Mycology II: Characteristics of Fungal Diseases:

A. Learn examples of fungi that act as pathogens to survive in nature; of contagious mycoses; and of innocuous soil fungi that cause serious infections only in immunocompromised hosts.

1. Only the dermatophytes need to act as pathogens to survive in nature. As the name implies, the dermatophytes primarily cause infections of the skin and/or nail-beds. Tinea diseases (capitis, pedis, barbae, etc. – these are found on page 587 of the text) are the primary culprit here.  The initial infection occurs through a minor skin break; the balance between fungal growth and skin desquamation determine the spread.  Delayed type hypersensitivities can occur, and systemic infections are correlated with T-lymphocyte defects.  Most infections resolve spontaneously.  Topical antifungals can be used for persistent skin infections.  Extensive or systemic infections require ketoconazole or griseofulvin in addition to topical antifungals.  

2. Many fungi are able to act as opportunistic pathogens.  In a vast majority of cases, the host must be severely immunocompromised (AIDS, corticosteroids, etc.).  We spent some time going over Histoplasmosis, Sporothricosis, and Blastomycosis.

a. Histoplasmosis is a common infection in AIDS patients in the Midwest.  Remember that it is endemic over the Missouri, Mississippi and Ohio River valleys. 

b. Sporothticosis: Several cases of disseminated Sporothricosis have been documented in immunocompromised patients at KUMC recently.

c. Blastomycosis:  This is not a big problem in AIDS patients, so the host immunity must not be mediated by CD4+ T-cells.  

d. Coccidiomycosis is so far limited to the Southwest, but you should be aware that it could present in your patients.

e. Candida, Aspergillus, and Zygomycetes (mucor) or other opportunistic fungi that can cause systemic disease.

B. Know when a defined infection was first reproduced by inoculating a fungus isolated from diseased scalp, satisfying Koch’s postulates

1. It was known that fungi could cause bacterial disease before Koch and Pasteur described the nature of bacterial infection.

2. In 1839, Cruby induced the scalp infection, Favus, by injecting a fungal isolate into a (previously) healthy host.  This satisfied Koch’s postulates before they were even published.

3. In the 1930’s, it was first demonstrated that endemic histoplasmoses and coccidiomycoses were caused by fungi, not protists.  This spurred the development of clinical mycology (a dark day in the history for medical students).  

C. Learn the kinds of allergic reactions to inhaled fungal conidia and what determines reaction severity; know organ targets for specific mycotoxins.

1. For those people who are allergic to mold, capsular polysaccharides can be very strong antigens.  They can induce the whole range of antigenic effects.  For example, a large source of Aspergillus fumigatas can lead to antigenic fungenia (infection of bronchiolar cavities).

2. Airborne fungal spores and conidia can be allergens and cause hypersensitivites.  Antigenicity depends on spore size, inoculum size, and antigenic strength of the spore.  

a. depending on the site of the allergen deposition, you can get rhinitis, bronchial asthma, alveolitis, generalized pneumonitis.

b. Aspergillus contains a large amount of galactomannans which serve as effective antigens.  

3. I looked by could not find where he might have talked about mycotoxins.  It is only briefly mentioned in the book, and he did not cover them when he went over this objective in class.  Here is what was on the last sheet:

a. Mycotoxins are externally secreted, secondary metabolic products of fungi which causes distress for the animals that eat them.

b. Alpha-amantin binds to a subunit of RNA Polymerase II, interfering with protein synthesis in the liver.

c. Phalloidin binds to F-actin in cell membranes causing vacuolization, membrane leakage, and disruption of ER.

d. Turkey-X (aflatoxin B1) converts host liver microsomal enzymes into active, unstable compounds when bind to DNA, prevent base pairing, and induce frameshift mutations.  It is a potent liver carcinogen.  

D. Learn how the incidence of fungal infections varies with area and why there were increases in fungal infection incidence prior to 1983.

Disease
Agent
Location

Coccidiomycosis
Coccidioides imitis
SW US (AZ, CA, NM) + Latin America

Histoplasmosis
Histoplama capsulatum
MS and OH river valleys (midwest USA)

Blastomycosis
Blastomyces dermatitidis
NE US + great lakes region especially MN

Paracoccidiomycosis
Paracoccidioides brasiliensis
Latin America (tropical and subtropical Central and South America)

Cryptococcus
Cryptococcus neoformans
World wide dissemination – wherever birds, especially pigeons poop

Fungal infection incidence increased prior to 1983 due to the use of immunosuppressive therapies such as:  corticosteroid use, chemotherapy for cancer, and transplantation.  After discovery of HIV in 1983, increased incidence was also linked to HIV/AIDS.

E. Learn three ways fungal infections can enter through the skin barrier, and three parts of the body populated with commensal, potentially infective fungi.

The skin barrier can be penetrated due to disruption by abrasions, burns, or skin lesions caused by other infections

The three parts of the human body where fungi can normally be found are the oral cavity/upper respiratory tract, lower GI tract, and the female genital tract.  The only normal flora fungi/yeast I could find in Sherris, or Fiskins lectures was C. albicans, there might be others but I couldn’t find it anywhere.

F. Learn why only dry yeast cells and microconidia colonize deep human alveoli.  Recognize barriers to colony growth in the lungs.

The entrances to alveoli are 7(, therefore anything that wishes to enter this space must be smaller than that opening.  Histoplasma (2-4(m) can enter deep alveoli.  Cryptococcus can also enter (5() after its capsule (20(m) dessicates.  Other barriers besides the size of the entrance include:  mucociliary action of respiratory epithelium, host inflammatory response, and alveolar macrophage activity/activation 

G. Learn the importance of phagocytois, humoral or cellular immunity in fighting fungal infection, and if protection is conferred by specific antibody.  

Most Resistance to fungal organisms is mediated by cellular immunity.  Humoral response occurs but specific antibodies usually don’t offer direct protection but are useful in diagnosis

Humoral Immunity:

· Ab is usually not important in controlling infection

· Ab is probably important with C. neoformans (probably because of capsule that is similar to strep pneumo)

· Ab may be important with C. albicans

· Elevated Ab titers in Coccicioidomycosis = disseminated disease


Phagocytosis:

· PMN kill hyphae of most fungi

· C. albicans bind complement components = interfers with phagocytosis

· Histoplasmosis multiply within macrophages


Cellular Immunity:

· Hyphae in deep tissues: are either killed by PMN or have mechanisms
that make the resistant (see figure IIH for resistant mechanisms)

· Yeast or spherule in deep tissue:  initially slowed by macrophages, not killed until cytokines from T cells activate macrophages

H. Learn virulence factors elaborated by fungi, and their targets; and why target tissues differ for mould and yeast. 

Yeast virulence factors are designed to help them stay alive, like a specific set of enzymes, or inhibition of the formation of the phagolysosome.  Mold virulence factors on the other have are needed to help establish infection.  In other words, yeast factors are important in avoiding the intracellular killing responses whereas mold factors are important in inhibitting the cellular phagocytic response.  Specific factors are also found on sigure IIH.

I. Know the cytoplasmic membrane targets of antifungal chemotherapies.

There is a good chart is the syllabus (Table 81-8) and table 45-1 in Sherris that helps answer this objective.

Drug
Target

Amp B
binds ergosterol in cell membrane

Azoles
binds fungal cytochrome p450

Grisefulvin
interferes with fungal cell division

Flucytosine
antimetabolite analog of cytosine
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