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FUNGI: WHO CARES?

• Fungi are ubiquitous 
• Since the late 1970s, fungi have emerged as major causes 

of human disease. 
• It is estimated that more than 6 billion people throughout 

the world have fungal infections with 15–30% of these 
infections being serious (https://gaffi.org/) 

• Invasive mycoses contribute to ~1.5 million human deaths 
each year. 

• Invasive mycoses are responsible for >$6.7 billion in human 
medical care costs annually in USA (2018 data) 

• Total costs of all fungal-related hospital stays >$37 billion.
• Mortality rates of invasive mycoses often in excess of 40%

Talaromyces marneffei

Cryptococcus

January 10, 2022 
https://doi.org/10.1093/ofid/ofab593 

https://gaffi.org/


THE FUNGI

>1,500,000 species
~300 are mammalian “pathogens”
~20-30 are common invasive human pathogens

Armillaria ostoyae (honey mushroom)
~3.5 miles across



FUNGI: THE GOOD AND THE BAD

THE
FUNGI

ECOSYSTEM
DIGEST ORGANIC
MATTER

FOODSTUFFS
BEER
WINE
FOOD

DRUGS
PENICILLIN
CEPHALOSPORINS
CYCLOSPORINS
LOVOSTATIN
LSD, ERGOT

PLANT DISEASES
DUTCH ELM DISEASE
POTATO FAMINE
CORAL REEF BLEACHING

PATHOGENS
ANIMAL
INSECT
HUMAN

TOXINS
LIVER CANCER
SICK BUILDING SYNDROME

Adapted from A. Casadevall
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All fungi (>1,500,000 species)

plants

insects

PATHOGENICITY

mammals

< 0.00001%

37 oC

THE THERMAL BARRIER

Chestnut blight, www.asm.org; Matt T. Kasson

ectotherm
vertebrates

Zombie ants, www.smithsonianmag.com; David Hughes

Cytrid die off, www.nationalgeographic.com; 
Matthew Fisher

Adapted from A. Casadevall

http://www.asm.org/
http://www.smithsonianmag.com/
http://www.nationalgeographic.com/


Climate change

• An environmental “boot camp”
• Shifting geographic spread of 

pathogens, including fungi
• “New” fungi:

• Emergomyces- a leading invasive 
dimorphic fungus in setting of 
advanced HIV disease in Africa

• Candida auris- multi- to pan-resistant 
yeast first identified in 2009, now on 
all continents except Antarctica. 

PLOS Pathogens | September 19, 2019



Why do environmental fungi cause disease 
in humans (dead-end hosts)?

-How are environmental pathogens able to effectively infect humans?
-How do environmental pathogens maintain their virulence?

Steenbergen et al, PNAS 2001

H. capsulatum

A] B. dermatitidis, B &C] H. capsulatum

H. Capsulatum A & B] conidia, C] yeast

Nosanchuk et al, Infect Immunity 2004



Infectious diseases 1900-2022

Global travel

Intensive care units
Intravenous catheters

HIV pandemic

Organ transplants
Chemotherapy
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Germ
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Encapsulated microbes

Serum
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Toxin diseases
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Toxoids Viral & Polysaccharide vaccines

Viral diseases Vector-borne
diseases

Opportunistic
pathogens

Candidiasis & other 
fungal diseases

Drug resistant microbes

Coagulase negative staphylococci



Courtesy of M. Lianakis, NIH, in 2021

Many new risks: age of the biologics!
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Focus on fungi that cause 
systemic infections with 
treatment challenges.
Health inequities.
Purpose: to drive and focus 
research & policies in the 
global response to fungal 
infections and resistance.
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“Valley Fever”
N

. Ashraf et al, M
ycopathologia

(2020) 185:843–865
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• Coccidioidomycosis is caused by two highly 
similar species

• Coccidioides immitis
• C. posadasii

• C. immitis- responsible for “Valley Fever”
• 95% US Cases are in southern Arizona and the 

San Joaquin Valley region in California.

• Coccidioides spp. are dimorphic organisms 
that infect mammals through the 
respiratory track after disturbances in the 
environment: 

• earthquakes, construction, military activities, 
dirt bikes, armadillo-hunting, etc ht
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https://www.cdc.gov/fungal/diseases/


“Valley Fever”

• ~40% of exposed humans develop fever, cough, etc.
• ~5-10% will have more significant disease, 

especially pneumonia.
• ~1% will develop serious disease, including 

meningitis.
• There are ~200 deaths annually.
• Average cost of hospitalization: ~$50,000 (CDC data)
• In 2019, there were >20,000 patients with 

coccidioidomycosis in the US
• Incidence is increasing over past decades.

• Coccidioidomycosis is also a significant cause of 
morbidity and mortality in animals.

• Pneumonia, osteomyelitis, skin, etc
w
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Malo et al, Ann Am Thorac Soc, 2014

Bañuelos, et al CID, 1996

http://www.cdc.gov/


Coccidioides challenges: examples
• Climate change- geographic expansion.
• Coccidioides spp. infect “healthy” individuals- anyone can get it! 
• Immunologically compromised are more likely to develop severe disease.

• Immune system sees different forms- arthroconidia, endospores, & spherules
• Structural determinants- certain groups of individuals more likely to be exposed.
• Limited antifungal arsenal and lack of approved vaccine.
• Antifungal resistance- particular concerns with high MIC for fluconazole.
• High virulence and easy spread with disturbance of colonies in the microbiology 

laboratory complicate antifungal testing. 
• Lack of disease reporting in many states (only reportable in 26, plus DC) and low 

rates of reporting in Latin America.
• Lack of sensitive/specific rapid testing and low rates of screening.

www.cdc.gov

http://www.cdc.gov/


So, the time to address 
coccidioidomycoiss is now!
(& a quick history lesson)

• 1982: Alejandro Posadas, an intern in Buenos Aires, Argentina described 
a 36-year-old soldier with cutaneous disease. Histology revealed a 
protozoan-like organism, Coccidia. Disease was successfully transmitted 
by injecting material from the patient into mammals. 

• 1983: first report of a patient in San Francisco. 
• 1896: named Coccidioides (resembling Coccidia) immitis (not mild). 
• 1900: Dimorphism confirmed that this was a fungus.

• 1929: Second year medical student, Harold Chope, 
opened a plate with C. immitis in a Stanford University 
laboratory and developed “Valley Fever”
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