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       AIM OF THE CLASS: 

To become acquainted with theoretical aspects and practical importance of studying doctrines about pathogenic fungi; with their basic properties and diseases caused by them. To study the main methods of laboratory diagnostics of fungal diseases and methods of their treatment.

  


 STUDENTS SHOULD KNOW: 

· Conception, structure, morphology of fungi;

· Peculiarities of fungi staining and cultivation; 

·  An interaction of fungi with human organism;

· Main diseases caused by fungi;

· Main methods of laboratory diagnostics of fungal diseases;

· Preparations and methods of treatment of fungal diseases;

      STUDENTS SHOULD HAVE THE SKILLS:

· To identify the main types of fungi with the help of microscopic method; 

· To choose and take material for mycological investigation;

· To interpret the results of mycological investigation;

· To choose adequate preparation for treatment of certain fungal disease;

· To administer measures of prevention of fungal diseases.

  


MATERIALS FOR PREPARATION:

Orientative chart for study the materials on the topic, task for practical classes, contents of the protocol and some materials for preparation (see below). 

Maintenance of learning material in accordance to the orientated chart. Fungi constitute a large, diverse group of heterotrophic organisms which exist as saprophytes, parasites or commensals. Most are found as saprophytes in the soil and on decaying plant material. Fungi are eukaryotic, with a range of internal membrane systems, membrane-bound organelles, and a well-defined cell wall which is composed largely of polysaccharides and chitin. They show considerable variation in size and form, but can be divided into two main groups: moulds and yeasts.

Moulds. Moulds, also known as filamentous or mycelial fungi, are composed of branching filaments called hyphae which grow by apical extension, forming an interwoven mass, the mycelium; in most fungi the hyphae have regular cross-walls (septa) but in lower fungi these are usually absent. In some higher fungi the hyphae may be compacted together to form a fungal tissue from which macroscopic structures such as mushrooms and toadstools are formed.

Moulds reproduce by means of spores which are produced, often in large numbers, by asexual cell division or as a result of sexual reproduction. Many fungi can produce more than one type of spore, depending on the growth conditions. The precise method of spore production and the type(s) of spore produced are unique to each individual fungal species. In laboratory cultures, moulds mainly produce asexual spores. 

Yeasts. Yeasts are predominantly unicellular. Most reproduce by an asexual process called budding in which the cell develops a protuberance which enlarges and eventually separates from the parent cell. Some yeasts produce chains of elongated cells (pseudomycelium) that resemble the mycelium of moulds; some species also produce true mycelium.

Dimorphic fungi. Fungi that are capable of changing their growth to either a mycelial or yeast phase, depending on the growth conditions, are called dimorphic fungi. Many of the fungi pathogenic for man are dimorphic.

Identification. The identification of moulds is based on a detailed study of their macroscopic and microscopic morphology and, in particular, the type of spores they produce. Yeasts are primarily identified according to their ability to ferment sugars and to assimilate carbon and nitrogen compounds.

Classification. The classification of fungi is based primarily on the method of sexual reproduction, although morphology and the method of asexual reproduction are also important. Moulds and yeasts are organized into five subdivisions of the Eumycetes, one of which is an artificial group which contains fungi with no known sexuphase.

FUNGAL DISEASES OF MAN 

Fungal pathogens
About 180 of the 250000 known fungal species are recognized as capable of causing disease (mycosis) in man and animals. Some fungi are highly pathogenic and are capable of establishing an infection in all exposed individuals, e.g. the systemic pathogens Hutoplasma capsulatum and Coccidioides immitis. Others, such as Candida and Aspergillus species, are opportunist pathogens, which ordinarily cause disease only in a compromised host. Some fungi may cause serious, occasionally fatal toxic effects in man, either following ingestion of poisonous toadstools or consumption of mouldy food that contains toxic secondary metabolites (mycotoxins). Allergic disease of the airways may result from inhalation of fungal spores.

Epidemiology
Most fungal infections are caused by fungi which grow as saprophytes in the environment. Some yeasts are commensals of man and cause endogenous infections when there is some imbalance in the host. Only ringworm infections are truly contagious.

Many fungal diseases have a world-wide distribution but some are endemic to specific geophysical regions, usually because the causal agent is saprophytes which are restricted in their distribution by soil and climatic conditions.

Incidence

The incidence of all the mycoses is related directly to factors which affect the degree of exposure to the causal fungi, e.g. living conditions, occupation and leisure activities. Ringworm of the foot {athlete's/dot), with associated infections of nails and groin, occurs most commonly in competitive swimmers, sportsmen and industrial workers who use communal bathing facilities. Animal ringworm is an occupational hazard for farmers, veterinarians and others closely associated with animals. Field workers in warm climates who wear little protective clothing frequently contract subcutaneous infections following minor injuries from thorny vegetation. Systemic mycoses occur most frequently in workers in agriculture or the construction industry and following disturbance of soils containing the causal agents. The incidence of infections due to opportunistic systemic pathogens has increased with developments in medical and surgical practice.

Systemic mycoses due to opportunistic pathogens such as Aspergillus, Candida and Cryptococcus species have a more widespread distribution. These infections are being seen with increasing frequency in patients compromised by disease or drug treatment. In transplant patients these fungi are among the most frequent causes of mortality due to infection.

Types of infection

Superficial mycoses
Diseases of the skin, hair, nail and mucous membranes are the most common of all fungal infections and have a world-wide distribution.

Ringworm. This is a complex of diseases which affects the keratinous tissues of hair, nail and the homy layer of the skin; it is caused by a group of closely related mould fungi called dermatophytes which have the ability to colonize and digest keratin. Ringworm infections occur in both humans and animals.

Yeast infections. These affect the skin, nail and mucous membranes of the mouth and vagina, and are usually caused by Candida species, notably C. albicans, which are found as commensals of man. Yeast infections are generally endogenous in origin but can be transmitted sexually. The yeast Malassezia furfur causes an infection of the skin called pityriasis versicolor. 

Subcutaneous mycoses
Mycoses of the skin, subcutaneous tissues and bone, which show slow localized spread, occur mainly in the tropics and subtropics; they result from the inoculation of saprophytic fungi from soil or decaying vegetation into the subcutaneous tissue. The principal subcutaneous mycoses are mycetoma, chromomycosis and sporotrichosis.

Systemic mycoses
Disseminated fungal infections generally result from the inhalation of airborne spores produced by the causal moulds, which are present as saprophytes in soil and on plant material. They are mostly caused by dimorphic fungi and occur mainly in the Americas. The principal diseases are coccidioidomycosis (caused by C. immitis), blastomycosis {Blastomyces dermatitidis), histoplasmosis (H. capsulamm) and paracoccidioido-mycosis (Paracoccidioides brasiliensis).

Pathogenesis and immunity

Relatively little is known about the pathogenesis of fungal infections or the mechanisms of immunity to fungal disease, but it is clear that infection often arises due to deficiencies in the host rather than because of any inherent pathogenic proper​ties of the fungus.

Antigenic variation on the surface of Candida cells may help the organism to avoid host defenses. Furthermore, mannan, a cell wall polysaccharide of Candida species, and the capsular mucopoly-saccharide of Cryptococcus neoformans have been shown to suppress cellular immunity However, the importance of various fungal antigens in the disease process has yet to be elucidated fully; since energy is a feature of serious disseminated mycotic disease, it is possible that some antigens, depending perhaps on their mode of presentation, may be inducing this anergic state.

Diagnosis

Diagnosis of fungal infections is based on a combination of clinical observation and laboratory investigation. Laboratory diagnosis depends on recognition of the pathogen in tissue by microscopy, isolation of the causal fungus in culture, and the use of serological tests.

Clinical diagnosis
Superficial and subcutaneous mycoses often produce characteristic lesions which strongly suggest a fungal aetiology but they may also closely resemble other diseases. Also, the appearance of lesions may be modified beyond recognition by previous therapy, e.g. with topical steroids.

Laboratory diagnosis
It is important that the correct type of specimen together with adequate clinical data is sent to the laboratory so that the appropriate investigations can be carried out. Information on factors such as travel or residence abroad, animal contacts and the occupation of the patient will enable the laboratory staff to direct their investigations towards a particular fungus or group of fungi when appropriate.

Types of specimen. Skin scales, nail clippings and scrapings of the scalp which include hair stubs and skin scales are the most suitable speci​mens for the diagnosis of ringworm; these are collected into folded paper squares for transport to the laboratory. Swabs should be taken from suspected Candida infections of the mucous membranes and preferably sent to the laboratory in transport medium. For subcutaneous infections the most suitable specimens are scrapings and crusts, aspirated pus and biopsies. In suspected systemic infection, specimens should he taken from as many sites as possible.

Direct microscopy. Most specimens can be examined satisfactorily in wet mounts after partial digestion of the tissue with 10-20 % potassium hydroxide. Gram films may also be used for the diagnosis of yeast infections of mucous membranes. Giemsa staining of smears is advised for detection of the yeast cells of H. capsulatum because of their small size. Fluorescent antibody staining can be used to demonstrate fungi in tissues and smears but this requires specific antisera which are not widely available.

Histology. Invasive procedures are required to obtain specimens for histological examination and, while sometimes necessary to provide firm evidence of invasive disease, such procedures are often impracticable on patients who are already seriously ill. Haematoxylin and eosin staining is seldom of value for demonstrating fungi in tissue and specific fungal stains such as periodic acid-Schiff (PAS) and Grocott-Gomori methenamine-silver are widely used.

Culture. Most pathogenic fungi are easy to grow in culture. The agar media most commonly used are Sabouraud's glucose agar and 4% malt extract agar. These may be supplemented with chloramphenicol (50 mg/1) to minimize bacterial contamination and cycloheximide (500 mg/1) to reduce contamination with saprophytic fungi. Many fungal pathogens have an optimum growth tem​perature below 37°C. Consequently, cultures are incubated at 25-30 С and 37 С. With some of the dimorphic pathogens, enriched media such as brain-heart infusion or blood agar are used to promote growth of the yeast phase.

Many fungi develop relatively slowly and cul​tures should be retained for at least 23 weeks and in some cases up to 6 weeks before being discarded; yeasts usually grow within 1-5 d. Moulds are identified by their macroscopic and microscopic morphology; yeasts are identified by sugar fermentation and other biochemical tests. Commercial kits are available for this purpose.

Serology. Serological tests for the detection of fungal antigens or specific antibodies to patho​genic fungi are used mainly in the diagnosis of systemic fungal infections. Many tests lack sensi​tivity or specificity and their precise value varies from disease to disease.

The most common tests for fungal antibodies are:  immunodiffusion (ID), countercurrent immuno-electrophoresis (CIE), whole cell agglu​tination (WCA), complement fixation (CF) and enzyme-linked immunosorbent assay (ELISA). For antigen detection, latex particle agglutination (LPA), ELISA and radio-immunoassay (RIA) are used.

Treatment of mycoses

There are relatively few therapeutically useful antifungal agents compared to the large number of antibacterial agents that are available. This is due mainly to the fact that fungi and man are both eukaryotes and most substances that kill or inhibit fungal patho​gens are also toxic to the host. Most antifungal agents exploit differences in the sterol composition of the fungal cell membrane.

Antifungal agents vary considerably in their spectrum of activity. Primary or acquired resistance is not a major problem, al​though resistance to azole antifungals is occasion​ally encountered. 

Most antifungal agents are available only for topical use and relatively few can be administered systemically. Some such as ketoconazole and terbinafine are usually administered orally; others like amphotericin В and miconazole are given parenterally because of poor absorption from the gastro-intestinal tract; flucytosine, fluconazole and itraconazole are available for oral or parenteral administration.Combinations of antifungal agents may be useful in some systemic infections. Antifungal prophylaxis may be used for the prevention of opportunistic Candida infections in patients undergoing transplants or cardiac sur​gery and those with haematological malignancies. Oral or topical antifungals are also used to pre​vent recurrent vaginal candidosis and the acquisition of foot ringworm.

SUPERFICIAL INFECTIONS 

Ringworm

Ringworm infections are common diseases of the stratum corneum of the skin, hair and nail; Ringworm infections are caused by about 20 species of dermatophyte fungi which are grouped into three genera, Trichophyion, Microspomm and Epidermophyton, some of which are restricted to certain parts of the world. 
Table. 1 Common dermatophyte pathogens of man

	Species


	Common site(s) of infection'1

	Chief area of distribution



	Epidermophyton floccosum

	Groin, feet, (nail)


	World-wide


	

	Microsporum audouinii

	Scalp, (body)


	Africa, America and


	Europe



	M. ferrugineuin

	Scalp, (body)


	Africa. Balkans and


	Asia



	Trichophyton mentagrophytes ssp. interdigitale

	Feet, (nail, groin)


	World-wide


	

	T. concentricum

	Body


	South Pacific


	

	T. rubrum

	Feet, nail, groin, body


	World-wide


	

	T. schoenleinii

	Scalp, (body, nail)


	Eurasia and North Africa



	T. soudanense

	Scalp, (body)


	Africa


	

	T. tonsurans

	Scalp, body, (nail)


	Europe and America



	T. violaceum

	Scalp, body, (nail)


	Africa and Eurasia


	


* Parentheses indicate secondary sites of infection.

Most ringworm infections in Europe are caused by Trichophyton rubrum, T. mentagrophyles, T. verrucosum, Epidermophyton floccosum and Microsporum canis.
Some dermatophytes are primarily animal pathogens which may also infect man. Ringworm infections are spread by direct or indirect contact with an infected individual or animal. The infective particle is usually a fragment of keratin containing viable fungus. Indirect transfer may occur via the floors of swimming pools and showers or on brushes, combs, towels and animal grooming implements. Dermatophytes can remain viable for long periods of time and the interval between deposition and transfer may be considerable. In addition to exposure to the fungus, some abnormality of the epidermis, such as slight peeling or minor trauma, is prob​ably necessary for the establishment of infection. These now comprise about 75% of all ringworm infections diagnosed in temperate zones.

 There is no evidence of natural immunity to ringworm. Scalp ringworm is predominantly a disease of children and foot ringworm a disease of adults, particularly adult males. Resistance to infection is partly determined by the production of inhibitory fatty acids and the rate of epithelial cell turnover, but the development of active Т cell-mediated immunity and, in follicular infections, phagocytosis by neutrophils, also play a part.

Many dermatophyte species produce two types of asexual spore: macroconidia and microconidia. Classification into the three genera Trichophyton, Microsporum and Epidermophyton is based on the morphology of the macroconidia, although the identification of species is also based on the shape and disposition of the microconidia and the macroscopic appearance of the colony. Biochemical tests can also be used to differentiate some species.

Pathogenesis

Ringworm lesions vary considerably according to the site of the infection and the species of fungus involved. Sometimes there is only dry scaling or hyperkeratosis, but more commonly there is irritation, erythema, oedema and some vesiculation. More inflammatory lesions with weeping vesicles, pustules and ulceration are usually caused by zoophilic species of dermatophyte.

In skin infections of the body, face and scalp, spreading annular lesions with a raised, inflammatory border are produced. Lesions in body folds, such as the groins, tend to spread outwards from the flexures. In foot ringworm, infection is often confined to the toe clefts, but it can spread to the sole; sometimes painful secondary bacterial infection occurs in the toe clefts.

In nail infection, the nail becomes discoloured, thickened, raised and friable; most nail infections are due to T. rubrum.
In scalp infections there is scaling and hair loss, the extent of which depends on the causal fungus. Some zoophilic species give rise to a highly inflammatory, raised suppurating lesion called a kerion; kerions may also occur in the beard area of adults. In scalp infection the fungus surrounds and invades the hair shaft, where the hyphae break up into chains of arthroconidia. In some species (e.g. T. tonsurans, T. violaceum) the spores are retained within the hair shaft {endothrix invasion), whereas in others (e.g. Microsporum species, T. verrucosum) they are produced in a sheath surrounding the hair shaft {ectothrix invasion). The pattern of hair invasion affects the clinical appear​ance of the lesion: in endothrix infection the hair breaks off at, or just below, the mouth of the follicle, which then becomes plugged with dirt and sebum to give what is described as black dot ringworm, but in ectothrix infection the hair usually breaks off 2-3 mm above the mouth of the follicle, leaving short stumps of hair. In the con​dition called favus, caused by T. schoenleinii, fungal growth within the hair is minimal and the hair remains intact but intense fungal growth within and around the hair follicle produces a waxy, honeycomb-like crust on the scalp.

Infections of the groins, hands and nails are nearly always secondary to infection of the feet and are usually caused by T. rubrum, T. mentagrophytes or E. floccosum (mixed infections may also occur).

Laboratory diagnosis
Ringworm infections may be reliably diagnosed in the laboratory by direct microscopical examination and culture of skin, crusts, hair and nail.

Collection of samples. The site should be cleaned with surgical spirit before taking the specimen, especially if greasy ointments or powders have been applied. Skin, hair and nail samples are best collected into folded squares of black paper, which can be fastened with a paper clip. The use of paper allows the specimen to dry out, which helps reduce bacterial contamination and provides conditions under which specimens can be stored for 12 months or more without loss in viability of the fungus.

Nail samples should be collected by taking clippings from any discoloured, dystrophic or brittle parts of the nail. The clippings should be taken from as far back as possible from the free edge of the nail and include its full thickness.

Scales from skin lesions should be collected by scraping outwards with a blunt scalpel from the edges of the lesions where most viable fungus is likely to be. If there is only minimal scaling, Sellotape can be used to remove material adequate for examination. The Sellotape strips are pressed against the lesion, peeled off and placed sticky-side down on a glass microscope slide. 

Specimens from the scalp should include hair stubs, the contents of plugged follicles and skin scales. Infected hairs are usually easy to pluck from the scalp with forceps. Cut hairs are unsatisfactory since the focus of infection is usually below or near the surface of the scalp.

Wood's lamp. This is a source of long-wave ultraviolet light that can be used to detect fluorescence in infected hair. It is especially useful for the detection of inconspicuous scalp lesions, and to select infected hairs for laboratory investigation.

Hairbrush sampling technique. Adequate material from minimal lesions may be obtained by brushing the scalp with a sterilized plastic hairbrush or scalp massage pad; this is then used to inoculate an appropriate culture medium by pressing the brush or pad spines into the agar.

Processing of specimens. If there is insufficient material for both microscopy and culture, the sample should be used for culture, since this is generally the more sensitive procedure.

The specimen should first be examined macro-scopically; hair samples are examined under a Wood's lamp. Material from representative parts, and any fluorescent hairs, are divided up into 1-2 mm fragments with a sterile scalpel blade before microscopical examination and culture.

Direct microscopy. Microscopy of potassium hydroxide mounts of keratinous material is simple and reliable. The preparation should be allowed to stand for 15-20 min to allow digestion and 'clearing' of the keratin.

Dermatophytes are seen in skin and nail as branching hyphae which often appear slightly greenish in colour and run across the outlines of the colourless host cells.

Culture. Small fragments of keratinous material are planted or scattered on Sabouraud's glucose or 4% malt extract agar and incubated at 27-30 'С for up to 3 weeks; room temperature is adequate but the dermatophytes grow more slowly. Only T. verrucosum grows well at 37 С.

Identification of dermatophytes is based on colonial appearance and colour, pigment pro​duction, and the micromorphology of any spores produced. Special tests exist for differentiating certain morphologically similar species. Thus, the ability of T. mentagrophytes to produce urease within 2-4 d distinguishes it from T. rubrum, and the ability to grow on rice grains distinguishes M. canis from M. audouinii.
Superficial candidosis

Superficial Candida infections are very common throughout the world. They may involve the skin, nails and mucous membranes of the mouth and vagina; infection of the mucous membranes is commonly referred to as thrush.
Candida albicans accounts for 80-90% of cases, but other species, notably C. tropicalis, C. lusitaniac, C. (Tondopsis) glabrata, C. parapsilosis and C. guillicnnondii may occur.

Candida species, are found in small numbers in the commensal flora of about 20% of the normal population. Immunity to Candida species depends on a combination of non-specific and immunological defenses. In superficial infections the non​specific inhibitory factors include inhibitors in serum such as unsaturated transferrin and epithelial proliferation. Specific immunity largely depends on the appearance of sensitized Т lymphocytes and phagocytes, particularly neutrophils.

On Sabouraud's glucose agar Candida species grow predominantly in the yeast phase as round or oval cells, 3-8 mm in diameter. 

Pathogenesis

Mucosal infections. These are the commonest forms of superficial candidosis, they are characterized by the development of discrete white patches on the mucosal surface.

In oral candidosis white flecks appear on the buccal mucosa and the hard palate and although these are adherent, they can be removed; the surrounding mucosa is red and sore. Infection may spread to the tongue. This form of oral candidosis occurs most frequently in infancy and old age, or in severely immunocompromised patients, including those with acquired immune deficiency syndrome (AIDS). Chronic oral candidosis may also occur with extensive leucoplakia and infection of the angles of the mouth (angular cheilitis).
In vaginal candidosis, typical white lesions on the epithelial surfaces of the vulva, vagina and cervix are accompanied by itching, soreness and a non-homogenous white discharge. Sometimes the mucosa simply appears inflamed and friable. The perivulval skin may become sore and small satellite pustules may appear around the perineum and natal cleft.

Vaginal candidosis is common, especially during pregnancy, most women will have at least one episode during their lifetime and some suffer recurrent attacks.

Skin and nail infections. Candida infections of the skin almost invariably occur at moist sites such as the axillae, groins, perineum, submammary folds and occasionally the toe clefts. In infants, Candida species are frequently involved in napkin dermatitis. Infection of the finger webs, nail folds and nails is associated with frequent immersion of the hands in water and is an occupational disease among housewives, nurses and barmaids. Superficial Candida infections occasionally occur on the penis after intercourse with females with vaginal thrush. The yeast may also infect the outer ear.

Laboratory diagnosis

Specimens of skin and nail are collected in the same way as for suspected ringworm. For infections of the mouth or vagina, scrapings taken with a blunt scalpel or a spatula from areas with erythema or white plaques are better than swabs, if the material is to be processed immediately. 

Swabs should be moistened with sterile water or saline before taking the sample and sent to the laboratory in transport medium.

In Gram-stained smears of mucous membrane samples the fungus is seen as budding Gram-positive yeast cells. Contrary to popular belief, the presence of Candida mycelium in clinical material does not confirm invasive infection with the organism, particularly as the mycelium may have developed in the period between collection and processing of the sample.

Candida species grow well on Sabouraud's medium or on bacteriological media such as blood agar at 25-37°C, and typical yeast colonies appear within 1-2 d. C. albicans isolates can be identified by the germ tube test; the yeast is incubated at 37'C in serum for 1.5-2h and under these conditions C. albicans produces hyphae. 

Treatment and prevention

Most superficial Candida infections respond well to topical therapy with nystatin, amphotericin B, or an azole. In addition to treating the Candida infection it is important, if possible, to identify and correct any predisposing factor.

In oral candidosis, nystatin, amphotericin В and miconazole may be effective in lozenge or gel form. Most cases of vaginal candidosis can be treated successfully with a single application of an azole derivative or with oral therapy with fluconazole or itraconazole for 1 d. Intermittent prophylaxis with azole vaginal pessaries is of benefit in controlling recurrent vaginal candidosis.

Oral therapy is essential for the treatment of intractable chronic Candida infections; treatment is given until remission is achieved but relapse is common and intermittent therapy may be required.

Pityriasis versicolor

Pityriasis versicolor is a mild, chronic infection of the stratum comeum which produces a patchy discoloration of the skin caused by the lipophilic yeast Malassezia furfur.
M. furfur is a common member of the normal skin flora and most infections are thought to be endogenous. The disease is probably related to host or environmental factors. It is very common in the tropics and, although it occurs in all age groups, it is most prevalent in young adults.

Pathogenesis

Small, well-demarcated, non-inflammatory, scaling macules are usually present on the upper trunk or neck; these may appear hypo- or hyperpigmented, depending on the degree of pigmentation of the surrounding skin. The lesions tend to spread and coalesce, and occasionally they spread to other sites.

Laboratory diagnosis

The diagnosis can be confirmed reliably by demonstration of the organism in skin scales by direct microscopy and culture is unnecessary. Clusters of characteristic round yeast cells (5-8 mm in diameter) are seen together with short, stout hyphae, which may be curved and occasionally branched.

Treatment

Pityriasis versicolor responds well to topical therapy with 1% selenium sulphide or azoles in cream, lotion or shampoo. Oral azole therapy is sometimes used for recalcitrant infections. Relapse is common, particularly in hot climates.

SUBCUTANEOUS INFECTIONS 

Mycetoma

Mycetoma is a chronic, granulomatous infection of the skin, subcutaneous tissues, fascia and bone, which most often affects the foot or the hand. It may be caused by one of a number of different actinomycetes {actinomycetoma) or moulds {eumycetoma). The disease is most prevalent in tropical and subtropical regions of Africa, Asia and central America. Infection follows traumatic inoculation of the organism into the subcutaneous tissue from soil or vegetable sources, usually on thorns or splinters. Consequently, the disease occurs most frequently in male agricultural workers, in whom minor skin injuries are common.

A large number of organisms have been implicated in this disease, including species of Madurella, Exophiala, Acremonium, Actmomadura, Nocardia and Streptomyces. Within host tissues the organisms develop to form compacted colonies (grains), 0.5-2 mm in diameter, whose colour depends on the organism responsible; for example, Madurella grains are black.

Pathogenesis

Localized swollen lesions, which develop multiple draining sinuses, are usually found on the limbs, although infections occur on other parts of the body. There is often a long period between the initial infection and formation of the characteristic lesions; spread from the site of origin is unusual but may occur.

Laboratory diagnosis

The presence of grains in pus collected from draining sinuses or in biopsy material is diagnostic. The grains are visible to the naked eye and their colour may help to identify the causal agent. Grains should be crushed in potassium hydroxide and examined microscopically to differentiate between actinomycetoma and eumycetoma; material from actinomycetoma grains may be Gram stained to demonstrate the Gram-positive filaments. Samples should also be cultured, at both 25-30 °C and 37 oС, on brain-heart infusion agar or blood agar for actinomycetes and on Sabouraud's agar (without cycloheximide) for fungi. The fungi that cause eumycetoma are all septate moulds which appear in culture within 1-4 weeks, but their identification requires expert knowledge. Serological tests for precipitins have been used to differentiate between eumycetoma and actinomycetoma and to identify specific causal agents, but they are not in routine use. 

Chromoblastomycosis

This disease, also known as chromomycosis, is a chronic, localized disease of the skin and subcu​taneous tissues, characterized by crusted, warty lesions usually involving the limbs. The disease is mainly encountered in the tropics. The principal causes are Fonsecaea pedrosoi, F. compacta, Phialophora verrucosa, Exophiala dermatitidis and Cladosporium carrionii. Like mycetoma, the disease is seen most often among males in rural areas. 

Diagnosis is often made at surgery, and treatment is by excision. These fungi may also cause opportunistic, deep-seated infections, such as brain abscesses, which require therapy with amphotericin В and flucytosine.
Sporotrichosis

Sporotrichosis is a chronic, pyogenic granulo-matous infection of the skin and subcutaneous tissues which may remain localized or show lymphatic spread. It is caused by Sporothnx schenckii, a saprophyte in nature. The disease occurs mainly in Central and South America, parts of the USA and Africa, and Australia; it is rare in Europe. S. schenckii is a dimorphic fungus. In nature and in culture at 25-30'C, it develops as a mould with thin septate hyphae; spore-bearing hyphae carry clusters of oval spores. The yeast phase is formed in tissue and in culture at 37 'С, and is composed of spherical or cigar-shaped cells.

Laboratory diagnosis

The dark-coloured fungal elements are relatively easy to see on microscopical examination of skin scrapings, crusts and pus.

Culture on Sabouraud's agar at 25-30°C yields slow-growing, greenish grey to black, compact, folded colonies. Cultures should be incubated for 4-6 weeks. Specific identification of these closely related fungi is usually left to a reference laboratory.

Pathogenesis

Sporotrichosis most frequently presents as a nodular, ulcerating disease of the skin and subcu​taneous tissues, with spread along local lymphatic channels. Typically, the primary lesion is on the hand with secondary lesions extending up the arm. The primary lesion may remain localized or disseminate to involve the bones, joints, lungs and, in rare cases, the central nervous system. Disseminated disease usually occurs in debilitated or immunosuppressed individuals.

Treatment

Treatment is unsatisfactory but itraconazole either alone or in combination with flucytosine may be useful. Early, solitary lesions may be excised.

SYSTEMIC MYCOSES 

Coccidioidomycosis

Coccidioidomycosis is primarily an infection of the lungs caused by Coccidioides immitis, a dimorphic fungus found in the soil of semi-arid areas, mainly in the south-west USA and northern Mexico. Agricultural workers with a higher exposure risk and dark-skinned people are especially prone to the disease. In endemic regions over 90% of inhabitants may exhibit positive skin tests and infection rates of 20% or higher have been recorded among newcomers to the areas in their first year of residence. Recovery from Coccidioi​domycosis usually confers lifetime immunity.

Pathogenesis

C. immitis usually causes an asymptomatic or self-limiting pulmonary illness but a progressive and sometimes fatal secondary disease occasionally develops. Primary pulmonary Coccidioidomycosis develops 7-28 d after infection. Skin rashes develop in up to 20% of those with the primary disease and indicate a good prognosis. In some cases primary infection may result in a chronic, cavitating, pulmonary infection which may resolve after several years, or may progress to the disseminated form. 

Localized subcutaneous infection may result from direct inoculation of the fungus through the skin or may be secondary to pulmonary disease.

Disseminated infection occurs in those who contract the primary pulmonary disease; it is more common in immunocompromised individuals, and in Filipinos, Negroes and American Indians. When dissemination occurs, it involves virtually every tissue of the body, including the central nervous system, skin and joints. The prognosis for disseminated coccidioidomycosis is generally poor, particularly in immunosuppressed individuals and those with meningeal involvement.

Laboratory diagnosis

Microscopical examination of sputum, pus and biopsy material is helpful since the relatively large size and numbers of mature spherules present makes their detection and identification comparatively straightforward. Material for culture should be inoculated onto test-tube slopes of Sabouraud's agar and incubated at 25-30°C for at least 3 weeks. The fungus can be identified by its colonial morphology and the presence of numerous thick-walled arthroconidia formed in chains from alternate cells of the fine, septate hyphae.

The arthroconidia are highly infectious and are a serious danger to laboratory staff. Consequently, Petri dishes should never be used for isolation of the organism and all procedures should be carried out in a safety cabinet. Preparations for microscopy should be made only after wetting the colony to reduce spore dispersal.

Skin tests and serological tests are useful although cross-reactions may occur in patients with histoplasmosis and blastomycosis. The tests use either coccidioidin, a culture filtrate antigen from the mycelial phase of C. immitis, or spherulin, an extract of the spherules.

The skin test does not distinguish present from past infection and a negative skin test does not preclude infection with C. immitis.
Serological tests play an important part in diagnosis. The precipitin test is most useful for detection of early, primary infection or exacerbation of existing disease; precipitins appear 1-3 weeks after infection but are seldom detectable after 2-6 months, or in patients with dissemi​nated coccidioidomycosis. The LPA test gives similar results to the precipitin test, but is not as specific. The CF test is most useful for detecting disseminated disease: CF antibodies appear 2-3 months after infection and persist until death or recovery.

Treatment

Intravenous amphotericin В is indicated and concomitant intrathecal therapy is required in the meningeal form. Ketoconazole and itraconazolc are also useful.

Histoplasmosis

Histoplasmosis, caused by Histoplasma capsulatum, is ordinarily an asymptomatic or relatively mild, self-limiting pulmonary infection, although chronic or acute disseminated disease may also occur. H. capsulatum is unique among pathogenic fungi in that it is an intracellular parasite.

H. capsulatum is found in soil enriched with the droppings of birds and bats, and infection results from the inhalation of spores. The major endemic areas for histoplasmosis are the Mississippi and Ohio river valleys of the eastern USA. It also occurs in other parts of the USA and many other temperate and tropical areas.

H. capsulatum grows in soil and in culture at 25-30 °C as a mould and as an intracellular yeast in animal tissues. The yeast phase cells can also be produced in vitro by culture at 37°C on blood agar or other enriched media containing cysteine. In culture the mould colonies are fluffy, white or buff-brown; the mycelium is septate and two types of unicellular asexual spores are usually produced: large round, tuberculate macroconidia are most prominent and are diagnostic, but smaller broadly elliptical, smooth-walled microconidia are also present in primary isolates.

Pathogenesis

Most infections are asymptomatic and are detected only when individuals develop a positive skin test reaction. Sometimes an acute influenza-like illness develops with fever and a non-productive cough. These infections are usually self-limiting, but patients are frequently left with discrete, calcified lesions in the lung.

A chronic form of histoplasmosis occurs mainly in adults; large cavities develop directly from primary lesions in the lung or by reactivation of old lesions. The clinical picture closely resembles tuberculosis; in some cases the infection may disseminate to give acute generalized disease.

Laboratory diagnosis

Microscopy of smears of sputum or pus should be stained by the Wright or Giemsa procedure. Blood smears may be positive for H. capsulatum, especially in patients with AIDS. Liver or lung biopsies stained with PAS, or methenamine-silver may provide a rapid diagnosis of disseminated histoplasmosis in some patients. H. capsulatum is seen as small, oval yeast cells, typically packed within macrophages or monocytes.

Specimens should be cultured on Sabouraud's agar at 25-30 оС to obtain the mycelial phase. Mycelial colonies develop within 1-4 weeks but cultures should be retained for 6 weeks before discarding. The fungus is identified by its colo​nial morphology and the presence of the characteristic macro- and microcomdia. 

A histoplasmin skin test has been used, but a positive result does not differentiate between active and past infection, and false-positive reactions can occur in patients with other fungal infections;

furthermore, skin testing induces humoral antibodies which complicate the interpretation of subsequent serodiagnostic tests.

Serological tests are useful, but cross-reactions can occur, mainly with C. immitis. CF, precipitin and LPA tests are commonly used in combination. The CF test, with histoplasmin or killed whole yeast cells as antigen, is positive in up to 96% of culturally proven cases. Generally, litres of 8 are regarded as presumptive evidence of infection, and litres of 32 or above indicate active disease. Low titres or negative results do not exclude infection. The precipitin test gives posi​tive results in up to 85% of infected patients; there are few problems with cross-reactions hut positive results should be confirmed by a CF test. The LPA test is useful for detection of acute histoplasmosis but is of less value than CF and precipitin tests.

Antibody tests fail to detect antibodies in up to 50% of immunosuppressed individuals although more sensitive techniques such as ELISA have given improved results. Detection of H. capsulatum polysaccharide antigen in blood and urine by sensitive techniques such as R1A may prove to be a useful diagnostic method.

Treatment

Intravenous amphotericin В is the treatment of choice for histoplasmosis. Azoic antifungal agents have given promising results in a few cases.

Cryptococcosis

Cryptococcosis, caused by the capsulate yeast Cryptococcus neoformans, is most frequently recog​nized as a disease of the central nervous system, although the primary site of infection is the lungs. Cryptococcosis occurs sporadically throughout the world but it is now seen most often in patients with AIDS.

There are four serotypes of C. neoformans (A, B, C, D). Most infections are caused by serotypes A and D, which are commonly found in the excreta of wild and domesticated birds throughout the world. Pigeons carry C. neoformans in their crops. The birds themselves do not appear to become infected, probably because of their high body temperature. Serotypes В and С are associated with the flowers of Eucalyptus camaldulensis and the distribution of this tree coincides with the occurrence of infections due to the В and С serotypes of С. neoformans.
Pathogenesis

Infection follows inhalation of the cells of C. neoformans which, in nature, are thought to be small, allowing the organism to enter deep into the lung.

The meningeal form of Cryptococcosis can occur in individuals who appear otherwise healthy but occur most frequently in patients with abnormalities of Т-lymphocyte function, including those with Hodgkin's disease, sarcoidosis, collagen disease and neoplasms. However, most cryptococcal infections are now seen in individuals with AIDS, about 10% of whom develop cryptococcosis.

A mild, self-limiting pulmonary infection is believed to be the commonest form of cryptococcosis.  Lesions may take the form of small discrete nodules which may heal with a residual scar or may become enlarged, encapsulated and chronic (cryptococcoma form). An acute pneumonic type of disease has also been described.

Chronic meningitis or meningo-encephalitis develops insidiously with headaches and low-grade pyrexia, followed by changes in mental state, anorexia, visual disturbances and eventual​ly coma. The disease may last from a few months to several years, but the outcome is always fatal unless it is treated. AIDS patients with cryptococcosis generally develop a chronic meningeal form with milder symptoms.

Although predominantly a disease of the central nervous system, lesions of the skin, mucosa, vis​cera and bones may also occur, in its disseminated form, the disease may resemble tuberculosis. Rarely, lesions of skin and bones may occur without any evidence of infection elsewhere.

Laboratory diagnosis

C. neojomians is readily demonstrated in cerebro-spinal fluid (CSF) or other material by direct microscopy, culture or serological tests for cap-sular antigen. The yeast load is generally higher in patients with AIDS. The cellular reaction and chemical changes in CSF usually resemble those seen in tuberculous meningitis. The yeast cells of C. ncofomians are round and are surrounded by a mucopolysaccharide capsule. The width of the capsule varies and is greatest in vivo and on rich media in vitro.

In unstained, wet preparations of CSF mixed with a drop of India ink or nigrosine, the capsule of C. ncofomians can be seen as a clear haloaround the yeast cells. Sputum, pus or brain tissue should be examined after digestion in potassium hydroxide and here the capsulated yeasts are often delineated by the cellular debris. For examination of tissue sections it is best to use a specific fungal stain such as PAS; alcian blue and mucicarmine stain the capsular material, enabling the organisms to be differentiated from H. capsulatum and B. dermatitidis.
The yeast is easily cultured from CSF . On Sabouraud's agar (without cycloheximide) cultured at 25 30 oС and 37 oC, colonies normally appear within 23d. In culture, C. neoformans appears as creamy-white to yellow-brown colonies, which are mucoid in appearance in well-capsulated strains and dry in poorly encapsulated strains. Preliminary identification depends on demonstration of the capsule but this may be absent or difficult to see. C. neoformuns is distinguished from other yeasts by its lack of fermentative ability, its ability to produce urease, to grow at 37 C and to assimilate inositol.

The most useful serological test is the LPA test for the detection of cryptococcal polysaccharide antigen. This test is highly sensitive and specific for the diagnosis of cryptococcal meningitis and disseminated forms of the disease and gives better results than microscopy and culture. Antigen may also be detected by ELISA.

Tests for serum antibody (WCA) are positive in less than 50% of proven cases of cryptococcal meningitis, since antibodies are rapidly neutralized by the large amounts of capsular antigen released during evolution of the infection. 

Treatment

Intravenous amphotericin В in combination with flucytosine is the treatment of choice for crypto-coccosis. Intrathecal amphotericin В may also be used in severe meningeal disease. Patients with AIDS commonly relapse after the initial course of therapy and many react badly to the drugs. Fluconazole can be administered orally and is useful if amphotericin В proves too toxic; it is also used as a maintenance therapy to control cryptococcosis in AIDS patients.

Individuals at risk of developing cryptococcosis should avoid contact with bird droppings.

Aspergillosis

There are more than 100 species of Aspergillus but only a few have been implicated in human disease: the most important are A. fumigatus, A. niger, A. flavus, A. terreus and A. nidulans. All grow in nature and in culture as mycelial fungi with septate hyphae and distinctive sporing structures; the spore-bearing hypha (conidiophore) terminates in a swollen cell (vesicle) surrounded by one or two rows of cells (sterigmata) from which chains of asexual conidia are produced.

Aspergillosis most frequently affects the lungs, but infections at other sites such as the nasal sinuses and superficial tissues may also occur. The disease is usually caused by A. fumigatus. Inhalation of Aspergillus spores may lead to colonization of existing lung cavities (aspergilloma form) or a hypersensitivity reaction (allergic aspergillosis). Rarely, Aspergillus may cause invasive disease of the lung and may disseminate to other organs; this form is seen in severely immunocompromised patients.

Aspergillus spores are ubiquitous and in winter months counts may reach 600 spores/m3 of air. The fungus is particularly prevalent in decaying vegetation, such as mouldy hay.

Pathogenesis

Allergic aspergillosis. Allergy to Aspergillus species is usually seen in atopic individuals with elevated IgE levels; about 10-20% of asthmatics react to A. fumigatus. Asthma with eosinophilia is a more chronic form, which manifests as episodes of lung consolidation and fleeting shadows on chest radiography; the fungus grows in the airways to produce plugs of fungal mycelium which may block off segments of lung tissue and which, when coughed up, are a diagnostic feature. Allergic alveolitis follows particularly heavy and repeated exposure to large numbers of spores. Breathlessness, fever and malaise appear some hours after exposure, and repeated attacks result in progressive lung damage. 

Aspergilloma. In this form of aspergillosis, also referred to as fungus ball, the fungus colonizes pre-existing (often tuberculous) cavities in the lung and forms a compact ball of mycelium, eventually surrounded by a dense fibrous wall.

Aspergillomas are usually solitary. Patients are either asymptomatic or have only a moderate cough and sputum production.  Surgical resection is most often used to treat this condition.

Invasive aspergillosis. This form occurs in severely immunocompromised individuals who have a serious underlying illness. A. fumigalus is the species most frequently involved.

The lung is the sole site of infection in 70% of patients, but dissemination of infection to other organs occurs in many cases. There is widespread destructive growth of Aspergillus species in lung tissue and the fungus invades blood vessels, causing thrombosis; septic emboli may spread the infection to other organs, especially the kidneys, heart and brain. Invasive aspergillosis has a poor prognosis and is often diagnosed post-mortem.

Endocarditis. Aspergillus species may rarely cause endocarditis in immunosuppressed patients and those who have undergone open-heart surgery. The condition has a poor prognosis and successful therapy depends on a combination of antifungal treatment and surgical removal of infected tissue.

Paranasal granuloma. A. flavus and A. fumigatus may colonize and invade the paranasal sinuses and the infection may spread through the bone to the orbit of the eye and brain. This condition is seen most often in warm dry climates and is common in parts of the Sudan.

Laboratory diagnosis

The value of the laboratory in diagnosis varies according to the clinical form of aspergillosis; the diagnosis of invasive disease is particularly difficult.

Direct microscopy. In sputum the fungus appears as non-pigmented septate mycelium with characteristic dichotomous branching and an irregular outline; rarely the characteristic sporing heads of Aspergillus species are present.

In allergic aspergillosis there is usually abundant fungus in the sputum and mycelial plugs may also be present. In aspergilloma, fungus may be difficult to find on microscopy. In invasive aspergillosis, microscopy is usually negative and biopsy may be the only reliable method of making a definitive diagnosis, although this is a procedure many clinicians are reluctant to undertake because of the associated risk.

In tissue sections Aspergillus species are best seen after staining with PAS or methenamine-silver.

Culture. Aspergilli grow readily at 25-37 °C on Sabouraud's agar without cycloheximide;

colonies appear after incubation for 1-2 d. Isolates can be identified by their colonial appearance and micromorphology. 

Large quantities of fungus are usually recovered from the sputum of patients with allergic aspergillosis but cultures from those with aspergilloma or invasive disease are commonly negative or yield only a few colonies.

Skin tests. Skin tests with A. fumigatus antigen are useful for the diagnosis of allergic aspergillosis. All patients give an immediate type I reaction. 

Serological tests. Immunodiffusion and immuno-electrophoresis are widely used for the detection of precipitins in the diagnosis of all forms of aspergillosis, particularly aspergilloma.

Antigen detection has also been used successfully for diagnosis of invasive aspergillosis by techniques such as LPA, RIA and ELISA. However, currently available tests generally lack sensitivity.

Treatment

Allergic forms of aspergillosis are treated with corticosteroids. Aspergilloma is treated by surgical excision or sometimes with antifungal agents. In invasive aspergillosis, the treatment of choice is intravenous amphotericin B; itraconazole has given good results in some cases hut has yet to be fully evaluated.

Systemic candidosis

Systemic forms of candidosis may be localized, e.g. in the urinary tract, liver, heart valves (endo​carditis), meninges or peritoneal cavity, or the infection may be widely disseminated and associated with a septicaemia (candidaemia). (Candida albicans is most frequently involved. Deep-seated candidosis is difficult to diagnose and treat, and the prognosis is generally poor.

Since Candida species multiply rapidly in clinical material it is important that specimens are processed as soon as possible after collection.

Serological tests. Currently available tests lack specificity and sensitivity and the results must be interpreted with care. The most widely used tests are immunodiffusion and CIE for detection of precipitins to somatic extracts of C. albicans and C. parapsilosis. In such cases a more sensitive assay system such as ELISA gives better results.

Antigen tests based on ELISA, RIA, and LPA, to detect either cell wall mannan or cytoplasmic components, are being developed and antigen detection is likely to become the main method for serodiagnosis of systemic candidosis.

Treatment

Intravenous amphotericin В in combination with flucytosine is the treatment of choice for most forms of systemic candidosis. Flucytosine is not used on its own due to problems of resistance. Fluconazole, ketoconazole and itraconazole have also been used successfully.

Zygomycosis

Zygomycosis, also referred to as mucormycosis or phycomycosis, is a relatively rare, opportunistic infection caused by saprophytic mould fungi, notably species of Mucor, Absidia and Rhizopus. The best known form of the disease is rhinocerebral Zygomycosis, a rapidly fulminating infection which is almost invariably associated with either acute diabetes mellitus, or with debilitating diseases such as leukaemia or lymphoma. There is extensive cellulitis with rapid tissue destruction, most commonly spreading from the nasal mucosa to the turbinate bone, paranasal sinuses, orbit and brain. Rhinocerebral Zygomycosis is rapidly fatal if untreated and although the prognosis of this infection has improved over recent years, most diagnoses are still made at necropsy. Primary cutaneous infections have also been reported but these are extremely rare and usually occur in patients with severe burns. Subcutaneous forms of zygomycosis are less serious.

The fungi responsible for zygomycosis are characterized by having broad, aseptate mycelium, with large numbers of asexual spores inside a sporangium which develops at the end of an aerial hypha.

Laboratory diagnosis

Recognition of the fungus in tissue by microscopy is considerably more reliable than culture but material such as nasal discharge or sputum seldom contains much fungal material and examination of a biopsy is usually necessary for a firm diagnosis. Direct examination of curetted or biopsy material in potassium hydroxide may reveal the characteristic broad, aseptate, branched mycelium and sometimes distorted hyphae. However, they are seen much more clearly when stained with methenamine-silver; the hyphae of these fungi do not stain with PAS.

The fungi are readily isolated on Sabouraud's agar at 37"C but isolation of the causal agents is of little diagnostic significance in the absence of strong supporting clinical evidence of infection.

There are no established serological tests for the diagnosis of zygomycosis.

Treatment

Successful treatment depends on early diagnosis of the infection, allowing prompt therapy with intravenous amphotericin В and aggressive surgical intervention.

Other opportunist systemic pathogens

Almost any fungus may invade a severely immunocompromised host and infections with many common fungi including Fusarium species, Peni-cillium species. Trichosporon beigelii and Pseudallescheria boydii have been reported.
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