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Allergic Bronchopulmonary Aspergillosis

An Overview

Dani S. Zander, MD

o This article provides an overview of the major pathologic
manifestations of allergic bronchopulmonary aspergillosis;
patient characteristics; clinical, radiographic, and labora-
tory features of the disease; and current knowledge about
its pathogenesis. Although allergic bronchopulmonary as-
pergillosis is an infrequent complication of asthma or cys-
tic fibrosis, recognition of this disorder is important to
avoid progression of bronchiectasis and lung parenchymal
damage. Clinical, laboratory, and radiographic criteria al-
low for diagnosis of most cases, but the pathologist may
encounter clinically unsuspected or atypical cases that re-
quire morphologic confirmation.
(Arch Pathol Lab Med. 2005;129:924-928)

Aspergillus is a genus of fungi with a worldwide distri-
bution. This fungus is found in decomposing organic
matter and can colonize walls and ceilings where water
damage has occurred.! Of the approximately 180 officially
recognized species of Aspergillus, a relatively small num-
ber serve as causes of human disease.? Aspergillus fumiga-
tus, A flavus, and A niger are the most common human
pathogens. Pulmonary Aspergillus infection is initiated by
inhalation of airborne spores that are small enough (2-3
um) to reach the alveoli. Inhalation of spores is not by
itself sufficient to cause disease, however. Host character-
istics or predisposing factors are usually present to ac-
count for a heightened susceptibility to disease.
Aspergillus infection can lead to multiple clinicopatho-
logic syndromes (Table), and progression from a less ag-
gressive to a more aggressive form rarely occurs.® In this
spectrum of syndromes, disease manifestations arise from
varying combinations of direct tissue injury by the fungi
and endogenous immunologic responses. Host immuno-
logic responses are central to the pathogenesis of allergic
bronchopulmonary aspergillosis (ABPA) and hypersensi-
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tivity pneumonia, whereas direct tissue injury by the fun-
gi plays a more important role in invasive pneumonia.
Although A fumigatus is the most common Aspergillus spe-
cies to trigger ABPA, A niger, A flavus, A nidulans, A oryzae,
and A terreus have occasionally been responsible for this
condition, and more than 1 species can be isolated in rare
cases.**

PATHOLOGIC FEATURES

In ABPA, airway colonization by Aspergillus exacerbates
underlying asthmatic airway injury. Persistent airway in-
flammation and fibrosis with destruction of bronchial
structural elements leads to bronchiectasis and parenchy-
mal scarring. Pathologic manifestations of ABPA include
mucoid impaction of bronchi, bronchocentric granuloma-
tosis, eosinophilic pneumonia, and chronic or exudative
bronchiolitis.” In mucoid impaction of bronchi, bronchial
lumens are filled and distended by mucus and inflam-
matory cells, which may be organized as allergic mucin
(Figures 1 through 3). Allergic mucin is recognized by its
layered pattern of cells, cellular debris, and mucus. Cells
include histologically viable and necrotic eosinophils and
other inflammatory cells, and cellular debris is often abun-
dant. Charcot-Leyden crystals can be prominent, but fun-
gal hyphae are often difficult to find, even with histo-
chemical stains, and they are often fragmented (Figures 3
and 4). Bronchial wall invasion by fungi is usually absent,
but the bronchial wall is inflamed. Asthmatic changes are
often present, including a polymorphous inflammatory in-
filtrate of eosinophils, lymphocytes, and plasma cells; air-
way epithelial injury or goblet cell hyperplasia, squamous
metaplasia, and ulceration; and thickening of the base-
ment membrane (Figure 5). Muscular and cartilaginous
loss and fibrosis often accompany these inflammatory
changes.

It should also be noted that ABPA is not the sole cause
of mucoid impaction. Mucoid impaction can also develop
in association with obstructing bronchial lesions, including
neoplasms and tuberculosis, but ideally, histologic fea-
tures of these other processes will indicate their existence
to the surgical pathologist.

The pattern of distal airway replacement by necrotizing
granulomas centered upon the airway lumens is referred
to as bronchocentric granulomatosis (Figure 6). An elastic
stain can be helpful for showing the airway-centered lo-
cation of the granulomas (Figure 7). Although Aspergillus
hyphae can be found in the necrotizing granulomas, they
are usually sparse and fragmented. Bronchioles may also
demonstrate mixed inflammatory infiltrates including eo-
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Forms of Aspergillus-Related Lung Disease

Clinicopathologic Syndrome

Patient Characteristics

Allergic bronchopulmonary aspergillosis

Aspergilloma

Hypersensitivity pneumonia

Chronic necrotizing (semi-invasive) aspergil-
losis

Invasive tracheobronchial aspergillosis

Invasive Aspergillus pneumonia

Asthma, cystic fibrosis, rarely hyper—immunoglobulin E syndrome or chronic gran-
ulomatous disease

Preexisting cavity or bronchiectasis

Sensitivity to Aspergillus antigens

Chronic lung disease or mild immunocompromise

Usually significant immunocompromise; rarely, a localized form can occur in pa-
tients with lesser degrees of immunocompromise
Significant immunocompromise

sinophils, allergic mucin, or obliterative bronchiolitis.
Bronchocentric granulomatosis is also not restricted to
ABPA; it can be a response to pulmonary infection with
mycobacteria, other types of fungi, or Echinococcus.

Other potential manifestations of ABPA include eosin-
ophilic pneumonia, characterized by alveolar infiltrates of
eosinophils and macrophages (Figure 8); rarely aspergil-
loma'®; and secondary postobstructive changes including
acute or organizing bacterial pneumonia, abscess forma-
tion, lipoid pneumonia, and chronic interstitial pneumo-
nia.

PATIENT CHARACTERISTICS

Asthma, cystic fibrosis, or both are present in most pa-
tients with ABPA, although findings of ABPA occasionally
occur in individuals without clinical symptoms of these
disorders.!* In patients with persistent asthma, the inci-
dence of ABPA is approximately 1% to 2%, and approxi-
mately 7% (range, 1%-15%) of patients with cystic fibrosis
meet criteria for ABPA.1>'5 Patients with the congenital
immunodeficiency syndromes of hyper-immunoglobulin
(Ig) E syndrome and chronic granulomatous disease may
be at increased risk for ABPA.'® In addition, higher fre-
quencies of specific HLA-DR2 and HLA-DR5 genotypes
are found in association with ABPA."”

CLINICAL, RADIOGRAPHIC, AND
LABORATORY FEATURES

Patients with ABPA often experience a worsening of
asthmatic symptoms.'® Expectoration of brown mucus
plugs can occur with mucoid impaction, assisting in di-
agnosis by providing a sample that can be stained and
cultured.® Allergic bronchopulmonary aspergillosis often
has its onset in childhood and can remain occult for long
periods before the diagnosis is made.'* Therapy is geared
to reducing inflammation and immunologic activity. Cor-
ticosteroids and antifungal agents are used to reduce air-
way inflammation and decrease fungal colonization of air-
ways.

Clinical, radiographic, and laboratory features of ABPA
include the following: presence of asthma; current or pre-
vious pulmonary infiltrates; central bronchiectasis; periph-
eral blood eosinophilia; immediate cutaneous reactivity to
Aspergillus; elevated total serum IgE concentration; serum
precipitating antibodies to A fumigatus; and elevated se-
rum antibodies of IgE, IgG, or both to A fumigatus.'>19-22
All of these criteria do not need to be present to diagnose
ABPA. In an individual with central bronchiectasis, the
essential criteria include asthma, immediate cutaneous re-
activity to Aspergillus antigens, and serum IgE level greater
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than 417 IU/mL. Without central bronchiectasis, individ-
uals are labeled as ABPA-seropositive if they have asthma,
immediate cutaneous reactivity to Aspergillus, serum IgE
level greater than 417 IU/mL, history of radiographically
compatible pulmonary infiltrates, and elevated levels of se-
rum IgE and IgG antibodies to A fumigatus.?

Most patients with ABPA will be diagnosed based on
clinical, radiographic, and laboratory criteria. Lung biopsy
is usually not required for diagnosis, but it can be impor-
tant for patients with atypical presentations. In these pa-
tients, recognition of allergic mucin and fungal hyphae
can offer support for a diagnosis of ABPA.» Also, ABPA
may represent an unsuspected diagnosis in the occasional
patient who undergoes bronchoscopy for a lung mass that
is discovered to be mucoid impaction.

In a setting of cystic fibrosis, diagnosis of ABPA can be
difficult because of the overlap of many of the diagnostic
criteria with common manifestations of cystic fibrosis.'®
Proposed minimal criteria for diagnosis of ABPA in cystic
fibrosis include acute or subacute clinical deterioration not
attributable to another etiology; total serum IgE concen-
tration of greater than 500 IU/mL; immediate cutaneous
reactivity to Aspergillus or presence of serum IgE antibod-
ies to A fumigatus; and either precipitins or IgG antibodies
to A fumigatus or new or recent pulmonary infiltrates, mu-
cus plugging, or bronchiectasis that have not cleared with
antibiotics and physiotherapy.'®

PATHOGENESIS OF ABPA

In ABPA, host immune responses and direct fungal in-
jury lead to airway injury and fibrosis. Fungal proteases
damage airway epithelial cells, which facilitates antigen
transport across the epithelial cell layer, and interactions
of Aspergillus antigens with airway epithelial cells prompt
release of proinflammatory cytokines and chemokines that
initiate an immunologic/allergic inflammatory re-
sponse.2+? The fungus induces a Th2-type response with
elevated Aspergillus-specific and total serum IgE levels and
prominent eosinophilic infiltration.?¢ Epithelial cell release
of growth factors is promoted by the Th2-type cytokines
interleukin 4 and interleukin 13, and repair and remod-
eling proceeds to create the bronchiectatic lesions charac-
teristic of ABPA.>

OTHER FUNGI CAUSING ALLERGIC
BRONCHOPULMONARY FUNGAL DISEASES

Clinicopathologic syndromes resembling ABPA can be
caused by other fungi (allergic bronchopulmonary fungal
disease or allergic bronchopulmonary mycosis), including
Candida albicans, Curvularia species, Helminthosporium spe-
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Figure 1. The bronchial lumen is filled with numerous inflammatory cells, cellular debris, mucus, and fibrinous material (hematoxylin-eosin,
original magnification X100).

Figure 2. Layered mucus and inflammatory cells and debris occupy the lumen of a bronchus (hematoxylin-eosin, original magnification X100).

Figure 3. Multiple aggregates of eosinophils and Charcot-Leyden crystals (arrowhead) are present in a background of mucus. Several fungal
hyphae (arrows) with features of Aspergillus are also seen (hematoxylin-eosin, original magnification X200).

Figure 4. Small numbers of fragmented hyphae lie in the inflammatory exudate. Cultures yielded Aspergillus flavus (methenamine silver stain,

original magnification X400).

cies, Torulopsis glabrata, Bipolaris species, Cladosporiosis spe-
cies, Saccharomyces cerevisiae, Schizophyllum commune, and
Tricosporon beigelii 5112741 If cultures, skin tests, and anti-
body assays for Asperqgillus are negative despite clinical
and radiographic features suggestive of ABPA, a fungal
cause other than Aspergillus should be considered in the
differential diagnosis.
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SUMMARY

Allergic bronchopulmonary aspergillosis is most often a
complication of asthma or cystic fibrosis. Although the di-
agnosis will usually be determined based upon a combi-
nation of clinical, laboratory, and radiographic criteria, oc-
casional examples will require pathologic diagnosis. Rec-
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Figure 5.
epithelial cells (hematoxylin-eosin, original magnification X200).

Figure 6. Airways are replaced by necrotizing granulomatous inflammation (hematoxylin-eosin, original magnification X 100).

Figure 7.
(elastic van Gieson, original magnification X200).

Figure 8.
original magnification x400).

ognition of the major manifestations (mucoid impaction,
bronchocentric granulomatosis, eosinophilic pneumonia)
of this disorder will assist in the detection and pathologic
diagnosis of this condition. Diagnosis of the process is
important so that therapy can be instituted to prevent or
ameliorate the advancement of the lung disease.
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This elastic stain highlights some residual elastic fibers from the original airway, which has been largely destroyed by a granuloma

The alveolar space contains numerous eosinophils and fewer macrophages in a background of fibrinous material (hematoxylin-eosin,
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