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1) Recognize the importance of the study of clinical 
diagnostic mycology.

2) Review identification of some common fungi, 
based upon plate and microscopic morphology.

3) Describe newer discoveries in the field of mycology.

Presentation Objectives



Mycology IS Important?

1) Education-”Don’t need to or not important to teach mycology to MLS 
students”

2) World Health Organization-has no formal program on fungal infection
3) Public Health-little to no surveillance on mycology infections 

• CDC (National level)- Coccidioidomycosis is only notifiable fungal 
disease  (2011- but only in <25 states)

• MDHHS (Michigan)-Blastomycosis, Coccidioidomycosis, and 
Histoplasmosis

4) Funding for clinical mycology is low/lacking



Reportable Fungal Disease for 7 SCACM states 
(CDC –June 2018)

State/Disease Blastomycosis Coccidioidomycosis
(Valley fever)

Cryptococcosis Histoplasmosis Other Fungal 
diseases

Michigan X X X
Illinois X
Indiana X X
Kentucky X
Ohio X

West Virginia

Wisconsin X X

Reference:  https://www.cdc.gov/fungal/diseases/coccidioidomycosis/health-professionals.html



1) Increasing number of immunocompromised people susceptible to 
opportunistic fungal infection

2) New healthcare advances and practice changes enable pathogen and 
drug-resistant fungal disease emergence

3) Environmental (weather and climate)  changes and natural disaster 
occurrence make conditions favorable for fungal proliferation

4) Wide geographic distribution of endemic areas where fungi live in US 

Recognition of Importance of Fungal Disease



Ten Most Significant Invasive Fungal Infections 

Reference:  www.scinecetranslationalmedicine.org ; Dec 19, 2012; Vol 4 Issue 165, Hidden Killers: Human Fungal Infections, Gordon D. Brown, 
David W. Denning, Neil A. R. Gow, Stuart M. Levitz, Mihai G. Netea, Theodore C. White.

http://www.scinecetranslational/


Healthcare Advances and Practice

Reference:  
https://www.ncbi.nlm.nih.gov/pmc/article
s/PMC4292074/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4292074/


Cutaneous Infections-2011 Joplin Tornado US 
(CDC)

• 18 cases (5 deaths) of serious necrotizing soft-tissue infections 
caused by the zygomycete Apophysomyces trapeziformis
occurred after the 2011 Joplin, Missouri tornado



Widespread mold growth after Hurricane 
Katrina (2005), New Orleans, LA



Bats and White Nose Syndrome (WNS), 2007

Reference:  https://www.whitenosesyndrome.org/

• WNS is considered an emerging disease caused by Pseudogymnoascus
destructans, a fungus found on the skin of bats. It is considered one of the worst 
wildlife diseases in modern times, responsible for killing millions of bats in the 
US and Canada



Endemic Fungal Disease Geographic Distribution in 
US (CDC)



Fungal Infections and Pathogens Considered 
Today

• Candidiasis
• Cryptococcosis
• Aspergillosis
• Coccidiomycosis



Candida Clinical Disease

• Human infections occur with over 20 different species of Candida
• Commensal in gastrointestinal tract and on skin
• Opportunistic infections occur with endogenous spread of the organism 

from a person’s own normal flora 
• Types of Candidiasis

• Oropharyngeal
• called “thrush”
• Infection in mouth, throat, or esophagus 

• Vulvovaginal 
• Invasive (Candidemia)



Most Common Candida Opportunistic Pathogens

• Candida albicans
• Candida dubliniensis
• Candida glabrata
• Candida parapsilosis
• Candida tropicalis
• Candida lusitaniae
• Candida krusei



Direct smears of Candida in blood, urogenital, wound, 
and sputum cultures



Candida Identification

• Typical macroscopic colonial morphology 
• Microscopic:  Germ tube and appearance on Corn meal agar
• Biochemical characteristics-Urea, CHO assimilation (API/ Vitek)
• Rapid ID

• Chromogenic agar is selective and differential
• BacticardTM Candida

• MALDI- Bruker and Vitek systems both ID yeast quicker and 
well (80-95% correct ID’s)

• Nucleic acid: PNA FISH and film array for blood cultures



Candida albicans and characteristic “feet”



Candida albicans Identification



Candida Infection Treatment (CDC)

• Candidemia mortality is high, early antifungal therapy and catheter removal may help 
• Echinocandins are the first choice for antifungal treatment for candidemia
• Fluconazole MICs for C. glabrata > C. albicans, C. tropicalis, C. parapsilosis
• Susceptibility testing should be performed to identify resistance and to facilitate transition to oral 

therapy
Candida Susceptibility



Candida albicans versus Candida dubliniensis

Org/Test Candida 
albicans

Candida 
dubliniensis

42-45o 

growth/SDA
Positive negative

Germ tube Positive Positive

Fluconazole Usually 
susceptible

Increased 
resistance

Biofire Film array Detected Not detected
Corn meal agar B, P, C (single,

terminal)
B, P, C (often 

clusters)
Urea Negative Negative

Reference:  http://thunderhouse4-yuri.blogspot.com/2009/12/candida-albicans.html



Candida auris-Emerging Pathogen (EID)

• Discovered in 2009
• Rare in US, BUT is increasing rapidly  
• Causes serious invasive infection in hospitalized patients
• Found in blood and wounds, urine, sputum, and other non-invasive 

sites
• May be missed or misidentified
• Only reportable in 3 states (Tennessee, Utah, and Wyoming) (CDC)

• All confirmed isolates of C. auris should be reported to local and 
state public health officials and to CDC at candidaauris@cdc.gov.



Candida auris-Emerging Pathogen (EID), CDC 
Recommendations for Healthcare Facilities 

1) Put patient in contact precautions
2) Observe strict hand hygiene
3) Eradication is difficult-can live on surfaces for months, use same room 

cleaning as for C. difficile (quaternary compounds not effective)
4) Screen patients for colonization 
5) May be resistant to all 3 classes of antifungal agents,                            

including echinocandins
6) Before 2009, never isolated from natural                                           

environment and not known to be                                                                
human colonizer



Colonies of Candida auris, CDC



Tracking of Candida auris, CDC



Antifungal Treatment of  Candida auris, CDC



Cryptococcosis

• Cryptococcus neoformans is found worldwide in environment 
• Infection occurs via respiratory route with inhalation of the 

fungus 
• Clinical picture depends on the yeast strain and immune status of 

the host, with rare infections in healthy individuals
• Infection is often subclinical or can be latent or symptomatic
• Infection can present as pneumonia-like illness, with cough, 

fever, chest pain, and weight loss symptoms
• C. neoformans also has a predilection for CNS and can 

disseminate and cause meningoencephalitis



Cryptococcosis

• Worldwide see 220,000 cases of 
cryptococcal meningitis/year

• US incidence is estimated at 0.4-1.3 
cases/100,000, with a case fatality 
rate of 12%

• Rates are high enough in HIV 
positive patients that screening for 
cryptococcal infection may be 
warranted



Lab Diagnosis of Cryptococcosis

• India Ink
• Culture
• Antigen detection-CSF or serum

• Latex agglutination
• Enzyme Immunoassay
• Lateral flow assay (IMMY)



Comparison of C. neoformans and C. gattii

Org/characteristic Cryptococcus neoformans Cryptococcus gatti
Patient population Mainly compromised Immunocompetent and 

compromised 
Geographic 
distribution/natural habitat

Worldwide Tropics, EID in Pacific Northwest US 
(Oregon, Washington, and 
California) and Canada

Clinical disease progression Pneumonia, CNS 
dissemination

Higher rate of cryptococcoma
formation in lungs and 
brain/assoc. with neurological 
sequelae

Case Fatality Rate 12% 13-33%
Anti-fungal drug susceptibility 
guidelines

CLSI None, being evaluated; may have 
higher MIC’s for some antifungal 
agents



• Use glycine as sole carbon and nitrogen source in the 
presence of canavanine

• Can use Canavanine glycine bromothymol blue agar (CGB)
(+) =  Cryptococcus gatti (blue)
(−) = Cryptococcus neoformans

Differentiation of C. neoformans
and C. gatti





• Both are classified as hyaline or moniliaceous fungi where the septate hyphal filaments 
are without pigment in the cell wall and cause hyalohyphomycosis

• Presence of septate hyaline hyphae with dichotomous branching in direct exam
• Aspergillus has large vesicle and Penicillium has “penicillus arrangement”



Aspergillus

• Organism is ubiquitous in the environment
• Aerosol generation (hospital construction) is a 

major contributing factor to infection 
• Significance in culture determined by presence 

in more than one site, repeat cultures, or 
correlation with clinical picture

• Aspergillus is the second most common fungal 
pathogen requiring hospitalization (2nd to 
Candida infections)



Macroscopic and Microscopic Characteristics 
of Aspergillus

Uniseriate = one row of phialides
Biseriate = two rows of phialides



Macroscopic Characteristics of Aspergillus 
species

A. niger

A. fumigatus

A. terreus

A. flavus



Microscopic Appearance of Aspergillus species

A. flavus

A. niger

A. terreus

A. fumigatus



Primary Systemic Fungal Pathogens in US

• Previously known as “Dimorphic fungi”
• Typically display two growth phases based on incubation 

temperature
• Yeast (or spherule) phase-37oC, found in specimen
• Mould phase-hyphae observed from cultures incubated at 25-

30oC 
• Histoplasma capsulatum
• Blastomyces dermatitidis
• Coccidioides



Histoplasma capsulatum

• Acquired via inhalation of conidia from soil containing 
bird or bad guano

• Called “Darling’s disease”
• Usually self-limiting, can cause pulmonary, ocular, or 

disseminated infections 

• MOULD-has hyphae with conidiophores that support 
8-16 µ diameter, round tuberculate macroconidia
and/or non-tuberculate, smooth macroconidia

• YEAST phase- small, 2-4 µ diameter single budding 
narrow base budding yeast cells

Bone marrow



Histoplasma capsulatum Confirmation 
(MDHHS)

• Isolation of H. capsulatum from a clinical specimen or histopathology ID of yeast in tissue or 
sterile body fluid 

• ≥ 4-fold rise in H. capsulatum serum complement fixation antibody titers
• Detection in serum of H band or M band  seroconversion (after documented previous missing M 

band) by H. capsulatum immunodiffusion antibody test
• PCR demonstration of H. capsulatum-specific nucleic acid in a clinical specimen
• Michigan had 130 cases reported in 2012



Histoplasma capsulatum Surveillance (MDHHS)

2011-2014 (12 states)



• Acquired via inhalation of airborne conidia or cutaneous infection via 
traumatic implantation

• Found endemic in Ohio and Mississippi River valleys, the Great Lakes, and 
the Saint Lawrence River

• May comprise Two species-B. dermatitidis and B.gilchristii
• Coccidioidomycosis is also called:  “San Joaquin Valley fever”, “Valley fever”,  

or “desert rheumatism”
• 50% of cases are asymptomatic, incubation is 3 weeks to 3 months, and 

clinical presentation is non-specific
• 2012:  13 cases reported in Michigan

Blastomyces dermatitidis



• MOULD-develops pyriform, one-celled conidia, 2-10 
µ in diameter, attached directly on the hyphae or by 
short conidiophores (is not diagnostic)

• YEAST-broad based buds and thick cell walls and 
round, globose shape are characteristic (resemble 
matryoshka dolls)

Blastomyces dermatitidis Microscopy



Blastomyces dermatitidis Laboratory Diagnosis

• Antigen detection using enzyme immunoassay methods are used on 
urine or serum, or BAL

• Immunodiffusion and Complement Fixation are available but have 
low sensitivity and specificity

• Culture and Microscopy-gold standard (AccuProbe, GenProbe, Inc can 
be used to confirm)

• Polymerase Chain Reaction-only experimental  



Coccidioides species

• Acquired via inhalation of airborne arthroconidia
• Found most predominantly in southwestern US
• Two species-C. immitis (mainly California) and C. posadasii (Arizona, Texas, 

Mexico and S. America ) are recognized, but clinical differentiation has not 
been documented

• Coccidioidomycosis is also called:  “San Joaquin Valley fever”, “Valley fever”,  
or “desert rheumatism”

• Only 40% of cases are symptomatic and primarily self-limiting
• 5-10% of cases lead to chronic pulmonary disease or 1% may disseminate to 

bones, joints, or meninges
• Climate change may impact distribution of this organism in future
• 2012:  33 cases reported in Michigan



Number of Reported Coccidioidomycosis cases, 
1998-2015 (CDC)



Coccidioides immitis and C. posadasii

• MOULD-develops rapidly, see thick walled hyphae 
or arthroconidia that are barrel-shaped, with 
alternating disjunctor cells

• NO YEAST phase- arthroconidia develop in 
tissue, sputum or body fluids into round spherules 
(up to 80 µm) which contain endospores



• Coccidioidomycosis is most often diagnosed using serology:
• Two enzyme immunoassay methods are available:

• Premier ® Coccidioides EIA – Meridian Bioscience, Inc.
• Coccidioides Antibody Enzyme Immunoassay – Immuno Mycologics, Inc. 

(IMMY)
• Immunodiffusion is used for IgM antibodies; and Complement Fixation detects 

IgG antibodies (disease severity assessment)
• Culture and Microscopy
• Urinary antigen detection for diagnosis in immunocompromised patients 
• Polymerase Chain Reaction: 

• GeneSTAT.MDx Coccidioides – DxNA, LLC –FDA approved for LRT specimens
• Other pending

Diagnosis of Coccidioides species



Fungal Disease Awareness: Think Fungus!



Thanks
Questions?

stoddarj@gvsu.edu

mailto:stoddarj@gvsu.edu

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49

