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VACCINES AGAINST FUNGAL DISEASEVACCINES AGAINST FUNGAL DISEASEVACCINES AGAINST FUNGAL DISEASEVACCINES AGAINST FUNGAL DISEASEVACCINES AGAINST FUNGAL DISEASEVACCINES AGAINST FUNGAL DISEASEVACCINES AGAINST FUNGAL DISEASEVACCINES AGAINST FUNGAL DISEASE

Nuvee Prapasarakul (DVM., Ph.D.)

OUCH!  Treatment or Protection?OUCH!  Treatment or Protection?

Advance Veterinary Vaccinology (311-0757) Advance Veterinary Vaccinology (311-0757) 

Fungal diseasesFungal diseases

•• DermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosis

•• Subcutaneous mycosesSubcutaneous mycosesSubcutaneous mycosesSubcutaneous mycosesSubcutaneous mycosesSubcutaneous mycosesSubcutaneous mycosesSubcutaneous mycoses
––ChromomycosisChromomycosisChromomycosisChromomycosisChromomycosisChromomycosisChromomycosisChromomycosis

––SporothrichosisSporothrichosisSporothrichosisSporothrichosisSporothrichosisSporothrichosisSporothrichosisSporothrichosis

•• Systemic mycosesSystemic mycosesSystemic mycosesSystemic mycosesSystemic mycosesSystemic mycosesSystemic mycosesSystemic mycoses
––AspergillosisAspergillosisAspergillosisAspergillosisAspergillosisAspergillosisAspergillosisAspergillosis

––Pathogenic yeastsPathogenic yeastsPathogenic yeastsPathogenic yeastsPathogenic yeastsPathogenic yeastsPathogenic yeastsPathogenic yeasts

––Dimorphic fungi Dimorphic fungi Dimorphic fungi Dimorphic fungi Dimorphic fungi Dimorphic fungi Dimorphic fungi Dimorphic fungi 

––PhycomycosesPhycomycosesPhycomycosesPhycomycosesPhycomycosesPhycomycosesPhycomycosesPhycomycoses
•• Mucomycoses Mucomycoses Mucomycoses Mucomycoses Mucomycoses Mucomycoses Mucomycoses Mucomycoses 

•• Entomophthomycoses Entomophthomycoses Entomophthomycoses Entomophthomycoses Entomophthomycoses Entomophthomycoses Entomophthomycoses Entomophthomycoses 

•• Mycotoxicosis Mycotoxicosis Mycotoxicosis Mycotoxicosis Mycotoxicosis Mycotoxicosis Mycotoxicosis Mycotoxicosis 

Mycoses in domestic animalsMycoses in domestic animals

• Pnuemocystic cariniiPnuemocystic cariniiPnuemocystic cariniiPnuemocystic carinii and arthritisand arthritisand arthritisand arthritis

Aspergillosis, Dermatophytoses, Otitis

Dermatophytoses, Cryptococcosis

Fungal abortion caused by Aspergillus, Candida, 
Zygomycetes

Dermatophytoses Cryptococcosis

•Pnuemonic cryptococcosis

•Aspergillosis

Blanco, 2006

ANTIFUNGAL DRUGSANTIFUNGAL DRUGS----by mode of actionby mode of action

•Membrane disrupting agents

Amphotericin B, nystatinAmphotericin B, nystatinAmphotericin B, nystatinAmphotericin B, nystatin

•Ergosterol synthesis 
inhibitors

Azoles, allylamines,Azoles, allylamines,Azoles, allylamines,Azoles, allylamines,

morpholinemorpholinemorpholinemorpholine

•Nucleic acid inhibitor

FlucytosineFlucytosineFlucytosineFlucytosine

•Anti-mitotic (spindle 
disruption)

GriseofulvinGriseofulvinGriseofulvinGriseofulvin

•Glucan synthesis inhibitor

EchinocandinsEchinocandinsEchinocandinsEchinocandinsEchinocandinsEchinocandinsEchinocandinsEchinocandins

•Chitin synthesis inhibitor

NikkomycinNikkomycinNikkomycinNikkomycinNikkomycinNikkomycinNikkomycinNikkomycin

•Protein synthesis inhibitor

Sordarins, Sordarins, Sordarins, Sordarins, 

azasordarinsazasordarinsazasordarinsazasordarins
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Antifungal therapies.Antifungal therapies.

• Undetectable causesUndetectable causesUndetectable causesUndetectable causes

• A Long termA Long termA Long termA Long term

• High adverse High adverse High adverse High adverse 

• High costHigh costHigh costHigh cost

• polymorphism polymorphism polymorphism polymorphism 

Have a guess?Have a guess?

• Aspergillus fumigatus

• Candida albicans

• Cryptococcus neoformans

• Histoplasma capsulatum

Nystatin,                 Amphotericin B, Itraconazole

Nystatin, Clotrimazole Amphotericin B, Ketoconazole 

Amphotericin B+Flucytosine, Fluconazole

Amphotericin B, Ketoconazole, Itraconazole

Yeast and Mold AntigensYeast and Mold AntigensYeast and Mold AntigensYeast and Mold Antigens

HSP90

Glucuronoxylomannan (GXN)

Histone 2B

Phosphomannoprotein

Laminarin (1,3 β glucan)

Adhesin

Special structures: conidia, hyphae, spherules.

•• glucuronoxylomannanglucuronoxylomannan

•• Ab unresponsive to AgAb unresponsive to Ag

•• Inhibit leukocyte migrationInhibit leukocyte migration

•• Enhance HIVEnhance HIV

•• Induce shedding LInduce shedding L--selectinselectin

•• Induce TInduce T--cell secrete cell secrete 

immunosuppressive moleculeimmunosuppressive molecule

•• Dysregulation of cytoineDysregulation of cytoine

•• Inhibit phagocytosisInhibit phagocytosis

Capsular  polysaccharideCapsular  polysaccharide
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Host response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungi Host response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungiHost response to fungi

Immune response to specific fungal antigensImmune response to specific fungal antigensImmune response to specific fungal antigensImmune response to specific fungal antigensImmune response to specific fungal antigensImmune response to specific fungal antigensImmune response to specific fungal antigensImmune response to specific fungal antigens

Cutaneous Candidiasis

Difference of CMI and HMI response to pathogen

Yeast                      Germinating

Ab in normal           Ab in patient  

Cause of CMI deficiency has still not elucidated in 
chronic form.

Transformation of yeast: escape recognition

DermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosisDermatophytosis

• Major antigenic substance: chitin, 

glucan, glycopeptide, CHO and 

keratinase     DTH

IgG

• Broadly cross-reactive to other fungi

– Immediate hypersensitivity to air-born fungi 
and penicillin. 
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Invasive AspergillosisInvasive AspergillosisInvasive AspergillosisInvasive Aspergillosis

Fungus triggers immune phenomenaFungus triggers immune phenomenaFungus triggers immune phenomenaFungus triggers immune phenomena
Allergic rhinitis, asthma, hypersensitivity pneumonitis, Allergic rhinitis, asthma, hypersensitivity pneumonitis, Allergic rhinitis, asthma, hypersensitivity pneumonitis, Allergic rhinitis, asthma, hypersensitivity pneumonitis, 

allergic bronchopulmonary aspergillosis, aspergilloma.allergic bronchopulmonary aspergillosis, aspergilloma.allergic bronchopulmonary aspergillosis, aspergilloma.allergic bronchopulmonary aspergillosis, aspergilloma.

Normal Host                   Susceptible host

Maintain only conidia form         Switch to hyphae formMaintain only conidia form         Switch to hyphae formMaintain only conidia form         Switch to hyphae formMaintain only conidia form         Switch to hyphae form

Specific immune response to fungi

Major defense mechanism esp. for intracellular fungi.

CDCDCDCD4444+ and CD+ and CD+ and CD+ and CD8888+ T cell limit dissimilation of fungi to other organs.+ T cell limit dissimilation of fungi to other organs.+ T cell limit dissimilation of fungi to other organs.+ T cell limit dissimilation of fungi to other organs.

ThThThTh1 1 1 1 ThThThTh2222

Phagocytic dependence                 NonPhagocytic dependence                 NonPhagocytic dependence                 NonPhagocytic dependence                 Non----phagocytic phagocytic phagocytic phagocytic 
dependencedependencedependencedependence

Phagocytosis,                               Tissue injury, Phagocytosis,                               Tissue injury, Phagocytosis,                               Tissue injury, Phagocytosis,                               Tissue injury, 
inflammationinflammationinflammationinflammation

IgG production                             granulomatous, IgEIgG production                             granulomatous, IgEIgG production                             granulomatous, IgEIgG production                             granulomatous, IgE

Host resistance Host susceptible

GM-CSF, 

IFN, TNF, 

IL1, IL6, 

IL12, IL18, 

MIP1, MCP

IL4, IL10

VaccinationVaccination

•• Passive immunotherapyPassive immunotherapyPassive immunotherapyPassive immunotherapyPassive immunotherapyPassive immunotherapyPassive immunotherapyPassive immunotherapy

•• Vaccination to induce humeral immunityVaccination to induce humeral immunityVaccination to induce humeral immunityVaccination to induce humeral immunityVaccination to induce humeral immunityVaccination to induce humeral immunityVaccination to induce humeral immunityVaccination to induce humeral immunity

•• Vaccination to induce cellVaccination to induce cellVaccination to induce cellVaccination to induce cellVaccination to induce cellVaccination to induce cellVaccination to induce cellVaccination to induce cell--------mediated mediated mediated mediated mediated mediated mediated mediated 
immunity.immunity.immunity.immunity.immunity.immunity.immunity.immunity.

•• Dendritic cell vaccinationDendritic cell vaccinationDendritic cell vaccinationDendritic cell vaccinationDendritic cell vaccinationDendritic cell vaccinationDendritic cell vaccinationDendritic cell vaccination

Passive immunotherapyPassive immunotherapy

•• Neutralize an infection by (monoclonal) Neutralize an infection by (monoclonal) Neutralize an infection by (monoclonal) Neutralize an infection by (monoclonal) Neutralize an infection by (monoclonal) Neutralize an infection by (monoclonal) Neutralize an infection by (monoclonal) Neutralize an infection by (monoclonal) 
antibody.antibody.antibody.antibody.antibody.antibody.antibody.antibody.
––MycograbMycograbMycograbMycograbMycograbMycograbMycograbMycograb®® bind to hspbind to hspbind to hspbind to hspbind to hspbind to hspbind to hspbind to hsp90 90 90 90 90 90 90 90 of of of of of of of of Candida Candida Candida Candida Candida Candida Candida Candida sp. sp. sp. sp. sp. sp. sp. sp. 

Cryptococcus Cryptococcus Cryptococcus Cryptococcus Cryptococcus Cryptococcus Cryptococcus Cryptococcus sp.sp.sp.sp.sp.sp.sp.sp.

AspergillusAspergillusAspergillusAspergillusAspergillusAspergillusAspergillusAspergillus sp.sp.sp.sp.sp.sp.sp.sp.
(Matthews and Burnie, (Matthews and Burnie, (Matthews and Burnie, (Matthews and Burnie, (Matthews and Burnie, (Matthews and Burnie, (Matthews and Burnie, (Matthews and Burnie, 20042004200420042004200420042004) ) ) ) ) ) ) ) 
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Passive ImmunotherapyPassive Immunotherapy

• Murine Mab 18B7 to GXM Cryptococcus 

neoformans

– Optimum dose

– HAMAs

– Adverse effects

– Recovery rate                   (Larsen et al., 2005)

• Mab against Histone2B of H. capsulatum.

– Opsonsophagocytosis and killing of yeast (via CR3) 

(Nosanchuk et al., 2003)

• Mab against ββββ-1,2 mannotriose of Candida.

(Han et al., 2000)

Novel Passive ImmunotherapyNovel Passive Immunotherapy

Use of Pichia anomala killer toxin = KT Ag 

Anti-idiotypic KT Ab

Protection of vaginal Candidiasis, 

P. carinii pneumonia.
(Magliani et al., 2005)

Vaccination to induce humeral Vaccination to induce humeral 
immunityimmunity

Phosphomannoprotein from cell wallPhosphomannoprotein from cell wall
(Han et al., (Han et al., 20012001))

BB--((11,,33))-- glucans from glucans from Laminaria digitataLaminaria digitata  

conjugated to diphtheria toxoidconjugated to diphtheria toxoid  

(Torosantucci et al., (Torosantucci et al., 20052005))

A prophylactic vaccine in human for A prophylactic vaccine in human for C. albicans?C. albicans?

GXM linked to protein carrierGXM linked to protein carrier

(Devi et al., (Devi et al., 19931993, May et al., , May et al., 20032003))

(Oscarson et al., (Oscarson et al., 20052005))

Vaccination to induce cellVaccination to induce cell--mediated immunity.mediated immunity.

Responsive GOALSResponsive GOALSResponsive GOALSResponsive GOALS Antigen specific TAntigen specific TAntigen specific TAntigen specific TAntigen specific TAntigen specific TAntigen specific TAntigen specific T--------cell responsecell responsecell responsecell responsecell responsecell responsecell responsecell response

Coccidioides immitisCoccidioides immitisCoccidioides immitisCoccidioides immitis

Blastomyces dermatitidisBlastomyces dermatitidisBlastomyces dermatitidisBlastomyces dermatitidis

Histoplasma capsulatumHistoplasma capsulatumHistoplasma capsulatumHistoplasma capsulatum

Pythium insidiosumPythium insidiosumPythium insidiosumPythium insidiosum

Cryptococcus neoformansCryptococcus neoformansCryptococcus neoformansCryptococcus neoformans
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Vaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidates

FormadehydeFormadehydeFormadehydeFormadehyde----killed C. killed C. killed C. killed C. immitisimmitisimmitisimmitis spherule      spherule      spherule      spherule      

(Pappagianis, (Pappagianis, (Pappagianis, (Pappagianis, 1993199319931993))))

• A live attenuated A live attenuated A live attenuated A live attenuated B. dermatitidis, B. dermatitidis, B. dermatitidis, B. dermatitidis, 

badbadbadbad1111 gene: adhesion receptor, inhibit TNFgene: adhesion receptor, inhibit TNFgene: adhesion receptor, inhibit TNFgene: adhesion receptor, inhibit TNF----αααα

badbadbadbad1111 Mutant Mutant Mutant Mutant 

CDCDCDCD8888+Tcell memory response   Proinflammatory cytokine+Tcell memory response   Proinflammatory cytokine+Tcell memory response   Proinflammatory cytokine+Tcell memory response   Proinflammatory cytokine

(Finkel(Finkel(Finkel(Finkel----Jimenez et al., Jimenez et al., Jimenez et al., Jimenez et al., 2001 2001 2001 2001 and Wand Wand Wand Wüthrich et al. thrich et al. thrich et al. thrich et al. 2003200320032003))))

Vaccine development in ImmuneVaccine development in ImmuneVaccine development in ImmuneVaccine development in ImmuneVaccine development in ImmuneVaccine development in ImmuneVaccine development in ImmuneVaccine development in Immune--------deficient hostsdeficient hostsdeficient hostsdeficient hostsdeficient hostsdeficient hostsdeficient hostsdeficient hosts

CDCDCDCD4444+Tcells are dispensable for vaccine+Tcells are dispensable for vaccine+Tcells are dispensable for vaccine+Tcells are dispensable for vaccine----induced induced induced induced 
resistance against fungal pnuemoniaresistance against fungal pnuemoniaresistance against fungal pnuemoniaresistance against fungal pnuemonia

TNF α                 IFN-γ GM-CSF

WWWWüüüüthrich et al., thrich et al., thrich et al., thrich et al., 2003200320032003

B. dermatitidis B. dermatitidis B. dermatitidis B. dermatitidis B. dermatitidis B. dermatitidis B. dermatitidis B. dermatitidis 
H. capsulatumH. capsulatumH. capsulatumH. capsulatumH. capsulatumH. capsulatumH. capsulatumH. capsulatum

Crude soluble antigen vaccine for Crude soluble antigen vaccine for Crude soluble antigen vaccine for Crude soluble antigen vaccine for 

human and equine pythiosis.human and equine pythiosis.human and equine pythiosis.human and equine pythiosis.

Successful Tx associated with a shift from Successful Tx associated with a shift from Successful Tx associated with a shift from Successful Tx associated with a shift from 
ThThThTh2 2 2 2 response to Thresponse to Thresponse to Thresponse to Th1 1 1 1 response response response response 

(Mendoza and Newton, (Mendoza and Newton, (Mendoza and Newton, (Mendoza and Newton, 2005200520052005))))

Vaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidatesVaccine candidates BacteriumBacteriumBacteriumBacteriumBacteriumBacteriumBacteriumBacterium--------expressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccine

• Coccidioides posadasii

��ββββββββ--11,,33--glucanosyltransferase (glucanosyltransferase (GELGEL11) : rGel) : rGel11pp

��Aspartyl protease (Aspartyl protease (PEPPEP11) : ) : 

Recombinant Aspartic Hemoglobinase Reduces Parasite Load and Blood 
Loss after Hookworm Infection in Dogs

Candida albicans

� Adhesin (ALSAdhesin (ALS11))
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BacteriumBacteriumBacteriumBacteriumBacteriumBacteriumBacteriumBacterium--------expressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccineexpressed recombinant vaccine

E. coliE. coli derived GELderived GEL1              1              (Delgado et al., (Delgado et al., 20032003))

E. coliE. coli derived PEPderived PEP1                 1                 (Tarcha et al., (Tarcha et al., 20062006))

E. coliE. coli derived derived H. capsulatumH. capsulatum hsphsp60 60 

(Gomez et al., (Gomez et al., 19951995))

S. cerevisiaeS. cerevisiae derived ALSderived ALS1    1    (Ibrahim et al., (Ibrahim et al., 20052005))

Protective T helper immune response Protective T helper immune response Protective T helper immune response Protective T helper immune response Protective T helper immune response Protective T helper immune response Protective T helper immune response Protective T helper immune response 

promotes IFNpromotes IFNpromotes IFNpromotes IFNpromotes IFNpromotes IFNpromotes IFNpromotes IFN--------γγγγγγγγ and ILand ILand ILand ILand ILand ILand ILand IL1212121212121212

Vaccination to induce HMI and CMI. Vaccination to induce HMI and CMI. 

The protocol failed to prevent fungal invasion or The protocol failed to prevent fungal invasion or The protocol failed to prevent fungal invasion or The protocol failed to prevent fungal invasion or The protocol failed to prevent fungal invasion or The protocol failed to prevent fungal invasion or The protocol failed to prevent fungal invasion or The protocol failed to prevent fungal invasion or 
development of dermatophytic lesionsdevelopment of dermatophytic lesionsdevelopment of dermatophytic lesionsdevelopment of dermatophytic lesionsdevelopment of dermatophytic lesionsdevelopment of dermatophytic lesionsdevelopment of dermatophytic lesionsdevelopment of dermatophytic lesions. . 

Decreased Decreased Decreased Decreased Decreased Decreased Decreased Decreased 5050505050505050% of the dermatophytosis incidence % of the dermatophytosis incidence % of the dermatophytosis incidence % of the dermatophytosis incidence % of the dermatophytosis incidence % of the dermatophytosis incidence % of the dermatophytosis incidence % of the dermatophytosis incidence 

Microsporum canisMicrosporum canisMicrosporum canisMicrosporum canis recombinant keratinolytic recombinant keratinolytic recombinant keratinolytic recombinant keratinolytic 
metalloprotease metalloprotease metalloprotease metalloprotease (rrrr-MEPMEPMEPMEP3333)      (Vermout et al., (Vermout et al., (Vermout et al., (Vermout et al., (Vermout et al., (Vermout et al., (Vermout et al., (Vermout et al., 20042004200420042004200420042004))))))))

KKKKilled illed illed illed Microsporum canis Microsporum canis Microsporum canis Microsporum canis cellcellcellcell----wall vaccinewall vaccinewall vaccinewall vaccine
                                  (DeBoer and Moreillo (DeBoer and Moreillo (DeBoer and Moreillo (DeBoer and Moreillo (DeBoer and Moreillo (DeBoer and Moreillo (DeBoer and Moreillo (DeBoer and Moreillo 19951995199519951995199519951995))))))))

CCCCrurururude ribosomal fractionde ribosomal fractionde ribosomal fractionde ribosomal fraction (CRF) (CRF) (CRF) (CRF) of of of of T. verrucosumT. verrucosumT. verrucosumT. verrucosum
   (Elad and Segal, (Elad and Segal, (Elad and Segal, (Elad and Segal, 1995199519951995))))

An attenuated strain of Trichophyton verrucosum
(LTF 130)          (Gudding and Lund, (Gudding and Lund, (Gudding and Lund, (Gudding and Lund, (Gudding and Lund, (Gudding and Lund, (Gudding and Lund, (Gudding and Lund, 19951995199519951995199519951995))))))))

Dendritic cell vaccinationDendritic cell vaccination

•• A unique vehicle for vaccinationA unique vehicle for vaccinationA unique vehicle for vaccinationA unique vehicle for vaccinationA unique vehicle for vaccinationA unique vehicle for vaccinationA unique vehicle for vaccinationA unique vehicle for vaccination

(Banchereau and Palucka, (Banchereau and Palucka, (Banchereau and Palucka, (Banchereau and Palucka, 2005200520052005))))

Dendritic cell vaccinationDendritic cell vaccination

CMI responseCMI responseCMI responseCMI responseCMI responseCMI responseCMI responseCMI response
CandidaCandidaCandidaCandidaCandidaCandidaCandidaCandida RNA transfect DC generated ThRNA transfect DC generated ThRNA transfect DC generated ThRNA transfect DC generated ThRNA transfect DC generated ThRNA transfect DC generated ThRNA transfect DC generated ThRNA transfect DC generated Th1 1 1 1 1 1 1 1 
response with IFN response with IFN response with IFN response with IFN response with IFN response with IFN response with IFN response with IFN γγγγγγγγ (Bacci et al., (Bacci et al., (Bacci et al., (Bacci et al., (Bacci et al., (Bacci et al., (Bacci et al., (Bacci et al., 20002000200020002000200020002000))))))))

ConidiaConidiaConidiaConidiaConidiaConidiaConidiaConidia--------derived RNA generated a Thderived RNA generated a Thderived RNA generated a Thderived RNA generated a Thderived RNA generated a Thderived RNA generated a Thderived RNA generated a Thderived RNA generated a Th1  1  1  1  1  1  1  1  response response response response response response response response 
to to to to to to to to Aspergillus fumigatus.Aspergillus fumigatus.Aspergillus fumigatus.Aspergillus fumigatus.Aspergillus fumigatus.Aspergillus fumigatus.Aspergillus fumigatus.Aspergillus fumigatus.((((((((Bozza,Bozza,Bozza,Bozza,Bozza,Bozza,Bozza,Bozza,20032003200320032003200320032003))))))))

HMI responseHMI responseHMI responseHMI responseHMI responseHMI responseHMI responseHMI response

CDCDCDCDCDCDCDCD4040404040404040L+ DC pulsed with L+ DC pulsed with L+ DC pulsed with L+ DC pulsed with L+ DC pulsed with L+ DC pulsed with L+ DC pulsed with L+ DC pulsed with P. cariniiP. cariniiP. cariniiP. cariniiP. cariniiP. cariniiP. cariniiP. carinii cystscystscystscystscystscystscystscysts

(Zheng et al., (Zheng et al., (Zheng et al., (Zheng et al., (Zheng et al., (Zheng et al., (Zheng et al., (Zheng et al., 20012001200120012001200120012001))))))))

(adenovirus(adenovirus--mediated transduction of CDmediated transduction of CD4040L+DCs)L+DCs)

Route IV or SC ? (Eggert et al., Route IV or SC ? (Eggert et al., 19991999))
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ConclusionConclusion

Vaccinating should be associatedVaccinating should be associatedVaccinating should be associatedVaccinating should be associatedVaccinating should be associatedVaccinating should be associatedVaccinating should be associatedVaccinating should be associated————————
Be worthwhile?Be worthwhile?

Geographic distributionGeographic distribution

Nature of microbesNature of microbes

Normal flora, opportunistic, pathogen 

Host strengthsHost strengths

Healthy, tissue transplantation, 

immune deficiency 

Fragmentation of Pathogens  Fragmentation of Pathogens  

Whole cells, surface associated, recombinant   

proteins,

TechnologyTechnology

Detection, DC vaccine, DNA vaccine

Cost!!!Cost!!!

Pythium insidiosumPythium insidiosum
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