Microscopic Exam of Fungi, Pathogenicity & Clinical Significance
Epidermophyton spp.

[image: image1.jpg]



Taxonomic classification:
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes                                                
Order: Onygenales
Family: Arthrodermataceae
Genus: Epidermophyton
Pathogenicity and Clinical Significance

E. floccosum is one of the common causes of dermatophytosis in otherwise healthy individuals. It infects skin (tinea corporis, tinea cruris, tinea pedis) and nails (onychomycosis). The infection is restricted to the nonliving cornified layers of epidermis since the fungus lacks the ability to penetrate the viable tissues of the immunocompetent host. Disseminated infections due to any of the dermatophytes are very unlikely due to the restriction of the infection to keratinized tissues. However, invasive E. floccosum infection has been reported in an immunocompromised patient with Behcet's syndrom. As with all forms of dermatophytosis, Epidermophyton floccosum infections are communicable and usually transmitted by contact, particularly in common showers and gym facilities.
Trichophyton spp.
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Taxonomic classification: 
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes
Order: Onygenales
Family: Arthrodermataceae
Genus: Trichophyton (teleomorph: Arthroderma)
Pathogenicity and Clinical Significance

Trichophyton, Microsporum, and Epidermophyton are the causative agents of dermatophytosis and infect the hair, skin, and nails. Similar to the other two genera, Trichophyton is a keratinophilic filamentous fungus. Ability to invade keratinized tissues and the possession of several enzymes, such as acid proteinases, elastase, keratinases, and other proteinases are the major virulence factors of these fungi.

Sporothrix spp.
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Taxonomic Classification:
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes
Order: Ophiostomatales 
Family: Ophiostomataceae
Genus: Sporothrix
Pathogenicity and Clinical Significance

Sporothrix schenckii is the causative agent of sporotrichosis ("rose handler's disease"). Sporotrichosis is a subcutaneous infection with a common chronic and a rare progressive course. The infection starts following entry of the infecting fungus through the skin via a minor trauma and may affect an otherwise healthy individual. Following entry, the infection may spread via the lymphatic route. Nodular lymphangitis may develop. Interestingly, an epidemic of sporotrichosis after sleeping in a rust-stained camping tent has been reported and the tent was identified as the source of infection. Patients infected with Sporothrix schenckii may be misdiagnosed as pyoderma gangrenosum due to the large ulcerations observed during the course of sporotrichosis.

Histoplasma sp.
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Taxonomic classification: 
Kingdom: Fungi
Phylum: Ascomycota
Subphylum: Ascomycotina
Class: Ascomycetes
Order: Onygenales 
Family: Onygenaceae 
Genus: Ajellomyces (Histoplasma)

Pathogenicity and Clinical Significance

Histoplasma capsulatum is the causative agent of a true systemic (endemic) mycosis called histoplasmosis. The spectrum of the disease is wide, varying from an acute benign pulmonary infection to a chronic pulmonary or fatal disseminated disease. Following acquisition of the conidia by inhalation, lungs are primarily involved. In cases of dissemination of Histoplasma capsulatum var. capsulatum infection, reticuloendothelial system (RES) is most frequently involved. The fungus resides intracellularly in RES cells [2067]. Histoplasma capsulatum may also rarely involve the thyroid glands and may be isolated in fungemi. Unlike var. capsulatum, var. duboisii rarely involves the lungs but commonly involves the bones and skin. Var. duboisii is the causative agent of African histoplasmosis.
Candida albicans
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Taxonomic classification: 
Kingdom: Fungi
Phylum: Ascomycota
Subphylum: Ascomycotina
Class: Ascomycetes
Order: Saccharomycetales
Family: Saccharomycetaceae
Genus: Candida

Pathogenicity and Clinical Significance

Infections caused by Candida spp. are in general referred to as candidiasis. The clinical spectrum of candidiasis is extremely diverse. Almost any organ or system in the body can be affected. Candidiasis may be superficial and local or deep-seated and disseminated. Disseminated infections arise from hematogenous spread from the primarily infected locus. Candida albicans is the most pathogenic and most commonly encountered species among all. Its ability to adhere to host tissues, produce secretory aspartyl proteases and phospholipase enzymes, and transform from yeast to hyphal phase are the major determinants of its pathogenicity. Several host factors predispose to candidiasis.
Cryptococcus spp.
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Taxonomic classification: 
Kingdom: Fungi
Phylum: Basidimycota
Subphylum: Basidimycotina
Order: Sporidiales
Family: Sporidiobolaceae 
Genus: Filobasidiella (Cryptococcus)

Pathogenicity and Clinical Significance
Cryptococcus neoformans is the causative agent of cryptococcosis. Given the neurotropic nature of the fungus, the most common clinical form of cryptococcosis is meningoencephalitis. The course of the infection is usually subacute or chronic. Cryptococcosis may also involve the skin, lungs, prostate gland, urinary tract, eyes, myocardium, bones, and joints.

The most commonly encountered predisposing factor for development of cryptococcosis is AIDS. Less commonly, organ transplant recipients or cancer patients receiving chemotherapeutics or long-term corticosteroid treatment may develop cryptococcosis.

The polysaccharide capsule and phenol oxidase enzyme of Cryptococcus neoformans, as well as its ability to grow at 37°C, are its major virulence factors. Recent data suggest that phospholipase enzymes may also play a role as one of the potential virulence factors. The infection commonly starts following inhalation of the yeasts. Phenol oxidase enzyme functions in production of melanin. The melanizing enzyme presumably prevents formation of toxic hydroxy radicals and thus protects the fungal cell from oxidative stress as well as the immune defense mechanisms of the host.
Aspergillus niger
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Taxonomic Classification: 
Kingdom: Fungi
Phylum: Ascomycota
Order: Eurotiales
Family: Trichocomaceae
Genus: Aspergillus

Pathogenicity and Clinical Significance

Aspergillus spp. are well-known to play a role in three different clinical settings in man: (i) opportunistic infections; (ii) allergic states; and (iii) toxicoses. Immunosuppression is the major factor predisposing to development of opportunistic infections. These infections may present in a wide spectrum, varying from local involvement to dissemination and as a whole called aspergillosis. Among all filamentous fungi, Aspergillus is in general the most commonly isolated one in invasive infections. It is the second most commonly recovered fungus in opportunistic mycoses following Candida.

Almost any organ or system in the human body may be involved. Onychomycosis, sinusitis, cerebral aspergillosis, meningitis, endocarditis, myocarditis, pulmonary aspergillosis, osteomyelitis, otomycosis, endophthalmitis, cutaneous aspergillosis, hepatosplenic aspergillosis, as well as Aspergillus fungemia, and disseminated aspergillosis may. Nosocomial occurrence of aspergillosis due to catheters and other devices is also likely. Construction in hospital environments constitutes a major risk for development of aspergillosis particularly in neutropenic patients.

Aspergillus spp. may also be local colonizers in previously developed lung cavities due to tuberculosis, sarcoidosis, bronchiectasis, pneumoconiosis, ankylosing spondylitis or neoplasms, presenting as a distinct clinical entity, called aspergilloma. Aspergilloma may also occur in kidneys.

Some Aspergillus antigens are fungal allergens and may initiate allergic bronchopulmonary aspergillosis particularly in atopic host. Some Aspergillus spp. produce various mycotoxins. These mycotoxins, by chronic ingestion, have proven to possess carcinogenic potential particularly in animals. Among these mycotoxins, aflatoxin is well-known and may induce hepatocellular carcinoma. It is mostly produced by Aspergillus flavus and contaminates foodstuff, such as peanuts.

Aspergillus spp. can cause infections in animals as well as in man. In birds, respiratory infections may develop due to Aspergillus. It may induce mycotic abortion in the cattle and the sheep. Ingestion of high amounts of aflatoxin may induce lethal effects in poultry animals fed with grain contaminated with the toxin.

Since Aspergillus spp. are found in nature, they are also common laboratory contaminants.
Microsporum spp.
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Taxonomic classification: 
Kingdom: Fungi
Phylum: Ascomycota
Order: Onygenales 
Family: Arthrodermataceae 
Genus: Arthroderma (includes Nannizia, Microsporum, Epidermophyton, Trichophyton)
Pathogenicity and Clinical Significance

Microsporum is one of the three genera that cause dermatophytosis. Dermatophytosis is a general term used to define the infection in hair, skin or nails due to any dermatophyte species. Similar to other dermatophytes, Microsporum has the ability to degrade keratin and thus can reside on skin and its appandages and remains noninvasive. As well as the keratinase enzyme, proteinases and elastases of the fungus may act as virulence factors. Notably, Microsporum spp. mostly infect the hair and skin, except for Microsporum persicolor which does not infect hair. Nail infections are very rare. The pathogenesis of the infection depends on the natural reservoir of the species. Geophilic spp. are acquired via contact with soil. Zoophilic species are transmitted from the infected animal. Direct or indirect (via fomites) human-to-human transmission is of concern for anthropophilic species. Asymptomatic carriage may be observed. As well as the otherwise healthy hosts, immunocompromised patients are also infected.
Coccidioides sp.
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Taxonomic Classification: 
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes
Order: Onygenales
Family: Onygenaceae
Genus: Coccidioides

Pathogenicity and Clinical Significance

Coccidioides immitis/posadasii is the causative agent of coccidioidomycosis in humans. Coccidioidomycosis is one of the true systemic (endemic) mycoses. It is acquired by inhalation and initially presents with a pulmonary infection which may later disseminate to other organs and systems. Airway coccidioidomycosis involving the endotracheal and endobronchial tissues may develop. Inhalation of the dry arthroconidia of Coccidioides immitis/posadasii, which are carried by dust storms, initiates the infection. Afterwards, hematogenous spread of the organism results in infection of skin, bones, joints, lymph nodes, adrenal glands, and central nervous system. The clinical picture has a remarkably wide spectrum. The infection remains as an acute and self-limited respiratory infection in most exposed hosts, but it progresses to a chronic and sometimes fatal disease in others. Spontaneous healing is observed in as high as 95% of the otherwise healthy hosts. Dissemination may occur particularly during pregnany and carries a high risk of mortality.

Although coccidioidomycosis basically effects otherwise healthy immunocompetent hosts due to the true pathogenic nature of the fungus, it may also develop in immunocompromised patients, such as patients with AIDS and organ transplant recipients. Activities and professions related to tillage of the soil, such as agricultural work, telephone post digging, archeology, or simply playing with soil appear to be associated with development of coccidioidomycosis.

Coccidioidomycosis has also been described in warm-blooded water animals such as bottlenose dolphins and horses.

Blastomyces sp.
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Taxonomic Classification: 
Kingdom: Fungi
Phylum: Ascomycota
Class: Euascomycetes
Order: Onygenales
Family: Onygenaceae
Genus: Blastomyces

Pathogenicity and Clinical Significance

It is the causative agent of blastomycosis which is one of the true systemic (endemic) mycoses. Cutaneous and systemic (disseminated) blastomycosis are the two clinical forms of the disease. Blastomycosis in general is acquired by inhalation and initially presents with a pulmonary infection which may later disseminate to other organs and systems. Primary cutaneous infection due to direct inoculation of the fungus into the skin is also likely. Hematogenous spread of the organism results in infection of skin, bones, kidneys and male urogenital system. Blastomycosis of the central nervous system (CNS), eyes, larynx, paranasal sinuses, tongue, adrenal glands, uterus, ovaries, gastrointestinal tract, liver and spleen have so far been reported. Otitis media, resulting in cranial osteomyelitis may also develop. Reactivation blastomycosis and subclinical, self-limited infections have been defined.

Although Blastomyces dermatitidis is a pathogenic fungus and blastomycosis occurs mainly in immunocompetent hosts, it may also effect immunocompromised patients, indicating that Blastomyces dermatitidis has now emerged as an opportunistic pathogen.

Blastomyces dermatitidis can also infect dogs. Canine blastomycosis has a similar pathogenesis to human blastomycosis. Dogs are infected by inhaling the infectious particles and they are good indicators of the existence of Blastomyces dermatitidis in the nearby environment. However, there seems to be no correlation between the existence of dogs with blastomycosis and emergence of human cases in a defined environmental area. Also, there is no evidence of animal-to-human transmission of the disease.
Other important information about the fungi’s related disease:

Epidermophyton floccosum, the microscopic fungus causes a malady known as athlete's foot (tinea pedis). Many other closely related fungi,technically known as dermatophytes, in the genera Trichophyton and Microsporum also cause athlete's foot, along with other human diseases such as "ugly toenail fungus" (technically known as tinea unguinum or onychomycosis), ringworm (tinea corporis and tinea capitis) and "jock itch" (tinea cruris). The "tinea" part of those disease names comes from the 19th century when these diseases were thought to be caused by worms (tinea) rather than fungi. When people started looking at them in the microscope it was clear that they were not worms, but the name still stuck. 

Sporotrichosis is a subacute or chronic infection caused by the soil fungus Sporothrix schenckii. Although only one species of Sporothrix was classically identified, modern phylogenetic studies suggest the geographic distribution of multiple distinct Sporothrixspecies.1 The characteristic infection involves suppurating subcutaneous nodules that progress proximally along lymphatic channels (lymphocutaneous sporotrichosis). Primary pulmonary infection (pulmonary sporotrichosis) is rare, as is direct inoculation into tendons, bursae, or joints. Osteoarticular sporotrichosis is caused by direct inoculation or hematogenous seeding. In rare cases, disseminated S schenckii infection (disseminated sporotrichosis) occurs, characterized by disseminated cutaneous lesions and involvement of multiple visceral organs; this occurs most commonly in persons with AIDS. Infection with the dimorphic soil fungus S schenckii is usually acquired through cutaneous inoculation.

Histoplasmosis is a disease caused by the fungus Histoplasma capsulatum. Its symptoms vary greatly, but the disease primarily affect the lungs. Occasionally, other organs are affected. This form of the disease is called disseminated histoplasmosis, and it can be fatal if untreated.  H. capsulatum grows in soil and material contaminated with bat or bird droppings. Spores become airborne when contaminated soil is disturbed. Breathing the spores causes infection. The disease is not transmitted from an infected person to someone else. Antifungal medications are used to treat severe cases of acute histoplasmosis and all cases of chronic and disseminated disease. Mild disease usually resolves without treatment. Past infection results in partial protection against ill effects if reinfected.
Candina albicans (sometimes referred to as monilia) is a fungus that is normally present on the skin and in mucous membranes such as the vagina, mouth, or rectum. The fungus also can travel through the blood stream and affect the throat, intestines, and heart valves.
Most of the time, candida infections of the mouth, skin, or vagina occur for no apparent reason. A common cause of infection may be the use of antibiotics that destroy beneficial, as well as harmful, microorganisms in the body, permitting candida to multiply in their place. The resulting condition is known as candidiasis moniliasis, or a "yeast" infection. Candidal infection of the penis is more common among uncircumcised than circumcised men and may result from sexual intercourse with an infected partner. Most candida infections can be treated at home with OTC or prescription medication. These include topical administration of antifungal drugs such as clotrimazole (Femizole-7, Gyne-Lotrimin), miconazole (Monistat-Derm, Monistat Vaginal), nystatin, tioconazole (Vagistat Vaginal), or oral administration of drugs such as fluconazole (Diflucan) and amphotericin B. Many women prefer a single, oral dose of fluconazole for vaginal candidiasis, rather than topical creams. More serious infections may need IV medications given at the hospital.
Cryptococcus is a type of fungus that is found in the soil worldwide, usually in association with bird droppings. The major species of Cryptococcus that causes illness in human isCryptococcus neoformans. Another less common species that can also cause disease in humans, Cryptococcus gattii, has been isolated from eucalyptus trees in tropical and sub-tropical regions. 
Cryptococcosis (Krip-toe-coc-o-sis) is a fungal disease caused byCryptococcus neoformans. Most people do not get sick with cryptococcosis, but some people are more likely than others to get this disease. For these people, cryptococcosis can cause serious symptoms of brain and spinal cord disease, such as headaches, dizziness, sleepiness, and confusion.

Treatment of meningoencephalitis and other severe infections is usually initiated with an amphotericin B formulation, with or without flucytosine. Fluconazole is used for maintenance therapy in HIV-infected patients with cryptococcal meningoencephalitis, and may be used for patients with milder forms of infection not involving the central nervous system.
Aspergillus niger infection is a rare fungal infection that often causes a black mould to appear on some fruit and vegetables but may also infect humans through inhalation of fungal spores. Treatment of invasive aspergillosis is still troublesome with high rate of mortality. While amphotericin B (including its lipid formulations) and itraconazole are the currently available therapeutic options, the clinical success rate is still unsatisfactory due both to the low efficacy and/or high toxicity of the drugs and existence of unfavorable immune status of the host, such as lack of recovery from neutropenic state.

Coccidioidomycosis, also known as Valley Fever, is a fungal disease caused byCoccidioides species. These organisms live in the soil of semiarid areas. It is endemic in areas such as the southwestern United States, parts of Mexico and South America.  It is a reportable disease in states where the disease is endemic, such as California, New Mexico, Arizona and Nevada. Of people who live in an endemic region, about 10-50% will have evidence of exposure to Coccidioides. Symptoms from the acute infection may resolve on their own without treatment. However, some doctors prefer to prescribe antifungal drugs, such as fluconazole, to treat patients with acute, uncomplicated coccidioidomycosis. There is not enough information about whether treating acute, uncomplicated pulmonary coccidioidomycosis is beneficial or not, although many experts feel that persons at risk for developing severe disease should receive treatment. Antibacterial drugs do not treat coccidioidomycosis.

In more severe infections, treatment with antifungal drugs is necessary. People who have pneumonia from coccidioidomycosis affecting both lungs, people who have disseminated disease, and people who have chronic pneumonia all need treatment.

Blastomycosis is disease caused by a fungus, Blastomyces dermatitidis, which is found in parts of the south-central, south-eastern and mid-western United States. Microfoci are also found in Central and South America and parts of Africa.  The fungus can be found in moist soil enriched with decomposing organic debris. For persons with mild or moderately severe disease, itraconazole may be used for treatment. For persons who are seriously ill, who have central nervous system infection, and/or who are immunocompromised, treatment should be initiated with amphotericin B. Newer triazole antifungal drugs such as voriconazole and posaconazole appear to have activity against the fungus, but their role in treating blastomycosis has not yet been determined.
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