	FUNGUS NAME
	DISEASE/MANIFESTATIONS
	IDENTIFYING PROPERTIES
	TYPING/CULTURE/TESTS
	VIRULENCE FACTORS
	IMMUNITY/VACCINE/TX

	Fungi General (geography is key)
MUSHROOMS – large, multi-celled

YEASTS – simplest, unicellular, asexual budding

MOLDS – filamentous, multicellular hyphae, mycelia; asexual (conidia) or sexual (spores) reproduction

Uses – food (bake/brew); antibiotics
	INFECTION – Superficial, Cutaneous, Subcutaneous, Systemic, Opportunistic; unknown incidence, many not reported; normal host has high resistance; skin contact, implantation, inhalation (ingestion is rare); sex, age, race, hormones are key; Fungemia more deadly than bacteremia

ALLERGIES – to aerosolized conidia antigens or soil fungi spores; peak in fall/spring; elicit response w/out growing in host
MYCOTOXICOSIS – disease from toxic fungus or material contaminated w/ EC fungal toxins (aflatoxin on peanuts)

MYCETISMUS – disease from ingesting toxic shrooms
	Eucaryotic, non-photosynthetic, non-motile, aerobes, non-fastidious, get nutrients from nature, lysine biosynthetic pathway, antigenic/immunologic rigid cell wall w/ chitin and (-1,3 glucan as structural polysaccharides

Ergosterol is membrane sterol (many drugs target)

Non-invasive – can’t invade tissue or evade intact barriers
	Direct exam of patient (lesions, travel history) and specimen (sputum/tissue microscopically)

Culture for fungi (colonial and microscopic morphology, unless normal flora)

Serology
	Fungi are of low virulence

Capsule (only one species)

Estrogen receptors (only one species)

Lytic enzymes

Morphogenesis

Adhesions
	Immunity: Normal flora protect from some

Cell mediated response more critical than Ab

Tx – Surgery, Topical drugs (UDA,Tolnaftate,allylamines), Oral drugs (Amphotericin B, Griseofulvin, 5-FC, polyenes – Nystatin, azoles)

	Piedra hortai

Superficial Mycoses
	BLACK PIEDRA – black gritty nodules on hair shaft
	
	
	
	

	Trichosporon beigelii
Superficial Mycoses
	WHITE PIEDRA – soft, light colored nodules on hair shaft
	Southern US and temperate climates
	Direct exam for nodules; mscope for fungi
	
	Cut hair

	Exophiala werneckii 
Superficial Mycoses
	TINEA NIGRA (PALMARIS) – chronic, asx infection of stratum corneum on palm of hand
	Dematiaceous fungi

Most teenage females on Gulf Coast to Caribbean
	Direct exam of skin scrapings for pigmented hyphae – dematiaceous; (NOT melanoma!!)
	
	Keratolytic agents to remove skin; Topical Imidazoles

	Malassezia fufur 

Superficial Mycoses
	TINEA (PITYRIASIS) VERSICOLOR– chronic, asx, reoccurring, infection of stratum corneum, mostly on trunk/scalp; non-inflammatory lesions (varied pigmentation), very defined and scaly

Fungemia in few cases (preemie babies on total IV nutrition)

Seborrheic dermatitis – 1o/2o role?

Predisposed to ( melanin synthesis & hypopigmentation – xs sweating, steroids, malnutrition, heredity, hydrophobic compounds on skin
	Lipophilic (needs lipids to grow)

Normal flora of skin/scalp

Worldwide, most in tropics
	Direct exam of skin scales for short hyphae with spherical cells mixed in “spaghetti & meatballs”
	
	Topical Selenium Sulfide, Imidazoles,

Oral Ketoconazole

Tx Fungemia – remove catheter, Amphotericin B

Tx - Seborrheic dermatitis – Ketoconazole shampoo/cream

	
	
	
	
	
	

	Trichophyton species (micro, 1-3), Epidermophyton floccosum

 (macro, 4),

Microsporum species (macro, 5-7)

Cutaneous Mycoses
	DERMATOPHYTOSIS (RINGWORM) – contact needed to colonize skin, hair, nails (rare invasion of living tissue)

Tinea capitis epidemic (children, grey patch/black dot, FA on scalp after puberty stop this) & non-epidemic (more severe/from animals)

Tinea favosa (Mediterranean, scalp scutula – cup-shaped, yellow crusts)

Tinea barbae (Adult males, animals, rare)

Tinea corporus (worldwide, kids, scaling lesions of glabrous skin)

Tinea crurus (jock itch, males, high humidity, lesions demarcated w/ raised red border)

Tinea pedis (athlete’s foot, most common, from shoes)

Tinea unguium (chronic, white patches/pitts on nails/nail bed)
	Anthropophilic (human parasites; chronic and milder)

Zoophilic (animal parasites; acute, hard to tx, less reoccurrence)

Geophilic (live in soil; acute, hard to tx, less reoccurrence)

Stays on skin surface - Temperature sensitive to body temp, serum inhibits dermatophyte growth 
	Direct exam of lesion (Wood’s lamp, spores on/in hair, skin/nail scrapings w/ KOH prep or 

Calcofluor white (chitin binding) Fluorescence for hyaline hyphae) 

Culture for colony & microscopic morph – predominant micro/macroconidia
	Evolving toward parasitism of animal/human from geophilics

Keratinase – utilize host’s keratin better


	Topical, OTC before coming to doc, Rx - Ketoconazole, oral systemics if chronic, antibacterials for 2o tinea pedis

Immunity – too complex

	
	
	
	
	
	

	Sporothrix schenckii
Subcutaneous Mycoses
	SPOROTRICHOSIS (need traumatic implantation)
Cutaneous lymphatic (75% of cases) – movable necrotic nodules along draining lymphatics

Cutaneous non-lymphatic (endemic areas) – fixed nodule 

Disseminated – very rare

1o Pulmonary infection – immunocompromised and alcoholics
	Mold, associated w/ soil/vegetation

Thermally dimorphic – mold w/ conidia @ RT, yeast @ 37oC
Males (75% due to exposure)

Worldwide, endemic in Brazil, Mexico

US – gardening is key (Wisc/Penn outbreak 1988)
	Pathognomonic – lesions along lymphatics

Direct exam from patient for cigar shaped yeast
	Pulmonary isolates can tolerate 38oC
Lymphocutaneous isolates poor @ 37oC so stay close to surface
Neuroaminidase

Proteinases

Adhesins
	KI (topical or in milk)

Amphotericin B for relapse of lymph or pulmonary

Itraconazole

Heat

	Pseudallescheria boydii et al.

Subcutaneous Mycoses
	EUMYCETOMA (traumatic implantation; 20 yr growth)

{ACTINOMYCETOMA gram (+) bacteria; 5 yr growth}

Localized swollen lesion (subcut) on foot/hand with suppurating abscesses and draining sinus tracts with grains
	Dematiaceous fungi in soil
Males most due to exposure
Worldwide but most in tropics (endemic in Sudan/Mexico)
	Examine pus/exudates for granules

Fungal hyphae wider than Bacterial filaments

Fungi filament size ( 1 (m
Bacterial filament size < 1 (m

Culture for asexual conidial formation
	
	Long term tx (mths-yrs) – Amphotericin B, topical Nystatin, KI
Surgery – amputation

	Most Dematiaceous fungi et al.
Subcutaneous Mycoses
	CHROMO(BLASTO)MYCOSIS (traumatic implantation)
Localized chronic infection of skin/subcut tissues ( ulcerated/crusted lesions over years; rare brain dissemination
	Dematiaceous fungi

Males most due to exposure
Worldwide but most in tropics
	Direct exam for pigmented, branching hyphae w/ sclerotic bodies
Culture for darkly pigmented colonies and asexual reproduction
	
	Amphotericin B

Antibacterials for 2o infects
Surgery if early

	All Dematiaceous fungi et al.
Subcutaneous Mycoses
	PHAEOHYPHOMYCOSIS

Subcutaneous - cysts

Cerebral – fatal cerebral infection w/ abscesses seen in autopsy
	Dematiaceous fungi
	Direct exam for pigmented, fungal elements
Culture for colony morph and conidial forms
	
	Anti-fungals

Surgery

	Rhinosporidium seeberi
Subcutaneous Mycoses
	RHINOSPORIDIOSIS

Chronic, granulomatous infect w/ polyps on face, usually nasal
	Males, Sri Lanka, India

Aquatic, divers/fishermen
	Direct exam for large 6-330 (m sporangium
Not cultured
	
	Anti-fungals

Surgery

	Loboa loboi
Subcutaneous Mycoses
	LOBOMYCOSIS

Localized chronic infection which may spread; ulcerated, crusted lesions over 20+ years
	Males,rare, slow growing South America

Dolphins have it too
	Direct exam for single, or lemon shaped cells in chains of 3-4

Not cultured
	
	Surgery

	Conidiobolus coronatus

Subcutaneous Mycoses
	ENTOMOPHTHOROMYCOSIS CONIDIOBOLAE (Rhinoentomophthoromycosis)

Nasal polyps, extension into other areas w/ edema; benign; sometimes clears spontaneously
	Males, rare, Africa
	
	
	Amphotericin B, KI
Surgery

	Basidiobolus ranarum

Subcutaneous Mycoses
	ENTOMOPHTHOROMYCOSIS BASIDIOBOLAE (Subcutaneous phycomycosis)

Chronic, subcutaneous nodule on trunk or limbs; clears spontaneously
	Males < 15 yo, rare
	
	
	Amphotericin B, KI

	
	
	
	
	
	

	Coccidioides immitis

Systemic Mycoses
	COCCIDIOIDOMYCOSIS – “Desert Fever” - ethnic

1o Pulmonary – 60% benign URT; allergic response is good

2o disseminated – benign, chronic w/ granulomas left behind; progressive pulmonary; dissemination to meninges/skin/bone)
	Thermally dimorphic – mold–soil/spherule-tissue
Inhalation of arthrospores; animals in endemic area

Lower Sonoran Zone (Texas/Mexico border)

White females - benign pulmonary w/ allergic rxn

Immunocompromised/AIDS - progressive pulmonary

Pigmented skin Males/Preg Females/ Immuno-compromised – disseminated form
	Skin test – no sex bias; inhale spores ( get infected

Travel history

Direct exam of pus/sputum for sporangia or spherules
Culture – arthrospores form mycelial shape
Exoantigen test; DNA probe

Serology is best for all fungi
	Morphogenesis

alkalinization of phagosome – inactivates enzymes

Estrogen binding proteins – hormone binding stims growth

Protease
	Immunity – T-cell mediated

1o – tx symptoms

2o - Amphotericin B, Fluconazole for HIV

Surgery to remove cavities

	Histoplasma capsulatum

Systemic Mycoses
	HISTOPLASMOSIS – “Curse of King Tut’s Tomb”

Intracellular mycosis of reticuloendothelial system

Pulmonary (#1) infection – asx; chronic w/ cavities in COPD

Disseminated – benign; mildly chronic (10-20 yrs) w/ oropharyngeal ulcer; moderately chronic (fatal if untx); fulminant in infants/adults

African Histoplasmosis – skin/bone, NOT pulmonary
	Bird/Bat guano gives ( N2 for soil growth
Mold w/ macro/microconidia; animals in endemic

Microconidia inhaled to cause infection

Worldwide, East of Miss, El Paso/Rio Grande/Texas

Sx pulmonary – 75% Males; no sex diff in kids

Mild chronic – Most Males

Fulminant adult – Immunocompromised (AIDS – pulmonary ( dissemination; 70% die)
	Skin test – no sex bias; most have it in endemic area

Direct exam of sputum/tissue/blood for intracellular yeast
Culture – macroconidia useful to identify, not yeast

Exoantigen test; DNA probe
	(-glucan – in cell wall

Morphogenesis

M( - resist oxidative burst/phagosome alkalinization
	Immunity – previously exposed M( restrict intracellular yeast growth

1o – tx symptoms

2o - Amphotericin B, Itraconazole for HIV

Surgery to remove lesions

	Blastomyces dermatitidis

Systemic Mycoses
	BLASTOMYCOSIS - Chronic granulomatous/suppurative disease beginning as a respiratory infection

Pulmonary – varied symptoms

Chronic Cutaneous – most common; may have pulmonary too

Disseminated – bone, CNS, urogenital common
	Thermally dimorphic – mold–soil/yeast-tissue Inhaled conidia from soil??

African American Males, 30-50

Eastern US/Canada, Africa, Mexico, Israel, India

Small epidemics – no sex bias, more kids, most pulmonary and not Cutaneous

Animals/dogs in endemic areas
	No skin test

Direct exam of sputum/tissue/blood for broad-based budding yeast
Culture – broad-based budding yeast are seen, mold not help

Exoantigen test; DNA probe
	(-glucan – in cell wall

Morphogenesis

WI –1 – mediates M( adhesion
	Amphotericin B, Itraconazole for HIV

	Paracoccidioides brasiliensis

Systemic Mycoses
	PARACOCCIDIOIDOMYCOSIS (South American Blastomycosis) – chronic, fatal mycosis

1o pulmonary – asx

Chronic progressive – after latency in 90% of patients; disseminates to mucosal/gingival/organs, w/ lung disease

Acute progressive – kid/adult – 10% of cases; rapidly fatal
	Thermally dimorphic – mold–soil/yeast-tissue
Inhaled conidia from mold growing in soil
Male agricultural workers in Central/South America
	Skin test – no sex bias; 25% +

Direct exam of mucosal scrapings for pilot’s wheel
Culture – multiple budding yeast; mold not help
	Estrogen binding proteins – women have more estrogen and estrogen inhibits mycelial( yeast conversion (key to sex bias)
Morphogenesis

(/(-glucan/laminin – in cell wall

T-cell immune suppression
	Sulfa drugs for 3-5 years

Amphotericin B, Itraconazole

	Cryptococcus neoformans (A,D)

Cryptococcus gatti (serotypes B,C)

Systemic Mycoses
	CRYPTOCOCCOSIS

1o Pulmonary – asx

2o disseminated – presenting symptoms; tends to go to CNS; meningitis (fatal if untx) presents most in USA; skin/bone more in Europe); relapsing after 20 years; rapid in AIDS
	Neoformans (Serotypes A, D) – worldwide, from soil; pigeon guano; encapsulated yeast; inhaled

Gatti (Serotypes B, C) – eucalyptus trees; B in tropics, C in California (Southern)
50% in healthy/normal patients

50% in AIDS/DM/leukemia
	No skin test

Direct exam of sputum/spinal fluid mounted in India ink for encapsulated yeasts
Phenol oxidase test – positive

Culture for capsules

Serology for capsular antigen
	Capsule (only fungi) – antiphagocytic

Growth @ 37oC

Mating type – not asexual

Phenoloxidase (laccase) – melanin synthesis

Immune suppression
	Immunity – Ab responses?? 

Amphotericin B, Fluconazole for AIDS; combo of Amp B & 5-FC

	
	
	
	
	
	

	Candida albicans et al.

Opportunistic Mycoses
	CANDIDIASIS – common in nosocomial blood infects

Cutaneous/Mucosal – thrush, esophagitis, vaginitis, diaper rash –compromising factors (DM, antibiotics, newborns, H2O)

Systemic/Deep-Seated – most common systemic mycosis worldwide; Candidemia - compromising factors (steroids, catheters, underlying disease); Blood disseminating ( kidneys, brain (35% of all, but asx), heart (NON C. albicans, valve disease, surgery), lungs, liver, spleen; Chronic Mucocutaneous Candidiasis (CMC) – defects in cell mediated immunity; epithelial surface lesions – warty and verrucous; intracellular parasite
	Dimorphic, but not thermally (yeast or mold; grows at 37oC)

Normal flora of mouth, GI tract, vagina, and some on skin

Predisposing factors – physiology (old/young, preg); trauma (burns); hematologic (leukemia); endocrine (DM); iatrogenic (catheters, antibiotics, immunosuppressed); AIDS, malignancy
	Direct exam of sputum/pus/tissue for yeasts if normal flora and pseudohyphae/hyphae if lesions

Culture for germ tubes and chlamydospores

Sputum not significant since normal flora

Isolations for conformation, not dx

Urine significance depends on amount

Sterile (blood) site is significant
	Morphogenesis (phenotype switching – round to bacillus-like)

Protease

Phospholipase
Adhesins – Complement fragments; laminin, fibronectin, collagen

M( - germ tubes grow; don’t kill all fungi

Immune suppression

T Helper Cell response – TH-1 – recovery and resistance to orgs; TH-2 – susceptible to infection
	Cutaneous – Topical Imidazoles, Nystatin, etc.
Candidemia – tx w/ drug

Systemic/Deep-Seated - Amphotericin B, Fluconazole, Ketoconazole

CMC – systemic agents

	Aspergillus fumigatus et al.

Opportunistic Mycoses
	ASPERGILLOSIS

Allergic responses – antigen response (not infect); Extrinsic Asthma - (IgE mediated); Allergic Bronchopulmonary Aspergillosis (ABA) – (IgE asthma and complement fixing IgG, recurrent pneumonia, culture + sputum); Extrinsic Allergic Alveolitis – (IgG due to too much exposure at work)

Non-invasive colonization – Aspergilloma (fungus ball grows in preexisting cavity; asx or fatal hemorrhage); Local, Non-Pulmonary Colonization (ears, nasal, sinuses)

Invasive – 1o Pulmonary (immunocompromised; respiratory sx ( fatal, necrotizing pneumonia); Dissemination (GI, liver, kidneys)
	Worldwide; mold from soil, decaying vegetation produce conidia which can be aerosolized

Aspergilloma – Adult Males; predisposed if cavity or structural anomaly in lungs

Invasions – leukemia, immunosuppressed
	Common lab contaminant so need multiple positives for sure, unless invasive disease

Aggressive in sample taking if patient @ risk

Direct exam of tissue/sputum for septate hyphae with acute angled branching

Culture for conidia
	Protease

Phospholipase
Adhesins – laminin, fibrinogen binding

Gliotoxin – immunosuppressive

Endotoxin - hemorrhagic
	Allergic forms – tx symptoms

Aspergilloma - Amphotericin B, 5-FC, Surgery based on possible hemorrhage

Invasions – Fatal if untx; Amp B and Itraconazole

	Rhizopus oryzae et al.

Opportunistic Mycoses
	MUCORMYCOSIS

Rhinocerebral – begins nasaly, spreads to sinuses, eyes, brain; death in 1 week if untx

Thoracic – pulmonary infection w/ progressive pneumonia, thrombosis, and infarction; death in 1-4 weeks if untx
	Rhinocerebral – predisposing factors (acidosis – DM, drugs)

Thoracic - predisposing factors (leukemia, immune suppression)

Worldwide; mold in decaying vegetation/animal dung; soil or water
	Direct exam of tissue/exudates for wide, non-septate hyphae (few to be seen)

Culture for sporangiospores or conidia
	
	Amphotericin B (must be early; still 50% fatal)

Surgery - debridement

	Pneumocystis carinii

Opportunistic Mycoses
	Pneumocystis carinii PNEUMONIA (PCP)

Immunocompromised patients – over weeks; fever, tachypnea; massive infiltrates in alveolar spaces (10% death in AIDS); diffuse pneumonia
	Worldwide; infected childhood; normal flora

Droplet transmission; rats, rabbits, dogs, horses

Debilitated infants in overcrowded orphanages in Eastern Europe

AIDS, steroids, ca chemo, transplants
	Direct exam – bronchoalveolar lavage, lung biopsy, needle aspiration for org

Stain – calcofluor white (chitin binding), methenamine silver, toluidine blue, Giemsa

Asci – thick-walled round, indented cysts w/ spores (intracystic bodies)

Ameboid-shaped yeasts - trophozoites
	Adhesins – bind to Type I pneumocytes via fungal polypeptides/laminin/fibronectin to keep it connected to host cell

Fungal mediated damage to alveolar-capillary boundary
	Immunity – M( mediated elimination; B cells & CD4+T cells involved

CoTrimoxazole (Bactrim)

Acute or AIDS prophylaxis
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