
FUNGI

Fungal Classification, Structure, and Replication

 

-Commonly present in nature as saprophytes, 
-transiently colonising or etiological agenses.  
-Frequently present in biological samples.  
-They role in pathogenesis can be difficult to  
  determine. 

Why Care?

• Fungi are a cause of nosocomial infections.

• Fungal infections are a major problem in 
immune suppressed people.

• Fungal infections are often mistaken for 
bacterial infections, with fatal consequences.

 

Most fungi live harmlessly in the environment, but some species can cause disease in the human 
host. Patients with weakened immune function admitted to hospital are at high risk of developing 
serious, invasive fungal infections. Systemic fungal infections are a major problem among critically ill 
patients in acute care settings and are responsible for an increasing proportion of healthcare-
associated infections 

THE IMPORTANCE OF FUNGI

• saprobes

• symbionts

• commensals

• parasites

 

The fungi represent a ubiquitous and diverse group of organisms, the main purpose of which is to 
degrade organic matter. All fungi lead a heterotrophic existence as saprobes (organisms that live on 
dead or decaying matter), symbionts (organisms that live together and in which the association is of 



mutual advantage), commensals (organisms living in a close relationship in which one benefits from 
the relationship and the other neither benefits nor is harmed), or as parasites (organisms that live on 
or within a host from which they derive benefits without making any useful contribution in return; in 
the case of pathogens, the relationship is harmful to the host).  
Fungi have emerged in the past two decades as major causes of human disease, especially among 
those individuals who are immunocompromised or hospitalized with serious underlying diseases. 
Among these patient groups, fungi serve as opportunistic pathogens, causing considerable morbidity 
and mortality.  
The overall incidence of specific invasive mycoses continues to increase with time, and the list of 
opportunistic fungal pathogens likewise increases each year. This increase in fungal infections can be 
attributed to the ever-growing number of immunocompromised patients, including transplant 
patients, individuals with acquired immunodeficiency syndrome (AIDS), patients with cancer and 
undergoing chemotherapy, and those individuals who are hospitalized with other serious underlying 
conditions and who undergo a variety of invasive procedures.  

FUNGAL TAXONOMY, STRUCTURE, AND

REPLICATION

• Kingdom Fungi. 

• eukaryotic 

• rigid cell wall 

• chitin and glucan 

cell membrane:

- ergosterol

 

Kingdom Fungi. They are eukaryotic organisms that are distinguished from other eukaryotes by a 
rigid cell wall composed of chitin and glucan and a cell membrane in which ergosterol is substituted 
for cholesterol as the major sterol component  

FUNGAL TAXONOMY, STRUCTURE, AND

REPLICATION

• unicellular or multicellular
• yeasts (pseudohyphae ) or  Molds – hyphae (filamentous, hairy, or woolly)
• Yeast (C. albicans) - one cell, asexual reproduction by budding (blastoconidia) or by 

division. They can produce filamentous structueres resembling molds –
pseudohyphae,  elongated cells resembling sausages

• Molds(hyphae) – elongation at both ends, can be multinucleated – coenocitic or
septated

• Hyphae - apical extension, 
- coenocytic (hollow and multinucleate)  
- septate (divided by partitions or cross-walls)

Mycelium - vegetative hyphae
- aerial hyphae - conidia

DIMORPHIC FUNGI

 

Classic fungal taxonomy relies heavily on morphology and mode of spore production. Fungi may be 
unicellular or multicellular. The most simple grouping, based on morphology, lumps fungi into either 
yeasts or molds.  



A yeast can be defined morphologically as a cell that reproduces by budding or by fission, where a 
progenitor or "mother" cell pinches off a portion of itself to produce a progeny or "daughter" cell. 
The daughter cells may elongate to form sausage-like pseudohyphae. Yeasts are usually unicellular 
and produce round, pasty, or mucoid colonies on agar.  
Molds are multicellular organisms consisting of threadlike tubular structures, called hyphae, that 
elongate at their tips by a process known as apical extension. Hyphae are either coenocytic (hollow 
and multinucleate) or septate (divided by partitions or cross-walls). The hyphae form together to 
produce a matlike structure called a mycelium. The colonies formed by molds are often described as 
filamentous, hairy, or woolly. When growing on agar or other solid surfaces, molds produce hyphae, 
termed vegetative hyphae, that grow on or beneath the surface of the culture medium, and also 
hyphae that project above the surface of the medium, so-called aerial hyphae. The aerial hyphae 
may produce specialized structures known as conidia (asexual reproductive elements. The conidia 
may be produced by either a blastic (budding) process or a thallic process, where hyphal segments 
fragment into individual cells or arthroconidia. The conidia are easily airborne and serve to 
disseminate the fungus. The size, shape, and certain developmental features of conidia are used as a 
means of identifying fungi to genus and species.  
Many fungi of medical importance are termed dimorphic.  

Fungal Morphology
Hypae (threads)

making up a mycelium Yeasts

Many pathogenic 
fungi are 
dimorphic, 
forming hyphae at 
ambient 
temperatures but 
yeasts at body 
temperature. 

 

Many fungi of medical importance are termed dimorphic, because they may exist in both a yeast 
form and a mold form. Dimorphic fungi are fungi that have a yeast (or yeast-like) phase and a mold 
(filamentous) phase. One of the characteristics common to most dimorphic fungi is the ability to 
convert the mold forms to the yeast forms by incubating subcultures in enriched media at 35°-37°C. 
In general, dimorphic fungi produce a mold form at 25-30°C and a yeast form at 35-37°C. An 
exception is Coccidioides immitis, which is not thermally dimorphic. Colonies of dimorphic molds are 
gray-white and have a delicate cobweb appearance on blood agar. This appearance and delayed 
growth are characteristics of dimorphic fungi. 
 
 
 

  



FUNGAL TAXONOMY, STRUCTURE, AND

REPLICATION

• Asexual spores : 
sporangiospores and conidia

• Sporangiospores - sporangia

• Conidia - borne naked

 

Asexual spores consist of two general types: sporangiospores and conidia. Sporangiospores are 
asexual spores produced in a containing structure or sporangia and are characteristic of genera 
belonging to the Mucorales, such as Rhizopus and Mucor spp. Conidia are asexual spores that are 
borne naked on specialized structures as seen in Aspergillus spp., Penicillium spp., and the 
dermatophytes.  

Four major phyla of Fungi

Zygomycota (Mucormycetes)— sexual spores are thick walled 
resting spores called zygospores (Rhizopus, Mucor)

Ascomycota (Euascomycota)—spores borne internally in 
a sac called an ascus (Dermatophytes, Blastomyces, 
Histoplasma, Aspergillus)

Basidiomycota—spores borne externally on a club-shaped 
structure called a basidium (Cryptococcus, Malassezia, 
Trichosporon)

Deuteromycetes or fungi imperfecti, have no known sexual state in 
their life cycle (is no longer formally accepted as a taxon)

 

In the subphylum Euascomycotina, sexual reproduction leads to the formation of a thin-walled sac, 
or ascus, that contains the haploid ascospores. Although most of the septate molds that are isolated 
in the clinical laboratory belong to the Euascomycetes, it is unusual to encounter their sexual 
reproductive structures in routine cultures. This subphylum has 12 orders that include species 
pathogenic to humans.  
Mucormycetes, the group of fungi that cause mucormycosis, are present throughout the 
environment, particularly in soil and in association with decaying organic matter, such as leaves, 
compost piles, and animal dung. 
Basidiomycota are typically filamentous fungi composed of hyphae. Most species reproduce 
sexually with a club-shaped spore-bearing organ (basidium) that usually produces four sexual 
spores (basidiospores). Basidia are borne on fruiting bodies (basidiocarps). 
Characteristic of members of Saccharomyces is their ability to convert sugar into carbon dioxide 
and alcohol by means of enzymes. The yeasts used to ferment sugars in the manufacture of baked 
goods, beers, wines, distilled spirits, and industrial alcohols are all strains of one species, S. 
cerevisiae.  



http://www.davidmoore.org.uk/Sec04_14.htm

 

Routes of entry and distribution of the fungus diseases of humans. Labels at left indicate routes of 
entry of pathogenic and opportunistic fungi that cause deep and cutaneous mycoses. At right we 
indicate the principal tissue sites of deep mycoses in comparison with superficial, cutaneous and 
subcutaneous mycoses 

 

Fungi are recognised by cells of the innate immune system (e.g. dendritic cells and macrophages) 
which bind components of fungal cell walls using pattern recognition receptors (PRRs) on their 
surface. When PRRs bind fungi, they signal using their intracellular tails or associated molecules 
(FcRγ) resulting in phagocytosis, initiation of killing mechanisms (e.g. production of reactive oxygen 
species) and also help drive the development of adaptive immunity. Adaptive immunity to fungi is 
only partially understood, although it seems that CD4+ T-cells that make IFNγ (Th1) or IL-17 (Th17) 



provide the best protection during fungal infections, as these help drive effective killing by innate 
effector cells such as neutrophils and macrophages. 

 

Relatively few fungi are sufficiently virulent to be considered primary pathogens. Primary pathogens 
are capable of initiating infection in a normal, apparently immunocompetent host. They are able to 
colonize the host, find a suitable microenvironmental niche with sufficient nutritional substrates, 
avoid or subvert the normal host defense mechanisms, and then multiply within the 
microenvironmental niche. Among the acknowledged primary fungal pathogens are four 
ascomycetous fungi, the endemic dimorphic pathogens Blastomyces dermatitidis, Coccidioides 
immitis (and Coccidioides posadasii), Histoplasma capsulatum, and Paracoccidioides brasiliensis. Each 
of these organisms possesses putative virulence factors that allow them to actively breach host 
defenses that ordinarily restrict the invasive growth of other microbes. When large numbers of 
conidia of any of these four fungi are inhaled by humans, even if these individuals are healthy and 
immunocompetent, infection and colonization, tissue invasion, and systemic spread of the pathogen 
commonly occur.  
As with most primary microbial pathogens, these fungi may also serve as opportunistic pathogens, 
given that the more severe forms of each mycosis are seen most often in individuals who are 
compromised in their innate and/or acquired immune defenses. In general, healthy 
immunocompetent individuals have a high innate resistance to fungal infection, despite the fact that 
they are constantly exposed to the infectious forms of various fungi present as part of the normal 
commensal flora (endogenous) or in the environment (exogenous).  
The opportunistic fungal pathogens, such as Candida spp., Cryptococcus neoformans, and Aspergillus 
spp., generally only cause infection when there are disruptions in the protective barriers of the skin 
and mucous membranes or when defects in the host immune system allow them to penetrate, 
colonize, and reproduce in the host  



Mycoses

SKIN MYCOSES
• Superficial
• Cutaneous
• Subcutaneous

SYSTEMIC: 

• Opportunistic pathogens
• Primary pathogens

 

Classification of disease types caused by fungi can be difficult and many sources of information 
classify them in different ways: fungi can be divided according to the ways they cause disease, or the 
level of damage they cause to the host, or classified according to the group of fungi to which the 
disease organism belongs. The fungi discussed on this page are classified according to the infection 
they cause, to try to keep things simple. 
There are five types of mycoses to describe, in two main categories: 
skin mycoses 

superficial mycoses  
cutaneous mycoses  
subcutaneous mycoses  

systemic mycoses  
systemic mycoses due to primary (usually dimorphic) pathogens  
systemic mycoses due to opportunistic pathogens. 
 

Superficial Mycoses

 

 



These are superficial cosmetic fungal infections of the skin or hair shaft. No living tissue is invaded 
and there is no cellular response from the host.  
Pityriasis versicolor:  
This is a chronic, superficial fungal disease of the skin characterised by well-demarcated white, pink,, 
or brownish lesions, The colour varies according to the normal pigmentation of the patient, exposure 
of the area to sunlight, and the severity of the disease. Lesions occur on the trunk, shoulders and 
arms 
Tinea nigra - skin lesions are characterised by brown to black macules which usually occur on the 
palmar aspects of hands and occasionally the plantar and other surfaces of the skin. Lesions are non-
inflammatory and non-scaling. 
White piedra is a superficial cosmetic fungal infection of the hair shaft caused by Trichosporon. 
Infected hairs develop soft greyish-white nodules along the shaft. Infections are usually localised to 
the axilla or scalp but may also be seen on facial hairs and sometimes pubic hair. White piedra is 
common in young adults. Shaving the hairs is the simplest method of treatment. Topical application 
of an imidazole agent may be used to prevent reinfection. 
Black piedra is a superficial fungal infection of the hair shaft caused by Piedraia hortae, an 
ascomycetous fungus. Infections are usually localised to the scalp but may also be seen on hairs of 
the beard, moustache and pubic hair. Black piedra mostly affects young adults and epidemics in 
families have been reported following the sharing of combs and hairbrushes. Infected hairs generally 
have a number of hard black nodules on the shaft. The usual treatment is to shave or cut the hairs 
short, but this is often not considered acceptable, particularly by women. In-vitro susceptibility tests 
have shown that Piedra hortae is sensitive to terbinafine 

Cutaneous Mycoses

dermatophytoses  
or        
dermatomycoses
• Dermatophytoses

- Epidermophyton,
- Microsporum
- Trichophyton

• Dermatomycoses
- Candida spp.

LAB.DG.- drop of 10% to 20% KOH -
microscopy

Culture - dermatophyte test medium, 
mycobiotic agar, Sabouraud's glucose agar

TREATMENT - Topical agents include azoles 
(miconazole, clotrimazole, econazole, 
tioconazole, and itraconazole), terbinafine, 
and haloprogin

 

Favus - Yellow cup-shaped crusts surround the infected hair follicles. 
The cutaneous mycoses include infections caused by dermatophytic fungi (dermatophytosis) and 
nondermatophytic fungi (dermatomycosis). The term dermatophytosis refers to a complex of 
diseases caused by any of several species of taxonomically related filamentous fungi in the genera 



Trichophyton, Epidermophyton, and Microsporum These fungi are known collectively as the 
dermatophytes, and all possess the ability to cause disease in humans and/or animals. All have in 
common the ability to invade the skin, hair, or nails. In each case, these fungi are keratinophilic and 
keratinolytic and so are able to break down the keratin surfaces of these structures. In the case of 
skin infections, the dermatophytes invade only the upper, outermost layer of the epidermis, the 
stratum corneum. Penetration below the granular layer of the epidermis is rare.  
Dermatomycoses  are cutaneous infections due to other fungi, the most common  of which are 
Candida spp.  
The laboratory diagnosis of dermatophytoses relies on the demonstration of fungal hyphae by direct 
microscopy of skin, hair, or nail samples and the isolation of organisms in culture. Specimens are 
mounted in a drop of 10% to 20% KOH on a glass slide and examined microscopically. Filamentous, 
hyaline hyphal elements characteristic of dermatophytes may be seen in skin scrapings, nail 
scrapings, and hairs.  
Cultures are always useful and can be obtained by scraping the affected areas and placing the skin, 
hair, or nail clippings onto standard mycologic media such as Sabouraud agar, with antibiotics, or 
dermatophyte test medium. Colonies develop within 7 to 28 days. Their gross and microscopic 
appearance and nutritional requirements can be used in identification.  
Treatment Dermatophytic infections that are localized and that do not affect hair or nails can usually 
be treated effectively with topical agents; all others require oral therapy. Topical agents include 
azoles (miconazole, clotrimazole, econazole, tioconazole, and itraconazole), terbinafine, and 
haloprogin. Oral antifungal agents with systemic activity against dermatophytes include griseofulvin, 
itraconazole, fluconazole, and terbinafine.  

Cutaneous mycoses - tineas

• Tinea pedis

• Tinea unguium (dermatophyte onychomycosis)

• Tinea corporis

• Tinea capitis

 

The various forms of dermatophytosis are referred to as "tineas" or ringworm. Clinically, the tineas 
are classified according to the anatomic site or structure affected: (1) tinea capitis of the scalp, 
eyebrows, and eyelashes; (2) tinea barbae of the beard; (3) tinea corporis of the smooth or glabrous 
skin; (4) tinea cruris of the groin; (5) tinea pedis of the foot; (6) tinea unguium of the nails (also 
known as onychomycosis). The clinical signs and symptoms of dermatophytosis vary according to the 
etiologic agents, the host reaction, and the site of infection. Tineas on most areas of the body are 
generally called ringworm, but tineas in specific locations may have distinctive names and symptoms  
Tinea pedis: 
Infections by anthropophilic dermatophytes are usually caused by the shedding of skin scales 
containing viable infectious hyphal elements [arthroconidia] of the fungus. Desquamated skin scales 
may remain infectious in the environment for months or years. Therefore transmission may take 
place by indirect contact long after the infective debris has been shed. 
Tinea cruris: 



Tinea cruris refers to dermatophytosis of the proximal medial thighs, preum and buttocks. It occurs 
more commonly in males and is usually due to spread of the fungus from the feet.  
Tinea unguium (dermatophyte onychomycosis): Distal subungual onychomycosis is the most 
common form of dermatophyte onychomycosis. The fungus invades the distal nail bed causing 
hyperkeratosis of the nail bed with eventual onycholysis, and thickening of the nail plate. 
Tinea capitis: 
Tinea capitis refers to dermatophytosis of the scalp. 

Subcutaneous mycoses

 

These are chronic, localized infections of the skin and subcutaneous tissue following the traumatic 
implantation of the aetiologic agent. The causative fungi are all soil saprophytes of regional 
epidemiology whose ability to adapt to the tissue environment and elicit disease is extremely 
variable. 

Subcutaneous Mycoses

- Lymphocutaneous sporotrichosis - Sporothrix
schenckii

- Chromoblastomycosis - Phialophora verrucosa, 
Cladosporium carrionii

- Subcutaneous zygomycosis - Basidiobolus haptosporus

- Lab. dg. – microscopy

- Skin scrapings from cutaneous lesions; 

- sputum and needle biopsies from pulmonary lesions; 

- nasal discharges, scrapings and aspirates from sinuses
in patients with rhinocerebral lesions; 

- biopsy tissue from patients with gastrointestinal
and/or disseminated disease

Treatment: potassium iodide, ketoconazole, itraconazole

 

Many fungal pathogens can produce subcutaneous lesions as part of their disease process; however, 
certain fungi are commonly introduced traumatically through the skin and have a propensity to 
involve the deeper layers of the dermis, subcutaneous tissue, and bone. Although they may present 
clinically as lesions on the skin surface, they rarely spread to distant organs.  
The main subcutaneous fungal infections include lymphocutaneous sporotrichosis, 
chromoblastomycosis, eumycotic mycetoma, subcutaneous zygomycosis, and subcutaneous 
phaeohyphomycosis.  
The causative agents of subcutaneous mycoses are generally considered to have low pathogenic 
potential and are commonly isolated from soil, wood, or decaying vegetation. Exposure is largely 



occupational or related to hobbies (e.g., gardening, wood gathering). Infected patients generally 
have no underlying immune defect.  
Lymphocutaneous sporotrichosis  - The characteristic infection involves suppurating subcutaneous 
nodules that progress proximally along lymphatic channels . Lymphocutaneous sporotrichosis is 
caused by S. schenckii, a dimorphic fungus that is ubiquitous in soil and decaying vegetation. 
Infection with this organism is chronic and is characterized by nodular and ulcerative lesions that 
develop along lymphatics that drain the primary site of inoculation. At room temperature, S. 
schenckii grows as a mold, and at 37° C and in tissue, it is a pleomorphic yeast.  
Chromoblastomycosis -  The organisms most often associated with chromoblastomycosis are 
pigmented (dematiaceous) fungi of the genera Fonsecaea, Cladosporium, Exophiala, 
Cladophialophora, Rhinocladiella, and Phialophora . The fungi that cause chromoblastomycosis are all 
dematiaceous (naturally pigmented) molds but are morphologically diverse, and most are capable of 
producing several different forms when grown in culture.The lesions develop slowly at the site of 
implantation, producing a warty nodule, which tends to be limited to the skin and the subcutaneous 
tissue. Over the years, the nodule grows centripetally. In many instances, the central parts of the 
lesion heal, leaving ivory-colored scars. The disease tends to spread to neighboring healthy skin, 
forming plaques, which, at times, can involve a whole limb.  
Subcutaneous zygomycosis, which is typically seen in children and adolescents, results from 
infection with a pathogenic fungus, Basidiobolus haptosporus. It first develops as a localized lesion, 
usually on the thighs or buttocks, and it spreads slowly to form a hard, painless, non-pitting mass 
involving the cutaneous and subcutaneous tissues. The mass is shiny and tense initially, but may later 
become ulcerated.  
Clinical Laboratory Diagnosis is based microscopy of: 

-Skin scrapings from cutaneous lesions;  

-sputum and needle biopsies from pulmonary lesions;  

-nasal discharges, scrapings and aspirates from sinuses in patients with rhinocerebral lesions;  

-biopsy tissue from patients with gastrointestinal and/or disseminated disease 
Definitive diagnosis usually requires culture of infected pus or tissue.  

Subcutaneous Mycoses
- Subcutaneous phaeohyphomycosis

– Exophiala, Phialophora, 
Cladophialophora , 
Phaeoannellomyces

-Eumycotic mycetoma - Acremonium sp., 
Aspergillus nidulans, Madurella grisea, 
Madurella mycetomatis, Scedosporium
apiospermum

!Three Bacterial genera !
- Actinomyces species
- Nocardia species
- Streptomyces species

Lab. Dg.: Direct Microscopy: Serosanguinous fluid containing the 
granules should be examined using 10% KOH 

 

- Subcutaneous phaeohyphomycosis – Exophiala, Phialophora, Cladophialophora , 
Phaeoannellomyces...- range from localized superficial infections to subcutaneous cysts to invasion of 
the brain, cystic lesions occur most often in adults 
Lab. Dg. - Skin scrapings, or biopsy; sputum, bronchial washings; cerebrospinal fluid, pleural fluid, 
blood; tissue biopsies from various visceral organs and indwelling catheter tips 
-Eumycotic mycetoma - Acremonium sp., Aspergillus nidulans, Madurella grisea, Madurella 
mycetomatis, Scedosporium apiospermum 
-is a chronic, suppurative infection of the subcutaneous tissue and contiguous bone 



- the feet are the most comon site for infection  
- showing numerous draining sinuses, destruction of bone, distortion of the foot, and hyperplasia at 
the openings of the sinus tracts 
!Three bacterial genera causing mycetoma:  
Actinomyces species 
Nocardia species 
Streptomyces species 
-filamentouse structures, grow and symptomes resembling fungi infections i.e Mycetoma  
Lab. Dg.: Direct Microscopy: Serosanguinous fluid containing the granules should be examined using 
10% KOH  

Systemic fungal infections

Natural immunity is high; physiologic barriers include:

1. Skin and mucus membranes

2. Tissue temperature-fungi grow better at less than 37 C

3. Redox potential- in vivo conditions too reducing for most fungi

Infection requires a large inoculum and a susceptible host 

1. infection often occurs in endemic areas

2. most infections are asymptomatic or self-limiting 

3. in immune-compromised hosts, infections are more often fatal (AIDS)

Systemic fungal disease is most often associated 
with four organisms

1. Coccidioides immitis

2. Histoplasma capsulatum

3. Blastomyces dermatitidis

4. Paracoccidioides brasiliensis (S. America)
 

Most systemic fungal infections are caused by opportunistic fungal pathogens in 
immunocompromised hosts. However, invasive disease can occur in immunocompetent individuals if 
the exposure dose is high or with primary (dimorphic) fungal pathogens (causes of endemic mycoses 
include Blastomyces, Coccidioides, Histoplasma, Paracoccidioides spp.). Systemic fungal infections 
usually originate either in the lungs (Aspergillus, Cryptococcus, Mucorales spp., as a result of 
inhalation) or from endogenous flora (Candida spp. as a result of infected lines or leakage from the 
gastrointestinal tract), and may spread to many other organs.  

Coccidioidomycosis
Coccidiodes immitis is considered to be the 
most virulent of fungal pathogens.

Grows in the soil, but inhalation of a single 
spore can initiate infection.

Encounter: Mycelium found in dry, dusty soil. 
Contact by inhalation of  arthroconidia

Spread: Most commonly an asymptomatic self 
limited pulmonary disease, but may spread via 
the blood to  skin, soft tissues, bones, joints 
and meninges.

Symptoms

1. Fever

2. Arthralgia

3. Erythema nodosum
Exam: Suppurative or granulomatous

inflammation
2. Histopathology: spherules or endospores 

seen in sputum, exudates or tissue
3. Culture: —danger, highly infectious!
4. Serology: Complement fixation assay (in 

cerebrospinal fluid

Treatment
1. Often none.
2. Amphotericin B, azoles

In infected tissues, C. immitis appears as a 
mixture of endospores and spherules.

Conidia Spherules

 



Coccidioidomycosis is initially, a respiratory infection, resulting from the inhalation of conidia. 
Coccidioides immitis is a soil inhabiting fungus endemic in south-western U.S.A., northern Mexico and 
various centres in South America. The main symptoms are fever, pleuritic chest pain, cough, malaise, 
headache, myalgia, night sweats and loss of appetite. Many patients also develop a mild, diffuse 
erythematous or maculopapular rash on the trunk and limbs.  
Laboratory Diagnosis: 
1. Clinical material:  
Skin scrapings, sputum and bronchial washings, cerebrospinal fluid, pleural fluid and blood, bone 
marrow, urine and tissue biopsies from various visceral organs. 
2. Direct Microscopy: 
(a) Skin scrapings should be examined using 10% KOH and Parker ink or calcofluor white mounts 
 

PARACOCCIDIOIDOMYCOSIS
Paracoccidioides brasiliensis

- chronic granulomatous

disease

Lab.Dg.: 

- Skin scrapings, sputum and 
bronchial washings, 
cerebrospinal fluid, pleural 
fluid and blood, bone 
marrow, and tissue biopsies 
from various visceral organs.

 

Paracoccidioidomycosis is a chronic granulomatous disease that characteristically produces a primary 
pulmonary infection, often inapparent, and then disseminates to form ulcerative granulomata of the 
buccal, nasal and occasionally the gastrointestinal mucosa. The disease in its inception and 
development is similar to blastomycosis and coccidioidomycosis. The only etiological 
agent, Paracoccidioides brasiliensis is geographically restricted to areas of South and Central 
America. Clinical manifestions vary from subclinical infections that are detected only by skin-test 
positivity; to chronic unifocal infection where only a single organ is involved; to chronic multifocal 
infection where more than one organ is involved.  
 
 

  



Histoplasmosis
(also called cave disease)

Histoplasma capsulatum

Tuberculated macroconidia, grown at 25C

Intracellular yeast at 37C

Histoplasmosis is characterized by:
intracellular growth of the pathogen in macrophages, 
granulomatous reaction in tissue. 

These granulomatous foci may reactivate and cause 
dissemination of fungi to other tissues. 

1.Lung--bronchial obstruction and inflammatory sequelae

2.Disseminated histoplasmosis-fulminant disease that may 
result in toxic shock

3.CNS-fatal if untreated.

4.Mediastinal fibrosis (rare)

Lab.dg.: Direct histology and culture of blood or bone 
marrow

Serological testing for antibody and histoplasma antigen in 
blood and urine.  

Urine test: in HIV-infected patients with disseminated 
histoplasmosis, histo. antigen detection in urine is at least  
90% sensitive.

 

Histoplasmosis is an intracellular mycotic infection of the reticuloendothelial system caused by the 
inhalation of conidia from the fungus Histoplasma capsulatum. Histoplasmosis has a worldwide 
distribution. Environmental isolations of the fungus have been made from soil enriched with excreta 
from chicken, starlings and bats. Approximately 95% of cases of histoplasmosis are inapparent, 
subclinical or benign. Five percent of the cases have chronic progressive lung disease, chronic 
cutaneous or systemic disease or an acute fulminating fatal systemic disease. All stages of this 
disease may mimic tuberculosis. 

Blastomycosis

Granulomatous mycotic infection

- predominantly involves lungs and 
skin; 

- can spread to other organs.

- Most prevalent in males 40-60 years 
of age and children.

Blastomyces dermatitidis

- Dimorphic organism 

Diagnosis: based on clinical 
findings and microscopic 
detection of organisms in 
tissue specimens

 

Blastomycosis is a chronic granulomatous and suppurative disease having a primary pulmonary stage 
that is frequently followed by dissemination to other body sites, chiefly the skin and bone. Dimorphic 
organism originates in the soil and infection ensues by inhalation of spores. Converts to yeast in 
animal hosts or at 37o in vitro. 
Most cases are in southern, central, and southeastern USA. Infection is by inhalation of spores. 
Spread: The pulmonary infection is either self -limited or progressive. Dissemination often occurs to 
the skin and to the bone - 80% of patients have large skin lesions; a large number also have 
granulomatous pulmonary lesions. 
Cutaneous blastomycosis:  These tend to be painless and present either as raised verrucous lesions 
with irregular borders, or as ulcers. The face, upper limbs, neck and scalp are the most frequent sites 
involved. Osteoarticular blastomycosis: Occurs in about 30% of patients with the spine, pelvis, 



cranial bones, ribs and long bones most commonly involved. Patients often remain asymptomatic 
until the infection spreads into contiguous joints, or into adjacent soft tissue causing subcutaneous 
abscesses. Risk Factors: Occupational contact with soil; owning a dog. Living in endemic area. 
Diagnosis: based on clinical findings and microscopic detection of organisms in tissue specimens 

Opportunistic Mycoses

do not normally cause disease in healthy people, 

cause disease in people with weakened immune defenses (immunocompromised people). 

Weakened immune function may occur due to
-inherited immunodeficiency diseases, 
-drugs that suppress the immune system (cancer chemotherapy, corticosteroids, drugs to prevent 
organ transplant rejection), 
-radiation therapy, 
-infections (e.g., HIV),
- cancer, 
-diabetes, 
-malnutrition.

The most common infections are:
Aspergillosis
Candidiasis
Cryptococcosis
Pneumocystis carinii
Zygomycosis

 

These are fungal infections of the body which occur almost exclusively in debilitated patients whose 
normal defence mechanisms are impaired. 
The organisms involved are cosmopolitan fungi which have a very low inherent virulence. The 
increased incidence of these infections and the diversity of fungi causing them, has parallelled the 
emergence of AIDS, more aggressive cancer and post-transplantation chemotherapy and the use of 
antibiotics, cytotoxins, immunosuppressives, corticosteroids and other disruptive procedures that 
result in lowered resistance of the host. 

Cryptococcus neoformans
-Encounter: Organism is ubiquitous and infections 
occur worldwide

C. neoformans recovered in large amounts in pigeon 
poop. Does not Cause disease in birds.

- Primary site of human infection is the lungs
-Spread: Cryptococcal meningitis is most common 
disseminated manifestation.  
Can spread to skin, bone and prostate. 
-Evasion of defenses: Yeast cells are resistant to 
phagocytosis because of capsule.
-Diagnosis: Lumbar puncture and microscopic 
examination of cerebrospinal fluid is diagnostic. 
Cyrptococcal antigens in CSF and serum. Culture of 
organisms from blood or CSF
-Treatment: Amphotericin B & 5FC. Followed by  oral 
fluconazole.

 

Cryptococcosis is a chronic, subacute to acute pulmonary, systemic or meningitic disease, initiated by 
the inhalation of infectious propagules (basidiospores and/or desiccated yeast cells) from the 
environment. Primary pulmonary infections have no diagnostic symptoms and are usually subclinical. 
On dissemination, the fungus usually shows a predilection for the central nervous system, however 
skin, bones and other visceral organs may also become involved. Pulmonary Cryptococcosis: 
Asymptomatic carriage of Cryptococcus has been reported from the respiratory tract, especially 
sputum and from skin in healthy people as a result of normal environmental exposure.  
Central Nervous System: 
Dissemination to the brain and meninges is the most common clinical manifestation of 



cryptococcosis and includes meningitis, meningoencephalitis or expanding cryptococcoma. 
Meningitis is the most common clinical form, accounting for up to 85% of the total number of cases. 
Cutaneous Cryptococcosis: Primary cutaneous cryptococcosis in the form of ulcerated lesions or 
cellulitis occasionally occurs, especially in immunosuppressed patients. These lesions may resolve 
spontaneously or with systemic antifungal treatment. However, all patients with skin lesions should 
be monitored carefully for possible dissemination to the central nervous system. 
 

Aspergillosis
Aspergillus fumigatus, A. flavus Genus occur 
worldwide and contains hundreds of species.  
Major portal of entry is the respiratory tract.

Dissemination can occur from the lungs and 
involve other areas 

- brain, 
- GI tract
- kidney  
- CNS 
- nasal-orbital cavities 
In immunosuppressed hosts: invasive 

pulmonary infection, usually with fever, 
cough, and chest pain. 

May disseminate to other organs, including 
brain, skin and bone. 

In immunocompetent hosts: localized 
pulmonary infection in persons with 
underlying lung disease. 

Also causes allergic sinusitis and allergic 
bronchopulmonary disease.  

 

Aspergillosis is a spectrum of diseases of humans and animals caused by members of the 
genus Aspergillus. These include  
(1) mycotoxicosis due to ingestion of contaminated foods; 
(2) allergy and sequelae to the presence of conidia or transient growth of the organism in body 
orifices;  
(3) colonisation without extension in preformed cavities and debilitated tissues;  
(4) invasive, inflammatory, granulomatous, narcotising disease of lungs, and other organs;  
(5) systemic and fatal disseminated disease.  
The type of disease and severity depends upon the physiologic state of the host and the species 
of Aspergillus involved. The etiological agents are cosmopolitan and include Aspergillus 
fumigatus complex, A. flavus complex, A. niger complex, A. nidulans and A. terreus complex. 
Allergic aspergillosis is a continuum of clinical entities ranging from extrinsic asthma to extrinsic 
allergic alveolitis to allergic bronchopulmonary aspergillosis (hypersensitivity pneumonitis) caused by 
the inhalation of Aspergillus conidia. 
Non-invasive aspergillosis or aspergillom 
Acute invasive pulmonary aspergillosis predisposing factors include prolonged neutropenia, 
especially in leukemia patients or in bone marrow transplant recipients, corticosteroid therapy, 
cytotoxic chemotherapy and to a lesser extent patients with AIDS or chronic granulomatous disease. 
Clinical symptoms may mimic acute bacterial pneumonia and include fever, cough, pleuritic pain, 
with hemorrhagic infarction or a narcotising bronchopneumonia.  
 
 

  



Candidiasis

C. albicans is a member of the indigenous microbial flora of humans.
1.   Found in the gastrointestinal tract, upper respiratory tract, buccal 

cavity, and vaginal tract.
2. Growth is normally suppressed by other microorganisms found in 

these areas.
3. Alterations of gastrointestinal flora by broad spectrum antibiotics or 

mucosal injury can lead to gastrointestinal tract invasion.
4. Skin and mucus membranes are normally an effective barrier but 

damage by introduction of catheters or intravascular devices can 
permit Candida to enter the bloodstream.

In vitro (25o C): mostly 
yeast;

In vivo (37o C): Yeast,  
and pseudohyphae

Note difference
from other fungi  

Candidiasis is a primary or secondary mycotic infection caused by members of the genus Candida and 
other related genera. The clinical manifestations may be acute, subacute or chronic to episodic. 
Involvement may be localized to the mouth, throat, skin, scalp, vagina, fingers, nails, bronchi, lungs, 
or the gastrointestinal tract, or become systemic as in septicemia, endocarditis and meningitis. In 
healthy individuals, Candida infections are usually due to impaired epithelial barrier functions and 
occur in all age groups, but are most common in the newborn and the elderly. Systemic candidiasis is 
usually seen in patients with cell-mediated immune deficiency, and those receiving aggressive cancer 
treatment, immunosuppression, or transplantation therapy. 
 

Candidiasis

Risk factors for candidiasis
Post-operative status
Cytotoxic cancer Chemotherapy
Antibiotic therapy
Burns
Drug abuse
Gastrointestinal damage.

Cutaneous

Thrush

 



Chronic mucocutaneous candidiasis

Chronic mucocutaneous 
candidiasis (CMC) 

-clinical pattern of persistent, 
severe, and diffuse cutaneous 
candidal infections. 

-These infections affect the skin, 
nails and mucous membranes. 

CMC  patients often have defects in 
cell-mediated immunity

CMC can be controlled by oral azole antibiotics.  

Chronic mucocutaneous candidiasis is a form of persistent candidiasis, usually caused by C. albicans, 
of the skin, nails and mucous membranes that occurs in patients with various metabolic disturbances 
to cell-mediated immunity. These include defects in leukocyte function or endocrine disorders such 
as hypoparathyroidism, Addison's disease, hypothyroidism, diabetes, dysfunction of the thyroid and 
polyglandular autoimmune disease. The patients are usually children. Candida granuloma is a severe 
localized form which may occur with or without endocinopathy characterized by marked 
hyperkeratic granulomatous lesions. 

Clinical Specimens
Candida

• Sputum

• Scrapings from lesions

• Blood smears

• Vaginal discharge

• Urine

• Feces

• Nail clippings

GERM TUBES

Pseudomycelium

 

Direct Microscopy:  
As a rule, a positive direct microscopy from a sterile site, especially a tissue biopsy, should be 
considered significant, even if the laboratory is unable to culture the yeast. Further, the 
demonstration of pseudohyphae in scrapings or smears from cutaneous, oral, esophageal and vaginal 
lesions should be considered significant, provided the clinical manifestations support the diagnosis. 
However, the finding of just budding yeast cells in such material is of little diagnostic 
importance. Note, pseudohyphae will not be observed in smears when C. glabrata is involved and 
the diagnosis will require additional supporting evidence. Direct microscopy of sterile body fluids, 
such as CSF, vitreous humor, joint fluid and peritoneal fluid is relatively insensitive and positive 
culture will usually be required to make a diagnosis. 
Colonies are typically white to cream colored with a smooth, glabrous to waxy surface. A positive 
culture from blood, or other sterile body fluid, or tissue biopsy should be considered significant. 
However, positive culture from non-sterile specimens such as sputum, bronchial lavage, esophageal 
brushings, urine, stool, and surgical drains are of little diagnostic value. Similarly, culture of skin or 



mucous membrane lesions without supporting evidence from direct microscopy is not 
diagnostic. Candida species are commonly isolated from the mouth, vagina, anus, and less often, 
moist skin surfaces of normal individuals who do not have candidiasis. 

Zygomycosis (Mucormycosis)

Zygomycosis due to Rhizopus, Rhizomucor, Absidia, Mucor species, or other members of 
the class of Zygomycetes, also causes invasive sinopulmonary infections.

Category Features

Rhinocerebral The most frequent presentation overall and classically affects diabetics with ketoacidosis. Presents 
with facial and/or eye pain. Common complications include cavernous sinus (rhinocererbral
syndrome) and internal carotid artery thrombosis.

Pulmonary It occurs most frequently among neutropenic patients and presents with nonspecific symptoms such 
as fever, cough and dyspnea; hemoptysis may occur with vascular invasion.

Gastrointestinal Usually affects patients with severe malnutrition; clinical picture mimics intra-abdominal abscess. 
The diagnosis is often made at autopsy.

Cutaneous Reported with minor trauma, insect bites, no sterile dressing, wounds, and burns. Necrotic lesions 
progressively evolve from the epidermis into dermis and even muscle.

 

Zygomycosis in the debilitated patient is the most acute and fulminate fungal infection known. The 
disease typically involves the rhino-facial-cranial area, lungs, gastrointestinal tract, skin, or less 
commonly other organ systems. It is often associated with acidotic diabetes, starvation, severe 
burns, intravenous drug abuse, and other diseases such as leukemia and lymphoma, 
immunosuppressive therapy, or the use of cytotoxins and corticosteroids 

Pneumocystidiomycetes

• Pneumocystis carinii -
had been considered a 
protozoan

• Pneumocystis jirovecii -
human-derived strain 

Lab.Dg.: Microscopic identification of P. 
jiroveci trophozoites and cysts is 
performed with stains that demonstrate 
either the nuclei of trophozoites and 
intracystic stages (such as Giemsa) or the 
cyst walls (such as the silver stains). In 
addition, immunofluorescence 
microscopy using monoclonal antibodies 
can identify the organisms with higher 
sensitivity than conventional microscopy.

Th.: trimethoprim sulfamethoxazole (TMP-
SMX)

 

Pneumocystidiomycetes is a new class that was recently described to include an organism, 
Pneumocystis carinii, that had formerly been considered a protozoan. The reclassification of 
Pneumocystis was based on molecular evidence that it was most closely related to the ascomycete 
Schizosaccharomyces pombe. Further molecular studies resulted in the naming of human-derived 
strains as Pneumocystis jirovecii. The organism exists in a vegetative trophic form that reproduces 
asexually by binary fission. Fusion of compatible mating types results in a spheric cyst or spore case, 
which on maturity contains eight spores. These fungi are found in the lungs of mammals where they 
reside without causing overt infection until the host's immune system becomes debilitated. 
The symptoms of Pneumocystis pneumonia (PCP) include dyspnea, nonproductive cough, fever. 
Extrapulmonary lesions occur in a minority (<3%) of patients, involving most frequently the lymph 
nodes, spleen, liver, and bone marrow. Typically, in untreated PCP increasing pulmonary involvement 
leads to death. 



 

As with all types of infectious processes, the laboratory diagnosis of fungal infection is directly 
dependent on the proper collection of appropriate clinical material and prompt delivery of the 
specimens to the clinical laboratory. Selection of specimens for culture and microscopic examination 
is based not only on information obtained from clinical examination and radiographic studies but also 
on consideration of the most likely fungal pathogen that may cause a specific type of infection.  
 
Stains and Direct Microscopic Examination Direct microscopic examination of tissue sections and 
clinical specimens is generally considered to be among the most rapid and cost-effective means of 
diagnosing fungal infections. Microscopic detection of yeasts or hyphal structures in tissue may be 
accomplished in less than an hour, whereas culture results may not be available for days or even 
weeks. In certain instances, the fungus may not only be detected but identified by microscopy 
because it possesses a distinctive morphology. Specifically, detection of characteristic cysts, yeast 
cells, or spherules can provide an etiologic diagnosis of infections caused by Pneumocystis jirovecii, H. 
capsulatum, Blastomyces dermatitidis, or C. immitis/posadasii. Direct microscopy is clearly useful in 
diagnosing fungal infection; however, both false-negative and false-positive results may occur. 
Microscopy is less sensitive than culture, and a negative direct examination does not rule out a 
fungal infection. Cultures of blood and other normally sterile body fluids should be done if clinical 
indications suggest a hematogenous process or involvement of a closed space such as the central 
nervous system. Skin lesions should be biopsied and material sent for both histopathologic 
examination and culture. Oral and vaginal mucosal infections are generally best diagnosed by clinical 
presentation and direct microscopic examination of secretions or mucosal scrapings because cultures 
often yield growth that represents normal flora or even contaminants. Similarly, diagnosis of 
gastrointestinal fungal infections is best made by biopsy and histopathologic examination rather than 
by culture 
 
 

  



Cultivation media
• Selective

• Sabouraud agar - dextrose, pepton, less
agar, pH 5,5 – acid environment and high
concentration of glc

• Saprophytic bacteria and fungi can
overgrow pathogenic – addition of
chloramphenicol (against bacteria) and  
cyclohexamid (aganinst saprophytic fungi).

• Recommendation of cultivation on media 
with and without ATB, always in 25 and 
37*C ( some fungi do not grow at 37+  H. 
capsulatum)

• Identification: all are G+, yeat are growing
as bacterial colonies, fungi – longer –
several days and even weeks, microscopy –
rice agar block - morphology

 

Sabouraud agar Introduced by Sabouraud in 1910 as a selective medium for fungi and yeasts.  
The acidic pH (5.6) of this medium inhibits many species of bacteria. The medium can be made more 
selective by the addition of chloramphenicol supplement. Diagnostic features, such as sporing 
structures and pigmentation are well developed on this medium. Because of its low pH this medium 
is very sensitive to overheating which will soften the agar and caramelise the carbohydrate. 
 

Antifungal Agents

Target- differences in 
membrane sterol 
(ergosterol vs. cholesterol)

Azoles
Polyenes
Allylamines

Target - cell wall 
biosynthesis (caspofungin)

Target - fungal tubulin 
(griseofulvin)

Target - fungal nucleoside 
metabolism. (flucytosine)

 

Because they are eukaryotic, fungi are biochemically similar to the human host.   
Therefore it is difficult to develop chemotherapeutic agents that will destroy the invading fungus 

without harming the patient. 
 
The agents amphotericin B and 5-fluorocytosine (flucytosine, 5-FC), which were toxic and difficult to 
use, the treatment of mycotic disease has now been advanced by the availability of several new, 
systemically active agents.  
 Amphotericin B antifungal effect due to interaction with sterols in membrane, making membranes 
leaky. Has high affinity for ergosterol, but also binds to cholesterol - severe side effects. Flucytosine 
(5-fluorocytosine [5-FC]) is the only available antifungal agent that functions as an antimetabolite. It 
is a fluorinated pyrimidine analogue that exerts antifungal activity by interfering with the synthesis of 
deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and proteins in the fungal cell.  
 
The azole class of antifungals may be divided in terms of structure into the imidazoles (two nitrogens 
in the azole ring) and the triazoles (three nitrogens in the azole ring) Among the imidazoles, only 
ketoconazole has systemic activity. The triazoles all have systemic activity and include fluconazole, 
itraconazole, voriconazole, and posaconazole 
 



The echinocandins are a novel, highly selective, class of semisynthetic lipopeptides that inhibit the 
synthesis of 1,3-β-glucans, important constituents of the fungal cell wall. Because mammalian cells 
do not contain 1,3-β-glucans, this class of agents is selective in its toxicity for fungi in which the 
glucans play an important role in maintaining the osmotic integrity of the fungal cell. Glucans are also 
important in cell division and cell growth. Inhibition of the glucan synthesis enzyme complex results 
in fungicidal activity against Candida spp. and fungistatic activity against Aspergillus spp. At the 
present time, there are three echinocandins (anidulafungin, caspofungin, and micafungin) approved 
for use in treatment or prevention of various mycoses. 
The allylamine class of antifungal agents includes terbinafine, which has systemic activity, and 
naftifine, which is a topical agent. These agents inhibit the enzyme squalene epoxidase, which results 
in a decrease in ergosterol and an increase in squalene within the fungal cell membrane. 
Griseofulvin is an oral agent used in the treatment of infections caused by the dermatophytes. It is 
thought to inhibit fungal growth by interaction with microtubules within the fungal cell, resulting in 
inhibition. 
 

Antimycotics

• Polyens - amfotericin B, nystatin                                                   

• Azoles – interference with ensymes depending on cytochromes
and acting during demetylation of lanosterol to  ergosterol  -
miconazol,ketoconazol, flukonazol,       

• Nucleotides – inhibition of DNA a RNA synthesis - 5 
fluorocytosin
Grisanes – inhibition of the function of microtubules

• KJ – activation of lysosomal ensymes

• Longlasting therapy, monitoring of the patient

• Susceptibility testing – not standardised  

Antifungal Agents

Amphotericin
Member of polyene class of antibiotics. Antifungal 
effect due to interaction with sterols in 
membrane, making membranes leaky. Has high 
affinity for ergosterol, but also binds to 
cholesterol - severe side effects.

5-fluorocytosine (5FC)
Fungi (but not humans) deaminate 5FC to 5-fluorouracil 
which blocks RNA and DNA synthesis.

Azole antifungal agents Have 5-

membered organic rings that contain either two or 
three nitrogen molecules (the imidazoles and the 
triazoles respectively).. Two important triazoles are 
itraconazole and fluconazole. The azole antifungal 
agents inhibit cytochrome P450-dependent 
enzymes involved in the biosynthesis of cell 
membrane sterols.

Allylamines Highly hyrophobic antifungal that 
accumulates in skin and nails. Blocks ergosterol 
biosynthesis via inhibition of squalene epoxidase 
(terbinafine/Lamasyl)
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