MEDICAL MYCOLOGY 

1 General remarks XE "Medical mycology: general remarks" 
1.1 Mycology, introduction

Medical mycology deals with the nature and the causes of the diseases occasioned directly (mycoses and allergies) or indirectly (poisoning) by fungi. Mycotoxins are toxic molecules that are present in various moulds. Reference is made to mycetism when a mycotoxin causes poisoning directly, as is the case for instance with Amanita phalloides XE "Amanita phalloides: medical mycology, general introduction"  (Death Cap). Mycotoxicoses are diseases caused by ingestion of foodstuffs in which toxins are released and therefore involves an indirect form of poisoning. The most well known example is aflatoxicosis caused by aflatoxins produced by Aspergillus flavus XE "Aspergillus flavus: medical mycology, general introduction" . Some moulds can cause allergic syndromes such as extrinsic allergic alveolitis (e.g. cheese washer’s lung, maltworker’s lung). All these conditions differ from mycoses, which are a parasitic type of infection. This text deals only with mycoses.  

Beware of the term "mycotic" and "mycosis", which can be misleading, as in "mycotic aneurysms" (in general due to bacteria, e.g. in endocarditis), mycosis fungoides (a neoplastic disease), and bothryomycosis (Staphylococcus aureus infection).
The majority of medical important fungi are land organisms in contrast to some more primitive fungi which have more in common with protozoa and exhibit a motile stage.

Pneumocystis carinii XE "Pneumocystis carinii: medical mycology, general introduction" , the taxonomy of which was for a long time unclear, has been reclassified among the moulds as a result of molecular biology.

*

Fungi are eukaryotes. They differ fundamentally in terms of cell structure and organisation from bacteria (prokaryotes) and are not susceptible to most antibacterial antibiotics. They are heterotrophic, in other words they have to obtain their energy from already existing organic molecules. Consequently, many fungi live in association with living plants (often as harmful parasites, but also as beneficial symbionts, cfr mycorhiza) or as free saprophytes on dead organic substances. Like bacteria, they feed by absorption.

*

Moulds do not form true tissues but branching filaments - hyphae or fungal filaments - which grow apically. The cross-walls or septa in these hyphae have a central opening through which cytoplasm and nuclei can pass. The combined hyphae – the mycelium – may be imagined as a sort of network of pipelines. 

Ergosterol (and not cholesterol as in animals) is the most important sterol of the cell membrane. It is on this ergosterol that most antifungals act, the polyenes by binding to it, the azoles and allylamines by interfering in its biosynthesis.

*

Two groups are distinguished among the microscopic fungi:

· the yeasts, unicellular organisms that proliferate by budding and identification of which is based predominantly on morphological, as well as biochemical, properties such as oxidative assimilation or fermentation of various sugars.

· the filamentous moulds, which are identified on the basis of morphological characteristics.

*

Reproduction, which is usually associated with considerable proliferation and dissemination, occurs in fungi through spores. The spores are formed either through normal mitosis (asexual spores) or by nuclear fusion followed by meiosis (sexual spores).

The division of fungi into classes, orders, etc., is based on the characteristics of sexual reproduction. However, it is mostly on the basis of the characteristics of asexual sporulation that moulds are identified in the laboratory.

1.2 Mycology, epidemiology

In addition to their potential pathogenicity, fungi have one fundamental characteristic in common: they are first and foremost saprophytes. This means that their existence as a parasite in humans or animals is entirely unnecessary for the completion of their life cycle. They are at most facultative pathogens, which only parasitise if they encounter promoting factors, whether systemic or local. Examples of the former are deep candidiasis and aspergillosis in patients with neutropenia and superficial candidiasis and deep cryptococcosis in AIDS patients. Examples of local promoting factors are skin irritations, which predipose to cutaneous and subcutaneous mycoses.

The majority of the causative agents of mycoses are exosaprophytes. A patient only develops symptoms following exposure to the natural biotopes or ecological niches of the fungi. Knowledge of these possible sources of infection is therefore important.

Some moulds have a limited geographical distribution. An AIDS patient can catch an infection with the cosmopolitan Cryptococcus anywhere in the world, but can only acquire an infection with Penicillium marneffei XE "Penicillium marneffei: medical mycology, gerenal introduction"  in Southeast Asia.

Other moulds live in or on humans.

Candida albicans XE "Candida albicans: medical mycology, general introduction" , the main causative agent of candidiasis, is an obligate endosaprophyte. The normal biotope of this yeast is the gastro-intestinal tract and the oral cavity in particular. Local or systemic promoting factors are responsible for the transition from the saprophytic to the parasitic phase.

Malassezia furfur XE "Malassezia furfur: medical mycology, general introduction"  (Pityrosporum ovale XE "Pityrosporum ovale: medical mycology, general introduction" ) is a lipophilic yeast present in everyone as an episaprophyte on the skin, which in certain circumstances can become pathogenic.

This may explain why, with a few exceptions such as certain dermatophytoses and sporotrichosis, mycoses should not be considered infectious.

1.3 Mycology, diagnosis and laboratory tests

Skin scrapings obtained with a scalpel or tweezers, nail fragments and hair are sent to the laboratory in sterile bags (postage bags). Preservatives should not be added to any swabbed material.

Biopsies are best divided into two fragments. One piece is fixed for histological examination and the other is kept in a sterile glycerine solution for culture (1 volume glycerine/4 volumes water).

TAKE CARE with specimens from normally non-sterile sites such as sputum, the results of which must always be interpreted according to the clinical context.

Visualisation of the parasitic phase of the mould

The laboratory diagnosis of a mycosis is based in the first place on direct microscopic examination of the clinical specimen and sometimes on histological examination with the use of specific stains such as silver impregnation of the wall (Grocott stain). Some dimorphic moulds such as Histoplasma have a specific morphology in the parasitic phase.

Culture of the causative agent

Very simple nutrient media are usually sufficient for culture, such as Sabouraud agar to which antibiotics such as chloramphenicol are added. Cycloheximide (actidione) can be added to suppress the growth of common moulds. Despite the fact that pathogenic fungi can – by definition – grow at 37°C, the optimal incubation temperature for most moulds is 25-30°C. The saprophytic phase of the mould develops on simple nutrient media incubated at 25°C. The parasitic phase of dimorphic fungi can be observed by incubating them at 37°C in a rich medium such as BHI (Brain Heart Infusion) agar.

Serology:

Everyone comes into contact with moulds from the environment and can thus form antibodies spontaneously. This makes the interpretation of serological results difficult. The detection of circulating antigens is more promising.

2 Superficial mycoses

2.1 Superficial mycoses, dermatophytoses XE "Medical mycology: superficial mycoses, dermatophytoses" 
2.1.1 Tinea, Definition

Infections of skin, hair and nails by various species of dermatophytes.

Dermatophytoses: synonym tinea.

2.1.2 Tinea, Causative agents

Dermatophytes belong to a group of moulds with common physiological and morphological properties. As saprophytes, they break down keratin and use it as a growth substrate. This is referred to as keratinophilia. Only those that are also able to do this in vivo are potentially pathogenic. The morphology they exhibit in their parasitic growth phase differs from their normal saprophytic morphology.

The difference between geophilic, zoophilic and anthropophilic dermatophytes is of importance epidemiologically. Geophils live as saprophytes in the soil. Exceptionally, geophilic dermatophytes are pathogenic (e.g. Microsporum gypseum XE "Microsporum gypseum: medical mycology, supericial mycoses" ).

Zoophilic dermatophytes are more or less specific pathogens for their host. E.g.:

· Trichophyton verrucosum XE "Trichophyton verrucosum: medical mycology, supericial mycoses"  - cattle

· Trichophyton equinum XE "Trichophyton equinum: medical mycology, supericial mycoses"  - horse

· Microsporum canis XE "Microsporum canis: medical mycology, supericial mycoses"  - cat (dog)

· Trichophyton mentagrophytes XE "Trichophyton mentagrophytes: medical mycology, supericial mycoses"  var. mentagrophytes - rodent

Anthropophilic dermatophytes are only pathogenic to humans. E.g.:

· Epidermophyton floccosum XE "Epidermophyton floccosum: medical mycology, supericial mycoses" 
· Trichophyton mentagrophytes var. interdigitale XE "Trichophyton mentagrophytes var. interdigitale: medical mycology, supericial mycoses" 
· Microsporum langeroni XE "Microsporum langeroni: medical mycology, supericial mycoses" 
· Trichophyton rubrum XE "Trichophyton rubrum: medical mycology, supericial mycoses" 
· Trichophyton schonleini

 XE "Trichophyton schonleini: medical mycology, supericial mycoses" 
2.1.3 Tinea, Sources of infection

In contrast to all other mycoses, some dermatophytoses are infectious. The fungal elements – hyphae or spores - present in skin scales or in parasitised hair are infectious to others. Infection usually occurs indirectly. This is apparent from the enormous number of dermatophyte colonies, which can be obtained from clothing, bed linen, chairs, carpets, etc, in a Microsporum canis XE "Microsporum canis: medical mycology, supericial mycoses"  infection in a cat, even after a cure. The same applies to dermatophytes which cause tinea pedis. Not infrequently 100 to 200 colonies/m2 are found on the floor of showers and changing rooms in swimming baths or sports complexes. Lesions of geophilic dermatophytes are not infectious. In this case the spores are infectious and they come from saprophytic growth in the ground.

2.1.4 Tinea, Clinical presentations 

a) Tinea capitis 

Four clinical forms are distinguished.

· Microsporosis: in which large, round, bare, desquamating plaques arise where the hairs are broken off a few millimetres from the follicle. Affected hairs display green fluorescence under Wood’s light (UV 360 nm or black light). On microscopic examination of these hairs, a sheath of small spherical spores is seen surrounding the hair (ectothrix). In Western Europe, microsporosis is usually caused by the zoophilic Microsporum canis. In Central Africa, anthropophilic dermatophytes such as Microsporum langeroni are involved. Sometimes imported cases are seen in Belgium.
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· Trichophytosis: is characterised by several small, desquamating plaques in which the affected hairs are broken off at scalp level at the follicular openings. The hairs do not fluoresce under Wood’s light. On microscopic examination the spores can be seen in dilated hair shafts (endothrix). Trichophytosis is caused exclusively by anthropophilic dermatophytes. In Central Africa up to 25% of cases are associated with pus formation.

· Kerion: is a tinea in which raised, red, purulent lesions develop as a result of the violent inflammatory reaction. The hairs normally do not fluoresce under Wood’s light. Affected hairs fall out. Microscopic examination shows chains of small (T. mentagrophytes var. mentagrophytes) or large spores (T. verrucosum) on the outside of the hairs (ectothrix). The pathogens are zoophilic dermatophytes. Microsporum canis sometimes also causes kerion (Wood positive).

· Favus: is characterised by the formation of yellow, cup-shaped crusts centred on the hair follicles. Wood positive. The hair does not break off but is not produced because of the destruction of the follicles. This results in permanent alopecia. A single anthropophilic dermatophyte, T. schonleini, causes this form of tinea. Favus occurs particularly in North Africa and the Middle East. In Europe it is still found sporadically in families who live, cut off in remote areas.
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b) Tinea barbae: 

Tinea barbae exhibits the same clinical presentation as kerion – raised purulent lesions - and is caused by the same zoophilic dermatophytes.

c) Tinea corporis or herpes circinatus

In tinea corporis, one or more red, desquamating, circularly growing lesions form on non-hairy skin. Vesicles and desquamation are seen on the edges of this 'herpes circinatus', which clears from the centre. The microscopic examination of scales taken from the active edges of the lesions shows the presence of mycelial filaments. 

d) Tinea cruris or Eczema marginatum Hebrae (EMH)

Tinea cruris is a 'herpes circinatus' that occurs in the fold of the groin. The microscopic picture is the same as in tinea corporis. The pathogens are almost exclusively three anthropophilic species, Trichophyton rubrum, Epidermophyton floccosum and Trichophyton mentagrophytes var. interdigitale, and are always found on the feet in these patients (tinea pedis). Erythrasma and intertrigo caused by yeasts must be included in the differential diagnosis.

e) Tinea pedis or athlete’s foot

Athlete's foot is an infection of the feet caused by bacteria, yeasts or dermatophytes. The term tinea pedis should only be used if the pathogen is a dermatophyte. Tinea pedis is caused by the same three pathogens as tinea cruris.
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Clinically a distinction can be made between

· a chronic form, in which the infection remains limited to one (usually the 4th) or more interdigital spaces and which is associated with redness, desquamation, maceration and possibly painful cracking. This form is frequently associated with hyperhidrosis.

· a chronic, dry, plantar form with an erythematous, desquamating, hyperkeratotic sole of the foot. This form is usually associated with dyshidrosis.

· an acute form with vesicles, pustules and sometimes even bullae on the plantar side of the arch of the foot and possibly the back of the foot (sometimes hyperacute with erosions and bacterial superinfections).

2.1.5 Tinea, Epidemiology

Epidemiologically, the distinction between geophilic, zoophilic and anthropophilic dermatophytes is important. Close contact with soil in which spores of saprophytic origin are present can lead to infections caused by geophilic dermatophytes such as Microsporum gypseum. These occur predominantly in children and are localised on the face. In Western Europe, two dermatophytoses caused by zoophils occur regularly. Cattle breeders and veterinarians are infected with Trichophyton verrucosum, the causative agent of tinea in cattle. Microsporum canis causes familial infections in which the cat serves as the source of infection.

In terms of the anthropophilic species, a distinction must be drawn between the causative agents of tinea capitis and those of tinea cruris, pedis and unguium (nails).

· Tinea capitis occurs particularly in young children. People become resistant to microsporosis and trichophytosis after puberty for as yet unknown reasons. This spontaneous recovery is not seen in favus which can be lifelong without treatment. The vertical transmission of favus from parents to children explains why this disease is sometimes considered congenital. The high prevalence of tinea capitis in some developing countries is the result of poor hygiene.

· Tinea cruris, pedis and unguium are a consequence of our modern civilisation. Communal sport, particularly frequent visits to swimming pools, plays an important role in the epidemiology of tinea pedis. These infections are sometimes considered an occupational disease if they occur as a result of the use of communal showers at work. Two factors play a role here: firstly the source of infection, and secondly host factors, such as the wearing of safety shoes and other occlusive footgear that promote warmth and moisture.

Prevention is directed at eliminating sources of infection (thorough cleaning of floors, detection and treatment of infected individuals) and avoiding predisposing factors (keeping feet dry, use of antifungal powder). Some patients suffer from chronic and sometimes extensive forms of tinea that are very difficult to treat. A series of general underlying factors play a role (atopy, diabetes, Cushing’s syndrome).

2.1.6 Tinea, Laboratory diagnosis

Skin scrapings and nail fragments are examined microscopically in a drop of KOH (20-30%) for the detection of mycelium and arthrospores. For hairs, chloral lactophenol is best used. It is important here whether the spores are inside (endothrix) or outside (ectothrix) the hairs. With ectothrix, a further distinction is made between the type of microsporosis with small spores forming either a sheath or chains as are found in kerion. Isolation of the causative dermatophyte is made on Sabouraud containing actidione and chloramphenicol.

2.1.7 Tinea, Therapy

The result of the direct examination is important to distinguish patents from healthy carriers. Culture is important to identify the causative agent and to obtain evidence of the source of infection.

Treatment of tinea capitis

Griseofulvin XE "Griseofulvin: medical mycology, Tinea, therapy"  is a secondary metabolite of Penicillium griseofulvium XE "Penicillium griseofulvium: medical mycology, supericial mycoses" . This product was first used as an antifungal agent in agriculture. It causes distortion of the hyphae (curling factor). After taking orally (with a fat-rich meal) it accumulates in the stratum corneum. It is still indicated in infections with M. canis. 

In developing countries it has been used in mass treatments of tinea capitis as a single dose of 1500 mg with an 80-93% cure rate in the case of small lesions. Spontaneous recovery is possible. Re-infections can occur (no protective immunity), but no resistant fungi have been described. If there is no response to therapy, consideration may be given to patient related factors such as poor circulation, absorption disorder or excessive sweating. Griseofulvin interacts with other drugs: oral contraceptives, coumarin derivatives and barbiturates. It is an antimitotic and should therefore not be administered to pregnant women.

· Children: 10-20 mg/kg/day for 6-8 weeks

· Adults 0.5-1 g/day for 4-6 weeks

Terbinafine XE "Terbinafine: medical mycology, Tinea, therapy" :
· Children < 20 kg: 62.5 mg/day for 4 weeks

· Children 20-40 kg: 125 mg/day for 4 weeks

· Adults and child > 40 kg: 250 mg/day for 4 weeks (6-8 weeks if M. canis)

Itraconazole XE "Itraconazole: medical mycology, Tinea, therapy" 
· 3-5 mg/kg/day for 4 weeks

Fluconazole XE "Fluconazole: medical mycology, Tinea, therapy" :

· 8 mg/kg/day for 8-12 weeks

Azoles in shampoo or selenium sulphide shampoo as prevention?

In kerion possibly corticosteroids systemically, never locally.

Treatment of tineae of the non-hairy skin

Local treatment may be given in the case of a geophilic mould or a limited lesion.

Magistral preparation of 0.5-5% acetylsalicylic acid (keratinolytic) and 1-10% benzoic acid (antifungal) (Whitfield’s ointment). 

Creams, ointment, spray with 1-2% azoles, 2x/day for 2-3 weeks

Terbinafine cream 2x/day for 1 week (children 1x/d)

Terbinafine XE "Terbinafine: Medical mycology, Tinea, therapy" :

· 250 mg/day for 2 weeks

Itraconazole XE "Itraconazole: medical mycology, Tinea, therapy" 
· Tinea pedis and tinea manum: 400 mg/day for 7 days

· Tinea corporis and tinea cruris: 200 mg/day for 7 days

· 3-5 mg/kg/day (children)

Griseofulvin XE "Griseofulvin: medical mycology, Tinea, therapy" 
· Adults 500 mg/day for 4-6 weeks

· Children-20 mg/kg/day for 2-4 weeks for tinea corporis

· 4-8 weeks for tinea pedis

2.2 Superficial mycoses, Malassezia furfur (Pityrosporum ovale) XE "Medical mycology: superficial mycoses, Malassezia furfur (Pityrosporum ovale)" 
2.2.1 Malassezia furfur, Pathogen

Malassezia furfur is a small, oval or round, lipophilic yeast which proliferates by unipolar budding. This yeast is present on the skin of everyone (scalp, chest, auditory canal). Pityriasis versicolor and other infections caused by M. furfur are therefore considered not to be infectious diseases. As yet unelucidated factors -seborrhoea, sweat secretion– mean that this yeast may be pathogenic in certain individuals.
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2.2.2 Malassezia furfur, XE "Malassezia furfur: medical mycology, supericial mycoses"  Clinical presentations

· Pityriasis versicolor (PV) is characterised by small, irregular, sometimes confluent, slightly desquamating patches that are yellowish-brown on a light skin and exhibit a colourless appearance on darker skin. In countries with a temperate climate, PV is seen predominantly in young adults, usually localised on the chest. In tropical regions, PV is seen predominantly in young children and then principally on the face. A hyperpigmented form is sometimes seen in the tropics, usually located on the limbs (ashy type). 

· The role of M. furfur in seborrheic dermatitis (SD) remains disputed. According to some authors, this yeast plays a direct aetiological role, while for others only an indirect effect is involved (hypersensitivity). Whatever the case, in some patients Malassezia can be readily found in the lesions and antifungal treatment can improve and even cure the dermatosis. So far, the presence of M. furfur appears to be no greater in HIV-positive patients, although they have a high prevalence of SD.

· Other diseases caused by M. furfur are blepharitis, folliculitis, predominantly on the back, in adults, and systemic infections, particularly in neonates and the elderly fed parenterally with lipid emulsions. 

2.2.3 Malassezia furfur, Laboratory diagnosis

In pityriasis versicolor, short, thick hyphae and groups of more or less round yeast cells are seen in a KOH preparation of the scrapings. In the other infections in which M. furfur plays a possible aetiological role, only numerous round or oval yeast cells are found with the typical unipolar budding. M. furfur can only be cultured on nutrient media containing lipids.

2.2.4 Malassezia furfur, XE "Malassezia furfur: medical mycology, supericial mycoses"  Therapy

· In pityriasis versicolor local treatment is preferred: selenium sulphide shampoo (antifungal and degreasing) or shampoo with azoles (econazole, ketoconazole) twice weekly for 4 weeks (80% cure), creams and lotions with 1-2% azoles, terbinafine gel twice daily for 2 weeks. Role for systemic treatment?

· Azoles orally or locally are effective in patients with seborrheic dermatitis.

· Blepharitis is treated with an eye ointment containing antifungals (natamycin, nystatin, more recently azoles).

· The treatment of folliculitis involves oral treatment with azoles. Recurrences are frequent.

The discontinuation of parenteral administration of lipids is usually sufficient to cause the fungaemia in deep pityrosporoses to disappear.

2.3 Superficial mycoses, superficial candidosis XE "Medical mycology: superficial mycoses, superficial candidosis" 
2.3.1 Superficial candidosis, Definition and causative agents

Cutaneous, oral and genital infections caused by yeasts of the Candida genus.

Candida albicans XE "Candida albicans: medical mycology, supericial mycoses"  is the principal causative agent of candidosis. In addition, there are other potential pathogenic species: C. glabrata XE "Candida glabrata: medical mycology, supericial mycoses" , C. guilliermondii XE "Candida guilliermondii: medical mycology, supericial mycoses" , C. krusei XE "Candida krusei: medical mycology, supericial mycoses" , C. parapsilosis XE "Candida parapsilosis: medical mycology, supericial mycoses" , C. tropicalis XE "Candida tropicalis: medical mycology, supericial mycoses" , etc. C. albicans is an obligate endosaprophyte. Promoting factors provide the conditions in which this common saprophyte becomes a pathogenic agent. The same applies to the other species. Infections with Candida sp. thus usually indicate an underlying disease.

2.3.2 Superficial candidosis, Clinical presentations

a) Cutaneous candidosis

The skin lesions, localised in body folds – intertrigo - have a smooth, macerated appearance with scaly collarettes. In the large folds, these lesions are associated with secondary folliculitis. Obesity, immobilisation, maceration and heat are predisposing factors.
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b) Oral candidosis

Classic thrush is characterised by a white, curd-like coating on the tongue or elsewhere in the oral cavity. Stomatitis due to Candida is often associated with painful infection of the lips -cheilitis- and corners of the mouth -perleche-.

Oral candidosis is a frequent complication of oral administration of broad-spectrum antibiotics (disturbance of the normal microflora). It also occurs in wearers of dentures (local factor that encourages colonisation with Candida). In patients with cell-mediated immunity disorders, large number of Candida are found in the oral cavity with or without lesions. Oropharyngeal and oesophageal candidosis is the most frequent opportunistic mycosis in HIV-positive patients.

c) Genital or perigenital candidosis

The diagnosis of (vulvo)vaginitis due to Candida is based both on clinical criteria (pruritis, leukorrhoea, erythema, oedema, white lining on the vaginal wall) and on laboratory criteria (direct examination and culture).

Contamination of the vagina with Candida stems from the endogenous endosaprophytic flora of the gastro-intestinal tract. The causal strain almost always comes from the woman herself. Vaginitis due to yeasts must therefore not be seen as a sexually transmitted disease. It is only the strain and not the infection which is passed on to the partner. Colonisation and possible infection occur when predisposing factors alter the vaginal biotope (hormonal changes, changes in pH, etc.). When balanitis or balanoposthitis (erythema and a whitish coating on the coronary sulcus) by yeasts is diagnosed in the male, consideration must be given to an underlying factor (disorders of glucose metabolism).

2.3.3 Superficial candidosis, Laboratory diagnosis

Here again the first step is the detection of yeasts by direct examination of a fresh preparation. Oval yeast cells are seen with budding and possibly pseudomycelium. In C. glabrata infection only yeast cells are found. Culture is carried out on a standard Sabouraud nutrient medium with chloramphenicol. Identification of yeasts is based principally on physiological characteristics (fermentation and oxidative assimilation of sugars). Candida albicans can be recognised by two morphological characteristics: the formation of germ tubes and chlamydospores.
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2.3.4 Superficial candidosis, Therapy

In all these infections, the underlying factors should always be identified (diabetes, use of steroids, HIV, …). It is usually advisable to limit the number of yeast cells in the oral cavity and G.I. tract, possibly preventively even by administration of polyenes or azoles. There is the risk here, however, of selecting resistant strains.

Cutaneous candidosis

Topical azoles (clotrimazole, ketoconazole, econazole, miconazole) and polyenes (nystatin)

Oral candidosis

· Topical miconazole XE "Topical miconazole: medical mycology, superficial candidosis, therapy"  (gel), nystatin XE "Nystatin: medical mycology, superficial candidosis, therapy" 
· Fluconazole XE "Fluconazole: medical mycology, superficial candidosis, therapy"  100 mg/day PO

· Itraconazole XE "Itraconazole: medical mycology, superficial candidosis, therapy"  oral solution 200 mg/day for 7-14 days

· BEWARE OF inherent resistance of C. krusei and C. glabrata and acquired resistance of C. albicans to fluconazole.

Vaginal candidosis

· Topical azoles (clotrimazole, miconazole, econazole) in the form of 2% creams, 100-500 mg tablets, 100-1200 mg vaginal ovules. Treat for 1-14 days.

10-15% of patients never become negative. In recurrent vaginitis (4/year) 1x150 mg fluconazole or 2x200 mg itraconazole PO. 

· In the event of resistance to azoles: capsules with boric acid locally (600 mg/day for 14 days).

2.4 Superficial mycoses, onychomycoses (Tinea unguium) XE "Medical mycology: superficial mycoses, onychomycoses (Tinea unguium)" 
2.4.1 Onychomycosis, Agents
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Nail infections are usually caused by fungi. A laboratory test is necessary to establish whether a yeast is involved (predominantly C. albicans and C. parapsilosis) or a dermatophyte (predominantly T. rubrum XE "Tinea rubrum: medical mycology, supericial mycoses"  and T. mentagrophytes var. interdigitale XE "Tinea mentagrophytes var. interdigitale: medical mycology, supericial mycoses" ) or sometimes other filamentous fungi such as Scopulariopsis brevicaulis XE "Scopulariopsis brevicaulis: medical mycology, supericial mycoses" . Onychomycosis of toenails is usually, but not exclusively, caused by dermatophytes while on fingernails it is due to yeasts. S. brevicaulis XE "Scopulariopsis brevicaulis: medical mycology, supericial mycoses"  and other filamentous fungi almost exclusively affect the toenails.

2.4.2 Onychomycosis, Clinical presentation

· Paronychia or perionyxis: usually painful inflammation of the tissue just proximal and lateral to the nails, as well as the nail bed as a result of which the nail plate exhibits abnormalities. Paronychia is usually localised in the fingernails and is caused by yeasts. Contact with sugars and detergents are predisposing factors.

· Onycholysis: distal detachment of the nail plate in the direction of the lunula as a consequence of the growth of the pathogen in the hyponychium (soft keratin). As a result of accumulation of friable keratin, the nail plate is curved upwards. The nail often exhibits a yellowish-grey colour. Onycholysis is usually caused by dermatophytes.

· Onyxis: invasion of the nail plate itself. Onyxis can be primary (dermatophytes) or secondary to perionyxis or onycholysis. The nail plate displays a progressive yellow discoloration in the direction of the base and can occasionally disappear completely.

2.4.3 Onychomycosis, Laboratory diagnosis

The mycological diagnosis of onychomycosis is based on a direct microscopic examination (KOH), possibly a histological examination and isolation of the causative agent in culture.

2.4.4 Onychomycosis, Treatment

Local (to be combined with systemic therapy): terbinafine, azoles, amorolfine, elimination of the affected keratin (40% urea paste ± butenafine).

Dermatophytes

· Formerly griseofulvin XE "Griseofulvin: medical mycology, onychomycosis, therapy" , but very long treatment necessary with disappointing results

· Terbinafine XE "Terbinafine: medical mycology, onychomycosis, therapy" : 250 mg/day for 12 weeks (6 weeks for hands)

· Itraconazole XE "Itraconazole: medical mycology, onychomycosis, therapy" : 200 mg/day for 3 months or pulse therapy: 2x200 mg/day for 1 week per month and for 3-4 months sometimes even up to one year (2 months for the hands).

· Fluconazole XE "Fluconazole: medical mycology, onychomycosis, therapy" : 150-300 mg/week for 6-12 months (3-6 months for the hands).

Yeasts

Itraconazole, fluconazole

In vitro terbinafine is not active except against C. parapsilosis
Filamentous fungi

Local or systemic terbinafine, itraconazole, local amorolfine, surgery?

3 Subcutaneous mycoses

3.1 Subcutaneous mycoses, introduction XE "Medical mycology: subcutaneous mycoses, introduction" 
The term subcutaneous mycosis means a disease in which the pathogen, an exosaprophyte, penetrates the dermis or even deeper during or after a skin trauma. The lesions gradually spread locally without dissemination to deep organs. However, most fungi which cause subcutaneous mycoses can also occasion deep mycoses in patients with severe underlying abnormalities (via the respiratory tract). Mycologically, the pathogens of subcutaneous mycoses have only a few common characteristics and belong to very different taxonomic groups.

Subcutaneous mycoses occur exclusively or predominantly in the tropics. This is related on the one hand to the geographical distribution of the pathogens and the ecological factors that determine their saprophytic growth and sporulation, and on the other hand it is also the consequence of the medical underdevelopment in these regions. Imported or indigenous cases are only rarely found in Western Europe. 

3.2 Subcutaneous mycoses, chromomycosis XE "Medical mycology: subcutaneous mycoses, chromoblastomycosis" 
3.2.1 Chromomycosis, Clinical presentation

This chronic dermal/epidermal mycosis, also known as chromoblastomycosis, is characterised by vegetative and verrucal lesions, which occur predominantly on the lower limbs. In addition, erythematosquamous, nodular or ulcerating lesions are sometimes also found.

3.2.2 Chromomycosis, Pathogens

The pathogens are dark-walled fungi (Fonsecaea pedrosoi XE "Fonsecaea pedrosoi: medical mycology, subcutaneous mycoses" , Cladophialophora carrionii XE "Cladophialophora carrionii: medical mycology, subcutaneous mycoses" , etc.), which are saprophytes on plants and wood.

3.2.3 Chromomycosis, Laboratory diagnosis
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Microscopic examination of crusts in KOH shows the presence of irregular, 10-20 µm large, brown-walled elements with transverse septa, 'sclerotic cells'. The specific causative agent can only be identified by culture.

3.2.4 Chromomycosis, Therapy

Many clinicians find chromomycosis very resistant to antifungal treatment.

· Surgery if possible (ideal for incipient lesions)

· Heat therapy, as well as cryotherapy (for lesions with limited extend)

· Itraconazole XE "Itraconazole: medical mycology, chromomycosis, therapy" : 200-400 mg/day (+ ?5-fluorocytosine: 100-150 mg/kg/day)

· Saperconazole XE "Saperconazole: medical mycology, chromomycosis, therapy"  might be more effective than itraconazole

· Terbinafine XE "Terbinafine: medical mycology, chromomycosis, therapy" : 500 mg/day for 6-12 months, after 2-4 months a reduction of 70% of the sclerotic cells is seen, Cure: 40% after 4 months, 75% after 8 months, 83% after 12 months. Terbinafine might be the first choice treatment.

· Japan: fluconazole XE "Fluconazole: medical mycology, chromomycosis, therapy"  200 mg/day + heat therapy (improvement after 2 weeks!)

· Some patients have responded favorable to treatment with amphotericin B XE "Amphotericine B: medical mycology, chromomycosis, therapy" 
· Dematiaceous fungi are very sensitive (in vitro) to the new triazoles voriconazole XE "Voriconazole: medical mycology, chromomycosis, therapy"  and posaconazole XE "Posaconazole: medical mycology, chromomycosis, therapy" , but further clinical data are needed.

3.3 Subcutaneous mycoses, mycetoma XE "Medical mycology: subcutaneous mycoses, mycetomas" 
Mycetomas are chronic, inflammatory swellings with numerous sinuses, caused by moulds or bacteria. The causative agent can be seen in the bloody or non-bloody pus, sometimes with the naked eye, in the form of granules. In 75% of cases, a mycetoma is localised on the foot (Madura foot). In addition to involvement of soft tissue, bone tissue is severely affected, with osteolysis on the one hand and hyperostosis on the other.
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3.3.1 Mycetoma, Pathogens

Mycetomas are caused by 2 totally different groups of organisms: the first are moulds, and the second are filamentous bacteria in the order Actinomycetales. In the first case they are referred to as eumycetomas, in the second as actinomycetomas. The difference is very important for therapy. All causative agents of fungal mycetoma are exosaprophytes that have penetrated deep into the tissue with a splinter of wood or a thorn. The limited geographical distribution of most pathogens and their natural history explain why mycetomas occur practically exclusively in the tropics.

3.3.2 Mycetoma, Laboratory diagnosis

The differential diagnosis between fungal and actinomycotic mycetomas is based on the examination of the granules and/or culture. The compact microcolonies of the causative agents differ from one another in terms of colour, shape, dimensions and composition. Black granules are always of fungal origin (e.g. Madurella mycetomatis XE "Madurella mycetomatis: medical mycology, subcutaneous mycoses" ); small red granules are specific for the actinomycotic Streptomyces pelletieri XE "Streptomyces pelletieri: medical mycology, subcutaneous mycoses" ; whitish-yellow granules can be fungal or actinomycotic in nature.

In the direct examination of a crushed granule in KOH, the distinction between fungal and actinomycotic granules can be made on the basis of the presence or absence of true hyphal fragments.

Most information is obtained from the histological examination of a biopsy taken from around the path of a sinus. Vesicular or filamentous elements are seen in fungal granules (Gomori-Grocott stain). Only Madurella mycetomatis, the most common causative agent of eumycetoma, can be detected histologically by the presence of a brown cement. With the other moulds, identification should be made by culture. The actinomycotic granules are wholly or partially stained with haematoxylin: granules of Streptomyces species can be distinguished on the basis of their stain, their shape and dimensions. For Nocardia, cultures are necessary for identification.

3.3.3 Mycetoma, Treatment

Until recently, only surgical removal of the whole affected area was successful. Itraconazole XE "Itraconazole: medical mycology, mycetoma, therapy"  yields the best results for the treatment of fungal mycetomas. Ketoconazole XE "Ketoconazole: medical mycology, mycetoma, therapy"  is an alternative. For actinomycetoma, the first choice treatment is combination treatment of 2 drugs, such as streptomycin XE "Streptomycin: medical mycology, mycetoma, therapy"  with dapsone XE "Dapsone: medical mycology, mycetoma, therapy" 

 XE "Dapsone: medical mycology, mycetoma, therapy"  or cotrimoxazole. Amikacin can also be used as part of a combination treatment.

3.4 Subcutaneous mycoses, sporotrichosis XE "Medical mycology: subcutaneous mycoses, sporotrichosis" 
3.4.1 Sporotrichosis, Clinical presentation
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The classic presentation is the lymphocutaneous form. After an initial lesion, the inoculation chancre, subcutaneous nodules appear followed by ascending lymphangitis. The nodules progressively penetrate the skin and ulcerate. The most common localisations are the hand and the forearm. In addition to this typical lymphocutaneous form, there is also one with disseminated skin lesions, a local cutaneous form, often on the face, which according to some authors occurs in re-infections, and extracutaneous sporotrichosis with involvement of the mucous membranes, bone, muscles, lungs or systemic infection. Pulmonary localisations without involvement of other organs occur in endemic areas (South America) probably more than is thought. This chronic pulmonary disease is often taken for tuberculosis. 

3.4.2 Sporotrichosis, Aetiology

Sporotrichosis is only caused by the mould, Sporothrix schenckii XE "Sporothrix schenkii: medical mycology, subcutaneous mycoses" . It is an exosaprophyte on plants, wood and in the soil (peat moss). S. schenckii is a dimorphic mould. At 37°C and on rich nutrient media such as BHI, the yeast phase is obtained with oblong yeast cells.

3.4.3 Sporotrichosis, Laboratory diagnosis

In contrast to all other mycoses, the diagnosis of sporotrichosis is based not on the detection of the pathogen by direct or histological examination, but solely on culture. It involves collecting a small quantity of the milky pus from ulcerated lesions after the removal of the superficial crusts and then inoculating it onto a Sabouraud nutrient medium. Growth is obtained after a few days of incubation at 25°C and the typical asexual spore formation is easily identified.

3.4.4 Sporotrichosis, Therapy

Cutaneous forms

· Potassium iodide XE "Potassium iodide: medical mycology, sporotrichosis, therapy"  orally (saturated solution 1g/ml): start with 0.5-1.0 g/day, increase to 4-5 g/day in 3 doses in water or milk for at least 16 weeks (mechanism of action not known).

· Terbinafine XE "Terbinafine: medical mycology, sporotrichosis, therapy" : 2x250 mg/day. Max. 32 weeks. Cure from 8 weeks.

· Local heat therapy (I.R. or compresses) (the killing rate of the fungal cells is markedly higher at 40°C than at 37°C).

All forms
· Itraconazole XE "Itraconazole: medical mycology, sporotrichosis, therapy" : 100 mg/day for 10-18 weeks

Systemic form
· Amphotericin B (cf. deep mycoses) 

3.5 Subcutaneous mycosis, rhino-entomophthoromycosis  
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Zygomycosis is a term referring to infections with zygomycetes, and more specifically infections such as mucormycosis and entomophthoromycosis (synonyms of the latter are the tongue-twisting and jaw-breaking "rhino-entomophthoromycosis" and "rhino-entomophthoramycosis"). Rhino-entomophthoromycosis is a slowly progressing tropical infection of the subcutaneous tissue or paranasal sinuses caused by Conidiobolus coronatus XE "Conidiobolus coronatus: subcutaneous mycosis, Rhino-entomophthoromycosis"  or related species. Severe mutilations with grotesque deformation of the face can ensue. Histopathology will show fungal elements, granulomata and eosinophils. Culture will confirm the diagnosis. Azoles such as itraconazole should be tried as treatment, although there is insufficient clinical experience.

3.6 Subcutaneous mycosis, basidiobolomycosis XE "Medical mycology: subcutaneous mycosis, Basidiobolomycosis" 
Basidiobolomycosis is often considered together with rhino-entomophthoromycosis. Basidiobolus ranarum affects subcutaneous tissue in areas such as buttocks, thighs, arms. Biopsy with culture is essential for diagnosis. 

3.7 Subcutaneous mycosis, lobomycosis XE "Medical mycology: subcutaneous mycoses, Lobomycosis" 
Lobomycosis is a very rare infection. It is a self-limited chronic fungal infection of the skin endemic in rural regions in South America and Central America. The prevalence of the disease is high among the Caiabi Indians of Brazil and among the Amoruas tribe of the Casanare state in Colombia. It was the Brazilian physician Jorge Lobo who in 1931 in Recife first described this infection. He gave the name keloidal blastomycosis. The condition was called Lobo disease in 1938, and in 1958, the name lobomycosis was applied. 

The organism responsible for lobomycosis has yet to be cultured in vitro. The infection has been transmitted to several lab animals, including an armadillo, golden hamsters, mice and tortoises. Sequence analysis of ribosomal RNA (rRNA) obtained from dolphin skin lesions are highly homologous to rRNA sequences from the fungal genus Cladosporium. Three genera and one species name have been recommended: Loboa loboi XE "Loboa loboi:  medical mycology, subcutaneous mycoses"  (referring to Jorge Lobo), Paracoccidioides loboi XE "Paracoccidioides loboi: medical mycology, subcutaneous mycoses"  because of its antigenic relationship to Paracoccidioides brasiliensis; and Lacazia loboi in deference to Lacaz, who contributed much to the knowledge of the disease. Other names are Glenosporella lobo XE "Glenosporella lobo: medical mycology, subcutaneous mycoses" i and Blastomyces loboi XE "Blastomyces loboi: medical mycology, subcutaneous mycoses" . The final designation is pending successful culturing of the organism. 

The natural reservoir of the pathogen is unknown. Its likely habitat is somewhere in the rural environment because the disease occurs in humans living in rural areas. Soil and vegetation seem to be likely sources of infection. Since the pathogen has been recovered from lobomycotic lesions of Tursiops truncatus ("bottlenose dolphins") in Florida and in the Bay of Biscay in Europe, an aquatic reservoir seems likely. A case of dolphin-to-human transmission has been documented in 1983, in a dolphin handler. Human-to-human transmission has not been documented, although the inoculation of a tissue homogenate in a volunteer reproduced the disease. The lesion slowly progressed over 4 years before a small satellite lesion developed.

As for clinical symptoms, the name keloidal blastomycosis describes the lesions very well. Lobomycosis often develops at sites of minor trauma, but sometimes, no history of trauma can be recalled. The disease predominately affects exposed areas and extremities. Skin lesions slowly develop over time. Only after the lesions have become large do patients tend to consult a doctor. The lesions often begin as small papules or pustules, mildly pruritic or resulting in a burning sensation. The disease leads to verrucoid or lobulated keloidal nodules and crusty plaques. Lesions are well defined, smooth, painless. They are easily moved around since they lie free over the deeper tissues. Older lesions typically become wart-like and ulcerative with satellite lesions resulting from autoinoculation. The epidermis may be shiny, atrophic, and discolored. The mucosae are spared. The disease does not seem to heal spontaneously. The infection may spread proximally from the extremities, suggesting lymphatic dissemination. Patients lack other systemic symptoms and lobomycosis does not affect the general health of the patient, although squamous cell carcinoma has been described on old scar lesions. Keloids are the most important differential diagnosis and are much more common.

Diagnosis relies on a skin biopsy. The fungus is abundant in lobomycotic skin lesions. It is a spherical intracellular yeast 6-12 m in diameter. The melanin-containing birefringent 1 m thick cell wall resists digestion by macrophages. L. loboi is predominantly an intracellular pathogen. Organisms, singly or in chains, reside predominantly in macrophage vacuoles. They seem to reproduce by budding. Linear or radiating chains of 5-10, even 20 organisms linked by tubules are characteristic. Granulomata with foreign-body giant cells and foamy macrophages with abundant round cells are typical. The epidermis is usually atrophic, but in some cases may show pseudoepitheliomatous hyperplasia or ulceration. There is no necrosis, and fibrosis is infrequent. There is no tendency to invade subcutaneous tissue. The organism can be seen with haematoxylin and eosin, but the best stain is Grocott silver-methenamine, which will show the typical yeasts chains. Asteroid bodies in giant cells have been found in about 25% of biopsies.

Attempts at medical treatment have failed. Surgery is successful only when the lesion is small and can be fully resected. Repeated cryotherapy appears to be more successful. The present antifungals do not seem promising, but more study is needed. Clofazimine has been tried with limited success. 

4 Deep mycoses

4.1 Deep mycoses, introduction XE "Medical mycology: deep mycoses, introduction" 
Deep or systemic mycoses can be subdivided into

· Cosmopolitan deep mycoses, such as aspergillosis, candidosis and cryptococcosis. They are caused by fungi that occur worldwide.

· Exotic deep mycoses, including coccidioidomycosis and histoplasmosis and infection with Penicillium marneffei XE "Penicillium marneffei: medical mycology, deep mycoses" , the pathogens of which have a limited geographical distribution. 

4.2 Deep mycoses, aspergilloses XE "Medical mycology: deep mycoses, aspergilloses" 
4.2.1 Aspergillosis, Causative agents
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The genus Aspergillus is recognised by its typical asexual sporulation. The very numerous spores occur in chains from bottle-shaped elements (phialides) which are grouped on the swollen endings of erect hyphae. Of the approximately 180 known species, 5-6 are pathogenic, of which A. fumigatus XE "Aspergillus fumigatus: medical mycology, deep mycoses"  and A. flavus XE "Aspergillus flavus: medical mycology, deep mycoses"  occur the most frequently. Aspergillus are widespread moulds, but their growth is generally on the substrate and physical factors. Consequently, A. fumigatus XE "Aspergillus fumigatus: medical mycology, deep mycoses" , a thermotolerant species (optimum about 43°C), is extensively present in compost (it is not unusual to isolate 300,000 CFUs/g from leaf mould). In this way these moulds are sources of allergy or infection for some patients, but the previously described epidemics of fatal aspergillosis in hospital were all caused by demolition and construction work!

4.2.2 Aspergillosis, Clinical presentations 

a) Sinusitis

This chronic, unilateral, usually non-invasive infection is often localised in the maxillary sinus.

b) Pulmonary aspergilloma

This colonisation (!) is characterised by the development of a free and mobile fungal mass, the fungal ball, in a residual lung cavity (80% post-tuberculosis). This mass consists of interwoven hyphae. The most typical symptom is haemoptysis, which can sometimes be profuse. 

c) Invasive pulmonary aspergillosis

With or without other deep foci, this is usually a fatal opportunistic infection in certain risk groups such as patients with neutropenia. In the same patients extrapulmonary dispersion appears to be more frequent. Pulmonary aspergillosis is also found in AIDS patients. Not all patients with invasive pulmonary aspergillosis have immune disorders.

4.2.3 Aspergillosis, Laboratory diagnosis

· The diagnosis of sinusitis due to Aspergillus is based on direct or histological examination of material obtained by sinuscopy. In addition to branched hyphae, Aspergillus "heads" are also found. The identification of the pathogen is based on culture. Serological tests are rarely positive.

· In aspergilloma, direct examination (presence of hyphal fragments) and sputum culture are not necessarily positive. Specific precipitins to A. fumigatus and A. flavus are found in about 90% of cases. The same precipitins are also found in the case of allergy.

· The diagnosis of invasive pulmonary aspergillosis and disseminated aspergillosis is based on clinical observation and laboratory tests, particularly the determination of the patient’s immune status and the – predominantly recurrent – isolation of the fungus. In patients with impaired resistance, precipitins are not produced or only at a late stage. The best currently available serological technique is antigen detection (Platelia ELISA test, sensitivity of 1-2 ng/ml). Blood cultures usually remain negative.

· When systemic aspergillosis is associated with skin lesions, the diagnosis is simpler by histological examination. 

4.2.4 Aspergillosis, Therapy

In non-invasive sinusitis, azoles or polyenes can be used for rinsing. Co-administration of itraconazole is recommended in the event of predisposing factors or in the case of invasive sinusitis. The severity of haemoptysis in aspergilloma will determine whether or not to operate. According to some authors, embolisation of the arteries that arise to vascularise the colonised cavity yields favourable results. Alternatives are intracavitary instillations of itraconazole or oral treatment with itraconazole.

In all forms of invasive aspergillosis, intervention should be as rapid and effective as possible. Treatment consists of IV amphotericin B, or oral itraconazole for the less serious cases.

· Amphotericin B XE "Amphotericine B: aspergillosis, therapy" : 0.8-1.5 mg/kg/day for at least 2 weeks

· Itraconazole XE "Itraconazole: aspergillosis, therapy" : 600-800 mg/day for 3-4 days, then 400 mg/day for a few (1-26) months. 

· Echinocandin

Note: echinocandin

Echinocandins are large lipopeptide molecules which inhibit beta-(1,3)-glucan synthesis. This inhibition damages fungal cell walls. In vitro and in vivo, the echinocandins are rapidly fungicidal against most Candida sp and fungistatic against Aspergillus sp. They are not active at clinically relevant concentrations against Zygomycetes, Cryptococcus neoformans, or Fusarium sp.  The first echinocandin was caspofungin, the second was micafungin. Adverse events are generally mild, including (for caspofungin) local phlebitis, fever, abnormal liver function tests, and mild haemolysis. Poor absorption after oral administration limits use to the intravenous route. Dosing is once daily and drug interactions are few. The echinocandins are widely distributed in the body, and are metabolised by the liver. Caspofungin in candidaemia and invasive candidiasis is equivalent as to efficacy as amphotericin B, but has fewer toxic effects. There is no antagonism when combined with other antifungal drugs. Combination antifungal therapy might be the way to go, particularly for invasive aspergillosis.

4.2.5 Aspergillosis, Prevention

Complete prevention of aerogenic contact with Aspergillus is utopian. That does not however detract from the fact that sources of infection rich in spores such as plants and soil should be banned from the sick-room. In intensive care units, regular screening for airborne moulds is advised. There are various forms of apparatus for quantifying moulds in the air. It should be realised that elimination of moulds from a room is only possible with the use of a laminar flow unit.

Preventive treatment should be instituted for certain categories of risk patients e.g. a patient with neutropenia and fever which does not respond to 4-6 days of antibiotic therapy has a 20% chance of having a deep mycosis with Aspergillus (or Candida) and should be treated with ampho B until the time that neutrophil numbers are restored to normal levels.

4.3 Deep mycoses, deep candidoses XE "Medical mycology: deep mycoses, deep candidoses" 
As in other deep mycoses, the host’s resistance plays an important role in the pathogenesis. Deep candidoses occur only in predisposed patients. Local or general predisposing factors are initially responsible for the increased colonisation of the mouth and intestine, and subsequently for possible invasion and spread. In animals and even in humans it has been clearly demonstrated that if large quantities of yeast cells are given orally, they are subsequently found in the blood. This physiological passage from the intestine is known as persorption. It is highly probable that persorption and not an exogenous infection, is at the origin of most cases of deep candidosis. 

4.3.1 Deep candidosis, Causative agents

The majority of systemic candidioses are caused by C. albicans XE "Candida albicans: medical mycology, deep mycoses" . Other species are C. parapsilosis XE "Candida parapsilosis: medical mycology, deep mycoses" , C. tropicalis XE "Candida tropicalis: medical mycology, deep mycoses" , C. krusei XE "Candida krusei: medical mycology, deep mycoses" , C. guilliermondii XE "Candida guilliermondii: medical mycology, deep mycoses" 

 XE "Candida guilliermondii: medical mycology, deep mycoses" , C. kefyr XE "Candida kefyr: medical mycology, deep mycoses" , C. lusitaniae XE "Candida lusitaniae: medical mycology, deep mycoses" , C. zeylanoides XE "Candida zeylanoides: medical mycology, deep mycoses"  and C. glabrata XE "Candida glabrata: medical mycology, deep mycoses" . The aetiology varies between patients.

4.3.2 Deep candidosis, Clinical presentations
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The localisations and the symptoms in deep candidosis are markedly patient-related. Allowance must be made for this patient-candidosis inter-relationship when interpreting serological tests or evaluating treatment with antifungal agents.

Oesophagitis and colitis develop when Candida multiply in the digestive tract as a consequence of a disturbance of the intestinal flora following antibiotic administration. Pulmonary candidosis may be the consequence of haematogenous spread in risk patients and sometimes of direct colonisation via the airways. In systemic deep candidosis there are practically always localisations in the kidneys, as well as in the eyes and elsewhere. 

Skin lesions are sometimes an early sign of systemic candidosis.

Chronic disseminated candidosis, with the formation of several small abscesses in the liver and spleen and sometimes in the kidneys, is a clinical condition that occurs predominantly in leukaemia patients after a long period of neutropenia. Endocarditis due to Candida can occur after bacterial endocarditis or after heart surgery (valve prosthesis). Meningitis due to Candida is sometimes found in premature infants. A particular clinical presentation has been described since the 1980s in heroin users: formation of pustular and nodular lesions principally on the hairy skin of the head (which disappear after about 4 weeks and result in alopecia) and in the beard area. In about 50% of cases they are followed a few weeks/months later by ocular lesions (chorioretinitis/vitritis) and osteo-articular and cardiac localisations. 

4.3.3 Deep candidosis, Laboratory diagnosis

As C. albicans is present in the mouth and the intestine of all people, direct examination - presence of yeast cells and yeast threads – is of much greater value than culture. In this last case, a quantitative growth assessment should be made (e.g. in faeces (106 CFU/g). The isolation of Candida from normally sterile samples (such as cerebrospinal fluid) is always significant. In some patients the diagnosis is made histologically. The detection of antibodies to Candida is only of value if titres can be compared before and during the infection.  The detection of certain metabolites and in particular of specific antigens is of greater diagnostic value. However, the sensitivity and the specificity of the available tests are the subject of discussion.

In various forms of deep candidosis, the blood cultures can sometimes remain negative. On the other hand, a single positive blood culture is not without significance. In some patients, unifocal candidosis is found weeks/months after "transient" candidaemia (osteomyelitis, sometimes kidney abscess and even endocarditis). 

4.3.4 Deep candidosis, Therapy

The choice of antifungal agent, azole or amphotericin B, is dependent on the type of patient, the species and the severity of the infection. Thus, C. krusei is usually resistant to fluconazole and C. lusitaniae to amphotericin B.

Guidelines for Candida infection

IDSA (Inf. Dis. Soc. Amer.) working group

*Species is known

C. albicans, C. tropicalis, C. parapsilosis
· Amphotericin B XE "Amphotericine B: deep candidosis, therapy"  0.6 mg/kg/day or
· Fluconazole XE "Fluconazole: deep candidosis, therapy"  6 mg/kg/day

· depending on the severity of the infection.

C. glabrata

· Amphotericin B (>0.7 mg/kg/day) or
· Fluconazole (12 mg/kg/day)

· depending on the severity of the infection.

Treatment is continued for 2 weeks after the last positive blood culture and/or the disappearance of the symptoms. In patients who show an improvement, it is possible to switch from amphotericin B to fluconazole.

Species is not (yet) known

· Amphotericin B (>0.7 mg/kg/day)

· Fluconazole (>6 mg/kg/day)

· depending on the stability of the patient’s condition.

4.3.5 Deep candidosis, Prevention

· Systematic suppression of the quantity of yeasts in the mouth and intestine in the principal groups of risk patients (nystatin).

· Depending on the level of risk to which the patient is exposed, preventive antifungals may be given, as in deep aspergillosis.

4.4 Deep mycoses, cryptococcosis XE "Medical mycology: deep mycoses, cryptococcosis" 
4.4.1 Cryptococcosis, Causative agent

This is a mycosis caused by an exosaprophytic yeast, Cryptococcus neoformans XE "Cryptococcus neoformans: medical mycology, deep mycoses" . There are two varieties, C. neoformans var. neoformans XE "Cryptococcus neoformans var. neoformans: medical mycology, deep mycoses"  and C. neoformans var. gattii XE "Cryptococcus neoformans var. gattii: medical mycology, deep mycoses" , which are distinguished on the basis of serological, morphological, physiological and epidemiological characteristics. The variety neoformans is cosmopolitan and is often isolated from the environment, particularly from pigeon droppings. The variety gattii is exclusively tropical and to date has never been isolated from bird droppings. Both have been shown to grow on trunks of tropical trees such as Eucalyptus. This wood probably represents the natural biotope of both varieties.

4.4.2 Cryptococcosis, Clinical presentations
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Cryptococcosis occurs only exceptionally in people with normal resistance. The majority of cases occur in patients with impaired cell immunity. 

Cryptococcosis is a frequent infection in AIDS patients, particularly in Central Africa, in some regions of South America and in Southeast Asia (20-25% of AIDS patients). This high prevalence, as has recently been demonstrated, is probably the consequence of frequent contact with the variety neoformans in the environment (even in houses).

The great majority of cases (>99%) are caused by the variety neoformans and not by the (sub)tropical variety gattii.

The portal of entry is the airways, but pure pulmonary cryptococcosis is observed only exceptionally. Pulmonary localisations are usually found in systemic cryptococcosis. From the lungs, dissemination can occur to the central nervous system with the occurrence of chronic meningitis.

In patients with severe abnormalities of cellular immunity such as AIDS patients, there is often dissemination to multiple foci, including the prostate. Primary cutaneous cryptococcosis (the skin as the portal of entry) is extremely rare. In most cases, infection of the skin should be considered as secondary. If it is primary there are no circulating antigens present and usually serotype D is involved.

4.4.3 Cryptococcosis, Laboratory tests

If cryptococcal meningitis is suspected, the cerebrospinal fluid can be centrifuged and a drop of the sediment mixed with diluted India ink (1 part ink/1 part water). The thick mucopolysaccharide capsule then becomes clearly visible. For culture, Sabouraud is used without actidione. There are special media (Niger or Guizotia abyssinica) on which C. neoformans forms brown colonies. 

There are now a number of reliable commercial kits (agglutination and latex tests) for the detection of C. neoformans antigens in cerebrospinal fluid and serum. This examination has both a diagnostic and a prognostic value. Titres fall at the beginning of therapy. For histological examination, mucicarmine is preferred, which stains the capsule, in combination with silver impregnation (Gomori-Grocott), which stains the yeast wall.

4.4.4 Cryptococcosis, Therapy

· Spontaneous recovery does not occur. 50-60% of AIDS patients relapse if maintenance treatment is not given.

· Primary cutaneous cryptococcosis is treated with itraconazole which penetrates tissue well, but not cerebrospinal fluid.

No AIDS, no meningitis

· Ampho B (0.5-0.8 mg/kg/day) IV followed by fluconazole 400 mg/day for 8-10 weeks

 or

· Ampho B (0.3 mg/kg/day) IV + 5-fluorocytosine (37.5 mg/kg 4x/day PO for 6 weeks)

 or

· Fluconazole (400 mg/d) IV or orally for 8 weeks (mild infection)

Meningitis without AIDS 

· Ampho B XE "Amphotericine B: cryptococcosis, therapy"  (0.5-0.8 mg/kg/day) IV + 5-fluorocytosine (37.5 mg/kg 4x/day) orally until no more fever and negative culture of cerebrospinal fluid (6 weeks), thereafter fluconazole 200 mg/day orally.

 or

· Fluconazole XE "Fluconazole: cryptococcosis, therapy"  (400 mg/day) PO for 8-10 weeks (mild infection)

AIDS

· Ampho B (0.7-1.0 mg/kg/day) IV + ?5-FC (25 mg/kg 4x/day) (5-FC is toxic to AIDS patients) orally until stabilisation (2 weeks), then fluconazole 400 mg/day PO for 10 weeks, thereafter 200 mg/day lifelong.

4.5 Deep mycoses, exotic deep mycoses XE "Medical mycology: deep mycoses, exotic deep mycoses" 
The exosaprophytic moulds that cause exotic deep mycoses have the lungs as their portal of entry. They are dimorphic, i.e. they occur in two forms. In the environment they are filamentous, while in vivo they exhibit another morphology that of yeasts. These moulds are capable of causing disease in patients without predisposing factors. The severity of the condition varies according to the inoculum and the patient’s immune status. In patients without predisposing factors dissemination is rare and associated with a very large inoculum. In risk patients (AIDS), however, dissemination always occurs, even if only a small number of spores are inhaled. Dissemination leads to the secondary form in which numerous deep foci are possible and cutaneous lesions are also often observed.

The laboratory diagnosis is based on the specific morphology which the pathogen exhibits in vivo and on the culture of the saprophytic phase. Manipulation of the cultures is dangerous! There are reliable serological tests which are of diagnostic and prognostic value. For therapy, as an alternative to amphotericin B, use is increasingly, and successfully, being made of the azoles (itraconazole), particularly for the secondary chronic forms or relapse prevention (cf. cryptococcosis).

4.5.1 Classic or American histoplasmosis

This mycosis occurs primarily in the southeast of the USA, but is not exclusively North American. Native cases also occur in South America, Africa and Asia. Apart from a handfull of Romanian and Italian cases those found in Europe have been imported.

4.5.2 Histoplasmosis, Causative agent

The causative agent, Histoplasma capsulatum var. capsulatum XE "Histoplasma capsulatum var. capsulatum: medical mycology, deep mycoses" , is an exosaprophytic mould that is isolated in the USA from various biotopes such as chicken manure, soil under starling roosts, seagull breeding sites and bat guano in caves (cave disease or speleologist’s disease).

The filamentous phase is found in the environment or in culture at 25°C, characterised by round spores with a thick wall, surrounded by protrusions (chlamydospores) and small round spores with a smooth wall. In vivo, in the parasitic phase, small, ovoid yeasts of 3-4 µm are found in the cells of the RES (histiocytes, monocytes).

4.5.3 Histoplasmosis, Clinical presentations

'The syphilis of the fungus world’, meaning that histoplasmosis is one of the “Great Imitators”. Histoplasmosis has been described as an illustration of the large variety of clinical forms.

In most cases, after contact with a low dose, an asymptomatic infection (99%) is seen or a self-limiting flu syndrome occurs (1%).

At high inocula or with temporary suppression of immunity an acute pulmonary disease can occur. After recovery calcifications in the lung and lymph nodes are seen in 1/3 of cases after 1-2 years.

A chronic mild form is described in adults in the event of a temporary suppression of cellular immunity. This involves an endogenous re-activation, as in ex-colonial soldiers, 10-20 years after they have returned from Africa, South America or Asia, or a re-infection in people still living in endemic areas. Oropharyngeal and nasal lesions and lesions of the vocal chords closely resembling malignant cells (nodules, ulcerations) and which may be associated with dysphagia and dysphonia are seen. In 50% of cases the adrenal glands are also involved. Systemic histoplasmosis is described in AIDS patients, sometimes with very severe cutaneous and mucosal lesions, as well as a possible cerebral involvement (meningitis). It results in a systemic granulomatous disease, with preferential lesions on lips and in the adrenals.
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4.5.4 Histoplasmosis, Laboratory diagnosis

The diagnosis of histoplasmosis is made by direct examination of the parasitic phase (yeast) in sputum, bone marrow or blood. Histoplasma can also be found in histological preparations in RES cells. The intradermal reaction with histoplasmin is of no diagnostic value. The serological tests (immunodiffusion and complement fixation) are based on the detection of specific antibodies and recently on the detection of specific antigens (RIA). Both variants of H. capsulatum XE "Histoplasma capsulatum: medical mycology, deep mycoses"  are level 3 pathogens and should only be cultured in a laboratory with the appropriate security clearance. 

African histoplasmosis due to H. capsulatum var. duboisii 

African histoplasmosis is geographically confined to Central Africa. Although it is established that the pathogen is also an exosaprophytic mould, the natural biotope remains unknown.
In the parasitic phase, H. capsulatum var. duboisii XE "Histoplasma capsulatum var. duboisii: medical mycology, deep mycoses"  exhibits large, round spores of 10-15 µm. In the saprophytic phase, the two varieties are morphologically indistinguishable.

Patients with this chronic mycosis always exhibit polymorphous cutaneous lesions, bone and lymph node involvement and ultimately random deep localisations. When the disease follows an acute course (e.g. in AIDS patients), the yeast cells remain small and the infection is usually ascribed mistakenly to the variety capsulatum. In experimental infections also, cells exceeding the variety capsulatum in size are found only after a long time.

4.6 Deep mycosis due to Penicillium marneffei XE "Medical mycology: deep mycosis due to Penicillium marneffei" 
This mycosis only occurs in Southeast Asia and is usually associated with suppression of cellular immunity. The pathogen P. marneffei was first isolated from bamboo rats in Vietnam and has since been found in patients with a disseminated, often fatal mycosis. The disease is an AIDS indicator. 

4.6.1 Penicillium marneffei, Causative agent
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Penicillium marneffei XE "Penicillium marneffei: medical mycology, deep mycoses"  is a dimorphic mould. It is the only Penicillium species that can cause invasive disease. In the saprophytic phase it is a common Penicillium which produces a red pigment that diffuses in agar. In the parasitic phase, intrahistiocytic and intramacrophagic elements are found which divide by fission and not by bud formation.

4.6.2 Penicillium marneffei, Clinical presentation

The portal of entry is the lung and the infection spreads rapidly or otherwise via the RES. In AIDS patients, fever, marked weight loss, hepatosplenomegaly and often also cutaneous lesions are seen. DD with cryptococcosis, histoplasmosis.

4.6.3 Penicillium marneffei, Laboratory diagnosis

The diagnosis of this mycosis is based on direct examination of sputum, BAL, bone marrow and material from skin lesions or on histological examination, where the intrahistiocytic elements can be observed. P. marneffei can be cultured but the manipulation should be performed in a level 2 laboratory. Reliable serological tests are being developed.

4.7 Deep mycoses, coccidioidomycosis XE "Medical mycology: deep mycoses, coccidioidomycosis" 
The disease is endemic in the wilderness areas of the southwest of the United States. In addition, foci have been described in Central and South America. Despite the pathogenicity of all Coccidioides immitis XE "Coccidioides immitis: medical mycology, deep mycoses"  strains, it is estimated that only 0.2% of cases showed symptoms of deep localisations and/or skin granulomas in the period before 1990. Since then the number of cases has steadily increased, not only because of the AIDS epidemic, but also as a result of earthquakes and sandstorms (disturbance of soil structure).

4.7.1 Coccidioidomycosis, Causative agent

Coccidioides immitis is a dimorphic mould found in its filamentous phase in soil. The pathogenic spores are easily dispersed from dry ground or material. In vivo (parasitic phase) no yeasts are found, but instead spherules, large, spherical elements of 20-80 µm diameter. These spherules contain numerous endospores.

4.7.2 Coccidioidomycosis, Clinical presentation

60% of those infected exhibit no symptoms or only minor respiratory disorders. These people are coccidioidin-positive. Approximately 40% go on to develop lower respiratory tract infections after 1-3 weeks, sometimes with erythema nodosum or erythema multiforme. The fungus can be spontaneously eliminated but it is preferable to administer azoles. About 5% of patients retain cavities and nodules in their lungs. Exceptionally in people with a normal immune system –but in 100% of AIDS patients- an extrapulmonary form is found with meningitis and bone involvement. 

4.7.3 Coccidioidomycosis, Laboratory diagnosis

Spherules are found on direct or histological examination. The culture is relatively atypical and should only be performed in a level 3 laboratory. The coccidioidin skin test can be used for people who suffer a primary infection but anergy is possible in progressive disease. Spherulin is supposedly more sensitive. No cross-reactions have been described. There are other serological tests (latex agglutination, immunodiffusion, complement fixation, ELISA) for the detection of antibodies.

4.8 Deep mycosis, Paracoccidioidomycosis XE "Medical mycology: deep mycoses, paracoccidioidomycosis" 
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Paracoccidioidomycosis or South American blastomycosis occurs in discrete foci in Latin America. It is thought that the fungus (Paracoccidioides brasiliensis XE "Paracoccidioides brasiliensis: medical mycology, deep mycoses," ) exists in the soil as a mold, with infections happening through the inhalation of conidia (spores). These spores convert into yeasts in the lungs and are then thought to spread to other sites haematogeneously and via the lymphatics. Most primary infections are self-limiting. The organism has the ability to remain dormant in the human host for long periods. It can cause clinical disease at a later time if host defences would become impaired (e.g. depression of cell mediated immune responses). Overt infection results in a progressive mycosis with lesions of the skin, mucous membranes (especially mouth, lips and nose) and internal organs. Long asymptomatic periods enable patients to travel far from endemic areas before developing clinical problems. Lesions in the face, naso- and oropharynx resemble espundia (mucocutaneous leishmaniasis), lupus vulgaris (skin tuberculosis) and syphilis. Papules will ulcerate and enlarge both peripherally and deeper into the subcutaneous tissue. A hard hyperkeratotic border may surround a deep ulcerating crater on the skin. Extensive coalescent ulcerations may eventually result in the destruction of the uvula, epiglottis and vocal cords. Eating and drinking become difficult and painfull. Lymphatic infections lead to painless enlargement of cervical, supraclavicular and/or axillary nodes. Draining sinuses may form. Visceral lesions in liver, spleen and lymph nodes can lead to abdominal pain, hepatosplenomegaly and low-grade fever. Pulmonary involvement occasionally leads to mild symptoms, including cough and sputum production, although the radiograph of the chest can show dramatic involvement of the lungs. Infections tend to be very chronic, but not fatal. Diagnosis relies on demonstration of the yeasts in tissue/secretions. The yeasts are usually abundantly present in the bases and edges of slowly expanding ulcera. In tissue specimens, the yeasts are rather large (15 µm) with multiple buds, thereby resembling the steering wheel of a boat. Gomori staining of biopsies is useful. Serology by immunodiffusion is positive in ± 98% of cases. Azoles such as itraconazole are usually very effective as treatment. Amphotericin B can be used if there is no success with oral itraconazole. Sulfonamides can be used, but have only moderate activity and should be administered for very long periods.

4.9 Deep mycosis, mucormycosis XE "Medical mycology: deep mycoses, mucormycosis" 
The term mucormycosis (Lat. mucor = mold) is applied to opportunistic infections caused by the genera Rhizopus, Rhizomucor, Mucor, Absidia and Cunninghamella, but also species belonging to Apophysomyces and Saksanaea are occasionally responsable. The genus Mortierella is of doubtful pathogenicity. Of the Rhizopus species, the most common agent is Rhizopus arrhizus XE "Rhizopus arrhizus: medical mycology, deep mycoses"  (Rhizopus oryzae).  Rhizopus and Rhizomucor species are ubiquitous, appearing on decaying vegetation, dung and foods with high sugar content. Predisposing conditions include diabetic ketoacidosis, chronic renal failure and treatment with cytotoxic drugs and steroids. Long-term treatment with deferoxamine is a risk factor for mucormycosis of sinuses or lungs. Widely disseminated disease can occur in people with very low resistance, e.g. after aggressive chemotherapy and deep neutropenia. Invasive disease of the sinuses, orbits and lungs can occur. Low-grade fever, dull sinus pain, nasal congestion and bloody discharge from the nose occur. Chemosis and proptosis follow. The diagnosis should be considered in acidotic diabetic patients with necrotic lesions of the nose/sinuses (turbinates!) or with recent cranial nerve abnormalities, especially oculomotor, trochlear or abducens paralysis (diploplia!). Meningeal invasion and infiltration into the frontal lobe can ensue in these patients. A midline lesion on the hard palate can occur. Invasion of the lung resembles a severe bacterial or mycobacterial pneumonia. Biopsy with culture is required for diagnosis and species identification. Cultures can be negative however, since non-septate hyphae are more fragile than septate organisms.  Rhizopus oryzae XE "Rhizopus oryzae: medical mycology, deep mycoses"  is the most frequent infectious agent reported, followed by R. microsporus var. rhizopodiformis XE "Rhizopus microsporus var. rhizopodiformis: medical mycology, deep mycoses" , Absidia corymbifera XE "Absidia corymbifera: medical mycology, deep mycoses"  and Rhizomucor pusillus XE "Rhizomucor pusillus: medical mycology, deep mycoses" . These four species account for more than 80% of culture-proven cases of zygomycosis. The fungi appear in tissues as broad, nonseptate hyphae of uneven diameter (diameter ranging from 6 to 50 µm). Treatment is based on administration of amphotericin B (classic or liposomal forms). Azoles are of no value in the treatment of mucormycosis. Control of the diabetes is essential. Surgical removal of necrotic tissue (debridement) should not be delayed. There is a high mortality and survival for more than two weeks is unusual. 

4.10 Deep mycosis, phaehyphomycosis XE "Medical mycology: deep mycoses, phaehyphomycosis" 
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The name phaehyphomycosis [Gr. Phaios : dusky, compare etymology with pheochromocytoma] refers to infections with fungi with dark-walled hyphae, excluding chromomycosis and maduramycosis. A large variety of fungi (more than 100 species) as well as clinical syndromes are encompassed by this definition. Examples are infection by dematiacious fungi, such as Cladosporium trichoides, Bipolaris hawaiiensis XE "Bipolaris hawaiiensis: medical mycology, deep mycoses"  (previously Dreschlera), Phialophora richardsiae XE "Phialophora richardsiae: medical mycology, deep mycoses" , Cladophialophora sp. XE "Cladophialophora sp. : medical mycology, deep mycoses" , Alternaria sp. XE "Alternaria sp. : medical mycology, deep mycoses"  and Exophialia jeanselme XE "Exophialia jeanselmei: medical mycology, deep mycoses" i (previously Phialophora). The most common agents of phaeohyphomycosis are species belonging to the genera Exophiala, Bipolaris and Alternaria, which are normally found on the forest floor and decaying organic vegetal material. Aureobasidium pullulans XE "Aureobasidium pullulans: medical mycology, deep mycoses"  is one of the causative agents of phaehyphomycosis, although it is often considered to be a contaminant. Taxonomic reclassification of fungi can sometimes lead to confusion as regarding the exact species one is dealing with. Dematiaceous fungi ("dark-walled fungi") are being increasingly recognized as pathogens in organ transplant recipients. Most patients have abscesses in skin or -less frequent- brain or suffer from allergic fungal sinusitis. Most of the brain abscesses are due to infection with Cladophialophora bantianum XE "Cladophialophora bantianum: medical mycology, deep mycoses"  (previously Cladosporium trichoides) and occur in previously healthy persons. Subcutaneous abscesses follow minor wounds and occur both in immunocompetent and immunosuppressed persons. A wood splinter or other foreign body may be identifiable in the lesion. The diagnosis of phaehyphomycosis relies on the demonstration of darkly pigmented yeast cells, hyphae, and pseudohyphae in infected tissues. Melanin staining (e.g. with Fontana-Masson stain) is necessary to confirm the dematiaceous nature of the fungi if the pigment is unclear . When the darkly pigmented characteristic is lacking, the diagnosis becomes more difficult and the isolation of the fungus by culture is necessary. The morphology of these dematiaceous fungi is related to the physical and chemical characteristics of the environment and the culture media used. Systemic phaeohyphomycosis requires antifungal drug therapy, but is often unsuccessful. Localized subcutaneous infections can be adequately treated by surgical excision in most cases. A few cases require combined surgical excision and antifungal therapy. Response to antifungal treatment alone tends to be rather poor.

4.11 Deep mycosis, blastomycosis XE "Medical mycology: deep mycoses, blastomycosis" 
Blastomycosis -also known as North American blastomycosis or Gilchrist's disease- occurs in a geographically limited area of the south central and midwestern USA, upstate New York and southern Canada. A few cases have been described from Africa, the Middle East, India and Mexico. The fungus occurs in soil enriched with animal excreta and moist, acid, decaying organic material. Infection follows the inhalation of conidia (asexual spores) of Blastomyces dermatitidis XE "Blastomyces dermatitidis: medical mycology, deep mycoses" . Both man and dogs can be infected. The spores will convert into yeasts, which will invade the lungs and occasionally spread haematogeneously to several organs, especially skin, bone or urogenital system. Pulmonary infection can be asymptomatic. Genital involvement such as chronic epididymitis, mimicks tuberculosis. Cough, low to moderate fever, dyspnoea and chest pain, purulent/bloody sputum, pleural fluid, weight loss and prostatration occur in symptomatic patients. Radiological studies usually reveal pulmonary infiltrates and enlarged hilar lymph nodes. Progressive pulmonary blastomycosis resembles tuberculosis or a neoplasm. Raised single or multiple verrucous cutaneous lesions that tend to have an abrupt downward sloping red-purplish border are usually present in disseminated blastomycosis. The border extends slowly, leaving a central atrophic scar. Those skin lesions can resemble skin cancer. Bones such as ribs and vertebrae are frequently affected (25-75%). Lesions appear both destructive and proliferative on radiography. Central nervous system lesions are uncommon. Acute self-limiting blastomycosis is rarely diagnosed. The organism is found in clinical specimens as a thick, double-walled cell, 5-20 µm in diameter, sometimes even reaching 30 µm. Some yeast cells have a single bud. Definite identification is via culture but detection of the above mentioned yeast cells in pus, sputum or urine is very suggestive. Gomori's methenamine silver stain and PAS staining are useful for biopsies. Serology is not really useful. Untreated disseminated blastomycosis is usually progressive and can be fatal. Itraconazole (200-400 mg/day) is used as a first-choice treatment. If no improvement occurs, one can give 800 mg itraconazole per day or switch over to IV amphotericin B. Follow-up in order to identify a relaps should continue for several years.

4.12 Deep mycosis, pseudallescheriasis XE "Medical mycology: deep mycoses, pseudallescheriasis" 
The ascomycete Pseudallescheria boydii XE "Pseudallescheria boydii: medical mycology, deep mycoses"  (syn. Petriellidium boydii) is a mold with cosmopolitan distribution. In the perfect state it is known as Scedosporium apiospermum XE "Scedosporium apiospermum: medical mycology, deep mycoses" . [The perfect state of ascomycetes is characterized by the formation of a saclike cell (ascus) containing the sexual ascospores]. Infections caused by Pseudallescheria boydii are known as pseudallescheriasis. The fungus has been isolated from soil, sewage, contaminated water, and the manure of farm animals. Infection is usually through inhalation of spores. Near-drowning can also lead to infection. After inhalation of the spores, the fungus grows as a mold within tissues, causing necrosis and abscess formation. Airway infection leads to pneumonia and lung abscess. The fungus resembles Aspergillus sp. in its ability to colonize the bronchial tree and to form fungus balls in lung cavities or paranasal sinuses. Allergic bronchopulmonary fungal disease has been described. Pseudallescheria boydii is one of the causative agents of white grain mycetoma. In addition to the above mentioned problems, the fungus causes infections in various other organs. These include lymphadenitis, meningoencephalitis, brain abscess, bursitis, urethritis and bone/joint infections resulting in arthritis and osteomyelitis. Prosthetic valve endocarditis is a feared complication. Eye infections can lead to keratitis and even endophthalmitis, resulting in blindness. The affected host is commonly immunodepressed (haematological malignancies, severe neutropenia, organ transplantation or AIDS). Infections in such patients tend to be more severe and widespread. Disseminated infections are often fatal if not treated. For diagnosis, culture is essential. In biopsies, the hyphae resemble those of Aspergillus. Intravascular hyphae can be present, just like in invasive aspergillosis. Mats of septate hyphae may be observed in infected tissues. Treatment of pseudallescheriasis can be difficult. Itraconazole, miconazole, voriconazole, posaconazole, ravuconazole and sordarins are active in vitro. Terbinafine is synergistic with azoles against this fungus. Pseudallescheria boydii is often resistant to treatment with amphotericin B. Topical miconazole and natamycin are effective in keratitis. There is insufficient clinical experience with novel antifungals such as voriconazole, posaconazole, ravuconazole, the echinocandins (e.g. caspofungin) and sordarins. Concomitant surgical intervention may be required in some cases, such as those with sinusitis, eye infections or brain abscess. 

Infections with Scedosporium prolificans XE "Scedosporium prolificans: medical mycology, deep mycoses" , a fungus closely related to P. boydii, can cause infections in joints, bones, or soft tissue, usually following trauma. These infections are best treated with surgical debridement. Infections in immunosuppressed persons can be fatal.

4.13 Deep mycosis, fusariosis XE "Medical mycology: deep mycoses, fusariosis" 
Fusarium is a genus of filamentous fungi, which are widely distributed on plants and in the soil. The name Fusarium stems from Latin (fusus: spindle) and refers to the characteristic spindle or sickle-shaped, multiseptate macroconidia. The genus contains more than 20 species. The most common of these are Fusarium solani XE "Fusarium solani: medical mycology, deep mycoses" , F. oxysporum XE "Fusarium oxysporum: medical mycology, deep mycoses" , F. moniliformis XE "Fusarium moniliformis: medical mycology, deep mycoses"  and F. chlamydosporum XE "Fusarium chlamydosporum: medical mycology, deep mycoses" . Fusarium species are well known to farmers, since they cause plant diseases, such as ear rot in corn and head blight and scab in wheat. Oats, rice, soybeans and barley are also susceptible. Mycotoxins produced by these fungi can be present, particularly in grains and grain products (esp. the mycotoxins known as zearalenones). Ingestion of grains contaminated with these toxins may give rise to allergic symptoms or be carcinogenic in long-term consumption. Fumonisins are the mycotoxins produced by Fusarium moniliforme and Fusarium proliferatum in maize. They are suspected of carcinogenic activity (oesophageal cancer). 

As well as being a common contaminant and a plant pathogen, Fusarium sp. may cause various infections in humans. Existence of Fusarium in hospital water distribution systems may result in disseminated fusariosis in immunosuppressed patients. Fusarium which exist in soil of potted plants in hospitals constitute a hazardous mycotic reservoir for nosocomial fusariosis. Localised as well as disseminated infections occur. Widespread infections are only encountered in patients with severe immunosuppression, such as haematological malignancy and deep neutropenia. Fever and myalgia is followed by skin lesions in 65% of cases. The -usually multiple- skin lesions resemble progressive ecthyma gangrenosum and tend to appear on arms and legs. A portal of entry is usually not apparent. Fusarium species are occasionally responsible for endocarditis. Other manifestations are keratitis, endophthalmitis, otitis media, onychomycosis, infections of burns, mycetoma, sinusitis, cystitis, pulmonary infections, peritonitis in peritoneal dialysis patients, central venous catheter infections and septic arthritis. The diagnosis is based on cultures and mycological identification. Amphotericin B is the treatment of choice, but Fusarium sp. are among the most drug-resistant fungi. Fusarium solani tends to be most resistant of all and tends to be the most virulent organism in this genus. Granulocyte and GM-CSF transfusions concommitant to amphotericin B therapy may be life-saving in some immunosuppressed patients with disseminated fusariosis. Posaconazole holds promise as a treatment, but further data are needed. Topical natamycin is used for treatment of Fusarium keratitis. 

5 Botryomycosis 

5.1 General XE "Botryomycosis: general" 
Botryomycosis or bacterial pseudomycosis is an uncommon chronic bacterial infection with a global distribution. The term was coined by Rivolta in 1870 and refers to the grape-like granules (Gr. botryo = grapes) and the erroneously presumed fungal aetiology (Gr. mykes = fungus). The bacterial origin became clear after 1919, when Staphylococcus aureus was cultured from lesions. Staphylococcus aureus causes the majority of infections, followed by Pseudomonas aeruginosa and a number of other bacteria, including Actinobacillus lignieresii, Escherichia coli, Proteus species, and several anaerobic bacteria including Streptococcus intermedius. Pathogenesis is not clear but experimental data suggest that it is related to bacterial strain, virulence, inoculum of bacteria, presence of foreign bodies, and probably host immune response. Most individuals have impaired immunity of one sort or another, including diabetes mellitus, steroid use, post-transplantation, chronic granulomatous disease, HIV and  HTLV-1 infection.  

5.2 Clinical aspects XE "Botryomycosis: clinical aspects" 
Botryomycosis is a chronic bacterial granulomatous disease often involving the skin and subcutaneous tissues. Clinically, there are one or more chronic dirty, pus-discharging infected skin ulcers, with infiltration of the underlying tissues, forming nodules or suppurative plaques. Underlying osteomyelitis should be excluded. Botryomycosis mimics clinical and histological both mycetoma and actinomycosis. These are much more frequent infections and also present with suppurative draining lesions with granules in the pus. Botryomycosis may appear like pyoderma vegetans. It was proposed that pyoderma vegetans and cutaneous botryomycosis should be classified together. 

Up to one-third of cases of botryomycosis present with only deep visceral involvement, usually in immunodepressed, debilitated patients. General malaise, fever and leukocytosis can be present. Pulmonary botryomycosis is a chronic suppurative bacterial infection of the lung, which results in chronic cough and intermittent haemoptysis. This condition forms an important curative differential diagnosis for lung cancer. A retained foreign body should also be excluded. Rectal botryomycosis can mimic a carcinoma, and localisations in the kidney can mimic a renal kidney tumor. Other locations (eye, tongue, uterus, colon, liver, …) are possible.

5.3 Diagnosis XE "Botryomycosis: diagnosis" 
For diagnosis, a deep wedge surgical biopsy or a fine-needle aspiration of the material is performed. Culture will usually show the presence of Staphylococcus aureus XE "Staphylococcus aureus: botryomycosis" . Culture of anaerobic bacteria is not problem-free. Microscopically the organisms appear to be encapsulated in granules, which are thought to protect them from the effects of standard courses of antibiotics. There is surrounding granulomatous inflammation with occasional extension into muscle or bone. Biopsy of a lesion can show one or more large granules together with scattered micro-abscesses with pus and sinuses. There will be a central mass of bacteria within an area of pus. A high power view will often show an acidophilic ring or border (so-called Splendore-Hoeppli phenomenon). This eosinophilic structure (thick eosinophilic rings or radiating spokes) is seen in a variety of fungal and parasitic infections (especially around helminths such as schistosomes) and is particulary striking in actinomycosis, mycetoma and botryomycosis. It is also seen around silk sutures. The eosinophilic deposits are probably antigen-antibody and complement deposits, with a contribution from macrophages, lymphocytes and eosinophils (eosinophilic granule major basic protein). 

Granules have to be distinguished from artifacts. A haematoxylin-eosin and May-Grünwald-Giemsa staining of a smear is performed. If the lesion would be an eumycetoma, one would expect to see distinct hyphae inside the granules. An eumycetoma will stain brownish with haematoxylin-eosin and black-greenish with May-Grünwald-Giemsa. A Gomori methenamine silver or periodic acid-Schiff stain is also used to demonstrate hyphae. An actinomycetoma stains homogenously eosinophilic with haematoxylin-eosin stain. With May-Grünwald-Giemsa, it will be blue in the center with pink filaments in the periphery. A Ziehl stain of an actinimycetoma shows branching filamentous acid fast bacteria. A Gram stain shows fine, Gram-positive, branching filaments within the actinomycetoma grain.

5.4 Differential diagnosis XE "Botryomycosis: differential diagnosis" 
The most obvious differential diagnosis is mycetoma (eumycetoma and actinomycetoma). Other differential diagnoses include tuberculosis, infections with atypical mycobacteria (Mycobacterium marinum XE "Mycobacterium marinum: botryomycosis, differential diagnosis" , M. kansasii, M. chelonae, M. avium-intracellulare), nocardiosis, cat-scratch disease, syphilis, deep fungal infection (especially Blastomyces dermatitidis, but also Cryptococcus neoformans XE "Cryptococcus neoformans: botryomycosis, differential diagnosis" , Histoplasma capsulatum XE "Histoplasma capsulatum: botryomycosis, differential diagnosis" , Coccidioides immitis XE "Coccidioides immitis: botryomycosis, differential diagnosis" 

 XE "Blastomyces dermatitidis: botryomycosis, differential diagnosis" ), sporotrichosis, dematiaceous fungi (chromomycoses), bromoderma, giant keratoacanthomas, and tularaemia. For lesions in the anal, genital and inguinal areas, lymphogranuloma venereum (Chlamydia trachomatis, LGV) should be considered. Carcinoma should be excluded. 

5.5 Treatment XE "Botryomycosis: treatment" 
Botryomycosis usually requires surgical intervention for cure. Major surgery is often required for patients, because the infection is usually unresponsive to seemingly appropriate medical therapy. Any foreign body should be removed. Specific evaluation for immunodepression should be performed and treatment should be accordingly.

