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Where’s Al? 

Thanks to Al DeMaria for inviting me 

Google Images search of Al DeMaria 
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Outline of Lecture 

• Illustrative case report. 

• Brief overview of fungi and 

antifungals. 

• Emerging trends in: 

- candidiasis 

- cryptococcosis 

- aspergillosis 

• Some other tidbits of info. 
Lecture, Woman Reading 

Pablo Picasso 



Osler’s Textbook of Medicine 

No mention of fungal 
diseases!!!! Why not???? 

Some were not recognized but 
mainly there were not many 
immunocompromised people.  

(no AIDS, no steroids, no 
chemotherapy, no transplants, 
no IVs, no antibiotics). 



For the most part, fungi were not 

considered pathogens 

Case Report 



Case 

• “Volunteer” ingested 80g 
(1012) Candida albicans.  

• After 2h, developed fever, 
shaking chills, severe 
headache. 

• Blood and urine grew C. 
albicans. 

• Recovered uneventfully! 



Lessons from the Case Report 

• Innate defenses against 
fungi are strong.  

• Most fungi are wimps, 
although some are 
wimpier than others. 

• Compromise in host 
defenses turns fungal 
weaklings into dreaded 

pathogens.   



#FungiGoViral! 
(trending on Twitter) 

Mycosis # Life-Threatening 

cases/yr 

Aspergillosis 200,000 

Candidiasis 400,000 

Cryptococcosis 1,000,000 

Mucormycosis 10,000 

Pneumocystosis 400,000 

Dimorphic (endemic) 

mycoses* 

65,000 

* - Blastomycosis, coccidioidomycosis, Emmonsia 

disease, histoplasmosis, paracoccidioidomycosis, 

penicilliosis, sporotrichosis 

Brown, Denning, Gow, Levitz, Netea, White. Hidden 

Killers: Human fungal infections.  

Sci Transl Med 4:165rv13, 2012 

 The fungus among us 

http://stm.sciencemag.org/content/4/165/165rv13/F1.expansion.html
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Fungal taxonomy 
(Tree of Life) 
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Comparison of fungi and people: 

Implications for Antifungal Drugs 

• Because fungi and people 

are eukaryotic, targets for 

antifungal therapy are 

limited. 

• Major targets are ergosterol 

(amphotericin B, azoles, 

terbinafine) and cell wall ß-

glucans (echinocandins). 



Antifungal menu 

• 4 amphotericin B preparations 

• 6 azoles (ketoconazole, fluconazole,  
itraconazole, voriconazole, 
posaconazole, isavuconazole) 

• 3 echinocandins (micafungin, 
caspofungin, anidulafungin) 

• 1 squalene epoxide inhibitor (terbinafine) 

• 1 pyrimidine (5-flucytosine) 

Licensed systemic antifungals: 

More are on their way! 



Antifungal therapy 
• Each antifungal drug has its 

own spectrum and side effect 
profile. 

• As for bacterial infections, 
drugs of choice exist for 
specific fungal infections. 

• Resistance is becoming a 
problem.  

• Susceptibility testing to guide 
therapy is useful in many 
situations. CLSI guidelines 
exist for yeast but not hyphae.  



Candidiasis 

• Agents: species of Candida.  

• Epidemiology: Colonization 
common. Infection ensues when host defenses 
break down. Most common of the systemic 
mycoses. 

• Morphology: Yeasts, pseudohyphae 
and hyphae in tissue (except for Candida 
glabrata). 



Horticulturist’s vision of fungal 

morphology 

Budding 

yeasts 

Hyphae 



Topiary Wars: 
 The Revenge of the Neighbor 



Nosocomial bloodstream 

infections – U.S. 

• Coag-neg Staph (31%) 

• Staph aureus (20%) 

• Enterococci (9%) 

• Candida (9%) 
Wisplinghoff H et al. Clin Infect Dis. 

2004;39:309-317 



Wisplinghoff H et al. Clin Infect Dis. 2004;39:309-317 

Distribution of Candida species in 1890 

cases of Candida bloodstream infection 

and associated crude mortality  
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Susceptibility of Candida species 

S = susceptible. DD = dose-dependent susceptible.  

R = resistant. 

Candida species Fluconazole Echinocandin 

C. albicans S S 

C. tropicalis S S 

C. parapsilosis S S - R 

C. glabrata DD to R S 

C. krusei R S 



Primary efficacy analysis 

Comparison of Echinocandins and 

Fluconazole for Invasive Candidiasis 

• Several studies demonstrate echinocandins are 
superior to fluconazole in the initial treatment of 
invasive candidiasis (even if the isolate is 
fluconazole sensitive). 

 

Reboli, NEJM 356:2472, 2007 



3 licensed echinocandins 

(therapeutic equivalents) 

Caspofungin Anidulafungin 

Micafungin 

Note cyclic 

lipopeptide 

structure 

Intravenous only 



What about diagnosis? 

• It is estimated that about half of patients with 
invasive candidiasis have negative cultures. 

• Isolator blood cultures do not improve yield. 

• Elevated serum β-D-glucan levels in a high risk patient 
is highly suggestive of candidiasis (but not specific). 

• T2Candida test (approved in 2014) detects amplified 
Candida DNA by magnetic resonance (3-5h test but 
around $265).  

• Other PCR tests under development. 

• Antibody tests are not useful. 

 

 
 



Cryptococcosis 

• Agent: Cryptococcus neoformans  

and C. gattii.  

• Only medically important fungus with a 

capsule. 

• Capsule (cryptococcal antigen) circulates in 

blood and cerebrospinal fluid and is useful 

as a diagnostic test. 



Cryptococcus: 

Ecology  
• C. neoformans is found 

worldwide with high 

concentrations in soil, bird 

droppings, rotting wood. 

• C. gattii has a more restricted 

distribution (tropical and 

subtropical regions, Pacific NW) 

and is found in association with 

certain species of trees. 
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Cryptococcosis: Epidemiology  

• Strong association with 

disorders of T cell immunity, 

particularly AIDS,  

immunosuppression (e.g., 

transplantation), lymphoma.  

• Estimated 1 million cases/year 

with >500,000 deaths in 

persons with HIV. 

• Incidence of ~1-5% in solid 

organ transplants.  

 

 
Park, BJ et al.; AIDS. 23:525-530, 2009 

Comparison of deaths in sub-Saharan 

Africa due to HIV-related 

cryptococcosis and common infectious 

diseases excluding HIV, as estimated 

by World Health Organization.  



Point of care Lateral Flow Assay 

Improving outcome in 

cryptococcal meningitis 

• Serum CrAg screening in patients with  
CD4<100 in high prevalence settings. 

 

 

 

 

 

• Measure opening pressure on lumbar puncture – repeated 
LPs may be needed to keep pressure <25cm.    

• Make antifungal drugs (amphotericin and 5-FC) available. 

 



Vancouver Island C. gattii Outbreak  

• Since 1999, >200 cases of 

cryptococcosis due to 

hypervirulent C. gattii on V.I.  

• Spread to BC, WA and OR. 

• Separate “outbreak” in CA. 

• Most patients have mild or no 

immunocompromise. 

 Datta, Emerging Infect Dis 2009  



Aspergillus fumigatus 

Hyphae in tissue 

Mold with conidia 

(spores) in the 

environment 

Immunocompromise 



Aspergillosis 

• Agent: species of Aspergillus (most 

common are fumigatus, flavus, niger).  

• Epidemiology: ubiquitous. Most common 

fungus in environment. 

• Estimated >200,000 life-threatening 

infections per year globally. 



Allergic 

Aspergilloma 

Invasive 



Amphotericin B versus voriconazole 

for invasive aspergillosis 

Herbrecht NEJM 347:408, 2002 

Landmark 2002 study 

established 

voriconazole as the 

drug of choice for 

treatment of invasive 

aspergillosis.  
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Reversible 

visual 

disturbances  

common 
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Highly 

photosensitizing 

Elevated risk of 

cutaneous SCC 

No activity 

against 

zygomycetes 

(mucorales) Monitoring levels 

may be of value 

(aim for 1.0 – 5.5) 



• In parts of Europe, Africa 

and Asia, resistance of 

Aspergillus to triazoles has 

become a problem, driven 

by widespread agricultural 

use of triazole fungicides.   

Triazole Resistance 

• Long-term triazole use in 

patients can also lead to 

resistance.   

• Voriconazole failures due 

to resistance reported.   



What else is new in 

the world of 

medically 

important fungi? 

• Taxonomy 

• Immunology  

• New dimorphic species 

causing human disease. 



Taxonomy Gone Wild! 

• Many fungi have been 

renamed or divided into 

many species by 

taxonomists. 

• This leads to confusion 

among clinicians who are 

used to the old names. 

• Clinical microbiology labs 

can’t keep up!  

 

The games get pretty crazy at 

English teachers’ parties. 

  

 

Taxonomists’ 



C. immitis (Valley Fever) 

C. posadasii 

- Cryptococcus 

neoformans is now C. 

neoformans and C. gattii. 

- Coccidioides is now two 

species. 

- Paracoccidioides is now 

two species – P. 

brasiliensis and P. lutzii. 

- Penicillium marneffei is 

now Talaromyces 

marneffei. 



Primary immunodeficiencies that 

predispose to fungal infections (partial list) 

• NADPH oxidase (chronic 

granulomatous disease). 

• Dectin-1-CARD9 pathway. 

• IL-17 immunity (including gain 

of function STAT1 mutations and 

dominant-negative STAT3 mutations, 

both of which suppress Th17). 

• Autoantibodies against IL-

17a, IL-17f, IL-22 and IFNγ 

have also been described. 

IL-17 pathways 



Emmonsia pasteuriana 

369:1416, 2013 
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Emmonsia pasteuriana 

NEJM 369:1416, 2013 

Most patients treated with 

AmB followed by itraconazole 
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