Medical Mycology – 19/02/03
Fungi normally exist as pathogens of plants and usually damage foods etc. Fungi can be classified according to their medical importance:
Moulds

Yeasts

Yeast-like Fungi

Dimorphic Fungi

Clinically fungal infections are classified according to which layers they infiltrate. These are superficial mycoses (only affects the outer most layer of the skin and hair), cutaneous mycoses (affects keratinised layers of skin ( epidermis, hair and nails) and subcutaneous (involves the dermis, subcutaneous tissues, fascia and muscles). 
Moulds (filamentous fungi)
Dermatophytes: These are agents causing cutaneous mycoses. That is, they infect the Keratanised layers of the skin and its integuments – and usually invoke a cellular immune response, causing pathological changes to occur in the deeper layers. There are three genres (need to learn): 

· Microsporum spp, Trichophyton spp, Epidermophyton spp. 
Clinically, these mycoses manifest as ringworm (note: it is not a worm) or tinea. The lesions are “snake like” or “ringlike” (resembles worm ( hence name ( “ringworm”). The source of these infections are from Humans (anthropophilic ( mild chronic infections ( difficult to treat), Animals (zoophilic ( aggressive infection over milder period of time ( spontaneous healing, respond well to therapy), Soil (geophilic). 
Pathogenicity
These infections are usually confined to outer skin layers (keratinised layers). The reason for this is believed to do with keratin being used as a substrate (keratinophilic fungi). Keratinases have been isolated from these fungi, which indicates this. The skin lesion is symmetrical, it has an active edge (spreading edge), and a healing center. The hair in these regions is lost, nails discolour and crumble. 
Tinea can be described according to their various anatomical landmarks (i.e.: Tinea capitis: head, Tinea pedis: feet etc). The species is not important to be learnt, but you should realise that some species are exclusively found in only some parts of the world. 
Diagnosis 

Woods lamp – fluorescent lamp, is used for some species of dermotophyes. In others, scrapings are taken from lesions: hair, nails – treated with an alkali solution (20% KOH) to get rid of the epithelial cells and other debris. Dermatophytes resist this solution, and appear branching. Closer examination reveals spores (round in appearance – Fig 69-12 pp 572 Murrary 3rd Ed) that are within the hair shaft (endothrix) or outside the hair shaft (ectothrix). Microscopic examination of scrapings only confirms the infection as being ( fungal. To confirm the type of fungal infection, we need to culture the specimen. Skin contains many bacteria and saprobic fungi as part of its normal flora. So Sabournauds media is not routinely used, as these elements overgrow the actual dermotophytes (slow growing). Other media such as DIM have special antibiotics to inhibit bacterial and fungal growth, allowing dermatophytes to growing within hindrance. Intubation at 25º C normally (2-6 weeks) – treat patient while waiting.  
Treatment of dermatophyte infections 

Griseofulvin ( orally administered, only used for dermatophyte infections, interacts with tubulin of susceptible fungi, alters tubulin function (affects cell wall). One problem is that griseofulvin is taken in by other cells also exhibiting tubulin, therefore resistance is due to lack of uptake by susceptible fungi. 
Others include: allylamines (terbinafine, naftifine) are topical agents, very active against in vitro dermatophytes (also works for dimorphic fungi ( expensive drug), affect sterols in cell membrane. 

Other moulds of medical important include:

Bread mould (Rhizopus, Mucor): this is an opportunistic infection; free living, available freely in environment. Causes systemic mycotic infections. Diagnosis by culture using Sabournauds. Treatment using: Amphotericin B (polyene) ( basically binds to cytoplasmic membrane, forms ion channels, essential ions lost, cell dies, K Iodide. 
Aspergillus: asthma like disease, allergic bronchopulmonary disease, disseminates to other tissues, mycotic keratitis (destroys cornea), aflatoxins are released by these moulds. Diagnosis is by isolation and culture using Sabornauds, Treatment; Amp B Itraconazole (if dessiminated), surgery correcting bronchial tree
Sick building syndrome: agent grows in old and “diseased” buildings. 
Yeasts (single celled with “buds” ( blastospores)
An example of yeast is Cryptococcus Neoformans. It causes cryptococcosis (systemic mycosis) and its primary site of infection is the lungs. But it can spread to other parts of the body (leading cause of fungal meningitis in AIDS patients). The organism grows as a budding yeasts (blastospores), contains a polysaccharide coat important for diagnosis. Diagnosis is by detection of crypto coccal polysaccharide antigens in CSF. A latex compound with antibodies to Cryptococcus organism is present, and the antigenic polysaccharide coat binds to this. Culturing on Sabornauds is useful to detect the specific organism. Treatment is by Amp B (but poor penetration through CSF) + 5-fluorocytosine (good penetration into CSF but resistance is problem). 
Yeast-like Fungi (yeasts which produce pseudo hyphae)

The most important species of yeast like fungi is Candida. The most important genre out of this species is albicans. Other genre include: tropicalis, krussei etc. Most of the genre is part of the normal human flora and live as commensals. In about 80% of the popn you can isolate at least one genre of the Candida species. Rarely these organisms gain access to the blood stream from the oral cavity, GI tract or even straight into blood by way of contaminated IV instruments. This causes disseminated infections usually involving the heart, spleen, liver, brain, lungs, kidneys etc. Skin lesions may be present in 10-30% of patients and it is an important in diagnosis as post-mortem blood cultures prove negative.
The most susceptible patients are those that are immunocompromised. Reasons may be that they are on such drugs/therapy after receiving an organ transplant, HIV/AIDS patients etc. 

Diagnosis is by preparing a gram stain, which identifies the presence of budding (pseudohyphae). For specific diagnosis prepare a germ tube test and incubate under 37ºC. If germ tubes are produced, then we have species Candida. 
Treatment: Topical treatments for the immunocompetent patient usually results good outcomes, for the immunocompromised patient a combination of Amp B + 5-fluorocytosine is recommended + drugs from the azole group such as: ketoconazole, flucocanozole etc. These are less toxic than Amp B. Treatment with azole results in fungal infections to recur after drug therapy is ceased. Probitoic therapy: yoghurt contains lactobacilli, a beneficial species of bacteria that prevents/treats infection. 
Dimorphic Fungi (yeasts at 37ºC / moulds at 22ºC)
Dimorphic fungi, as the name suggests, can be yeasts of moulds depending on the incubation temperation. Examples include: Cladosporium sp., Sporothrix schenckii ( Sporotrichosis. Histoplasma capsulatum: causes histoplasmosis, diagnosis: perform biopsy, culture on Sabornauds at above temps to see which determines growth ( Treatment is Amp B. Blastomyces dermatitidis – North American blastomycosis is another example, Coccidioides immitis – cause of Coccidiodomycosis. 
Diagnosis of dimorphic fungi is by performing a biopsy – if yeasts, but this of little value. Culture at 22ºC & 37ºC to see what category it falls into, allows specific identification, treatment is most often by Amp B. 

Mycotic Drugs
The following categories are present for mycotic drugs:

· Polyenes (e.g: Amp B, nystatin)
· Act on sterol synthesis in cell membrane (i.e.: Amp B forms channel whereby ion equilibrium is lost) – kills fungi

· 5-fluorocytosine

· narrow spectrum of antifungal activity, and induces resistance quite rapidly

· inhibits RNA and DNA synthesis (for details refer to Pg 561 Murray 3rd Ed)

· Azole derivatives (e.g: fluconazole, itraconazole, - systemic)

· Broad spectrum activity against fungi, also have activity against gram positive bacteria

· Act on cell membrane synthesis: act by inhibiting sterol synthesis (no cell membrane – cell dies)

· Griseofulvin

· Acts on tubulin function, therefore cell wall integrity lost – cell dies (only used against dermatophyte infections – part of the moulds category of fungi – filamentous fungi)

· Terbinafine

· Affects sterols of cell membrane, expensive drug. Used for dermatophytes – also works for dimorphic fungi such as Candida spp). 
Note: Function of these drugs must be known. Not individual function, but rather collective function of individual groupings must be known. Don’t waste time learning all the individual drug function, not examinable at this stage!

