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Anatomy and site of action of major anti-fungals:

The fungi are our ﬁrst eukaryotes, so they have all the normal internal organelles that
our cells do. This produces some complications in the pharmacotherapy of the fungi
since our cells can be injured if we target molecules or organelles that are in common.
Attributes that are unique to the fungi include:
• Rigid cell wall made of mannan, glucan and chitin
• Ergosterol as the major membrane sterol

Squalene

Lanosterol

Squalene epoxidase

Ergosterol

14-α-demethylase

Mannoprotein
β-glucans – inhibited by echinocandins
Chitin – inhibited by nikkomycin and polyoxins
Ergosterol (bound by polyenes, napthoquinones,
eugenol analogues, isoquercitrin
• Inhibition of squalene epoxidase –
terbinafine and naftifine
• Inhibition of 14-α-demethylase – azoles
DNA synthesis – inhibited by 5-flucytosine
Ribosomes – inhibition of protein synthesis sordarins
Mitochondria – production of ROS, RNS amphotericin B, miconazole, ciclopirox
Microtubules – assembly inhibited – griseofulvin
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Life Cycle:

Fungi reproduce by sexual or asexual means:
• Asexual elements – conidia (further described by shape as macro-, micro- or
arthro-)
• Sexual elements – spores (further described as asco-, basidio-, or zygodepending on family of fungi). Notice that unlike bacterial spores, fungal spores
function in BOTH reproduction and protection from the environment.
• Yeasts – single celled fungi that grow by budding, to make blastoconidia
• Molds – the ﬁlamentous forms of fungi. The ﬁlament is called a hypha, and when
the hyphae make intertwined masses, it is referred to as a mycelium. Hyphae
may grow with cross-walls between cells (septate) or without (aseptate).
• Pseudohyphae form as buds from a yeast cell but fail to detach.
• Dimorphic fungi grow in yeast or hyphal forms depending on the temperature.
(Yeast in the beast, mold in the cold). Body Heat Changes Shape: Blastomyces,
Histoplasma, Coccidioides and Sporothrix)

Diagnosis:

Fungi are diagnosed by direct examination of scrapings or biopsies. Special stains are
used to highlight the unique cell wall:
• Calcoﬂuor white – cellulose and chitin ﬂuoresce
• Silver stains – blacken polysaccharide components of cell wall
• India ink – old, insensitive test to negatively stain the capsule of Cryptococcus.
Has been supplanted by latex particle agglutination test.
• Mucicarmine – stains polysaccharide capsule (also insensitive for Cryptococcus)
• Gram stain – remember all cells with dense cell walls will retain the primary stain
for this technique. Thus, yeast cells like Candida are Gram-positive.
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Mycoses by Tissue Layers
Keratinized tissues: Malassezia furfur

Epidemiology:
• Geographic areas with high temperatures and relative humidities
• 2-8% of the US population
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Blotchy hypo- Pityriasis versicolor. Woods lamp

Lipophilic yeast, normal

or hyper-

with ﬂuorescence. KOH skin

skin ﬂora. Can cause

pigmentation

scraping – short curved septate

fungemia in premature

of skin

hyphae and round yeast clusters.

infants on lipid
supplements

Image courtesy of CDC Public Health Image Library

152

Rx
Selenium sulﬁde topically

Cutaneous tissues (Dermatophytoses)

Epidemiology:
• Incidence uncertain, but generally an infection of pre-adolescents and young
adults
• Direct contact with humans or animals
• Three genera involved
◊ Microsporum – infects skin and hair shaft
◊ Trichophyton – infects skin, hair shaft and nail bed
◊ Epidermophyton – infects skin and nail bed
• Deﬁned by region of skin involved
◊ Tinea capitis – ringworm of the scalp
◊ Tinea barbae – ringworm of the bearded area
◊ Tinea cruris – jock itch
◊ Tinea pedis – athlete’s foot
◊ Tinea corporis – ringworm of the trunk
◊ Tinea unguium (or onychomycosis) – infection of the nail bed
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Rx

Circular,

Deﬁned by area of skin, diagnose by

Hyphae grow outwards

itchy areas

KOH scraping, ﬁlamentous

from point of

on the skin

monomorphic septic hyphae.

inoculation. Scaling,

Woods lamp may show

Griseofulvin, itraconazole,

itching skin in the center

terbinaﬁne necessary

ﬂuorescence.

reﬂects healing.

systemically if nail bed or

Topical tolnaftate or azoles.

hair shaft involved.

Image courtesy of CDC Public Health Image Library
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Subcutaneous Tissues: Sporothrix schenckii

Epidemiology:
• 1-2 cases per million population
• Worldwide
• Adults with traumatic implantation of hyphae with sleeves and rosettes of
conidia from rotting vegetation while gardening (rose gardener’s disease)
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Rx

Infected skin

Gardener or employee at a ﬂorist.

Suppurating granuloma

and

Eumycotic mycetoma – abscess

Itraconazole and

with histiocytes and

amphotericin B

subcutaneous draining through multiple sinus

giant cells, PMNs,

lesion

tracts, pus with yellow granules in

lymphocytes and

pus. KOH mount of pus – cigar

plasma cells. Spread

shaped yeasts.

along lymphatic
channels.

Image courtesy of CDC Public Health Image Library
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Systemic Mycoses

• Geographically-associated problems in AIDS patients
• All are dimorphs. Tissue form is a yeast, transmission form a hypha.
• All cause acute or chronic pulmonary or disseminated infections
• Distinguished by examination of sputum or lesions
• Atlantic seaboard to Mississippi river valley – blastomycosis (pink)
• Overlapping with blastomycosis and extending west – histoplasmosis (green)
• Sonoran desert – coccidioidomycosis - yellow
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Blastomyces dermatitidis

Epidemiology:
• Atlantic seaboard states overlapping with Histoplasma in the Mississippi and
Missouri River beds
• Exact incidence uncertain
• Inhalation of spores, large construction projects release spores from the soil
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint
Cough, fever

Vignette Clues
Unresponsive to antibiotics. North

Pathogenesis
Inhaled spores

Carolina, Wisconsin highest

Itraconazole in mild to

phagocytized by

moderate pulmonary

number of cases.

bronchopulmonary

disease. More severe –

Immunocompromised patients

mononuclear cells,

amphotericin B

may have dissemination to skin

disseminates through

with necrosis and ﬁbrosis.

blood and lymphatics.

Broad-based budding yeast in

Pyogranulomatous

sputum.

inﬂammatory response.

Image courtesy of CDC Public Health Image Library
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Rx

Histoplasma capsulatum (not encapsulated)

Epidemiology:
• Endemic in Ohio, Mississippi and Missouri River valleys.
• Soil enriched with bird or bat guano
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Rx

Fever,

Travel or residence in an endemic

Facultative intracellular.

Healthy patients resolve

dyspnea

area. Activities involving exposure

Infectious form – septate

to birds or bats (chicken coops,

with supportive care.

hyphae with

caves). Painless ulcers on mucous

Itraconazole, amphotericin

microconidia and

B. AIDS prophylaxis at 100

membranes in disseminated form.

tuberculate

Mediastinal lymphadenopathy,

macroconidia.

hepatosplenomegaly and

Intracellular form – yeast

calcifying lesions on radiograph.

with halo shrinkage

Biopsy with small intracellular

CD4 cells in endemic area.

artifact.

yeasts.

Image courtesy of CDC Public Health Image Library
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Coccidioides immitis

Epidemiology:
• San Joaquin Valley of California, Sonoran desert of southwestern US
• Summer or late fall, outdoor activities
• Inhalation of airborne arthroconidia
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Rx

Fever,

Travel to endemic area, Desert

Arthroconidia enlarge in

cough,

biking, after wind storms. Large,

AIDS and

bronchioles to form

double-walled, round spherule

immunocompromised –

spherules. Endospores

amphotericin B and an

containing multiple endospores.

engulfed by

Erythema nodosum (desert

azole

macrophages, start TH1

bumps) common in endemic area

Self-limiting in patients

– macrophage

with normal immunity. No

– good prognostic indicator of

granuloma formation.

treatment for desert

dyspnea

strong immune response.

Courtesy of CDC Public Health Image Library
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bumps.

Paracoccidioides brasiliensis (South American
blastomycosis)

Epidemiology:
• Tropical and subtropical Central and South America (Brazil)
• Coffee or tobacco growing areas
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint
Fever, cough

Vignette Clues

Pathogenesis

Rx

Tissue phase is a yeast with

M1 -TH1 granulomatous

multiple blastoconidia – “captain’s

Sulfonamides,

response

amphotericin B

wheel”, oral lesions

Image courtesy of CDC Public Health Image Library
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Opportunistic Fungal Infections
Cryptococcus neoformans

Epidemiology:
• 2-7 cases/1000 HIV-infected patients
• Inhalation from soil enriched with bird droppings (pigeons, turkeys, chickens)
• Monomorphic encapsulated yeast
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Rx

Headache,

Insidious onset, 100 CD4 cells/µL or

Spreads

Amphotericin B plus

fever,

fewer. LPA for capsular

hematogenously from

mental

polysaccharide in CSF. Capsular

ﬂucytosine, with extended

lung

course of ﬂuconazole

changes

halo visible with India Ink or
mucicarmine.

Image courtesy of CDC Public Health Image Library
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Prophylaxis in AIDS at <50
CD4+ cells/µL

Aspergillus fumigatus

Epidemiology:
• Common worldwide, conidia inhaled.
• Monomorphic, ﬁlamentous fungus with septate hyphae found in tissues, branch at
acute angles.
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Dyspnea,

Asthma and CF patients – allergic

Grows in mucus plugs

fever, cough

aspergillosis.

(not invasive)

Invasive in severely

Acute pneumonia or

immunocompromised,

sinus infection

Rx

Voriconazole, itraconazole,
caspofungin, amphotericin
B

spreading to CNS
Fungus ball, aspergilloma

Growth into pre-existing

Surgical resection of

cavitary lesions

fungus balls

Image courtesy of CDC Public Health Image Library
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Candida albicans

Epidemiology:
• Normal ﬂora of the mucous membranes
• Overgrow in diabetics and immunocompromised
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pain and

Thrush. Premature infant,

exudate in

immunocompromised, antibiotic

mouth

use. Germ tube test detects
pseudohyphae

Vaginal

Diabetic female.

itching and

Pathogenesis

Rx
Nystatin, azoles

Pseudohyphae and
hyphae made by
invasive strains. Hyphal
wall protein mediates

discharge
Fever,

Septicemia, endocarditis, IV

fatigue

patients, immunocompromised

Dysphagia,

AIDS, spread from mouth to

odynophagia

esophagus or stomach.

binding, proteinases and
phospholipases
increase invasion.

Fluconazole, amphotericin
B, caspofungin

Erythematous Infants, obese patients, dental

Moist skin folds

Nystatin, azoles, keep skin

skin rash

predispose to growth

dry

hygienists

Image courtesy of CDC Public Health Image Library
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Zygomycosis (Mucormycosis, Rhizomycosis,
Absidiomycosis)

Epidemiology:
• Common worldwide in soil, grows on bread and foods
• Infection by inhalation of conidia
• Ketoacidotic diabetics, immunosuppressed
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Rx

Headache,

Ketoacidotic diabetic or

Invades from sinuses

Control of underlying

nasal

immunosuppressed patient. Rapid

through cavernous sinus

condition, amphotericin B

discharge

progression to coma, death. Biopsy

into brain.

with irregularly wide, ribbon-like

Rhinocerebral infection

hyphae that branch at 90 angles.
o

Image courtesy of CDC Public Health Image Library
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Pneumocystis jirovecii

Epidemiology:
• AIDS-deﬁning atypical pneumonia
• Premature infants
• Atypical fungus: major membrane sterol is cholesterol, cell wall thin, but
contains chitin and glucan. Cannot be cultured.
Patients, Pathogenesis and Pharmacotherapy:
Chief
Complaint

Vignette Clues

Pathogenesis

Fever,

Atypical pneumonia in AIDS.

Attaches to and kills

shortness of

Biopsy or lavage shows silver

type I pneumocytes,

breath,

staining cysts in honeycomb

causes excess

fatigue

exudate

replication of type II
pneumocytes. Alveoli ﬁll
with dense exudate,
death by asphyxiation.

Image courtesy of CDC Public Health Image Library
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Rx
Trimethoprim-sulfamethox
azole.Start standard
prophylaxis at CD4 count
of 200/µL

Before you leave, can you…
1. Identify microscopic images of fungi from diagnostic samples.
2. Identify the geographic areas in which the important fungal pathogens will be
endemic.
3. Identify the anatomical /biochemical points of action of the major anti-fungal
therapeutics.
4. Diagnose and treat the most important fungal diseases in the United States from
symptoms and signs.
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