypeptides, Ascaris polypeptides, Brugia polypeptides, 
Bunostomum polypeptides, Capillaria polypeptides, Chabertia polypeptides, Cooperia 
polypeptides, 	Crenosoma 	polypeptides, 	Dictyocaulus 	polypeptides, 	Dioctophyrne 
polypeptides, Dipetalonema polypeptides, Diphyllobothrium polypeptides, Diplydium 
polypeptides, 	Dirofilaria 	polypeptides, 	Dracunculus 	polypeptides, 	Enterobius 
polypeptides, 	Filaroidcs 	polypeptides, 	Haemonellus 	poly-peptides, 	Lagoehilasearis 
polypeptides, 	Loa 	polypeptides, 	Mansonella 	polypeptides, 	Muellerius 	polypeptides, 
Nanophyetus 	polypeptides, 	Necator 	polypeptides, 	Nematodirus 	polypeptides, 
Oesophagostomum polypeptides, Onchocerca polypeptides, Opisthorchis polypeptides, 
Ostertagia polypeptides, Parafilaria polypeptides, Paragonimus polypeptides, Parascaris 
polypeptides, 	Physaloptera 	polypeptides, 	Protostrongylus 	polypeptides, 	Setaria 
polypeptides, 	Spirocerca 	polypeptides 	Spirometra 	polypeptides, 	Stephanofilaria 
polypeptides, 	Strongyloides 	polypeptides, 	Strongylus 	polypeptides, 	Thelazia 
polypeptides, Toxascaris polypeptides, Toxocara polypeptides, Trichinella polypeptides, 
Trichostrongylus 	polypeptides, 	Trichuris 	polypeptides, 	Uncinaria 	polypeptides, 	and 
Wuchereria polypeptides; and wherein said ectoparasite antigen is selected from the 
group consisting of flea polypeptides; tick polypeptides, hard tick polypeptides, soft tick 
polypeptides; fly polypeptides, midge polypeptides, mosquito polypeptides, sand fly 
polypeptides, black fly polypeptides, horse fly polypeptides, horn fly polypeptides, deer 
fly polypeptides, tsetse fly polypeptides, stable fly polypeptides, myiasis-causing fly 
polypeptides 	and 	biting 	gnat 	fly 	polypeptides; 	ant 	fly 	polypeptides; 	spider 	fly 
polypeptides, lice fly polypeptides; mite fly polypeptides; bed bug fly polypeptides and 
lcissing bug fly polypeptides. 

15. The recombinant virus for use according to claim 5 wherein the recombinant virus is 
administered subcutaneously or intradermally. 
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