MYCOLOGY I: THE NATURE OF FUNGI

Objective A: Describe how multicellular molds live in “hoses”:

· Hyphae of molds are cylindrical tubes due to cellular growth with thick, parallel cell walls that are multinucleate and terminate in active apical tips.

· Hyphae width and branching characteristics differ among species and are used for identification (i.e. Ascomycetes ~ 10 mm, Zygomycetes ~ 20 mm, basidiomycetes are in between these two).

· Hyphae extend and intertwine to form mycelia (mat):

1) Vegitative mycelia act as a root to penetrate surfaces

2) Aerial mycelia bears reproductive structures (spores)

· Germinating hyphae are susceptible to environmental conditions. (Also sensitive to antimicrobials, according to lecture notes)

Describe the role of apical tip structures: 

· Responsible for hyphal growth via extention in length of hyphae.

· Secrete digestive enzymes into environment from densely packed membrane encoded vesicles.

· Enables movement of mold due to laying down of new apical tips, allowing it to digest its way to new places.

Describe the types of septal structures:

· Most fungi form hyphal septa = cross-walls that divide the hyphae into subunits.

· These are typically found at regular intervals during filamentous growth.

· In non-septate species, hyphae and mycelia form a single, continuous cell.

· Pores in the septa allow cytoplasm to flow freely through the hyphae (cytoplasmic continuity)

1) Zygomycetes have simpler septal pore assemblies that occur less regularly and don’t make the same meiotic, asexual reproducing structures the others make.

2) Ascomycetes make very simple pores, big enough for mitochondria and nuclei to pass through. This allows them to survive by withdrawing cytoplasmic contents from extended hyphae if environment becomes arid.

3) Basidiomycetes contain complex protein aggregate structure that limits movement between septal units (dolipore). Refere to figure 6.3 in handout. This will cause death if exposed to arid environment.

Objective B:  Describe how unicellular yeasts live in “pop-beads””

· This is the idea that, when blastoconidia do not “blast off” from the yeast cell, they remain attached in chains called “pop bead” otherwise known as pseudohyphae.

Describe how cell and cell wall dimensions of molds compare to yeasts:

· Mold structures tend to have a thinner cell wall (~ 200 mm), grow with hyphae, and form a mycelium.

· Yeasts grow as single cells, have a thicker membrance (~ 200 mm), reproduce via asexual budding, have no motile apparatus.

Describe how yeasts grow asexually:

· Yeasts are able to undergo rapid proliferation and can also rapidly disseminate thru the flow of fluids and other cells present in fluids. 

· Most yeast cells divide by budding. Budding occurs with localized lysis of the inner layers of the cell walls, allowing the cell wall to balloon outward due to internal pressure. The swollen portion enlarges, the nucleus divides by mitosis, and progeny nucleus migrates into the newly formed bud. The cell wall grows together at the constricted point of attachment. The bud then breaks off and the cycle is complete. Yeasts can maintain a bud scar, which is the thickening created at the area of lysis by the addition of new layers. This cycle is repeated but a new bud cannot be formed where a bud scar exists.

· Some species produce multiple buds before they detach, forming chains of spherical yeast cells that resemble hyphae, called pseudohyphae. 
· Pseudohyphae differ from true hyphae by having recurring budlike constrictions and less rigid cell walls.

Describe how fungi exhibit thermal dimorphism:

· These species can grow in either a yeast or a mold phase depending on environmental conditions (e.g. temperature.

· Yeast growth requires 35 - 37 degrees Celsius and typically occurs inside a host (e.g. human) but can occur with incubation on an enriched medium. 

· Mold growth requires minimal nutrients and ambient temperatures (25 - 30 degrees Celsius).

· Many pathogenic fungi grow as yeast in the infected host but as mold in the environment.

· Morphogenisis can be regulated by nutrients, CO2, cell density, age of culture, etc.

Objective C:  Compare properties of fungi determined by cell wall vs. cell membrane:

· Cell wall determines the shape of the fungus & its ability to survive a harsh environment. Cell walls are composed primarily of carbohydrates.

· Cytoplasmic membranes contain sterols, principally ergosterol and zygosterol.

From Table 80.2: Distribution of Major Cell Wall Polysaccharides
Fungus Group
Predominant Cell Wall Polysaccharide

Lower aquatic fungi
Cellulose

Zygomycetes
Chitin, Chitosan

Ascomycetes
b-glucans, mannans

Basidiomycetes
Chitin, mannans

Fungi with Septate Hyphae
Chitin, b-glucans

Compare the constituents of cell walls of yeasts vs. molds:

· Disulfide bonds are more prevalent in mold hyphal walls than in yeast walls. In some species, the reduction of these disulfide bonds is associated with transformation from the mycelial to the yeast form of growth.

· Yeasts typically have increased wall thickness, a lot of lipid bodies, multi-lobed nucleii, and many mitochondria, microbodis, and microsomes.

According to text in figure IB in syllabus, page 4: 

1) At 37 C (YEAST), the outer layers are primarily a-glucan with “islets” of b-glucan and an inner layer high in chitin. 

2) At 23 C (MOLD), the content of the b-glucan increases and the amount of chitin decreases in the inner cell wall.

3) In transforming to yeast, hyphae form chlamydoconidia-like cells and the remaining mycelium dies.

Compare the biochemical components of fungal vs. mammalian cytoplasmic membranes:

· Fungal cytoplasmic membranes contain ergosterol and zygosterol. Mammalian membranes contain cholesterol.
· This difference is exploited in the use of polyenes and azoles.
Objective D:  Know the roles of the protein and polypeptide components in the structure and function of the cell wall.

· The proteins in the call wall are part of the immense battery of enzymes used by fungi to survive in the environment.  However, they are not very antigenically or structurally important.
· Proteins make up only about 10% of the cell wall of fungi.  These include enzymes for cell wall growth, extracellular enzymes and structural polypeptides that cross-link cell wall proteins.  Cross-linking polysaccharides is a major function of cell wall proteins.
example: manno-proteins: mannan (a polysaccharide) on the surface of the cell wall that is linked to a protein

· Hyphal wall proteins are richer in disulfide bonds so dimorphic conversion from mould to yeast results in cell wall proteins with decreased disulfide bonds.

Objective E:  Know the roles of mannan and lectin-like fungal antigens in interactions with mammals.

· It is the polysaccharides of the cell wall that not only determine the permeation properties of the wall but also recognition by other life forms.

· These polysaccharide antigens are important in the fungal adherence and invasion of host tissues.

mannan – may mediate adherence to ligands such as fibrinogen, fibronectin and laminin.

lectin-like proteins – recognize fucose and glycosamine residues on epithelial cell membranes

· Most adults have acquired immunity to glucan and mannan cell wall antigens.  This may enhance fungus-phagocyte interactions as is the case with C. albicans.  However, this is not the most important immunological contribution since immunity to fungal pathogens is cell mediated.

Objective F:  Learn how fungal etiology is established for human infections.

· Direct Microscopic Examination
1) KOH prep – digests tissues (epi cells, leukocytes, debris), but not the fungal wall.

2) Gram stain – some yeasts stain positive.

3) Calciflor white – stain binds to cellulose and chitin and fluoresces under UV light.

· Histopathologic – examination of tissue biopsy specimens

1) Most fungi seen with simple H&E.

2) PAS and methenamine silver can be used to enhance detection.

· Culture – may require days to weeks

1) Can be grown on blood or chocolate agar with chloramphenicol and gentamycin added to inhibit bacterial growth.

2) Sabouraud’s Agar – most commonly used.  Has only glucose and peptones for nutrients, a pH of 5.6 (optimal growth of dermatophytes and satisfactory growth of other fungi), and sometimes contains cyclohexamide (an antimicrobic agents that inhibits growth of some saprophytic fungi so there is no environmental contamination.)

3) Incubate at 25-30 degrees for primary isolation.

· Upon fungal isolation, identification depends on whether it is a yeast or a mold.

Yeast – identified by biochemical tests analogous to bacterial identification tests

example: Urease production (ability to form pseudohyphae also taxonomically useful)

Molds – identified by morphology of their asexual conidia and conidiopohores.  Size, texture and color of mold colonies may be useful, but conidiation is necessary for identification.

· Morphology can be more closely examined with lactophenol cotton blue which stains mycelia and spores.

· It is desirable but not necessary to demonstrate yeast and mold phases of dimorphic fungi.

· Exoantigen test – soluble antigens prepared from mycelial growth react with specific antibodies in an immunodiffusion procedure.

· Detection of serum antibodies against fungal antigens can be used with systemic fungal infections.

Objective G,H,I:  Learn any differences of potential chemotherapeutic importance between fungal and mammalian  cell-proliferation of nuclei(obj G) mitochondria(Obj H) and ER(Obj I).

G) Cell Proliferation of nuclei

· The nuclei of fungi resemble those of Euglenoids and higher eukaryotes.

· Differences include:

Outer nuclear membrane – appears continuous with smooth ER like components from which vesicles extrude and pore structures occur at junctions between inner and outer nuclear membranes

Mechanisms for anchoring spindle fibers – microtubule structure of the dividing mitotic appartatus has components that are unique to fungi (this was specifically mentioned in class)

Nuclear division – frequently occurs without dissolution of double membrane.

H) Mitochondria

· Mitochondria multiply by fission that is perhaps coordinated to nuclear division.
· Fungal mitochondria are polymorphic, plastic, and their intracristal lumen morphology varies greatly with nutritional status, as in higher eukaryotes.
· Mitochondria are involved in cross-talk with each other.
I) Endoplasmic reticulum (ER)

· Many fungal species are characterized by a “spongiform smooth-ER” and no extended RER.
· The property that helps fungus to grow under various nutritional constrains is its ability to rapidly construct special organelles with enzymatic abilities to adjust to the environment.  These are aided by RER-like vesicles formed form the spongiform-ER which are targeted to the new organelles.
· The vacuoles of many fungi are actually complex organelles, with enzymatic and storage properties.
Objective J:  Know the differences among fungal propagules used for identification. 

· Fungi reproduce in two ways: sexually, using spores or asexually using conidia as propagules.

Conidiogenous mother cell: Specialized cells that produce conidia.

Conidia: Asexual propagule. These are specialized for airborne dissemination. They are two types: blastic and homothallic.

· Blastic conidia: Conidia formation is initiated before septum delimits conidia. There are two types: holoblastic (blastoconidia) and enteroblastic.

1.Blastoconidia is how yeast reproduce. A bud forms and extends from parent cell wall, constricts and forms free conidia. All parent cell wall layers contribute to the conidia. Includes pseudohyphae (buds that do not detach).

2.Enteroblastic Conidia: Conidia in which the conidiogenous mother cell does NOT contribute any cell wall. Cytoplasm is extruded through a pore in the cell wall forming the conidia. 

· Homothallic Conidia: Hyphal cell is delineated by a septum and the walled-off portion is transformed directly into a conidium. There are two types: chlamydoconidia and arthroconidia. 
1.Chlamydoconidia- Thick walled conidia that become larger than the hyphae itself. 

2. Arthroconidia- Conidia that conform to hyphal size and shape and then break off when disturbed for dissemination. 

· Microconidia: Small, unicellular conidia.

· Macroconidia: Large, multicellular conidia

Objective K:  Know the difference between zygomycetes, ascomycetes, and basidiomycetes, and the evidence relating fungi and Euglena.

· Zygomycetes: Two compatible haplohyphae meet, fuse, and form an immature zygospore, which may contain haploid nuclei from both parent cells. Many of these haploid nuclei fuse (diploid nuclei) and undergo meiosis. For some unknown reason only one diploid nuclei will survive. Mitotic division yields a zygospore, which contains many recombinant haploid nuclei. Zygospores are single large spores with thick walls.

· Ascomycetes: Complex organisms develop a special ascogenous hyphae, and consequently pairs of haploid nuclei migrate into it. The cells forms a crozier, and simultaneously the nuclei divide so that there are two nuclei per cell. Then the cell walls rearrange and the two unacquainted nuclei meet and fuse on the first date, becoming diploid. This is now called an ascus mother cell.  Therein the diploid zygote nucleus undergoes meiosis, resulting in 4 haploid nuclei, which then undergo mitosis producing 8 haploid nuclei. The cell with 8 haploid nuclei is called an ascus. The nuclei are individually packaged forming ascospores. 


Ascospores are formed in a sac called an ascus.

· Basidiomycetes: Two monokaryotic mycelia of different mating types meet and fuse to form a dikaryotic secondary mycelium. Clamp formation occurs and simultaneously the nuclei divide. 2 of the 4 nuclei remain in the apex of the cell and become walled off from the remaining two nuclei. The two apical nuclei fuse, become diploid, undergo meiosis, and form four haploid nuclei. These four nuclei push through the end of the apical cell and form basidiospores. Basidiospores are formed externally on the tip of a pedestal called a basidium. 

· Fungi can be differentiated from the prokaryotes by the fact that fungal cells are much larger, and contain a nucleus, vacuoles, and mitochondria typical of eukaryotic cells.
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

MYCOLOGY III:  SUBCUTANEOUS MYCOSES

A. Know which form of the Sporothix schenkii is innoculated, which form spreads via lymph vessels, some physico-chemical factors that affect interconversion and some biochemical changes that accompany interconversion  

Sporothrix schenckii is a dimorphic fungus that grows as a cigar-shaped, 3- to 5-μm yeast in tissues and in culture at 35 C.  The mold, which grows in culture at 25 C is the infectious form in nature. The saprophytes which grown optimally at 25 C are inoculated epidermally (ulcerating) or subcutaneously (nodulation) by traumatic disruption of the skin (e.g. a thorn.

Once in the skin, it converts into yeasts that grow optimally at 35-37 C and at elevated CO2 levels and it spreads through the subcutaneous tissues

This conversion is called thermal dimorphism

Conversion to yeast form requires environments enriched with cystine and cystein. 

B. Compare the manifestations of the mycosis Sporotrichosis when a rose-thorn innoculates the fungus epidermally vs. Subcutaneously.

Subcutaneous manifestation of Sporotrichosis is as nodules along the draining lymphatics.  The infection spreads along lymphatic drainage routes and reproduces the original inflammatory lesions at intervals. The organisms are scanty in human lesions. If injected deeply, nodules can form that may resolve, only have nodules appear and ulcerate. Epidermal manifestation as a local pustule or ulcer.  Epidermal pustules or ulcers can lead to nodules. Ulcerating lesions can spread to major nodes but the infection rarely disseminates. 

C. Know target organs for dissemination of Sporotrichosis, if it is not treated successfully. 

Dissemination  occurs through lymphatics and can occur into mucocutaneous areas and into joints where it can manifest as chronic arthritis. 

Occasionally, spread occurs by other routes.  The bone, eyes, lungs and CNS are susceptible to progressive infection if the organisms reach these organs.; such spread occurs in less than 1% of all cases.  Primary pulmonary sporotrichosis occurs but is also rare. 

D. Know the criteria for definitive diagnosis of Sporotrichosis, and the preferred therapies.

Definitive diagnosis requires culturing to mold at room temp and back to yeast again at 35 C as no other fungus thermoconverts at that temperature (Syllabus 11). A biopsy will reveal typical granulomatous bodies with WBCs laden with organisms. In vivo, the infection will present as a plaque limited to the site of inoculation, cutaneous lesions extending proximally along the lymphatics (Harrison’s), or as a cause of meningitis in immunocompromised persons (Penn 1992).

Untreated sporotrichosis shows little evidence of self-healing and is capable of chronicity. Cutaneous sporotrichosis can be cured with a saturated solution of potassium iodide of increased doses titrated to patient tolerance (Harrison’s). KI probably works to disrupt the granulomas which protect the yeast from the immune response (Syllabus).

Alternatively, itraconazole is an effective and better tolerated drug. Other cases have been cured by administration of IV amphotericin B (Harrison’s).

E. Know two subcutaneous mycoses caused by zygomycetes whose life cycle involves parasitism of insects, passage through amphibians and colonization of plants; an the preferred treatment for each.

[All citations from syllabus]

Two chronic debilitating subcutaneous mycoses are caused by zygomycetes that grow slowly in human tissue and are discussed below. They are known as entamopthyromycoses because the life cycles have been determined to involve parasitism of flying insects. The moulds colonize and are passed in amphibian wastes, which then colonize plant surfaces, which are then traumatically inoculated into human hosts.

Conidiobolus coronatus causes edematous infections of facial and nasal mucosa resulting in rhinoentomophtoromycoses. The infection does not grow in vessels, but instead penetrates and grows in tissue to cause grotesque swelling. Basidiobolus haptosporus, on the other hand, does infect blood vessels. It is inoculated into limbs, typically of young males hunting in tropical marshes, and grows and fragments into both lymph and blood vessels—which causes massive swelling. Treatment of both is with potassium iodide and itraconazole.

F. Learn the efficacy and side-effects of the chemotherapies amphotericin B, itraconazole, and KI as they relate to treating subcutaneous mycoses.

[Unless noted, citations are from sections of the Integrated Medical Curriculum located at http://www.imc.gsm.com ]

KI (potassium iodide), mainly used as an oral antithyroid agent, is used in sporotrichosis to enhance the tissue response to infection. Specifically, it may disrupt the granulomas which protect the intracellular yeasts from the immune system (syllabus). One major side effect of KI, through its anti-thyroid actions, is the inhibition of thyroid hormone synthesis and release. Also, it crosses the placenta in amounts enough to cause fetal hypothyroidism (Pregnancy class D). The same properties that make it a treatment for sporotrichosis (granuloma disruption) cause its use to be extremely cautioned in tuberculosis patients. Finally, it can cause an acneiform rash or iodine toxicity.

Amphotericin B binds to sterols in the cell membranes of both fungal and human cells. Its higher affinity for ergosterol over cholesterol allows amphotericin B to be used systemically. As a result of this binding, membrane integrity is impaired, causing the loss of intracellular potassium and other cellular contents. Some adverse reactions to amphotericin B, such as electrolyte loss and nephrotoxicity, are an extension of its pharmacologic action, while anaphylactoid infusion-related reactions may be related to stimulation and release of prostaglandin synthesis. Anemia may be secondary to an inhibition of erythropoietin production.

Oral amphotericin B should not be used in treatment of systemic fungal infections. It is classified as pregnancy category C (causing an increased risk of death in the fetus). Amphotericin B is known to cause anemia, hypokalemia, and hypomagnesemia. Nephrotoxicity occurs in more than 80% of cases. Anaphylaxis, GI disturbances, and headaches are also known to be side effects of AMB therapy.

Of note, there are available lipid formulations of AMB designed to decrease the toxic effects of standard AMB therapy. Several different kinds of lipid conjugations are available.

Itraconazole is a synthetic triazole which resembles ketoconazole but has fewer side effects. It works by inhibiting ergosterol synthesis by binding to 14-alpha demethylase—a cytochrome P450 enzyme necessary for conversion of lanosterol to ergosterol. It is indicated for the treatment of Aspergillus, Blastomyces, Histoplasma, and onychomycosis and aspergillosis unresponsive to AMB.

Side effects of itraconazole include nausea, vomiting, abdominal pain, rashes, and hypokalemia. It is defined as pregnancy category C (teratogenic effects on animal fetuses) and does pass into breast milk. It should not be used on patients with liver disease or azole hypersensitivity.

G. Know some causative fungi of Chromomycosis and Mycetoma, and acute and chronic manifestations of these mycoses.

Chromomycosis is broadly caused by Fungi imperfecti, including some saprophytic yeasts.  More specifically, it is caused by Fonsecaea pedrosoi, Phialophora verrucosa, Cladosporium carrionii, Fonsecaea compacta, and Rhinocladiella aquaspersa.  Acutely, it manifests as scaly, wart-like papules on the feet.  Chronically, it appears as darkly colored, infectious swellings of the cutaneous surface of the foot, then forming leathery, multicolored, crusty, relatively painless growths that can cover the entire lower extremity.  It’s treated with Itraconazole.

Myctoma is also caused by Fungi imperfecti, in particular: Exophiala jeanselmei, Madurella mycetomotis, Madurella grisea, Curvulata lunata, and nondematiaceous fungi.  It causes massive induration with draining sinuses.  These usually occur on the foot. 

Mycology IV: Systemic Mycoses

A. Compare the physical character of the conidia and the infectious yeasts of the anamorphs Histoplasma capsulatum and Blastomyces dermatiditis. Reconcile differences between the mycoses given the near identity of the teleomorphs of the same Genus, Ajellomyces. (S604)  

Histoplasma capsulatum:

The Histoplasma capsulatum yeast are small (2-4 um) and reproduce by budding (blastoconidia). The mycelia (mass of fungal hyphae) are septate and produce micro- and macroconidia. The diagnostic structure is called the tuberculate macroconidium because it has a thick wall and radial, finger-like projections (Sherris, Fig 48-2B, p. 604). The grooving mycologists discovered a sexual stage of Histoplasma capsulatum and it’s called Ajellomyces capsulatum. The name capsulatum is a misnomer because no capsules are formed. The unstained areas seen around the yeasts in tissue sections are artifacts, not capsules.

Blastomyces dermatiditis:

This is also a dimorphic fungus with some characteristics similar to H. capsulatum. The yeasts are typically larger (8-15um) and have broad-based buds and a thick wall (Sherris, Fig 48-3, p.606). Hyphae are septate and produce round to oval conidia that look enough like those made by H. capsulatum to produce confusion between the two in young cultures. But you can tell the difference in older cultures because B. dermatiditis doesn’t make anything like the tuberculate macroconidium of H. capsulatum.

BOTH:

The ascomycetous sexually reproducing teleomorphs are hard to differentiate and are assigned to the same genus, Ajellomyces.

Helpful definitions (from Stedman’s Medical Dictionary, 26th Edition):

conidium (plurarl conidia) – an asexual spore of fungi borne externally in various ways.

anamorph – a somatic or reproductive structure that originates without nuclear recombination (asexual reproduction); the imperfect part of the life cycle of fungi.

teleomorph – A reproductive structure of a fungus that is a result of the union of two or more cells and nuclear recombination; sexual state (sexual reproduction). SYN perfect stage.

Ajellomyces capsulatum – The ascomycetous (perfect, sexual, teleomorph) state of Histoplasma capsulatum.
Ajellomyces dermatiditis – The perfect (teleomorph) state of the fungus Blastomyces dermatiditis; the (+) and (-) mating types cause disease with equal frequency. This sexual state is placed in the family Gymnoascaceae.

(Pictures can also be viewed at: http://fungus.utmb.edu/mycology/histoplamosis.html, see also figures 48-2 and 48-3 in the Sherris beginning on p.604, or feel free to draw your own!!)
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Above: Histoplasma capsulatum yeast phase from a wright stained sample of peripheral blood 
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Above: Histoplasma capsulatum tuberculated macroconidia,grown at 25 C 
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Above: KOH of Blastomyces dermatitidis, sputum, yeast phase
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Above: Blastomyces dermatitidis hyphae and conidia, lactophenol mount , phase contrast microscopy. 

B. Know where H. capsulatum grows and the geographical areas where histoplasmosis is endemic; whether macro- or microconidia survives well outdoors; why only microconidia colonize the lung; and how infection spreads to other organs.

This monkey has worldwide distribution but particularly in certain temperate, subtropical, and tropical zones. In the U.S. the greatest concentration by far is Ohio and Mississippi rivers valleys. It grows best in soil under humid conditions, particularly soil with bird or bat droppings. No person to person transmission.

Only macroconidia survive dessication or elevation of temp > 40 C.

Only microconidia reach and colonize alveoli. They do this by converting to small (3-5 um) yeasts that are engulfed by alveolar macrophages where they live and multiply in the cytoplasm.

The hallmark of histoplasmosis is infection of the reticuloendothelial system (RES) with intracellular growth in phagocytic macrophages. The initial pulmonary infection spreads via the lymphatics to the RES (liver, spleen, lymph nodes, bone marrow) within macrophages. The pulmonary infection can result in a TB-like lung lesion. 

  -  Amir Nasir

C. Compare to Histoplasma capsulatum: the morphology of the conidia and infective yeast of Blastomyces dermatididis;  the importance of cell-mediated immunity in limiting Blastomycosis; and the nature of the pulmonary lesions with B. dermatididis.

Disease and etiologic agent
Saprophytic phase (25 ˚C) or conidial form
Parasitic phase (37 ˚C) or infective yeast 
Role of Cell-mediated immunity
Pulmonary lesions

Blastomycosis

  Blastomyces dermatitidis
Septate mycelium; (micro)condia are pyriform, globose, or double
Big, broad based budding yeast . 8-20m , difficult to phagocytize
Unknown: Cell type other than CD4+ T cells are involved since AIDS patients do not show significant infections
Tuberculoid granuloma and mixed pyogenic reaction; calcification rare; yeasts occur singly and intracellularly in giant cells

Histoplasmosis

  Histoplasma capsulatum
Septate mycelium, microconidia (24 hour survival in environment) or     tuberculate macroconidia ( bigger and more environmentally resistant than microconidia)
Small, single budded yeast, 1 to 5 m with variations
Important: CD4+ T Cells are required in mounting an immune defense, since macrophages cannot kill the H. capsulatum.  Thymus-dependent
Intracellular yeasts in histiocytes; tuberculoid granuloma; Langhans’ giant cells; caseation necrosis.  Histology is the most similar to TB of all fungus diseases; calcification common

D. Compare the four systemic mycoses in terms of manifestations of chronic pulmonary disease and the organ targets for each of the disseminated diseases.   This corresponds to table IV.C.1 of page 17 of the syllabus.   

2ndary disease
Histoplasmosis 
Coccidioidomycosis 
Paracoccidioidomycosis
Blastomycosis

Chronic 

   Pulmonary
Commonly presents as “coin” lesion; histoplasma;”bubble,”  “popcorn,” or “shotgun” calcifications
Commonly presents as “coin” lesions; coccidioidoma and “bubble” calcifications
50% of cases present as single solid expanding mass
50% of cases present as a single solid expanding mass

Chronic

   Disseminated

   Infection
Uncommon; involves reticuloendothelial system, liver, spleen, adrenals, marrow, intestine; mucocutaneous, osseus, and rarely meningeal
Common; cutaneous, osseous, meningeal; later subcutaneous, mucocutaneous, and generalized
50% of cases present as mucocutaneous disease; rare or later subcutaneous, adrenal, “acneform,” lymph nodes, osseous, and generalized
50% of cases present as cutaneous disease; ossesous, genitourinary, adrenal also common; later subcutaneous, meningeal, and generalized

  - Teng Chang

E. Know which laboratory procedures are definitive for identifying isolates of H. capsulatum: 

· Bottom-line: slow-growing mold that converts at 37C to make small budding yeasts

· culture: sporulating mold that develops slowly (3-4w at 25C) and exhibits macroconidia, converts to small budding yeast at 37C

· biopsy/tissue sections: bone marrow often positive 

· serology: CF tests become positive in 2-5w, ID tests detects two antigens – Abs to antigen H signifies active histoplasmosis while antibodies to antigen M can arise from past skin testing or other exposure, RIA or EIA for yeast cells of H. capsulatum

B. dermatididis:

· Bottom-line: mold that makes conidia and converts at 37C and detection of antigen-A

· culture: mold (grows in 2w at 30C) with white or brownish colonies producing hyaline, branching septate hyphae and spherical, ovoid, or piriform conidia, converts to a large, thick walled, multinucleated, singly budding yeast at 37C, confirmed by the extraction/detection of B dermatididis specific antigen-A or DNA probe

· serology: EIA to antigen-A most reliable, or ID with a culture filtrate of yeast cells, CF test is possible but not very specific or sensitive, it also cross reacts

C. immitis: 

· Bottom-line: arthroconidia of the mold and detection of coccidiodin or antibodies

· culture: inhibitory mold agar with the formation of arthroconidia, confirmed by detection of C. immitis specific antigen, animal inoculation, or use of a DNA probe

· biopsy/tissue sections: presence of  spherules 

· serology: detection of IgM antibodies to coccidiodin or detection of IgG antibodies using CF or ID (in contrast to the resolution of a primary episode, in disseminated coccidiomycosis, the titers will continue to rise), detection of antibodies not completely reliable because only 50% of patients with coccidiodal meningitis will have elevated serum antibodies, ID is more specific than CF 

· skin test: negative in anergic patients with disseminated disease, positive (>5mm) at 24-48h

P. brasiliensis: 

· Bottom-line: culture and serology with significant antibody titers

· culture: mold grows very slowly and converts at 36C to large, multiply budding yeast cells; 

· serology: most useful for diagnosis, can measure antibodies to paracoccidiodin via CF or ID

F. Know how CF (complement fixation) tests and ID (immunodiffusion) tests using Histoplasmin can be used to follow the progress of Histoplasmosis dissemination or the effectiveness of ongoing antifungal chemotherapy. Are there like tests for the other three?

CF tests for antibodies to histoplasmin or the yeast cells become positive 2-5 weeks after infection. The titers rise during the progression of the disease and then drop off as it resolves or becomes inactive (CF to histoplasmin positive in >84% of cases and CF to yeast cells is positive in >94% of cases). In the ID tests, the detection of antibodies to the H-antigen indicates active histoplasmosis, whereas the detection of antibodies to M-antigen may indicate repeated skin testing or prior exposure (>85% cases are positive). As the titer of antibodies to H-antigen drops, so is the activity of the disease dropping.

C. immitis has a C-antigen that can be used for ID and is fairly specific

B. dermatiditis has an antigen that can be used for CF, but it is very cross reactive, and less than 50% of the cases will be detected as positive. The same antigen can be used in ID, but <80% of the cases will be positive. ELISA for the A-antigen (high specificity test) can be used. The course of disease can be followed by following the titer of antibodies to A-antigen. However, < 90% of cases are positive. That is, there are not very good serology tests for B. dermatiditis. 

P. braziliensis can be followed by tracking the titer of antibodies to a culture filtrate of P. braziliensis cells, using either CF (80-95% of the cases are positive) or ID (98% of the cases are positive). 

RIA can detect Abs in the urine for all three (particularly helpful in histoplasmosis, where the antibodies are concentrated in the urine).  - Carrie Swartz

Mycology V – Opportunistic Mycoses

A.  Which organisms can be effectively killed by PMN’s in immunocompetent  hosts?

 Yeasts - 

Candida albicans can be killed by PMN’s, and activated macrophages are usually not protective b/c of extensive pseudohyphae (they act like molds)  

Cryptococcus neoformans has a very thick, antiphagocytic capsule, so PMN’s are NOT effective against this organism  --  requires macrophage activation by CD4+ cells

Dimorphics -  

H. encapsulatum, Blastomyces, Coccidiococcus, Paracoccidiococcus
all act like typical yeasts, so they are NOT killed by PMN’s, and need macrophage activation for killing

     Hyphal molds -  

Aspergillus, Rhizopus (all zygomyces including B. haptosporus and C. coronatus)

      ALL are killed extracellularly by PMN’s 

B.  Features of C. neoformans used in microscopic ID; why are AIDS pts more susceptible to infection and which organ is usually targeted w/ dissemination?

Structure  -  thick capsule, usually as thick or thicker than yeast body    which is a marker of its virulence;  use India ink to visualize

· note that the capsule is NOT antigenic because is does not contain 

· galactomannan like other yeasts we have seen

AIDS patients – susceptible b/c of their decreased CD4+ count – these cells are needed to activate macrophages and kill organisms  ( this is a common disease seen w/AIDS )

Target of dissemination – main one is meninges w/its affinity related to the  

                                                production of phenoloxidase

C.  Which propagules of C. neoformans colonize the deep alveoli and where is  this organism found geographically?

· The desiccated form of the yeast is the one most frequently inhaled and is small enough (< 7um) to get into deep alveoli – once there, the organism’s capsule will swell to the size seen in culture or on stains

· This organism is found ubiquitously worldwide, mainly in the soil from bird droppings  

questions, comments?  msander@kumc.edu
D. Know the serotypes associated with inoculation of Cryptococcus neoformans capsule polysaccaride (GXM).

*Serological studies in response to capsular polysaccaride reveal four serotypes (A, B,C and D). 

*Types A and D are common bird related forms; types B and C are associated with red gum (Eucalyptus) trees, eg., on the California coastal plains or in Australia. 

*Few AIDS victims from coastal California succumb to types B and C, even though chronic disease due to these strains was common in pre-AIDS cases.

E. Know the arguments relating neurotropism in Cryptococcus to expression of unusually high levels of the enzyme phenol oxidase; and clinical laboratory evidence from CSF that indicates Crytococcal Meningitus.

*When crypto disseminates ie., immunocompromised host, it has a high affinity for the meninges. Phenol oxidase secreted where epinephrine synthesis takes place allows crypto to live in the subarachnoid/dural spaces. Therefore, phenol oxidase production is a virulence factor.

*Clinically, a progression of symptoms from headache to stiff neck to disorientation, is seen associated with clear spinal fluid, with normal or reduces chloride and sugars but elevated levels of protein and mononuclear cells.

*The typical CSF findings in crypto meningitis are increased pressure, CSF pleocytosis with predominance of lymphocytes, and depression of CSF glucose levels. 

*In some instances, crypto  capsules are often demonstratable in CSF by mixing centrifuged sediment with India ink and examining the mixture under the microscope (only a few crypto may be present in any given case) 

*Crypto neoformans stains poorly or not at all with routine histologic stains, thus it is easily misused unless special fungal stains are utilized.

*With the culture of Crypto neoformans from CSF, the more material cultured the better the chance of isolation as the number of organisms may be small.

*In cases with negative cultures, the polysaccaride capsular antigen may be detected in the CSF or serum by latex agglutination or enzyme immunoassay methods.

F. Know where Aspergillus fumagatus and other aspergilli are likely to grow outdoors, in storage areas, or in air conditioned buildings; and describe the conidiaphore hyphae and the conidia inhaled or traumatically inoculated.

*They seem to adapt to a wide range of environmental conditions, and the heat-resistant conidia provide good mechanism for dispersal.

*Hospital air ducts have received attention as sources of nosocomial Aspergillus isolates.

*Building remodeling or other types of major environmental disruption have been associated with increased frequency of Aspergillus contamination, colonization, or infection.

*Aspergillus species exist only as molds; they are not dimorphic. They have septate hyphae that form V-shaped (dichotomous) branches. The walls are more or less parallel and conidia of Aspergillus form radiating chains.

*These molds are widely distributed in nature. They grow on decaying vegetation, producing chains of conidia. Transmission is by airborne conidia.

G. Know where germination and colonization of immunocompetent humans by Aspergilli occurs with minimal invasion of underlying tissues. (S 598)

· In Aspergillosis, germination and colonization occurs commonly on ear, nasal cavity, paranasal sinus, and open pulmonary cavity surfaces, with minimal tissue invasion.

Compare the course of tissue invasion when a patient is neutropenic to when there is impaired cell-mediated immunity. (**** This objective is from a previous year, but I included it for anyone interested---it is not one of our specific learning objs.****)

· An acute pneumonia may occur in severely immunocompromised patients, particularly those with depressed neutrophil counts.
· Multifocal pulmonary infiltrates expanding to consolidation are present with high fever.
· In contrast to immunocompetent hosts, the prognosis is grave for individuals suffering from acute pneumonia, and dissemination to other organs is common.
· Immunosuppressed patients are susceptible to paranasal sinusitis and conjunctival infection. 
H. Indwelling catheters pose risks of Aspergillosis and Candidiasis.  Learn the course of invasive aspergillosis and generalized dissemination of the fungus. (S 598-99)

· Invasive aspergillosis occurs in the settings of preexisting pulmonary disease (bronchiectasis, chronic bronchitis, asthma, tuberculosis) or immunosuppression.

· Colonization with Aspergillus can lead to invasion in the tissue by branching septate hyphae.

· Mycelial masses can grow to such an extent that they form a radiologically visible fungus ball within a cavity.

· Lung tissue invasion may penetrate blood vessels, causing hemoptysis or erosion into other structures with development of fistulas.

· This inherent characteristic is due to the ability to secrete elastase and proteinase.

· Invasive disease outside the lung is rare unless the patient is immunocompromised.
Know why laboratory tests for antigenemia are particularly helpful in diagnosing disseminated disease.

· Serologic methods have been developed to demonstrate Aspergillus antibiodies.

· Although these tests may be helpful in suggesting allergic aspergillosis, they have minimal value in invasive disease because anti-Aspergillus antibody is common in healthy persons.

· ABPA (allergic bronchopulmonary aspergillosis) is characterized by asthmatic symptoms and high levels of IgE for Aspergillus Ag.

· People with invasive aspergillosis may have high titer of galactomannan Ag in serum.
I.
Learn the association between ketoacidosis, eg. from Diabetes, and the opportunistic mucor- and Zygomycoses. (S 599 and class)

· Opportunistic zygomycoses and mucormycoses are found in assosciation with ketoacidosis and immunosuppression in patients suffering from diabetes mellitus, drug abuse or uremia.

· Zygomycosis and mucormycosis occasionally cause disease in persons with diabetes mellitus and in immunosuppressed patients receiving corticosteroid therapy.

· Diabetic acidosis has a particularly strong association with zygomycosis.  

Know five Genera which cause these mycoses.
· Rhizopus

· Rhizomucor

· Absidia

· Mucor

· Rhizopodiforms

(*note: these 5 are from class notes and text…from the previous year’s obj. there where 3 included =Conidiobolus, Basidiobolus, and Cunninghamella…but I would focus on the 5 above) 

Know the most rapidly mortal mycosis and the course of its progression.

(From class notes and syllabus p.20)
· The most rapidly mortal mycoses, rhino-facial infection by Rhizopus arrhizus, can kill in 48-72 hours unless recognized and treated by surgical abridement and antifungal chemotherapy.

     (From the objectives from a previous year)

· Rhinocerebral mucomycoses is the most rapidly mortal mycosis.

· It is acquired by inhalation of conidia.

· This rhinocerebral form produces a dramatic clinical syndrome in which agents of zygomycosis show striking invasive capacity.

· They penetrate the mucosa of the nose, paranasal sinuses, or palate, often resulting in ulcerative lesions.

· Once beyond the mucosa, they progress through tissue, nerves, blood vessels, fascial planes, and often the vital structures at the base of the brain.  (rapid invasion occurs within hours into sinuses, eyes, brain or meninges)

· The clinical syndrome begins with headache and may progress through orbital cellulitis and hemorrhage to cranial nerve palsy, vascular thrombosis, coma, and death in less than 2 weeks. 

I. Know the characteristic physiology and morphology of the commensal that causes the most commonly diagnosed opportunistic, system mycosis.

· Candida yeast is endogenous to humans from birth and cause cutaneous, subcutaneous and disseminated fungal infection.
· Candida is a pleiomorphic species that grows as a 4-6 um budding, round or oval yeast cell under most conditions and temperatures.
· Most Candida grows on Sabouraud’s agar and on enriched bacteriologic media.
· The cell wall is composed of mannan, glucan, and chitin, which can remain alone or in complexes with protein.
· C. albicans can grow in either a yeast or hyphal form
· The yeast form with blastoconidia is prominent in most cultures.
· The hyphal form consists of elongated blastoconidia, which extend out to become hyphae.  
· The hyphal form can also produce pseudohyphae.
J. Know conditions for observing germ-tube hyphae diagnostic for the yeast, serotypes useful in recognizing strains of the yeast, and the virulence benefits to the yeast of “phenotype switching”.

· The germ-tube is unique to C. albicans and grows at 37oC after 2-3 hours.

· There are two recognized serotypes of C. albicans with Type A more susceptible to flucytosine.

· Rapid “phenotype switching” from Yeast ( Hyphae is important in the virulence of C. albicans.
K. Learn the host-pathogen interactions at the level of ligand receptor binding, that effect the progress of Candidiasis.

· Adhesion of Candida to mucosal cells involves a specific ligand-receptor interaction.

· Hyphae bind to extracellular matrix components: fibronectin, laminin, collagen, and complement conversion products.

· A surface glycoprotein complex of the yeast, mannoprotein, is the adhesin.

· The surface has receptors for factor iC3b, and a specific glycoprotein receptor found in the cytoplasm may affect virulence.

L. Know how prophylactic use of azoles, especially fluconazole, is assumed to have led to proliferation of other, drug resistant species of yeast in AIDS clinic environments.

· The selection of yeast strains with mutations in the cytochrome enzymes targeted by the azoles is a possible mechanism of resistance.
Parasitology I: Malaria

1. Diagram the general life cycle and distribution throughout the world for malaria.

Figure 52-2 on page 644 of Sherris is the life cycle diagram and there is a map of the world distribution on page 645, figure 52-3.

However, for those of you who did not squander your money on this book the following is a quick summary of these two figures:

Basically plasmodium use two hosts, the female Anopheles mosquito and the human.  

The sexual cycle begins when the female mosquito (females require human blood and the ATP that it contains in order to generate ova) ingests both male and female plasmodium gametocytes from the blood of an infected human.  In the gut of the mosquito, the gametocytes mature and combine to create a fertilized zygote.  They zygote penetrates the wall of the mosquito's gut, lodges beneath the basement membrane, and forms an ookinete, containing thousands of  sporozoites.  This enlarging ookinete eventually ruptures and spills the sporozoites into the body cavity of the mosquito.  Some of the sporozoites penetrate the salivary glands of the mosquito, which makes it infectious for humans.  

The asexual cycle begins when the mosquito bites an uninfected human and the sporozoites in the mosquito's salivary glands are injected into the humans circulating peripheral blood.  These migrate to the liver within one hour and invade the hepatocytes.  In P. vivax or P. ovale some sporozoites enter a dormant state called hypnozoites (hypno means sleep).  Other species don't have hypnozoites.  In all species sporozoites each produce about 2000-40,000 daughter cells, or merozoites.  The merozoites attach to erythrocytes and are endocytosed.  Inside the RBC they form a ring-shaped trophozoite which develops and undergoes nuclear division to become a multinucleated schizont.  The schizont in turn develops into 6 to 24 intraerythrocytic merozoite cells.  The infected RBC then ruptures and releases these merozoites than can either infect other RBCs or become transformed into the male and female gametocytes.   The gametocytes continue to circulate in the peripheral blood of the host until another female mosquito bites the host and ingests them.

The map shoes choroquine-sensitive malaria existing in Mexico and Central America, and in Egypt, Saudi Arabia, and Iran.  Choroquine-resistant malaria exists in a South America as far south as Brazil and in equatorial Africa, India, Pakistan, and Oceania.

2.  List the tissue tropisms of the hematoparasite.


Zygote penetrates the wall of the mosquito's gut, but this isn't really a tropism as much as that is where it happens to be.  Similarly the sporozoites get into the salivary glands of the mosquito, but this doesn't require any real tropism.


However, in the human the sporozoites do have a strong tropism for the liver and hepatocytes in particular.  The merozoites that burst from these liver cells have a tropism for the erythrocytes and bind to specific receptors on RBCs in order to enter them.  Once inside the red cells the plasmodia induce changes on the surface that make it adhere to endothelium and in effect coat the insides of blood vessels.

3. Explain the two principle effects of the parasites on the red blood cells and how these effect the diseases's pathophysiology.

(1) The parasites lyse the red cells that they are multiplying inside, which produces anemia in the host.  The parasitized red blood cells are also phagocytosed by a stimulated reticuloendothelial system, which also contributes to anemia.  This may also result in fever caused by parasite derived pyrogens released at the time of sporulation or by the release of IL-1 and/or TNF from macrophages involved in the ingestion of parasitic or erythrocytic debris.  High fevers may result in vasodilation and hypotension (shock).  You also get pigmentation of certain organs, when hemozoin, a waste product of hemoglobin metabolism is released and phagocytosed by macrophages.  Also the spleen and/or liver may become enlarged with all this phagocytosis and the urine may become dark (black water fever) due to hemolysis products.

(2) The parasites induce changes in the surface proteins expressed on the red cell (these are called sequestrins) and this makes the red cells adhere to endothelium (pavementing).  The result is the formation of microvascular occlusions (tiny blood clots).  If this occurs in the CNS it is called cerebral or cerebrospinal malaria. It may occur in a number of other organs as well with equally dire effects. 

4.  Explain why it is important to differentiate species of malaria and how to do so.

It's important to differentiate because the severity of the disease is different for the various species.  Falciparum  will progress the fastest due to a shorter incubation time, a more massive yield, and the shortest erythrocytic cycle.  It is the one that will occlude capillaries with aggregates of parasitized red cells, leading to life-threatening hemorrhage and necrosis.  Therefore it is referred to as "malignant" whereas the other three forms are referred to as "benign" and is usually self-limited with a much lower mortality rate.  Malariae will produce a more chronic condition in which an immune response can develop with a lot of antigen-antibody-complement complex type manifestations.  Vivax and Ovale can relapse several years after the original illness due to the activation of latent hypnozoites in the liver.  Treatment may also differ.  Only Falciparum can be recrudescent.

Fever cycles occur with all of the malarial species.  P. malariae has a 72-hour period termed quartan.  The other three species have a 48-hour period called tertian (every 3rd day).

In Sherris, Figure 52-1 on page 642 shows the different morphology of the species and Table 52-1 on the same page lists differential characteristics of the species.

In P. vivax and P. ovale the parasitized erythrocyte is pale, enlarged and contains numerous Schuffner's dots.  All asexual states (trophozoite, schizont, and merozoite) can be seen simultaneously.  Cells infected with P. ovale are elongated and frequently irregular or fimbriated in appearance.  Cells infected with P. vivax have pseudopods and are actively mobile throwing extensions out like a funky dance or seizure.

In P. malariae, the red cells are not enlarged and contain no granules.  The trophozoites often appear as "band" forms, and the merozoites are arranged in rosettes around a clump of central pigment.  Again all asexual stages may be seen simultaneously.

In P. falciparum, the ring forms are very small and may contain two chromatin dots rather than a single one (the signet ring form of the other malaria species).  There is often more than a single parasite per cell, and the parasites may be against the margin of the cell.  There may be intracellular Maurer's dots, but these are often cleft shaped and fewer in number than Schuffner's dots.  Schizonts and merozoites are not present in peripheral blood (only in the visceral capillaries) and the gametocytes are large and banana shaped.

Treatment goals are to kill three parasitic forms:

Erythrocytic schizont

Erythrocytic gametocyte

Hepatocytic schizont

5.  Differentiate acute, relapsing, chronic, and recrudescent malaria and factors involved in each.

Acute (initial infection) is affected by:

Immune status-- previous infection with the same species is most helpful in reducing the severity of the infection.  This is called premunition.  Previous infection with other plasmodium species is less helpful.

Transferred maternal antibodies-- can reduce severity.

The infectious load--1 sporozoite or 200 sporozoites makes a difference.

Hemoglobin type--hemoglobin S (sickle cell) and C (?) provide resistance to malaria as they do not have enough ATP to maintain reproductive development of the parasite.

Other concurrent disease-- will make tend to make malaria more serious

Resistance to some chemoprophylactic agents-- some malarial species, primarily P. falciparum have become resistant to chloroquine, the previous drug of choice.

Relapsing infections are reactivations of the primary infection.  This occurs in P. ovale and P. vivax, where there are hypnozoites (also referred to as cryptozoites) that may be activated years later.  Factors affecting severity are primarily the same as in the acute infection.

Chronic is affected by:

All factors affecting acute malaria above.

High antibody titers

High T-cell immunity

Low parasitemia (low blood loads of parasites)

Erythrocytic cycle in the bone marrow and spleen, but not in the peripheral blood.

Red cell to red cell passage of merozoites without exposure to the circulating immune system.

Recrudescent--when a low grade chronic infection is reactivated to an acute state.  This may occur:

In pregnancy

As a response to physical or emotional stress

When receiving steroids for asthma or some other condition.

When receiving immunosupressant therapy for a transplant.

Whenever the immune system is compromised, for whatever reason.

Parasitology II:  Diarrheal Diseases

1. List the intestinal protozoa, nematodes, cestodes, flukes (biliary and intestinal).

Notice to readers:  I did not have notes for this section as of the time of this writing.  This list is taken from the 1996 objectives list.  Please be aware that it is not necessarily up to date.

Intestinal Protozoa:  Cryptosporidia, Entamoeba, Giardia lamblia, Dientamoeba, fragilis

Nematodes:  Enterobius vermicularis (pinworm), Trichuris trichuria (whipworm), 

Ascaris lumbricoides (hookworm), Necator americanus (hookworm),  

Stronglyoides stercoralis (threadworm), Toxicara canis, Trichiella spiralis, 

Ancylostoma brazilense, Wuchereria bancrofti, Brugia malayi, Onchocerca vovulus, Loa loa

Cestodes:  Diphyllobothrium latum, taenia saginata, Taenia solium, Humenolepis nana, Echinococcus granulosus, Echinococcus, multiocularis

Flukes:  Paragonimus, Clonorchis, Opisthorchis, Fasciola, Fasiolopsis, Heterophyes/Metagonimus, Schistosoma 

2. Differentiate the intestinal cestodes in terms of morphology, pathogenesis/symptoms and route of infection.

Enterobius vermicularis: pinworm.  Infection by ingestion of eggs.  Eggs hatch in small intestine and multiply in colon.  Females migrate to to anus and release eggs on perianal skin (perianal pruritus is most commen symptom). (fyi: use scotch tape test).  Scratch butt, eat eggs and become reinfected.  Nice.  Eggs not in feces.

Trichuris trichiura :whipworm.  Infection by ingestion of eggs in soil contaminated with poop.  Hatch in small intestine, mate in colon and dump eggs out in feces. Usually asymptomatic. Can cause diarrhea.

Ascaris lumbricoides: roundworm.  Infection by ingestion of eggs.  Hatch in small intestine and migrate through gut wall into bloodstream then lungs.  This larval migration causes the majority of damage.  Causes imflammatory response in lung. Get coughed up and swallowed.  Live in small intestine on ingested food.  Can cause epigastric pain and malnutrition.  Eggs laid passed in dung.  

Necator americanus and Ancylostoma duodenale.: hookworms.  Infection by larval penetration of skin (barefeet).  Carried in bloodstream to lungs.  Can cause pneumonia and eosinophilia.  Coughed up and swallowed.  Live in small intestine attached to wall by their teeth.  They eat the oozing blood causing microcytic anemia.  (0.1-0.3 per worm/per day).  

Stronglyoides stercoralis:   morphology?  Infection by larval penetration of skin (barefeet).  Migrate in bloodstream to lungs.  Get c  oughed up and swallowed.  Hang out in small intestine and pump eggs out into your excrement.  However, some larvae will penetrate the intestinal wall and migrate to the lungs (a second means of infection: autoinfection).  The cycle is repeated.  

Brief overview of Platyhelminthes:  Platy means flat.  Helminth means worm.  The flatworms are divided into two classes:  Cestoda (tapeworms) and Trematoda (flukes).  Cestodes have a rounded head that is called a scolex and a flat body consisting of multiple segments called proglottids.  Proglottids are the reproductive units and are hermaphroditic.  The proglottids are produced from the scolex so the oldest proglottid is the one farthest from the scolex (head) and it will be the next to be shed into the feces along with the eggs that it has been producing.  The scolex has specialized means by which it attaches to the intestinal wall (sucking grooves, suckers and/or hooks).  

3. Differentiate the major intestinal Cestodes in terms of morphology, pathogenesis/symptoms and route of infection. (S709-18)

There are four medically important Cestodes: Taenia solium, Taenia saginata, Diphyllobothrium latum, and Echinococcus granulosus.
Taenia solium – 

Disease:  When the adult form of T. solium is ingested it causes taeniasis but when the larvae is ingested it causes the more serious condition cysticercosis.  

Morphology:  its scolex has four suckers and a circle of hooks.  Its proglattids have less than 10 uterine branches.

Transmission:  Humans eating undercooked pork causes taeniasis;  Eggs in food or water causes cysticercosis.

Pathogenesis:  Humans eat undercooked pork infested with larvae (cysticerci)—they attach to the SI wall and grow to 5m—terminal proglottids eggs detach—eggs released in feces—this feces is eaten by pigs—the embryo will burrow into the blood vessels of the pig—embryo enters the skeletal muscle and transform into larvae (cysticerci)—humans eat the pork meat—and the cycle continues;  However if the human ingests eggs they can spread to the brain and eyes causing cysticercosis.

Findings:  Taeniasis is usually asymptotic with some anorexia/diarrhea;  Cysticercosis causes headaches, vomiting, and seizures

Taenia saginata –


Dis:  Taeniasis (NO cysticercosis)

Morp:  its scolex has four suckers but NO hooklets.  Its proglottids have around 20 uterine branches.

Tran:  Undercooked beef

Path:  Humans ingest cysticerci from the undercooked infested beef—they attach to the SI wall and grow to 10m—terminal proglottids (eggs) detach—eggs released in the feces—eggs eaten by cattle—the embryo burrows into the blood vessel of the cattle—enters skeletal muscle and transforms into cysticerci—humans eat the infested meat—cycle continues.

Fnd:  Usually asymptotic;  tapeworms cause little damage but malaise and mild cramps can occur.

     Diphyllobothrium latum –


Dis:  Diphyllobothriasis, megaloblastic anemia

Morp:  Scolex has two sucking grooves with NO hooklets

Tran:  Undercooked fish

Path:  Humans ingest fish contaminated with larvae (plerocercoids)—they attach to the SI wall and grow to 12m—terminal proglottids (eggs) detach—eggs released in feces—feces must be released in to fresh water—eggs hatch into embryos—embryos eaten by copepods(where they get infested)—fresh water fish eat copepods(where they get infested with larvae in their muscles)—fresh water fish get eaten by humans—cycle continues.

Fnd:  Usually asymptotic;  this tapeworm has a high affinity form Vit.B12, which can cause megaloblastic anemia in humans.

     Echinococcus granulosus –


Dis:  Unilocular hydatid cyst disease

Morp:  its scolex has four suckers and a double circle of hooks;  it has only around three proglottids making it one of the smallest tapeworms.

Tran:  Dogs are the definitive hosts.  Sheep are the intermediate hosts.  Humans are almost always a dead-end intermediate host.

Path:  Dog eats sheep liver that contains cysts—adult worms form in the gut of the dog—eggs get excreted in the dog’s feces—feces is ingested by sheep and humans—oncosphere embryos emerge in the SI and migrate primarily to the liver but also to the lungs, bones, and brain—embryos develop into large fluid-filled hydatid cysts with in these organs—cycle complete when the liver is eaten by another dog.  ;  However, dogs don’t normally eat human liver and that is why humans are considered a dead-end intermediate host.  

Fnd:  Mostly asymptotic;  however, the cysts can form in the liver causing dysfunction.  If in the lung it will cause hemoptosis.  If in the brain it will cause a headache.  Note that if the cyst ruptures upon surgical removal the patient may go into anaphylaxis.

4.  Differentiate the major intestinal and biliary flukes in terms of morphology, pathogenesis/symptoms and route of infection.

The most important trematodes (flukes) are Schistosoma mansoni, japonicum, and haematobium (blood flukes), Clonorchis sinensis (liver fluke), and Paragonimus westermani (lung fluke).  The life cycle of the medically important trematodes involves a sexual cycle in humans and an asexual reproduction in freshwater snails (intermediate hosts).  Transmission to humans takes place either via penetration of the skin by the free-swimming cercariae of the schistosomes or  via ingestion of cysts in undercooked fish or crabs in Clonorchis and Paragonimus infection, respectfully.  

Schistosoma mansoni & japonicum –


Dis:  Schistosomiasis of the GI

Morp:  In contrast to the other trematodes, which are hermaphrodites, adult schistosomes exist as separate sexes but liver attached to each other.  The female resides in the groove of the male.  These two species are very similar but can be differentiated by their egg morphology.  Mansoni eggs have a large lateral spine.  Japonicum eggs have a small lateral spine.  Adults of both species live in the mesenteric veins.  

Path:  Cercariae in water penetrate the human skin—they differentiate into larvae(schistosomula)—enter the blood—enter portal circulation and reach the liver where they mature into adult flukes—then they migrate against the portal flow to reside in the mesenteric venules—females lay eggs which penetrate the vascular endothelium and enter the gut—eggs excreted in the stool—eggs must enter fresh water to hatch—once hatched, ciliated larvae(miracidia) penetrate snails—further development and differentiation into cercariae—cercariae excreted in to the water—infection of humans—cycle continues

Fnd:  Eggs in the liver induce granulomas, which lead to fibrosis, hepatomegaly, and portal hypertension which can lead to splenomegaly.; eosinophilia; However, the symptoms are usually asymptotic with only itching/dermatitis which can lead to fever, chills, diarrhea, lymphadenopathy.

Schistosoma haematobium –


Dis:  Schistosomiasis of the bladder that predisposes to squamous cell carcinoma


Morp:  its eggs have a large terminal spine.

Path:  Exactly the same as above until it reaches the human body.  At this point adult enters the bladder venules—eggs are produces and penetrate the bladder—urination occurs in fresh water where the snails are infected—snails excrete the cercariae that will find another human—and the cycle continues.

Fnd:  Usually asymptotic;  itching/dermatitis can occur leading to fever, chills, diarrhea, lymphadenopathy; hepatosplenomegaly, eosinophilia; hematuria;  as expected, you will see the ova in the urine.

Clonorchis sinensis –


Dis:  Clonorchiasis

Morp:  It is a hermaphrodite;  also called the oriental liver fluke infection)

Tran:  Eating raw freshwater fish

Path:  Human eats freshwater fish infested with encysted larvae (metacercariae)—excystation in the duodenum—immature flukes enter the biliary ducts—differentiation into adults—hermaphroditic adults produce eggs—eggs excreted in human feces into fresh water—eaten by snails (intermediate hosts)—eggs hatch within the gut and differentiate and excreted as cercariae—cercariae encyst under the scales of certain freshwater fish—which are then eaten by humans

Fnd:  Mostly asymptotic;  some have upper abdomenal pain, anorexia, hepatomegaly, eosinophilia.

Paragonimus westermani –


Dis:  Paragonimiasis

Morp:  It is also a hermaphrodite:  also called Lung fluke

Tran:  Eating raw crabmeat

Path:  Humans ingest crabmeat infested with encysted larvae (metacercariae)—excystation in the SI—immature flukes penetrate the intestinal wall—migrate through the diaphragm into the lung parenchyma—differentiation into hermaphroditic adults—production of eggs—eggs enter bronchioles and are coughed up and either spit out into the fresh water or swallowed—eggs in either the sputum or feces that reach the freshwater hatch into miracidia—enter snails and differentiate excreting many free-suimming cercariae-—infect and encsyt in freshwater crabs—human eats the infected crabs.

Fnd:  Chronic cough with bloody sputum; dyspnea, chest pain, bacterial pneumonia

Parasitology III: Worms and Flukes

1) Diagram the general life cycle and distribution throughout the world
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Distribution








   -Mansoni: Africa, Mid-East, Carribean, S. America (only one in western hemisphere)

   -Japonicum: Far East








   -Haematobium: Africa, Mid-East








2) Differentiate acute and chronic schistosomias


Acute









· Bugs attack skin, begin track to liver









· Pruritic rash, fever, headache, abcominal pain, abdominal pain for 1-2 weeks







Chronic









· T-cell mediated granulomatous reaction to bugs in gut/urinary tract obstructs blood flow, fibroblasts lay down scar tissue, yielding permanent reduction in blood flow









3) Differentiate hepatosplenic and urinary schistosomiasis in terms of tissue tropisms, species causing the two forms, the pathogenesis, major signs and symptoms and sequelae


Hepatosplenic









· Tissue Tropism: Descending colon, rectum









· Species: mansoni, japanocium









· Pathogenesis 









· Bowel mucosa thickened and ulcerated, yielding diarrhea and bloody stools









· Eggs carried from large intestinal veins to liver via portal circulation, lodge in presinusoidal capilaries, inflammation induced with accompanying fibrosis, yielding portal hypertension




Urinary









· Tissue Tropism: Bladder









· Species: haematobium









· Pathogenesis 









· Bladder mucosa ulcerated, yielding dysuria and hematuria









· Repeated &/or strong infections leads to ureteral obstruction, decreased bladder capacity and contractility, renal failure, bladder carcinoma, and increased incidence of UTI









4) Explain the relationship of intensity of infection and severity of disease. Differentiate active and inactive urinary schistosomiasis in terms of transmissability, morbidity and therapy.


Intensity/Severity Relation









· There is a linear relationship between every measure of morbidity related to this disease and the number of organisms in the host.










Active vs Inactive









· Active: no transmissability, associated with obstructive disease, treated with chemotherapy

· Inactive: transmissable, not associated with disease, treated with surgery









Parasitology IV: More Worms

1. Explain the importance of knowing the life cycle in order to treat and prevent (contain) disease.

A treatment of the life cycle of the different parasites is essential to the identification and proper treatment of the disease.  Obviously identification is necessary in order to determine the type of treatment you will use to combat the parasite.  Parasites in different stages of development might be more or less susceptible to a particular drug, therefore an intimate knowledge of the life cycle will allow you to choose the appropriate chemotherapy.  

Knowledge of the life cycle might also aid in prevention of the disease.

2. Explain the importance of the relationship of intensity of infection to the     

presence and severity of parasitic disease.

To quote, “if you get 1 sporozoite (parasite) you’ll get sick, but if you get 200 you’ll get very sick much faster.”  Intensity of a parasitic infection is relevant to the presence of and the severity of the parasite/parasitic disease.  When the level of parasite adaptation to its’ host is very high, their presence typically produces little or no injury.  When the adaptation is less complete, it can lead to more serious disturbance of the host and occasionally can result in the death of both host and parasite.  Similar to bacteria, not all parasites have the same virulence.  Some parasitic exposures do not necessarily manifest as disease.  Take intestinal worms as an example; many patients do not exhibit symptoms and some don’t even know that they have been infested until the worm load becomes very high.  

3. Recognize the importance of taking a travel and residency history.


To quote lecture, “One of the keys of parasitic diseases is to think about it in your history.  Get a travel and residence history.  This can totally reorder your differential diagnosis.”  Certain types of parasitic infections are endemic to localized areas.  Therefore, it is possible to establish a differential diagnosis by determining what parasitic infections that the patient may or may not have been exposed to during their travels.  

[table 51-1, pg 626 and pages 626-627 gives an introduction to distribution and endemia throughout the world].

4. Identify the predominant host reaction to the major parasites.

[pages 630-632 Sherris discusses immunity]

Host immune reaction to Protozoa:
Many protozoal infections involve complex life cycles so that humans (hosts) are exposed to several different developmental forms that posses varying antigenicities and sensitivities to immune mediators.  Thus the basis for host defense and approaches to immunodiagnosis must be considered seperately for each stage of disease.

1. Extracellular stage of parasitic infection: full range of immunologic host 

responses possible.  Immunity against reinfection is expressed at this stage.  

2. Penetration of epithelial barriers: most protozoa differentiate into at least one other life-cycle stage, resulting in a new immune response against these subsequent stages.

Antibody based immunity:
· intracellular parasites are not directly exposed to antibody; however, antigens expressed on the surface of infected cells allows Ab binding to help control infection

· intracellular forms released from ruptured host cells and extracellular parasites in the blood or tissue can be inactivated by antibody

· Ab controls infections of Giardia, Entamoeba, and Trichomonas by 

neutralization, opsonization for phagocytosis and complement activation.

Macrophage response:
· IFN-γ is the major lymphokine in T-cell macrophage activation necessary for killing of parasites 

· macrophage response is ineffective against Leishmania, Toxoplasma, and T. cruzi because these can actually live inside these cells.

T-cell response:
· parasitic invasion of tissue cells without intrinsic antimicrobial activity such as muscle cells, RBC’s, and hepatocytes may involve Cytotoxic-T cells or Type IV hypersensitivity reactions.

Malarial immunity:
· a few intra-RBC malarial parasites will differentiate into gametocytes

· gametocytes stimulate transmission-blocking antibody production

· feeding mosquitoes ingest both gametocytes and Ab

· some of these Ab’s can stop transmission of malaria by mosquitoes by

blocking development of gametes or the formation of oocysts in the mosquito gut

Key mechanisms of protozoan parasitic evasion of host immune response:
· antigenic variation

· enzymes that detoxify ROI’s

· neutralizing the acidity of the phagosome 

· using protons in the phagolysosome as cosubstrates in transport processes

· production of a protein that disorganizes the phagolysosome membrane

Host immune response against Helminths (worms):

Anti-Helmenthic immune responses are unique, because worm size does not allow for easy phagocytosis.  Therefore, ADDC reactions, including those mediated by IgE Ab’s that involve secretion of mediators from a variety of cells types are important.

IgE eosinophil defenses:

· tissue mast cells and inflammatory basophils bearing IgE release a variety of 

mediators which preferentially attract eosinophils in response to parasitic Ag’s

· eosinophils can adhere to worms by receptor-linked IgE to mediate killing

· IgE mediated release of histamine stimulates contraction of smooth muscle in the gut, enhancing expulsion of nematodes

Complement:
· some worms activate complement directly (alternative pathway)

· complement can be activated also by Ab binding to surface Ag

· in either case, C3 fragments on worms can cause receptor-mediated adherence

of effector cells (including eosinophils)

T-cells:
· cytotoxic T-cells are not involved in the direct damaging of the worms

· T-helper cells are stimulated by Helminth Ag, and are vital in:

1. producing chemoattractants

2. activating B-cells 

3. producing IL-3 which promotes the development of eosinophilia

4. activating macrophages 

Macrophages:
· frustrated phagocytosis 

· activated macrophages release IL-1 and TNF, leading to the synthesis of 

acute phase reactants (heat shock proteins) which can damage worms

Key mechanisms of Helminth parasitic evasion of host immune response

· rapid shedding of antigenic material such as glycoproteins from the cuticular

surface can prevent deposition of complement on parasitic surfaces and interfere with Ab-mediated adherence of effector cells

· the cuticle of schistosomes may fuse with the plasma membrane of neutophils

and block degranulation

· presence of proteolytic enzymes that cleave surface-bound immunoglobulin 

molecules

The following is taken directly from Sherris:

This pusillanimous response does not result from any dearth of immunologic mechanisms available to the host.  All those generally exercised against the more primitive microorganisms, including antibodies, cytotoxic T lymphocytes, activated macrophages, natural killer cells, antibody-dependant cell-mediated toxicity, lymphokines, and complement activation, have been shown to play a part in moderating parasitic infection.  In worm infections, some of the mechanisms find unique implementation.  On invasion of tissue, helminths stimulate the production of IgE, the Fc portion of which binds to mast cells and basophils.  Interaction of the antibody with parasitic antigen triggers the release of histamine and other mediators from the attached cells.  These may injure the worm directly or, by increasing vascular permeability and stimulating the release of chemotactic factor, may lead to the accumulation of other cells and IgG antibodies capable of initiating antibody-dependant, cell-mediated destruction of the parasite.  The specific killer cell involved is often the eosinophil.  These cells attach by their Fc receptor site to IgG antibody-coated parasites and degranulate, releasing a major basic protein that is directly toxic to the worm.

Most immune effector mechanisms are directed against the surface antigens of the parasite
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