Introduction to Fungus (PATH)

Fungi:  higher order than bacteria

· Fungi are eukaryotic

· Intranuclear chromosome division

· Mitochondria with random tubules (no crystae)

· Fungi are heterotrophic

· Fungi are polymorphic organisms:  they exist as yeast and/or hyphae

· Cell wall does not have LPS

· Cell membrane contains sterols (principally ergosterol)

· Reproduction is by spores

· All fungi reproduce asexually

· 75% of fungi reproduce sexually

Fungal dimorphism:

· Classic:  organism is filamentous in nature and at RT in the lab; however, in humans and at 37 degrees the organism is a yeast.  This is a function of nutrient and temperature (the body may be more hospitable—warm, moist, and nutrient rich).

· Temperature dependent

· Blastomyces dermatidis

· Paracoccidiodes brasiliensis

· Penicillium marnettei

· Temp and nutrient dependent:

· Histoplasma

· Sporothrix

· Anticlassical:  hyphal in the body, yeasty in the lab.

· Candida albicans is the only example, and it really doesn’t have true hyphal form in the body.

Cell wall

· Confers shape

· Antigenic

· Has receptors for human cells

· The cell wall is a target of antifungal drugs:  The Fungins (capsofungin, micafungin, anidulafungin)

Septae

· Zygomyces – no septae

· Ascomyces – simple

· Blastomyces – complex

Capsule:  Cryptococcus neoformans
· Consists of heteropolysaccharide, glucuronoxylomannan

· 4 serotypes

· Blocks phagocytosis

· Poor antigenicity

· Contributes to the neurotropism of Cryptococcus.

Fungal mitochondria:

· Simpler than humans

· Self replicating

· Contains 10% cellular DNA

Sexual reproduction

· Homothallic:  self, not new recombinants

· Heterothallic:  mating of two strains differing in alleles at at least 1 locus.

Note that after schmoo, yeast remain diploid until stressed, where they then enter meiosis and produce 4 haploid daughters.

Asexual reproduction

· The production of asexual spores

· This form is of greater medical importance, partly due to it’s prevalence, and also due to the infectivity of the spore itself.

· Types of spores:

· Sporangia

· Zygomycetous fungi

· Conidia – a spore that is not a sporangia (duh!)

· Ascomycetes

· Basidiomycetes

· Deuteromycetes

Spectrum of infection

· Superficial – no inflammatory response

· Mucocutaneous – confined to the superficial layers but you get inflammation

· Subcutaneous – tropical, introduced by trauma, no systemic spread

· Deep/systemic – dangerous.

· Pathogenic

· Opportunistic

Life threatening fungal infections cannot be transmitted person to person.  Non life threatening infections can be transmitted.

Note that KOH is useful for finding fungi because it lyses host cells.

Culture of fungus
· Blood culture

· Candidemia – just like bacteriology

· Endemics – must do lysis/centrifugation in order to isolate fungus

· Other cultures

· Use tubes

· Incubate at multiple temperatures

· Some fungi are fastidious

· Selective media helpful

· Cyclohexamide – gets rid of bacteria

· Chromogenic media

Cutaneous Mycoses (PATH)

There are two types, based on host response:

· Superficial – no inflammatory response

· Mucocutaneous – inflammation occurs in response to cell wall glycopeptides

Superficial:  Fungus confined to the stratum corneum or distal portions of hair

· Tinea versicolor:  Malassezia furfur
· Pigmentation changes due to fungal effect on melanocytes

· Can cause folliculitis

· Can cause fungemia in neonates with indwelling vascular catheters receiving total nutrition with lipids.

Malassezia furfur is a lipophilic yeast and it requires fatty acids to grow.

Mucocutaneous mycoses:  candida and dermatophytosis (get inflammatory response)

· Candida albicans

· Primary cutaneous candidiasis

· Mucocutaneous candidiasis

· Dermatophytoses:  infections of the skin, hair, and nails; reservoirs are in soil, animals, and arthropods.

· Microsporum

· Trichophyton

· Epidermophyton

Transmission is person to person or animal to person.  These mycoses affect normal hosts, like Malassezia does.

Most common offending organism is Trichophyton rubrum

Tinea capitis - trichophyton

Tinea corporis – microsporum canis

Tinea cruris - trichophyton

Tinea pedis – trichophyton


Intertriginous


Vesicular


Moccasin type

Tinea unguium - trichophyton

Diagnosis:

· Direct examination KOH+Gram’s:  septate, infrequently branching hyphae breaking into boxcar shaped spores.

· You can culture these organisms (3 to 14 days)

Opportunistic and Deep Mycoses (PATH)

Deep mycoses can be divided into two groups:  Pathogenic & Opportunistic.  This division reflects the host’s innate immune ability.

Opportunistic mycoses:  COMPROMISED HOSTS, divided into two groups

· Altered T cell function

· Mucocutaneous candidiasis

· Cryptococcus

· Pneumocystis

· Neutropenia & decreased phagocyte capability

· Invasive candidiasis

· Aspergillosis

· Zygomycosis

Pathogenic mycoses:  NORMAL HOSTS

· Histoplasmosis

· Blastomycosis

· Coccidioidomycosis

· Paracoccidioidomycosis

· Penicilliosis

Candidiasis
Wide range of infections

Candida albicans is the most virulent species

Candida spp. are common organisms of the skin, GI and UG tracts.

Candidiasis is a disease of compromised hosts.

Mucocutaneous (T CELL IMPAIRMENT)

· Systems affected:

· GI tract, skin, vagina

· Onychomycosis

· Keratitis

· Symptoms:  Odynophagia, stridor, etc.

· Diagnosis: white pseudomembranous plaques with hyphae, pseudohyphae, and budding yeast.

· Groups at risk

· HIV patients

· Diabetics

· Pregnancy

· Age

· Antibiotics

· Steroids

Chronic mucocutaneous candidiasis – autoimmune polyendocrinopathy candidosis ectodermal dystrophy

· Inherited disorder of CMI to candida along with polyendocrinopathies

· Intractable candida infection of the mucocutaneous areas

· Concurrent adrenal insufficiency and hypoparathyroidism

· Type I diabetes

· Hypothryroidism

· Hypogonadism

· Ectodermal dystrophy

Deeply invasive candidiasis (think CANCER)

· Systems affected/ symptoms and signs:

· Candidemia

· Endocarditis – organism is sticky

· Hepatosplenomegaly

· Acute, shocklike syndrome

· Renal dysfunction

· At risk groups:  

· Altered barriers

· Neutropenia

· Transplant

· Hemodialysis

· Pathogenesis

· Adherence and colonization

· Penetration through mucosal barriers and angioinvasions/access through catheters

· Hematogenous spread

· Replication yields necrosis +/- abscess with budding yeast and hyphae

· Look at the fundus!  Candida goes to the eyes!

Virulence factors of Candida

· Surface receptors

· Cell wall is an immune modulator

· Hydrolytic enzymes – e.g. acid protease, phospholipase

· Host mimicry – e.g. C3D receptor

· Dimorphism – makes it hardy!

· Germ tube + species.

Invasive Aspergillosis:  All infections are opportunistic (think CANCER patients)

· Neutrophil function deficits are prerequisite for infection

· A. fumigatus, A. flavus, A. terreus are common pathogenic species

· There are many types

· Toxins – aflatoxins

· Allergic syndromes

· Colonization/saprophytic – fungal ball in an old TB cavity; impacted paranasal sinus

· Infections

· Keratitis

· Invasive disease

· Pathogenesis:  Shaped by status of host defenses

· Inhale conidia, reach alveoli

· Normal host phagocytose and kill; BUT a compromised host cannot kill

· Germination(Hyphal invasion(Angioinvasion(Spread(Sequelae

· Neutropenia:  You see angioinvasion, infarction, dissemination, hemorrhage

· Immunosuppression:  You see inflammatory necrosis, local invasion

· Diagnosis

· On imaging:  “halo” – infarct; “crescent” – cavitation

· On biopsy:  angular, septate, dichotomously branching hyphae

· In the lab you see rapid growing filamentous fungus with extensive conidial production (powdery surface of colony)

· Conidiophore(Vesicles(Phialides(Multiple conidia

· Virulence factors

· Adherence receptors

· Hydrolytic enzymes:  collagenase, elastase, hemolysin

· Complement inhibitor

· Toxins

Zygomycosis (Think DIABETIC and CANCER)
· Very similar to aspergillus

· Hosts:  Broader, includes diabetics in addition to the neutropenics.

· In diabetics with ketoacidosis the disease goes to the ethmoid sinuses, where it can then drain to the brain causing blindness and strokes.

· In neutropenics it goes to the lung +/- dissemination

· Rhizopus is most common

· Pathophysiology of rhinocerebral zygomycosis

· Inhalation/contact with asexual spores from environment

· Infection begins in paranasal sinuses.

· Tissue invasion with frequent invasion of nerves and blood vessels (resistant nose bleeds!)

· See cranial nerve palsies, necrosis and thrombosis

· Invasion of orbit and eye

· Direct extension to the brain

· Diagnostic pathology:

· On biopsy:

· Ribbon hyphae, wide

· Non dichotomous branching; right angles

· Non septate

· Nerve invasion (more than aspergillus)

· In lab:  

· Sporangia (rare in body)

· Very quick growth

Cryptococcosis
· T Cell defects (THINK AIDS)

· AIDS

· Organ transplant recipients

· High dose steroids

· Has capsule; contributes to neurotropism.

· Pathogenesis:  You inhale the yeast(replicates in the lung(spreads hematogenously(goes past the blood brain barrier(causes meningoencephalitis

· Diseases:  pulmonary, brain, disseminated

· Pathology:

· Granulomatous responses

· Gelatinous lesions

· Note that it stains poorly with H&E, you often want to use India Ink or Alcian blue to get the capsule

· Mother and bud have very narrow pinched attachments

· Virulence factors:  

· Heteropolysaccharide capsule – poor antigen

· Phenyl oxidase – initial enzyme in the production of melanin//specific for C. neoformans among yeast species

· Melanin inhibits O2 dependent killing

· Can see with Fontana Masson Stain

Pneumocytosis – Pneumocystis carinii (jirovecii)
· T cell deficits

· Obligate parasite

· Features:  Alveolar/interstitial pneumonia; usually, there is no extrapulmonary disease

· Symptoms:  Fever, dyspnea, nonproductive cough

Pathogenic Deep Mycoses (PATH)

These fungi have the ability to cause infection in a normal host.  All are classical endemic dimorphic fungi.
General pathogenesis:
Inhalation of asexual spores from the environment.  The disease is asymptomatic or mild in most hosts (pneumonia like), but some can get a symptomatic disease (bad).  Disseminated, progressive infection occurs in .1% of infections.  Disseminated infections are more common in the T cell compromised.  Pathology is characteristically granulomatous.
Histoplasmosis (Ohio and Mississippi River valleys)
· People come in contact with the organism via soil and caves enriched with bird/bat poop.
· Portal of entry:  pulmonary
· It is a disease of the reticuloendothelial system:  spleen, liver, lymph, bone marrow.
· Dimorphic
· Filamentous in the lab at RT and in nature; produces infectious microconidia
· Yeast in vivo and in lab at 37 degrees in special media.
· Diagnosis:  DNA probes used for ID
· Virulence factors
· Evade killing by phagocytes
· Ability to replicate in the phagolysosome
· Ability to convert to yeast phase
Think HISTO:  histiocytes eat this bastard, but can’t kill it.  Systemic infections involve places where histiocytes frequent(lungs, liver, spleen lymph nodes, bone marrow.

Coccidioides immitis  (Southwest USA)
· Located in desert soil

· Characteristic structures

· In the environment:  Arthroconidia

· In the body:  Sphereules are pathognomonic

Blastomyces dermatitidis  (north central and southeast USA)
· Associated with water

Paracoccidioides brasiliensis (South America)
· Located in South America
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Disrupted CMI/T cell
           Neutropenia


Normal but ugly
Mucocutaneous candida

Candidemia


Histoplasmosis (spelunking)

Cryptococcus neoformans

Aspergillosis


Coccidioides- spherule

Pneumocystis carinii


Zygomycosis (diabetes)
Blastomyces- 6B’s

Paracoccidiodes

Hyphae in tissue

Yeast also







No Yeast, only hyphae

Candida

Malassezia (spagetti and meatballs)







Deep


Superficial






Aspergillus

Dermatophytes







Zygomyces

(T. rubrum most common)

Yeast in tissue
Hyphae also






No hyphae, only yeast

Candida







Cryptococcus

Malasezzia







Histoplasma









Blastomyces









Coccidioides









Paracoccidioides









Penicilliosis









Sporotrichosis – sporothrix (gardners)






Yeast

In blood






In tissue

Candida albicans





Never a contaminant 





Germ tube







Negative


  Positive







Candida spp.


Candida albicans







Cryptococcus

Outside:  Fibrillar layer (amorphous)


Mannoprotein


Beta glucans


Beta glucan-chitin


Mannoprotein


Inside:  Plasma membrane








