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CHAPTER 8

Infectious Diseases

Molds
Aspergillosis
Aspergillus is a ubiquitous mold that causes allergies
(allergic bronchopulmonary aspergillosis) in otherwise
healthy people and serious sinusitis, pneumonia, and
invasive disease in immunocompromised individuals.
The major conditions that predispose to Aspergillus infection are neutropenia and use of corticosteroids. Aspergillus
fumigatus is the most common pathogenic species of the
fungus.

Figure 8-43 Mucicarmine stain of cryptococci (staining red) in a VirchowRobin perivascular space of the brain (soap-bubble lesion).
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Melanin production. Laccase in the yeast catalyzes the
formation of melanin which (1) has antioxidant prop
erties, (2) decreases antibody-mediated phagocytosis,
(3) counteracts the effects of antifungal agents, (4) binds
iron, (5) and provides cell wall integrity.
Enzymes. Serine proteinase cleaves fibronectin and other
basement membrane proteins, which may aid tissue
invasion. Mannitol dehydrogenase produces mannitol,
which leads to osmotic edema and inhibits killing of the
yeast by neutrophils and reactive oxygen species.

MORPHOLOGY
Cryptococcus has yeast but not pseudohyphal or hyphal
forms. The 5- to 10-µm cryptococcal yeast has a highly
characteristic thick gelatinous capsule containing a polysaccharide that stains intense red with periodic acidSchiff and mucicarmine in tissues (Fig. 8-43) and can be
detected with antibody-coated beads in an agglutination assay.
India ink preparations create a negative image, visualizing the
thick capsule as a clear halo within a dark background. Although
the lung is the primary site of infection, pulmonary involvement
is usually mild and asymptomatic, even while the fungus is
spreading to the CNS. C. gattii appears to be particularly likely
to form a solitary pulmonary granuloma similar to the circumscribed (coin) lesions caused by Histoplasma.
The major lesions caused by cryptococcus are in the
CNS, involving the meninges, cortical gray matter, and
basal nuclei. The host response to cryptococci is extremely
variable. In immunosuppressed people, organisms may evoke
virtually no inflammatory reaction, so gelatinous masses of fungi
grow in the meninges or expand the perivascular VirchowRobin spaces within the gray matter, producing the so-called
soap-bubble lesions (Fig. 8-43). In severely immunosuppressed
persons, C. neoformans may disseminate widely to the skin,
liver, spleen, adrenals, and bones. In nonimmunosuppressed
people or in those with protracted disease, the fungi induce a
chronic granulomatous reaction composed of macrophages,
lymphocytes, and foreign body-type giant cells. Suppuration
also may occur, as well as a rare granulomatous arteritis of the
circle of Willis.

Pathogenesis. Aspergillus species are transmitted as airborne conidia, and the lung is the major portal of entry.
The small size of A. fumigatus spores, approximately 2 to
3 µm, enables them to reach alveoli. Alveolar macrophages
recognize Aspergillus through TLR2 and the lectin dectin1, which recognizes β-1,3-glucan when it is exposed on the
swollen conidia. Both receptors activate phagocytes to
ingest and kill the conidia. In immunosuppressed states,
conidia can germinate into hyphae, which then invade
tissues. TLRs can recognize products of the fungal hyphae
and trigger the release of pro-inflammatory mediators,
including TNF-α, IL-β, and chemokines. Neutrophils
produce reactive oxygen intermediates that kill hyphae.
Invasive aspergillosis is highly associated with neutropenia and impaired neutrophil defenses.
Aspergillus produces several virulence factors, including adhesins, antioxidants, enzymes, and toxins. Conidia,
whose cell walls are built of β-1, 3-glucan and galactomannan (both molecules can be measured in serum as markers
of invasiveness), can bind to fibrinogen, laminin, complement, fibronectin, collagen, albumin, and surfactant proteins, but receptor-ligand interactions are not well defined.
Aspergillus produces several antioxidant defenses, including melanin pigment, mannitol, catalases, and superoxide
dismutases. This fungus also produces phospholipases,
proteases, and toxins, but their roles in pathogenicity are
not clear. The carcinogen aflatoxin is made by Aspergillus
species growing on the surface of peanuts and may contribute to liver cancer in Africa. Sensitization to Aspergillus
spores produces an allergic alveolitis (Chapter 15). Allergic
bronchopulmonary aspergillosis, associated with hypersensitivity arising from superficial colonization of the
bronchial mucosa, often occurs in asthmatic people.

MORPHOLOGY
Colonizing aspergillosis (aspergilloma) refers to growth of
the fungus in pulmonary cavities and minimal or no invasion of
the tissues (the nose also is often colonized). The cavities are
usually the result of prior tuberculosis, bronchiectasis, old
infarcts, or abscesses. Proliferating masses of hyphae form
brownish “fungus balls” lying free within the cavities. The surrounding inflammatory reaction may be sparse, or there may
be chronic inflammation and fibrosis. People with aspergillomas
usually have recurrent hemoptysis.
Invasive aspergillosis is an opportunistic infection that is
confined to immunosuppressed hosts. The primary lesions are
usually in the lung, but widespread hematogenous dissemination with involvement of the heart valves and brain is common.
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