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
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