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Lots	  of	  Fungi	  (>1.5M!)	  
Not	  Too	  Many	  Are	  Important	  To	  Us	  

Filamentous	  molds	  
	  Aspergillus,	  Mucor,	  Trichophyton	  

	  
Dimorphic	  fungi	  
	  Histoplasma,	  Coccidioides,	  Paracoccidioides,	  
Blastomyces,	  Sporothrix,	  Penicillium	  

	  
Yeasts	  
	  Candida,	  Cryptococcus,	  Trichosporon	  

	  
	  



We	  Will	  Not	  Talk	  About	  Mucosal	  
Fungal	  Disease	  and	  PIDs	  Today	  

	  

IL-‐17	  signaling	  and	  CMC	  	  

(IL-‐17RA,	  IL-‐17RC,	  IL-‐17F,	  ACT1;	  direct)	  	  

(STAT3,	  STAT1,	  AIRE,	  DOCK8,	  IRF8,	  STK4;	  indirect)	  

	  



What	  is	  New?	  
GATA2	  deficiency:	  Aspergillus,	  Histoplasma,	  Cryptococcus	  
	  
An:-‐IFNγ	  autoan:bodies:	  P.	  marneffei	  
	  
An:-‐GM-‐CSF	  autoan:bodies:	  cryptococcal	  meningi1s	  
	  
STAT1	  GOF	  muta:ons:	  coccidioidomycosis,	  histoplasmosis,	  
penicilliosis,	  fusariosis,	  Apophysomyces	  trapeziformis	  
	  
IL-‐12Rβ2	  muta:on:	  refractory	  coccidioidomycosis	  
	  
CARD9	  deficiency:	  Mucosal	  &	  CNS	  Candida,	  
phaeohyphomycosis,	  deep	  dermatophytosis	  
	  



PIDs	  and	  IFIs	  

w 	  Filamentous	  Fungi	  (Molds)	  

w 	  Endemic	  Dimorphic	  Fungi	  

w 	  Yeasts	  



What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Mold	  Infec:ons?	  

w 	  Chronic	  Granulomatous	  Disease	  

w 	  GATA2	  Deficiency	  
w 	  STAT1	  GOF	  muta1ons	  

w 	  Unknown	  Immunodeficiency	  

w 	  Job’s	  syndrome	  (STAT3	  muta1ons)	  



What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Mold	  Infec:ons?	  

w 	  Chronic	  Granulomatous	  Disease	  

w 	  GATA2	  Deficiency	  
w 	  STAT1	  GOF	  muta1ons	  

w 	  Unknown	  Immunodeficiency	  

w 	  Job’s	  syndrome	  (STAT3	  muta1ons)	  



CGD	  and	  Molds	  

w 	  Aspergillus	  in	  about	  40%	  of	  pa1ents	  
w 	  Mucormycosis	  only	  with	  steroid	  use	  

w 	  Fusariosis	  rare	  	  

Vihn D et al., JACI. 2009 



A.	  nidulans	  in	  CGD	  	  
•  Second	  most	  common	  Aspergillus	  

species	  aXer	  A.	  fumigatus	  in	  CGD	  

•  Not	  a	  cause	  of	  infec1on	  in	  other	  
pa1ents	  who	  develop	  aspergillosis	  
(transplant,	  neutropenia)	  

•  Difficult	  to	  treat	  due	  to	  propensity	  to	  
invade	  con1guous	  1ssue	  planes	  and	  
inherent	  resistance	  to	  an1fungal	  drugs	  

Segal et al., Medicine, 1998 
	  
	  
	  



A.	  nidulans	  in	  CGD	  	  

Courtesy of Steve Holland, NIH 
	  
	  
	  





Transplanta:on	  of	  CGD	  	  
Pa:ents	  with	  Uncontrolled	  
Refractory	  Mold	  Disease	  is	  
Successful	  in	  Controlling	  

Infec:on	  

Transplant Program of Dr. Harry Malech, NIH 
	  
	  
	  



What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Mold	  Infec:ons?	  

w 	  Chronic	  Granulomatous	  Disease	  

w 	  GATA2	  Deficiency	  
w 	  STAT1	  GOF	  muta1ons	  

w 	  Unknown	  Immunodeficiency	  

w 	  Job’s	  syndrome	  (STAT3	  muta:ons)	  



Staphylococcus	  aureus	  Pneumonia	  	  
in	  Job’s	  Syndrome	  

Courtesy of Steve Holland, NIH 
	  
	  
	  



Impaired	  Tissue	  Remodeling	  A\er	  
Pyogenic	  Pneumonias	  in	  Job’s	  Syndrome	  

Pneumatocoele	  with	  aspergilloma	  
Courtesy of Steve Holland, NIH 

	  
	  
	  



Structural	  Lung	  Disease	  from	  Recurrent	  
Bacterial	  Infec:ons	  Results	  in	  Secondary	  
Coloniza:on	  and	  Infec:on	  by	  Molds	  

Vinh et al, JACI, 2010 
	  
	  
	  

•  Incidence:	  25-‐30%	  

•  Aspergillus	  more	  common	  followed	  
by	  Scedosporium	  spp	  

•  Mortality:	  15-‐20%	  

•  No	  defects	  in	  phagocyte	  effector	  
func1on	  (as	  opposed	  to	  CGD)	  



Aspergillosis	  in	  a	  Job’s	  Pa:ent	  

Vinh et al, JACI, 2010 
	  
	  
	  



w 	  Filamentous	  Fungi	  (Molds)	  

w 	  Endemic	  Dimorphic	  Fungi	  

w 	  Yeasts	  

PIDs	  and	  IFIs	  



Endemic	  Dimorphic	  Fungi	  Seen	  in	  
Pa:ents	  with	  Inborn	  Errors	  of	  Immunity	  

w 	  Histoplasma	  

w 	  Coccidioides	  
w 	  Paracoccidioides	  
w 	  Penicillium	  

w 	  Sporothrix	  
w 	  Blastomyces	  
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What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Endemic	  

Dimorphic	  Fungal	  Infec:ons?	  
w 	  IL-‐12Rβ1	  &	  IL-‐12Rβ2	  Muta1ons	  

w 	  IFNγR1	  Muta1ons	  or	  IFNγ	  AAbs	  

w 	  STAT1	  GOF	  Muta1ons	  

w 	  GATA2	  Deficiency	  
w 	  Hyper-‐IgE	  syndrome	  (STAT3,	  DOCK8)	  



What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Endemic	  

Dimorphic	  Fungal	  Infec:ons?	  
w 	  IL-‐12Rβ1	  &	  IL-‐12Rβ2	  Muta1ons	  

w 	  IFNγR1	  Muta1ons	  or	  IFNγ	  AAbs	  

w 	  STAT1	  GOF	  Muta:ons	  

w 	  GATA2	  Deficiency	  
w 	  Hyper-‐IgE	  syndrome	  (STAT3,	  DOCK8)	  



2011 

JEM 2011 

NEJM 2011 Low Th17	




16	  year	  old	  Caucasian	  girl,	  8	  years	  refractory	  Coccidioides	  
Arizona	  na:ve.	  Brain	  and	  eye	  involvement.	  No	  CMC	  

Courtesy of Steve Holland, NIH 
	  
	  
	  



18	  year	  old	  healthy	  African	  American	  
	  
Chicago	  to	  Tucson,	  Arizona	  
	  
Extensive	  bony	  coccidioidomycosis,	  	  
mul:ple	  relapses,	  breakthroughs	  

Courtesy of Steve Holland, NIH 
	  
	  
	  



STAT1	  Ac:va:on	  by	  IFNs:	  Hypermorphic	  
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STAT1	  Ac:va:on	  by	  IFNs:	  Hypermorphic	  
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w 	  Filamentous	  Fungi	  (Molds)	  

w 	  Endemic	  Dimorphic	  Fungi	  

w 	  Yeasts	  

PIDs	  and	  IFIs	  



What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Cryptocococcis?	  

w 	  Idiopathic	  CD4	  Lymphocytopenia	  

w 	  GATA2	  Deficiency	  
w 	  IL-‐12R,	  STAT3,	  DOCK8	  Muta1ons	  	  

w 	  GM-‐CSF	  autoAbs	  (acquired;	  C.	  gaPi?)	  

w 	  Unknown	  Immunodeficiency	  



What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Invasive	  

Candidiasis?	  

w 	  Chronic	  Granulomatous	  Disease	  
(rare)	  

w 	  Complete	  MPO	  Deficiency	  
(uncommon)	  

w 	  CARD9	  Deficiency	  



What	  Leads	  to	  Inherited	  
Suscep:bility	  to	  Invasive	  

Candidiasis?	  

w 	  Chronic	  Granulomatous	  Disease	  
(rare)	  

w 	  Complete	  MPO	  Deficiency	  
(uncommon)	  

w 	  CARD9	  Deficiency	  



The	  Role	  of	  Padern-‐Recogni:on	  	  
Receptors	  in	  Candida	  Sensing	  

Lionakis,	  PLoS	  Pathog.	  2013	  



Candida	  Meningoencephali:s	  

Drummond RA et al, submitted 
 
 
 



CID,	  2014	  



CARD9	  is	  a	  Central	  Hub	  for	  
Mucosal	  &	  Systemic	  An:fungal	  Immunity	  



CARD9	  is	  a	  Central	  Hub	  for	  
Mucosal	  &	  Systemic	  An:fungal	  Immunity	  

JACI,	  2014	  

JID,	  2015	  



IFI	  Suscep:bility	  –	  Take	  Home	  

Autoan1bodies	  to	  IFNγ	  and	  GM-‐CSF	  

Muta1ons	  in	  IFNγR1,	  IL-‐12Rβ1	  and	  IL-‐12Rβ2	  

Muta1ons	  in	  GATA2,	  STAT1	  (GOF),	  CARD9	  

Hyper-‐IgE	  syndrome	  (STAT3,	  DOCK8)	  
	  
Severe	  mycoses	  should	  prompt	  inves:ga:on	  for	  host	  
defects	  
Great	  opportuni:es	  to	  gain	  insight	  in	  an:fungal	  immunity	  
Adjunct	  immunotherapy	  and/or	  transplanta:on	  lessons	  



Thank	  you!	  


