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INTRODUCTION clinician to focus the diagnostic evaluation, as some diseases are

Cavities are frequent manifestations of a wide variety of patholog-
ical processes involving the lung. The presence of a cavity helps the
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more commonly associated with cavities than others. In the case of
infectious diseases, cavitation represents the outcome of complex
interactions between host and pathogen. The focus of this review is
to assist the clinician and clinical microbiologist in the evaluation of
patients presenting with pulmonary cavities. We will broadly review
the differential diagnosis of pulmonary cavities and specifically ex-
amine host-pathogen interactions associated with cavitation.
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WHAT MAKES A CAVITY?

A cavity has been defined in the radiology literature as
(pathologically) “a gas-filled space within a zone of pulmonary
consolidation or within a mass or nodule, produced by the
expulsion of a necrotic part of the lesion via the bronchial tree”
and (radiographically) “a lucency within a zone of pulmonary
consolidation, a mass, or a nodule; hence, a lucent area within
the lung that may or may not contain a fluid level and that is
surrounded by a wall, usually of varied thickness” (368). In
theory, one would like to distinguish a cavity from other air- or
fluid-filled lung structures with different pathophysiologies, but
in practice, this is not always possible. Some have tried to make
this distinction by defining cysts as being air-containing spaces
surrounded by a thin (4 mm or less) wall and cavities as being
as air-containing spaces with walls that are at least 5 mm thick
(322). Unfortunately, considerable overlap in etiology and
pathophysiology exists between these two categories. For ex-
ample, bronchogenic cysts are benign developmental abnor-
malities of the lung that usually appear to be homogeneous
masses with the density of water. However, bronchogenic cysts
may contain air and have been confused with more typically
cavitary lesions such as lung abscesses, fungal infections, or
tuberculosis (7). Other air-filled pulmonary lesions such as
emphysematous bullae may also be radiographically indistin-
guishable from cavities (212). Therefore, for purposes of this
discussion, a cavity will be defined as any radiographic opacity
with an internal area of lucency, regardless of wall thickness.

Pathophysiology of Cavities

A cavity is the result of any of a number of pathological
processes including suppurative necrosis (e.g., pyogenic lung
abscess), caseous necrosis (e.g., tuberculosis), ischemic necro-
sis (e.g., pulmonary infarction), cystic dilatation of lung struc-
tures (e.g., ball valve obstruction and Pneumocystis pneumo-
nia), or displacement of lung tissue by cystic structures (e.g.,
Echinococcus) (204). In addition, malignant processes may
cavitate because of treatment-related necrosis, internal cyst
formation, or internal desquamation of tumor cells with sub-
sequent liquefaction (92, 251). The likelihood that a given
process will cavitate depends upon both host factors and the
nature of the underlying pathogenic process. The prevalence of
cavities among persons with a given process varies widely. In
general, certain processes tend to form cavities more com-
monly than others. For example, Mycobacterium tuberculosis
generally has the highest prevalence of cavities among persons
with pulmonary disease of any infection, probably because this
pathogen causes extensive caseous necrosis. In the case of M.
tuberculosis, the tendency to form cavities is clearly advanta-
geous to the propagation of the organism because cavities
contain large numbers of organisms, which can then be effi-
ciently aerosolized and transmitted to other susceptible hosts
(129, 347). Other pathogens, such as Klebsiella pneumoniae, are
associated with extensive pyogenic lung necrosis and frequent
cavitation (254). This organism is also disproportionately rep-
resented among cases of pulmonary gangrene, in which there is
extensive pulmonary necrosis and infarction, suggesting that
the organism possesses pathogenic determinants that are more
likely to lead to pulmonary necrosis and cavitation than other
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common causes of pulmonary infection, such as Streptococcus
pneumoniae (296). The predilection to form necrotic cavities
may be due to the priming of the inflammatory response by the
concurrent aspiration of stomach acid (372) or factors specific
to the organism, such as endotoxin (348). Unfortunately, there
is no single common factor that differentiates organisms that
are frequently associated with pulmonary cavitation from or-
ganisms that are rarely associated with pulmonary cavitation.
However, as a general rule, organisms that cause subacute or
chronic pulmonary infections (e.g., mycobacteria and fungi)
seem to be more frequently associated with cavities than or-
ganisms that cause acute pulmonary infections (e.g., viruses
and S. pneumoniae). This rule has many exceptions (e.g., ne-
crotizing pneumonias associated with Staphylococcus aureus
and K. pneumoniae).

CHEST IMAGING TO DETECT CAVITIES

Plain chest radiography and computed tomography are the
radiographic modalities most often used to image the chest.
Ultrasound is a suboptimal modality for imaging the lung pa-
renchyma because of poor sound transmission through the
mostly air-filled lungs (237). Magnetic resonance imaging of
the lung has been limited by motion artifact and relatively low
spatial resolution (265), so this modality is not generally used
to examine the lungs. Computed tomography is clearly more
sensitive than plain chest radiography for the detection of
pulmonary pathology, particularly in immunocompromised
hosts. For example, one study of 61 patients at a single insti-
tution who had undergone bone marrow transplants for ma-
lignancies demonstrated that plain chest radiography was 58%
sensitive in detecting pulmonary infection, compared to a sen-
sitivity of 89% for computed tomography (P < 0.0001), with
similar specificities for both modalities (328). Another study of
188 high-resolution computed tomography scans performed on
112 patients with febrile neutropenia and normal chest radio-
graphs reported that 60% of the scans (112/188) had findings
suggestive of pneumonia. However, these abnormal scan find-
ings were not specific, as 46% of these 112 scans did not meet
criteria for the diagnosis of pneumonia upon follow-up (150).

Characteristics of Cavities Used for Differential Diagnosis

The radiographic appearance of cavitary lesions can some-
times be useful to differentiate among a broad spectrum of
etiologies but should be combined with clinical and laboratory
data to obtain an accurate diagnosis. One traditional method
used to classify cavitary lesions is wall thickness. Cavitary le-
sions associated with specific diseases are frequently described
as being “thick walled” or “thin walled,” but exact definitions
for these terms are often lacking. Of course, measured wall
thickness will depend on the imaging technique used (plain
radiography or computed tomography). Two studies examined
the predictive utility of cavity wall thickness in solitary lung
cavities as measured by plain radiography (399, 400). Those
studies found that the measurement of the cavity wall thickness
at its thickest section was most useful in predicting whether the
cavity was of malignant versus nonmalignant etiology. Cavities
with a maximum wall thickness of 4 mm or less were usually
(30/32 [94% of the time]) caused by nonmalignant processes.
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Cavities with a maximum wall thickness of 5 to 15 mm were
mixed, with 33/55 (60%) being nonmalignant and 22/55 (40%)
being malignant cavities. Cavities with a maximum wall thick-
ness of >15 mm were usually (35/39 [90%]) malignant. In
those two studies, the location of the lesions and the presence
of an air-fluid level did not correlate well with malignant versus
nonmalignant etiology. Another small study compared the
characteristics, as observed on computed tomography scans of
the lung, of cavities caused by lung cancer and nonmalignant
cavities associated with intracavitary aspergilloma (290). Cav-
ities associated with lung cancer in that study had significantly
thicker walls than cavities associated with aspergillomas (mean
wall thickness of 5.8 mm for lung cancers and 2.6 mm for
aspergillomas; P = 0.035), but there was significant overlap in
wall thickness between lung cancers and aspergillomas. Fur-
thermore, cavity wall thickening observed using computed to-
mography may be an early sign of the development of an
intracavitary mycetoma (325), so wall thickness is at best an
imperfect tool for discriminating between malignant and non-
malignant etiologies of pulmonary cavities. The use of cavity
wall thickness to discriminate among infectious etiologies of
pulmonary cavities is even more problematic. While some in-
fections, such as Prneumocystis pneumonia, coccidioidomycosis,
and Echinococcus, have been classically associated with thin-
walled cavities, the absence of comparative studies with sys-
tematic, objective measurements of cavity wall thickness
among infectious etiologies severely limits the use of cavity
wall thickness as a diagnostic tool in discriminating among
infectious causes of cavities.

While wall thickness alone has at best questionable utility in
discriminating between malignant and nonmalignant etiologies
of a pulmonary cavity, other radiographic characteristics may
provide additional clues to the nature of the underlying dis-
ease. The presence of a cavity on computed tomography of the
lung essentially ruled out a viral infection in a small study (n =
78) of immunocompromised patients with lung infection, but
the etiologies of cavities among these patients were about
equally divided among bacterial, mycobacterial, and fungal
infections (115). Another study of 131 adults in South Korea
with cavities on plain radiography examined radiographic fac-
tors associated with specific disease etiologies (404). In that
study, in which 50% of subjects had active or prior mycobac-
terial lung disease (primarily tuberculosis), the presence of the
largest cavity in the upper lobes suggested a mycobacterial
etiology, while lesions confined to only one lobe and the pres-
ence of multiple enlarged mediastinal lymph nodes were asso-
ciated with another etiology (about half of which [31/65] were
malignant). Nonradiographic factors such as age of >50 years
and a history of malignancy were also associated with nonmy-
cobacterial etiology. Of note, cavity wall thickness did not
differ between subjects with mycobacterial cavities and those
with nonmycobacterial cavities in that study.

NONINFECTIOUS DISEASES ASSOCIATED WITH
LUNG CAVITIES

Malignancies

One of the most important distinctions in the differential
diagnosis of cavitary lung lesions is the distinction between
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malignant and nonmalignant etiologies. Primary lung cancer is
a common disease, with 190,297 incident cases and 150,997
deaths reported in the United States in 2003 (370). Cavitation
detected by plain radiography has been noted in 7 to 11% of
primary lung cancers (58, 92, 247, 261), while cavitation de-
tected by computed tomography has been reported for up to
22% of primary lung cancers; cavitation is more frequently
found among cases of squamous cell carcinomas than other
histological types (58, 247, 283). Furthermore, the presence of
cavitation in a lung tumor has been associated with a worse
prognosis (196). Other primary tumors in the lung, such as
lymphoma and Kaposi’s sarcoma, may also present with cavi-
tary lesions, particularly among persons infected with human
immunodeficiency virus (208, 235). In one series of human
immunodeficiency virus-infected persons with primary pulmo-
nary lymphoma, 5/12 subjects had cavitary lesions noted on
computed tomography scans of the chest (305). Lymphoma-
toid granulomatosis, a rare malignant disorder associated with
Epstein-Barr virus and clonal B-cell replication, frequently
presents with pulmonary cavities and may be confused with
lung abscess (240). Metastatic disease from other primary sites
may also cavitate, but this occurs less frequently than in pri-
mary lung cancers: an estimated 4% of metastatic tumors have
been noted to cavitate as detected by plain radiography (92).
Interestingly, metastatic tumors of squamous cell origin are
also more likely to cavitate than tumors of other origins, sug-
gesting a common pathogenesis for cavitation among these
tumors.

Complicating the diagnostic evaluation of cavitary lung le-
sions is the not-infrequent coexistence of pulmonary infection
and malignancy. Multiple cases in which cavitary pulmonary
lesions represent a combination of malignancy and an infec-
tious pathogen have been reported. One prospective study
based at a single center in Taiwan examined 22 patients with
cavitary lung lesions, without evidence of postobstructive pneu-
monia, for whom ultrasound-guided transthoracic needle bi-
opsy was performed (215). Nine pathogens were isolated from
seven of the 22 patients, including K. pneumoniae (3 patients),
Haemophilus influenzae (2 patients), Bifidobacterium (1 pa-
tient), Enterococcus faecium (1 patient), M. tuberculosis (1 pa-
tient), and Shewanella putrefaciens (1 patient). Additionally,
multiple case reports described coexistent malignancy and in-
fectious pathogens in cavitary lung lesions. In particular, pri-
mary lung cancer and tuberculosis are not infrequently en-
countered together, and either one can be responsible for
cavitary lesions (190). The causal pathway for this association
can go both ways: chronic inflammation and scarring caused by
tuberculosis may contribute to the development of malignancy
at the site, or immunosuppression associated with cancer and
treatment may result in the reactivation of tuberculosis. Other
mycobacterial or fungal pathogens can also coexist in malig-
nant cavities; one report described concurrent Aspergillus, My-
cobacterium xenopi, and lung cancer in a single patient (343).

Rheumatologic Diseases

Many autoimmune diseases can affect the lung, but cavita-
tion is relatively uncommon in most of these diseases. The
exception is Wegener’s granulomatosis, an uncommon disor-
der in which cavitary lung disease is frequently encountered.
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Wegener’s granulomatosis is a systemic vasculitis that almost
always involves the upper or lower respiratory tract. Pulmonary
nodules and infiltrates are a frequent manifestation of Wege-
ner’s granulomatosis in the lung, and cavitation may accom-
pany both of these manifestations. One study of 77 persons
with Wegener’s granulomatosis found that 26/53 (49%) per-
sons with pulmonary nodules had cavitation (on plain radio-
graph or computed tomography) within one or more nodules
and that 7/41 (17%) persons with infiltrates had cavitation
within an area of infiltrate (subjects could have both nodules
and infiltrates, so numbers do not equal 77) (77). Another
study found cavitary nodules in 7/19 (37%) subjects with We-
gener’s granulomatosis detected by plain chest radiographs (3).
The clinical picture was frequently complicated by infection in
these subjects, as 3/19 (16%) subjects had subsequent bacterial
superinfection of a lung cavity. Pulmonary cavities have been
observed by computed tomography in 35 to 50% of patients
with Wegener’s granulomatosis involving the lung (203, 213,
236).

Sarcoidosis is a relatively common inflammatory disorder of
unknown etiology that frequently affects the lungs (19). Plain
chest radiographic findings are often nonspecific; conventional
and high-resolution computed tomography are better modali-
ties for showing characteristic features of pulmonary sarcoid-
osis (266). Hilar and mediastinal lymphadenopathy are usually
present, with or without concomitant parenchymal abnormal-
ities. Lung nodules are frequently observed and tend to be
distributed along the bronchovascular bundles, interlobular
septa, major fissures, and subpleural regions (266). Cavitation
occasionally occurs within these nodules; for example, one
study demonstrated cavitation in 3/44 (6.8%) patients with
pulmonary sarcoidosis (29). Additional findings by computed
tomography include fibrosis (honeycomb, linear, or associated
with bronchial distortion), pleural thickening, and ground-glass
opacities (1, 29).

Pulmonary cavities are less frequently encountered in other
autoimmune diseases. Given that most patients with these dis-
eases are treated with potent immunosuppressive agents, in-
fectious etiologies for cavitary lesions should be aggressively
investigated. However, cavitary lung lesions have been re-
ported as being rare consequences of many autoimmune dis-
eases. For example, patients with ankylosing spondylitis fre-
quently (50 to 85%) have pulmonary abnormalities detectable
by high-resolution computed tomography (45, 99, 330, 369),
although a much smaller proportion have abnormal plain chest
radiographs (1.3% in one large series) (319). Relatively com-
mon findings among patients with ankylosing spondylitis-asso-
ciated lung abnormalities are apical fibrosis and bulla forma-
tion, both of which may appear radiographically as cavitation.
Cavitation detected only by computed tomography in these
patients is of uncertain clinical significance, but when cavities
are visible by plain radiography, the etiology is commonly in-
fection. For example, of 2,080 patients with ankylosing spon-
dylitis in one series, 28 (1.3%) had lung abnormalities detected
by plain radiography, most commonly apical fibrobullous le-
sions (319). Of these 28 patients, 7 had infectious etiologies for
cavitary lesions: 5 had aspergillomas, and 2 had nontubercu-
lous mycobacterial infections. Similarly, cavitary lesions in pa-
tients with systemic lupus erythematosus have also been re-
ported, but most of these lesions represent infection. One
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small series found six patients with cavitary lung lesions among
a population of 798 patients with systemic lupus erythematosus
seen at one center; four of the six had infectious etiologies for
the cavities (two mixed bacterial infections with gram-positive
and gram-negative organisms, one Pseudomonas aeruginosa
infection, and one Aspergillus fumigatus infection), one cavity
possibly represented pulmonary infarction, and only one pa-
tient had cavities that were likely attributable to lupus (386).
Rheumatoid arthritis is also commonly associated with pulmo-
nary abnormalities, but cavities due primarily to rheumatoid
arthritis are rare. Lung cavities in patients with rheumatoid
arthritis often represent infection or carcinoma, so aggressive
diagnostic evaluation is warranted for new cavitary lesions in
these patients (172). In rare cases, rheumatoid nodules may
appear in the lung and cavitate, presumably due to ongoing
vasculitis with ischemic necrosis (185, 408). Primary amyloid-
osis is another rare autoimmune cause of pulmonary cavities
(354).

Miscellaneous Diseases Associated with Cavities

Various other noninfectious disease processes have been
associated with lung cavities. Of these, the most common is
pulmonary embolism. While pulmonary embolism is usually
associated with nonspecific radiographic changes or even a
normal chest radiograph (402), pulmonary infarction and ne-
crosis may result in a cavitary lesion. Pulmonary embolism
usually occurs when a clot forms in a lower extremity or the
pelvis and subsequently breaks off and lodges in a pulmonary
artery. However, pulmonary embolism may also be caused by
tumor, fat (associated with trauma), air bubbles, septic emboli
(see below), or injected foreign substances such as talc (145).
Pulmonary infarction has been estimated to occur in 10 to 15%
of cases of pulmonary embolism in older studies (217, 260);
more recent studies using computed tomography noted infarc-
tion in up to 32% of patients with pulmonary embolism (148).
In turn, cavitation has been observed on plain radiographs in
2.7 to 7% of patients with pulmonary infarction (67, 217) and
in up to 32% of patients with pulmonary infarction detected by
computed tomography (148). The lesions tend to be located in
the lung periphery but may be located in any lobe, and there is
nothing specific about the distribution or appearance of the
cavities (391). Immunocompromised hosts are often at risk for
pulmonary embolism due to underlying malignancy, surgical
procedures, and immobility, so aseptic pulmonary embolism
may be an underappreciated cause of lung cavities in these
hosts (258). Cavities associated with venous thromboembolism
may be observed 2 to 63 days after the embolic event and, in
most cases, are initially aseptic (217, 391). However, superin-
fection of necrotic lung cavities is common, occurring in ap-
proximately one-half of cases (391); gram-negative rods are
frequently implicated in these superinfections. Furthermore,
superinfection with Clostridium species has been particularly
associated with pulmonary embolism and usually causes a ne-
crotizing, cavitary pneumonia that may further complicate the
clinical picture (38).

A less common disorder associated with lung cavities is
bronchiolitis obliterans organizing pneumonia, also called
cryptogenic organizing pneumonia when there is no underlying
etiology. This disorder, which is a pathological diagnosis, may
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be triggered by drug or toxin exposure, autoimmune diseases,
viral infections, or radiation injury but is most often idiopathic
(272). Patients with bronchiolitis obliterans organizing pneu-
monia usually present with fever, cough, weight loss, and dys-
pnea over weeks to months, similar to many infectious diseases
associated with lung cavities (76). The most common com-
puted tomography appearance of this disorder is patchy con-
solidation, often accompanied by ground-glass opacities and
nodules (214). Cavitation has been reported in 0 to 6% of
cases, varying with the series and the imaging modality (76,
101, 214). Unfortunately, none of the clinical or radiographic
manifestations of this disorder are specific, and diagnosis must
be made by lung biopsy (101).

Another rare disease associated with lung cavities is pulmo-
nary Langerhans’ cell histiocytosis. The disease almost exclu-
sively (over 90%) afflicts smokers, with a peak age of onset of
between 20 and 40 years (357). Clinical presentation varies, but
symptoms generally include months of dry cough, fever, night
sweats, and weight loss (357). Thin-walled cystic cavities are
the usual radiographic manifestation, observed in over 50% of
patients by either plain chest radiography or computed tomog-
raphy scans, but thicker-walled cavities are also commonly
observed (30, 255). Diagnosis may be suggested by radio-
graphic findings but must be definitively made by lung biopsy
(357).

INFECTIONS ASSOCIATED WITH LUNG CAVITIES

Common Bacterial Infections

Infections caused by commonly encountered gram-positive
or gram-negative bacteria may cause pulmonary cavities by one
of two mechanisms. First, organisms may enter the respiratory
cavity via the oropharynx/upper airway, bypass host defenses,
and cause either a necrotizing pneumonia or lung abscess.
Alternatively, organisms may enter the lung via the blood-
stream, often in association with fibrin and platelets as septic
pulmonary emboli. The radiographic appearance and microbi-
ological etiologies of these two mechanisms are distinct and
will be discussed separately.

Necrotizing pneumonias and lung abscesses. Lung cavities
have not typically been associated with community-acquired
pneumonia, but occasional cases of cavitary pneumonia due to
Streptococcus pneumoniae or Haemophilus influenzae have
been reported (312, 405). Of course, the prevalence of cavities
among patients with community-acquired pneumonia depends
on the imaging technique used; significantly more cavities are
detected with computed tomography than with plain radiogra-
phy. For example, among 17 children with severe pneumonia
and cavitation detected by computed tomography, only 10
(59%) had cavities noted on plain radiographs (96). One series
of 105 adults hospitalized with pneumococcal pneumonia re-
ported that no patient had cavities detected by plain radiogra-
phy (332); computed tomography was not routinely performed.
On the other hand, a study of another series of 35 patients
(43% with human immunodeficiency virus) with pneumococcal
pneumonia reported that 7 (20%) had lung cavities detectable
on computed tomography scans (345). Cavitation is more fre-
quently reported among patients with concurrent S. pneu-
moniae pneumonia and bacteremia, which may reflect the

CAVITARY PULMONARY DISEASE 309

greater severity of disease among bacteremic patients (184).
Similarly, a recent study of 75 children with empyema or para-
pneumonic effusion reported that 15 (20%) had associated
cavitary lung disease, 13 of whom had evidence of S. pneu-
moniae infection (304). Because S. pneumoniae and H. influ-
enzae are such common causes of pneumonia, these pathogens
may cause a significant fraction of cavitary pneumonias, even
though cavitation is relatively rare with these pathogens. This
point is illustrated by a small case series of nine children
hospitalized with cavitary pneumonia (as seen by computed
tomography); the etiology was S. prneumoniae in three of nine
patients and S. pneumoniae and H. influenzae in one patient
(153).

Klebsiella pneumoniae is a common cause of severe, necro-
tizing pneumonia. While older literature described alcoholism
and smoking as important risk factors for community-acquired
Klebsiella pneumonia, more recent studies demonstrate that a
growing proportion of patients are immunocompromised and
acquire infection in the hospital (43, 199). It has been a rela-
tively common cause of community-acquired pneumonia
(7.5% of all cases in North America) (152) and is particularly
prevalent among patients with severe community-acquired
pneumonia (22% of cases in one series) (286). K. pneumoniae
pneumonia is frequently complicated by lung abscess, which
generally appears as one or more cavities. In older series, 0 to
40% of patients developed lung abscess as noted on plain chest
radiographs (43). A more recent series of 23 patients with K.
pneumoniae pneumonia reported multiple small cavities rang-
ing from 1 mm to 3 cm in diameter in 11 (48%) patients by
computed tomography. Lung abscess due to K. pneumoniae
can progress to destroy an entire section of a lung, a condition
known as massive pulmonary gangrene. Pulmonary gangrene is
a rare condition, but over one-half of cases are attributable to
K. pneumoniae (296). Radiographically, this condition starts
with lung consolidation, followed by the development of mul-
tiple small cavities that coalesce into one large cavity (84).

Staphylococcus aureus is an emerging cause of cavitary pneu-
monia (Fig. 1). In older series, S. aureus accounted for about
1% of community-acquired pneumonias (226). Plain chest ra-
diographs frequently demonstrated cavitation in both adults
and children. In one series of 26 adults and 8 children with
community-acquired S. aureus pneumonia, 7 of the adults
(27%) and 2 of the children (25%) had cavities detected by
plain chest radiographs, while 4 adults (15%) and 3 children
(38%) had pneumatoceles, defined as thin-walled cystic struc-
tures (227). More recently, community-acquired methicillin-
resistant S. aureus, which usually possesses the Panton-Valen-
tine leukocidin virulence factor, has become an emerging cause
of severe pneumonia. In contrast to classic staphylococcal
pneumonia, which typically afflicted relatively debilitated pa-
tients in the nosocomial or health care-associated setting, com-
munity-acquired methicillin-resistant S. aureus pneumonia fre-
quently affects immunocompetent hosts without significant
prior exposure to the health care system. Pneumonia in these
patients is frequently preceded by extrapulmonary staphylo-
coccal infection, particularly skin infection. Community-ac-
quired staphylococcal pneumonia is frequently severe. In one
recent series of 50 patients, 78% required intubation and 42%
had pulmonary hemorrhage, and overall in-hospital mortality

TV LIdSOH 13vdSI H139 Ag $TOz ‘9T Jaquiaidas uo /Bio wse 1wy :dny wolj papeojumoq


http://cmr.asm.org/

310 GADKOWSKI AND STOUT

CLIN. MICROBIOL. REV.

FIG. 1. Sequelae of severe Staphylococcus aureus pneumonia in a patient with multiple other comorbidities. The left panel illustrates the plain
chest radiographic appearance, with multiple areas of fibrosis and a residual cavity in the medial right upper lobe. The right panel shows the same
cavity using computed tomography.

was 56%. On plain radiographs, cavitation was noted in 12% of
cases; multilobar consolidation (79%) and pleural effusions
were more common (50%) (124).

Lung abscess is another relatively common bacterial cause of
cavitary lung lesions. Most patients have one or more predis-
posing risk factors; in adults, alcoholism is usually the most
frequently reported risk factor, but poor dentition, a prior
history of aspiration, and underlying lung damage from other
processes are all associated with the development of lung ab-
scess (144). Lung abscess also occurs in children, most of whom
have compromised immune systems or predisposing lung dam-
age (49). The predominant organisms responsible for lung
abscess in both adults and children are anaerobic and mi-
croaerophilic components of the oral flora, and lung abscesses
are frequently polymicrobial (17, 49, 144). The most common
organisms traditionally isolated from lung abscesses have been
Prevotella, Fusobacterium, and streptococci (particularly the
Streptococcus milleri group) (17, 144). A recent study from
Taiwan, however, implicated K. pneumoniae as being the most
common single cause of lung abscess, isolated from 28/90
(31%) patients with lung abscesses. Patients with K. pneu-
moniae lung abscess more often had diabetes or chronic lung
disease than did other lung abscess patients, and the infection
was usually monomicrobial (381).

Septic pulmonary emboli. Septic pulmonary emboli, al-
though relatively rare, are important considerations in the dif-
ferential diagnosis of cavitary lung lesions. Septic emboli typ-
ically appear as nodules located in the lung periphery, although
wedge-shaped peripheral lesions and infiltrates are also seen
(166). Cavitation is seen in 23 to 47% of cases using plain
radiography and in up to 85% of cases using computed tomog-
raphy (73, 158, 202). The presence of a “feeding vessel” sign, in

which a distinct vessel is seen leading to the center of a pul-
monary nodule, suggests the diagnosis of septic embolus, but
the specificity of this finding has been called into question (93).
In older series, septic emboli were associated primarily with
intravenous drug use and septic thrombophlebitis either in the
pelvis or in the internal jugular vein (Lemierre syndrome) (228,
281). However, the etiologies of septic pulmonary embolism in
more recent series are dominated by infected intravascular
prosthetic material such as intravascular catheters, pacemaker
wires, and right-sided prosthetic heart valves (73). Septic pul-
monary emboli associated with intravenous drug use are
caused predominantly by S. aureus (46, 281). Conversely, septic
emboli associated with intravascular prosthetic material have
been associated with a number of pathogens. For example, in
a recent series at the Mayo Clinic, 7/14 cases of septic emboli
were associated with intravascular prosthetic material (three
central venous catheters, two prosthetic pulmonic valves, and
two pacemakers) (73). The microbiological etiologies among
patients with intravascular prosthetic material included three
cases of S. aureus, two cases of coagulase-negative staphylo-
cocci, one case of S. pneumoniae, and one polymicrobial infec-
tion (coagulase-negative staphylococcus, Corynebacterium, and
Klebsiella oxytoca). Septic thrombophlebitis of the internal jug-
ular vein may also be catheter associated but has classically
been associated with oropharyngeal infection and is termed
Lemierre syndrome. Lemierre syndrome generally afflicts
young persons in their late teens and early twenties but may
also affect children and older persons (57, 73, 127). Most af-
fected patients are immunocompetent and previously healthy.
The majority of cases of Lemierre syndrome are associated
with Fusobacterium necrophorum (71.6% in one large series)
(57), but many are mixed infections composed of anaerobes
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normally present in the oral cavity. Almost all patients with
Lemierre syndrome have pulmonary manifestations, including
infiltrates and pleural effusions; cavities were seen in 31% of
patients in one series (57). Apart from Lemierre syndrome,
community-acquired methicillin-resistant S. aureus is increas-
ingly associated with septic pulmonary emboli, particularly
among children with bone and joint infections (130). Among
profoundly immunocompromised persons, septic emboli due
to nontyphoid Salmonella strains have been described. Persis-
tent and recurrent Salmonella bacteremias, often with extraint-
estinal manifestations, are not rare among persons with ad-
vanced human immunodeficiency virus (131) and have been
reported for other immunosuppressed hosts as well (5, 48).
Pulmonary lesions have been reported in up to 35% of patients
with advanced human immunodeficiency virus and Salmonella
bacteremia (usually S. enterica serovar Enteritidis or S. enterica
serovar Typhimurium), and in one report, 70% of patients with
pulmonary manifestations of Salmonella had cavities detected
by plain chest radiographs (44).

Uncommon Bacterial Infections

Actinomycosis. Actinomyces species are gram-positive rods
that normally colonize the human digestive tract. Approxi-
mately 50% of disease caused by actinomycosis is cervicofacial,
20% involves the abdomen or pelvis, and 15% is pulmonary
(70, 225). Actinomyces israelii is the most commonly isolated
pathogen in all of these disease manifestations, but other spe-
cies (Actinomyces naeslundi, A. odontolyticus, A. viscosus, A.
meyeri, and A. gerencseriae) are also frequently implicated in
disease (225). A. meyeri, in particular, may have a greater
propensity to cause pulmonary disease as well as to dissemi-
nate (11). Alcoholism and poor oral hygiene have been asso-
ciated with Actinomyces infection (11, 22). Pulmonary actino-
mycosis may occasionally result from the contiguous spread of
infection from the neck but is usually caused by aspiration of
saliva or other material containing Actinomyces (70). This as-
piration results in pneumonitis followed by local necrosis, fi-
brosis, and cavitation (33). Not surprisingly, many Actinomyces
infections are polymicrobial and include other components of
the oral flora such as Eikenella corrodens, streptococci, Acti-
nobacillus, or Fusobacterium (155). Pulmonary actinomycosis
generally progresses slowly with nonspecific symptoms includ-
ing nonproductive cough, low-grade fever, and malaise (341).
The insidious nature of the disease, its proclivity to appear as
a mass lesion on chest radiography, and the occasional pres-
ence of concurrent extrapulmonary disease make it easily con-
fused with malignancy (68, 356). Cavitary lesions are common
but may be visible only by computed tomography. For example,
two recent series demonstrated cavitary lesions on plain radio-
graphs in 0 and 13% of cases, respectively, but cavities were
detected by computed tomography in 62% and 75% of cases
(55, 206). Associated pleural thickening or effusion is common,
and as the infection erodes through tissue planes, empyema
necessitatis with drainage through the chest wall or into other
spaces may complicate pulmonary actinomycosis (33, 113).

Nocardia. Nocardia species are gram-positive, weakly acid-
fast organisms naturally found in the soil. Infection is presum-
ably acquired via either inhalation or direct inoculation due to
trauma. Over 50 species of Nocardia have been identified, with
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about 16 implicated in human infection. Traditionally, most
isolates causing human disease were identified as being Nocar-
dia asteroides, but molecular taxonomy has demonstrated that
many of these isolates were misidentified, so the relationships
between species and disease manifestations are changing rap-
idly (35). Pulmonary disease is the most common presentation
of Nocardia infection and accounts for over one-half of re-
ported cases in most series (105, 267, 301). The most common
risk factor for pulmonary nocardiosis is underlying lung disease
such as asthma, bronchiectasis, or chronic obstructive pulmo-
nary disease (105, 159, 301). Persons with systemic immuno-
deficiencies associated with cancer chemotherapy, human immu-
nodeficiency virus, organ transplant, and long-term corticosteroid
use are also at risk for pulmonary Nocardia infection, but approx-
imately 15% of patients will have no underlying disorder (159,
234). Disease onset is usually subacute, and symptoms including
fever, cough, and dyspnea are usually present for several days to
several weeks before diagnosis (244). The manifestations of No-
cardia infection detected by plain chest radiography include mul-
tifocal consolidation, irregular masses, single or multiple nodules,
and pleural effusions (106). Cavitation results from tissue necrosis
and abscess formation and may be observed on plain radiographs
in 38 to 62% of cases (106, 273). Computed tomography fre-
quently reveals multiple nodules and pleural involvement, with
cavitation in up to 80% of cases (407). Cavitation may be more
frequently observed among persons with advanced human immu-
nodeficiency virus than among other hosts (36). Nocardia infec-
tion may be associated with mortality rates as high as 30 to 40%,
particularly among hosts with severe immune compromise (234,
244).

Melioidosis. Melioidosis, the term given to disease caused by
the gram-negative rod Burkholderia pseudomallei, can affect
any organ system but most commonly affects the lung (165). It
is endemic in tropical areas, especially Southeast Asia and
Northern Australia, although disease in rural areas in South
and Central America is probably underrecognized (164). In-
fection usually occurs through contact with or ingestion or
inhalation of contaminated soil or water. Independent risk
factors for melioidosis include occupational exposure (such as
from rice farming), diabetes, chronic renal disease, and thalas-
semia (353). Pulmonary disease can present in an acute or
chronic form and either be localized or part of disseminated
infection (165). Furthermore, infection can be latent and re-
activate many years after exposure, such as is observed in
Vietnam war veterans who develop disease many years after
returning to the United States (198). Acute pulmonary disease
presents as high fever, chills, coughing, chest pain, and dys-
pnea. Plain radiographs most commonly demonstrate alveolar
or nodular infiltrates, and cavitation is relatively common
(26% in one series of 183 patients in Northern Thailand) (91).
Conversely, subacute or chronic pulmonary disease usually
presents radiographically with nodular and/or alveolar infil-
trates accompanied by cavities; 50% of nonbacteremic patients
with subacute pulmonary disease and 68% of nonbacteremic
patients with chronic pulmonary disease had cavities detected
on plain chest radiographs in the same Thai series. Patients
with subacute/chronic disease and concurrent bacteremia tend
to have a lower prevalence of cavities (0 to 29%) than patients
with subacute/chronic melioidosis without bacteremia (60%)
(91, 264).
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FIG. 2. Left lower lobe cavitary pneumonia due to Rhodococcus
equi with concurrent bacteremia in a patient with advanced human
immunodeficiency virus.

Rhodococcus. Rhodococcus equi is a gram-positive coccoba-
cillus commonly isolated from soil, especially farm soil that has
been contaminated with horse manure (355). The organism is
a common cause of pneumonia in young horses and is shed in
the feces of mares (138). Exposure to livestock is a recognized
risk factor for infection, although many patients will not have
this exposure (181, 205). Infection occurs primarily through
inhalation (274), although infection may also be acquired by
ingestion or traumatic inoculation (376). R. equi is increasingly
being recognized as a human pathogen, particularly in those
with advanced human immunodeficiency virus infection
(CD4" T-lymphocyte count of <200 cells/mm?) (133, 385),
hematologic malignancies (223), and use of chronic corticoste-
roids and other immunosuppressive agents (120) and in recip-
ients of solid-organ and stem cell transplants (79, 205, 268,
297). Depending on the series, up to 10 to 15% of cases occur
in immunocompetent individuals (118, 181, 376).

Pulmonary disease is the most common manifestation of R.
equi in immunocompromised patients, occurring in approxi-
mately 80% of cases (268, 270, 364, 376) (Fig. 2). Immuno-
competent patients are more likely to have extrapulmonary
disease, with approximately 40% of reported cases of R. equi
disease in immunocompetent hosts affecting the lungs (181).
Pulmonary R. equi generally presents with insidious onset of
fever, dyspnea, cough (frequently nonproductive), and pleu-
ritic chest pain (181, 270). Chest radiographs are usually ab-
normal, most frequently demonstrating dense infiltrates with
or without upper lobe cavitation (270, 364). Cavitation de-
tected by plain chest radiography has been observed in 63% of
immunocompetent patients with pulmonary R. equi infection
(181) and in 41% to 77% of human immunodeficiency virus-
infected patients (94, 270, 364). One small (n = 5) study dem-
onstrated cavitation in all patients using computed tomography
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(233), while another study (n = 9) demonstrated cavitation in
44% of patients using plain radiography and 67% of patients
using computed tomography (390). Nodular infiltrates, pleural
effusion, and mediastinal lymphadenopathy are other common
radiographic features (233, 270, 390). A majority of immuno-
compromised patients with pulmonary disease will have con-
current bacteremia, so routine blood cultures are high yield in
this population (94, 364).

Mycobacterial Infections

Mycobacterium tuberculosis. Mycobacterium tuberculosis is
classically associated with cavitary pulmonary disease (Fig. 3).
Although tuberculosis case rates have declined in many devel-
oped countries, the human immunodeficiency virus epidemic
has led to a tremendous increase in tuberculosis cases in the
developing world, particularly in sub-Saharan Africa (75). In
addition to human immunodeficiency virus infection, other risk
factors for tuberculosis include exposure-related factors such
as birth in a country where tuberculosis is endemic (294) and
immunologic deficits that increase the risk of progression from
latent to active tuberculosis, such as diabetes (188), hemato-
logic and head and neck malignancies (175), organ transplan-
tation, corticosteroid use, and tumor necrosis factor antagonist
use (8, 180). Pulmonary tuberculosis generally presents sub-
acutely, with weeks to months of productive cough, fever, night
sweats, weight loss, and, occasionally, hemoptysis. The chest
radiograph typically reveals pulmonary infiltrates in the apical
and posterior segments of the upper lobe or the superior seg-
ment of the lower lobe, often associated with cavitation (248,
371). The prevalence of cavities on plain radiographs varies
widely by series, but most series report cavitation in 30 to 50%
of patients. Multiple cavities are often present and frequently
occur in areas of consolidation (142, 238, 401). Cavities can
vary widely in size and have been reported to have both thick
and thin walls (142, 371, 393). The presence of cavitation is
associated with a greater degree of infectiousness, likely due to
higher organism burden (315). Supporting the association be-
tween cavitation and organism burden, cavitary disease is in-
dependently associated with increased time for acid-fast
smears and cultures to become negative in patients receiving
tuberculosis therapy as well as an increased risk of relapse after
treatment completion (21). Similar to other cavitary lung dis-
eases, computed tomography is more sensitive than plain ra-
diography for the detection of tuberculous cavities (162, 238).
Due in part to this increased sensitivity, the presence of cavi-
tation detected by computed tomography scans does not nec-
essarily carry the same clinical, prognostic, and public health
impact as the presence of cavitation detected by plain
radiography.

Host factors play a significant role in the prevalence of
cavitation. Cavitation is highly prevalent among diabetic pa-
tients with tuberculosis (382), whereas cavities have been less
frequently observed in the elderly (298, 382) and persons with
advanced human immunodeficiency virus infection (222).

Nontuberculous mycobacteria. Over 120 species of nontu-
berculous mycobacteria, also known as mycobacteria other
than tuberculosis or potentially pathogenic environmental my-
cobacteria, have been described (365). Unlike organisms be-
longing to the M. tuberculosis complex, nontuberculous myco-
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FIG. 3. Extensive cavitary lung disease due to Mycobacterium tuberculosis visualized by plain chest radiography (left) and computed tomography
(right). Note the typical upper lobe predominance and extensive fibronodular infiltrates.

bacteria are acquired from environmental exposure and are
not transmissible from person to person (110). Nontuberculous
mycobacteria are present in soil, water, and dust, so pulmonary
infection occurs presumably via inhalation of infectious aero-
sols (191, 291). Pulmonary disease due to nontuberculous my-
cobacteria frequently presents with nonspecific symptoms such
as chronic cough, fatigue, and weight loss. The syndromes
caused by pulmonary infection by nontuberculous mycobacte-
ria overlap significantly with each other and with tuberculosis,
making the microbiological data crucial for obtaining the cor-
rect diagnosis. Furthermore, the isolation of any nontubercu-
lous mycobacterium from a respiratory specimen may repre-
sent laboratory contamination, colonization, or true disease, so
standardized diagnostic criteria are available to assist clinicians
(136). In the next section, we will discuss some of the nontu-
berculous mycobacteria most commonly associated with pul-
monary disease, recognizing that our understanding of species
designations and their associations with particular disease syn-
dromes is evolving.

(i) Mycobacterium avium complex. Organisms belonging to
the Mycobacterium avium complex are the nontuberculous my-
cobacteria most frequently implicated in pulmonary disease in
the United States (136). The M. avium complex includes two
major species, M. avium and M. intracellulare, as well as a third
group of organisms, many of which do not belong to named
species (3606). Early reports described a disease very similar to
tuberculosis, manifesting as apical fibrocavitary disease in mid-
dle-aged men with a significant smoking history and underlying

lung disease (321) (Fig. 4). Alcoholism and prior tuberculosis
disease are also putative risk factors. Most patients complain of
chronic cough; constitutional symptoms are not usually present
until late in the disease. As the diagnosis was often made, in
part, on the basis of cavitation, plain radiographs showed cav-
ities in up to 88% of cases (59). In more recent years, the
spectrum of lung disease caused by the M. avium complex has
expanded. Probably the most common manifestation of M.
avium complex pulmonary disease is the nodular/bronchiec-
tatic form. This entity usually afflicts thin women over 50 years
of age who have otherwise normal immune systems and no
previous diagnosis of lung disease (302). Gastroesophageal
reflux seems to be a significant risk factor, and aspiration may
play a significant role in the pathogenesis of the disease (195,
360). Cavitation is rarely visible on plain chest radiographs, but
computed tomography scans reveal cavities in up to 62% of
cases (224, 395). Other typical radiographic features detected
by computed tomography include nodules with associated
bronchiectasis, particularly in the lingula and/or right middle
lobe (64, 154, 224). Obtaining a microbiological diagnosis from
sputum specimens is often difficult in patients with nodular/
bronchiectatic M. avium complex pulmonary disease; in one
series, 45% of patients required bronchoscopy or lung biopsy
to obtain a diagnosis (157). Computed tomography scans may
be helpful to refine the diagnostic approach for patients with
suspected M. avium complex pulmonary disease, as cavitation
detected by computed tomography has been positively corre-
lated with the likelihood of obtaining a positive sputum culture
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FIG. 4. Mycobacterium avium complex of the fibrocavitary type in a 52-year-old woman with chronic obstructive pulmonary disease visualized

by plain radiography (left) and computed tomography (right).

(224). The M. avium complex can also cause solitary pulmo-
nary nodules and hypersensitivity pneumonitis, but these enti-
ties are not associated with cavitation (147, 186, 194).

(ii) Mycobacterium kansasii. Mycobacterium kansasii is often
considered to be the most virulent of the nontuberculous my-
cobacteria because the isolation of this organism from clinical
specimens usually indicates clinically significant disease (24).
In the United States, M. kansasii is endemic to the south and
central states, with Texas, Louisiana, Florida, Illinois, Kansas,
and Nebraska having the highest incidences of disease (135).
However, sporadic cases have been reported across the world,
with high rates of M. kansasii disease being reported from parts
of the United Kingdom and in South African gold miners (74,
406). Predisposing factors include smoking-related lung dis-
ease, alcoholism, prior tuberculosis, and human immunodefi-
ciency virus infection (74, 230). Symptoms are often indistin-
guishable from those of tuberculosis and include productive
cough, shortness of breath, and occasional hemoptysis (103).
Cavitation is almost always visible on plain radiographs in
older published series (87 to 96% had cavities) and may be
single or multiple, predominantly involving the upper lobes
(60, 230). Classically, M. kansasii pulmonary disease has been
associated with thin-walled cavities (411) (Fig. 5), but thin-
walled cavities are actually present in a minority of patients
with M. kansasii pulmonary disease (60). The clinical and ra-
diographic picture is essentially indistinguishable from that of
tuberculosis, which makes initial diagnosis difficult, particularly
in regions where tuberculosis is endemic (74). More recent
studies have demonstrated that M. kansasii can also cause
radiographic changes similar to the nodular/bronchiectatic pat-

tern associated with the M. avium complex. A recent small
study of nine patients with M. kansasii described primarily
nodules, bronchiectasis, and tree-in-bud opacities detected by
computed tomography, with cavitation in only four (44%)
cases (154). M. kansasii is a significant cause of pulmonary
disease among persons with advanced human immunodefi-
ciency virus infection (24). While human immunodeficiency
virus-infected patients with pulmonary M. kansasii infection
have symptoms similar to those of their immunocompetent
counterparts, alveolar infiltrates are the most common mani-
festation detected by plain chest radiography, especially in
those with very low CD4 " T-lymphocyte counts. In one study,
cavitation was seen in only 3/19 (19%) patients with M. kansasii
pulmonary disease and advanced human immunodeficiency
virus infection (mean CD4 count of 24 cells/mm?) (112). Some
patients with advanced human immunodeficiency virus and
apparent M. kansasii pulmonary disease will even have normal
chest radiographs (318).

(iii) Mycobacterium malmoense. Mycobacterium malmoense
disease is increasingly being reported in England, Wales, and
Northern Europe, where it rivals the M. avium complex as a
cause of chronic pulmonary infection (32, 149). Patients are
commonly Caucasian and male and have preexisting lung dam-
age from smoking, prior tuberculosis, or pneumoconiosis (102,
149). Clinical presentation includes productive cough, hemop-
tysis, and weight loss. Cavitary lesions are prominent radio-
graphic findings in M. malmoense pulmonary disease, noted on
plain chest radiographs in 38 to 69% of cases (32, 102, 149).
While one study demonstrated some statistically significant
radiographic differences between M. malmoense pulmonary
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FIG. 5. Mycobacterium kansasii pulmonary disease presenting as 8 months of hemoptysis without any systemic symptoms in a 16-year-old girl.
The thin-walled cavities (in the right apex) are relatively subtle on plain chest radiography (left) but are readily apparent by computed tomography,
as is the accompanying bronchiectasis (right).

disease and tuberculosis, these differences were not large
enough to be clinically useful, so a microbiological diagnosis is
essential (102).

(iv) Mycobacterium xenopi. Mycobacterium xenopi is an emerg-
ing pulmonary pathogen in Canada, the northeastern United
States, the United Kingdom, and Europe (95, 231, 338, 359). In
particular, M. xenopi is increasingly being isolated from respira-
tory specimens obtained from persons with human immunodefi-
ciency virus infection, but the clinical significance of these isolates
is questionable (95, 183, 231). Cavities are commonly (up to 81%)
observed on plain radiography in patients without human immu-
nodeficiency virus infection (169) but are rare among persons
with M. xenopi pulmonary disease and human immunodeficiency
virus coinfection. For example, in one series of 35 patients with
advanced human immunodeficiency virus infection and nontuber-
culous mycobacterial infection (23 of whom had M. xenopi), only
1 patient (3%) had a cavity detected by plain chest radiography
(100). As with M. kansasii, more modern series are recognizing
that nodules and bronchiectasis are significant radiographic com-
ponents of M. xenopi disease. In a recent small (n = 9) study of
patients with M. xenopi pulmonary disease who had computed
tomography performed, all nine had bronchiectasis, eight of nine
(89%) had nodules, and five of nine (56%) had cavitation.

(v) Rapidly growing mycobacteria. Rapidly growing myco-
bacteria are increasingly being recognized as a cause of chronic
lung disease. Among the rapidly growing mycobacteria, Myco-
bacterium abscessus is the predominant pathogen, accounting

for 82% of infections in one large series of patients with pul-
monary disease due to rapidly growing mycobacteria (n =
154); other pathogens in this series included M. fortuitum and
M. chelonae (137). Most affected patients are nonsmoking
Caucasian women that are middle-aged or older. Gastroesoph-
ageal reflux and/or achalasia have been implicated as being risk
factors for pulmonary disease with these organisms (137, 141,
195). Due to its prevalence, the radiographic findings of M.
abscessus have been best described. Cavitary lesions, often
visible only by computed tomography, have been reported in
16 to 42% of patients (137, 146). Other findings commonly
include the tree-in-bud pattern (branching nodular opacities),
bronchiectasis, well-defined nodules, consolidation, and cavi-
ties. While cavitation is less common among patients with M.
abscessus than among those with M. avium pulmonary disease,
the radiographic findings overlap and are not clinically useful
to identify the causative organism (64).

Fungal Infections

Aspergillosis. Aspergillus species are environmental molds
that cause a wide range of pulmonary disease in humans.
Pulmonary disease is most commonly caused by Aspergillus
fumigatus, although it can be caused by other species such as A.
flavus, A. niger, and A. terreus, and can manifest as one of four
distinct clinical entities, ordered by increasing pathogenicity
and tissue invasion: (i) allergic bronchopulmonary aspergillo-
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FIG. 6. Aspergilloma (round mass in the left upper lobe) visualized
by computed tomography in a young man. The etiology of the under-
lying cavity was unknown in this case.

sis, which afflicts patients with long-standing asthma; (ii) as-
pergilloma, which afflicts primarily patients with preexisting
lung cavities; (iii) chronic necrotizing aspergillosis or semi-
invasive aspergillosis, which afflicts patients with a history of
chronic lung disease; and (iv) invasive aspergillosis, which af-
flicts immunocompromised and critically ill hosts (342). Aller-
gic bronchopulmonary aspergillosis is not generally associated
with lung cavitation and will not be discussed further, but the
other three manifestations of Aspergillus are all associated with
pulmonary cavities.

An aspergilloma, also referred to as a mycetoma or fungus
ball, represents growth of aspergillus (usually A. fumigatus)
(299) within a preexisting lung cavity (Fig. 6). Classically, the
most common cause of the cavity was pulmonary tuberculosis,
and one older study reported radiographic evidence of as-
pergilloma formation in 11% of 544 patients with tuberculous
pulmonary cavities (309). In areas where tuberculosis is en-
demic, tuberculosis is still the most common condition predis-
posing subjects to aspergilloma formation (6). However, any
illness that causes a chronic, nonresolving pulmonary cavity
produces an environment conducive to aspergilloma forma-
tion, and aspergillomas have been reported in association with
most of the disease entities discussed in the present review.
Radiographically, an aspergilloma appears as a rounded opac-
ity within a previously existing cavity; computed tomography
can more accurately delineate the mass and surrounding air
crescent than plain radiography (6). Differentiating aspergil-
loma from malignancy is a significant issue, as there is consid-
erable overlap in the appearances of the two conditions. En-
hancement of the mass on computed tomography suggests
malignancy, while adjacent bronchiectasis and a dependent
location are more typical of aspergilloma (290). Other as-
pergilloma manifestations include thickening of the cavity wall,
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a new air-fluid level within the cavity, or complete opacification
of a previously air-filled cavity (12). Patients with aspergilloma
are frequently asymptomatic, but the most common symptom-
atic presentation is hemoptysis (307, 309). Aspergillomas may
grow or shrink over time, and a small percentage (5 to 10%)
may spontaneously resolve (309).

Chronic necrotizing or semi-invasive aspergillosis generally
occurs in middle-aged or elderly individuals with chronic lung
disease or mildly immunosuppressive conditions such as alco-
holism or diabetes. Most patients experience progressive con-
stitutional symptoms over several months, including weight
loss, malaise, and fatigue, and a chronic productive cough.
Hemoptysis or only constitutional symptoms are also common
(90). Chronic necrotizing aspergillosis differs from a simple
aspergilloma in that a preexisting cavity need not be present
but can be formed by the Aspergillus infection itself (123).
Almost all patients have cavities observable on plain radio-
graphs, predominantly in the upper lobes, although a minority
may have only extensive fibrotic changes (90). Computed to-
mography may demonstrate consolidation or a mass in early
disease, often accompanied by adjacent pleural thickening and
distortion of lung architecture (220). Over months to years,
these cavities expand and paracavitary infiltrates occur, with a
progressive loss of functional lung (89).

Invasive pulmonary aspergillosis afflicts primarily severely
immunocompromised patients, especially those with hemato-
logical malignancies, bone marrow transplant recipients, and
those with long-term immunosuppressive or corticosteroid use
(252, 342). Persons who have received allogeneic bone marrow
transplants have the highest rates of invasive aspergillosis.
Among recipients of solid-organ transplants, lung transplant
recipients have the highest risk of invasive aspergillosis (140,
257). However, invasive aspergillosis among critically ill per-
sons without malignancy or other immune compromise is be-
coming an increasingly recognized entity (243). Invasive as-
pergillosis has also been reported among persons with
advanced human immunodeficiency virus, usually in associa-
tion with neutropenia and corticosteroid treatment (216, 275)
Symptoms include fever, dyspnea, nonproductive cough, and
chest pain; many patients with prolonged neutropenia will
present with persistent fever despite broad-spectrum antibac-
terial therapy (342). Early in disease, plain radiographs usually
demonstrate consolidation or nodules with no evidence of cav-
itation. Computed tomography scanning is more useful for
early diagnosis than plain radiography (Fig. 7). Specifically, the
presence of a “halo sign,” defined as a nodule surrounded by a
zone of ground-glass attenuation, is reasonably sensitive (70 to
80%) and specific (60 to 98%) for invasive aspergillosis in
high-risk patients (26, 156, 292, 308). Cavitation generally oc-
curs later in the course of the disease (1 to 2 weeks after the
appearance of the halo sign) and is often noted during recovery
from neutropenia in previously neutropenic patients (83, 122,
201). The onset of cavitation is heralded by the so-called “air
crescent sign,” defined as crescents of air surrounding nodular
lesions; further necrosis due to fungal angioinvasion and re-
sultant ischemia results in progressive cavity formation in up to
63% of patients (4, 26, 156, 292).

Zygomycosis. Zygomycosis, also known as mucormycosis,
refers to infection caused by molds belonging to the class
Zygomycetes, with most clinically significant disease attrib-
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FIG. 7. Invasive aspergillosis in a 52-year-old man with systemic lupus erythematosus who had been on chronic high-dose corticosteroids and
azathioprine. The plain chest radiograph (left) is suggestive of septic pulmonary emboli, with multiple large nodules bilaterally, at least two of
which contain central cavities. The right panel demonstrates one of these thick-walled cavities as seen by computed tomography. This patient also
had Aspergillus in the brain, which is a common site of metastatic spread in immunocompromised hosts.

uted, in descending order of frequency, to the genera Rhizopus,
Mucor, Cunninghamella, Apophysomyces, and Absidia (314).
These saphrophytic fungi are found in soil and decaying or-
ganic matter, and infection is presumed to occur by inhalation
(104). Zygomycetes are opportunistic pathogens that cause
disease primarily in immunocompromised hosts, particularly
persons with hematologic malignancies and poorly controlled
diabetics. Pulmonary disease is the most common manifesta-
tion of zygomycosis among patients with underlying malig-
nancy, while diabetics and patients with other risk factors more
commonly have extrapulmonary disease (314). Patients com-
monly present with acute onset of cough and fever, with he-
moptysis occurring less frequently (211). Pulmonary infiltrates
are usually detected by plain chest radiography, with cavitation
noted in 26 to 40% of cases (211, 239). Similar to invasive
pulmonary aspergillosis, computed tomography frequently
demonstrates multiple nodules with a halo sign, followed by an
air crescent sign; mediastinal lymphadenopathy and pleural
effusions are also commonly observed (167, 239). The overlaps
in host characteristics and clinical manifestations between zy-
gomycosis and invasive pulmonary aspergillosis cause consid-
erable difficulty in distinguishing the two diseases; this distinction
is important, as management differs for the two conditions. In one
retrospective study of cancer patients, prior receipt of voricon-
azole prophylaxis, the presence of sinus involvement, greater than
10 pulmonary nodules on computed tomography, and the pres-
ence of a pleural effusion were strongly and independently asso-
ciated with the diagnosis of pulmonary zygomycosis (compared to
invasive pulmonary aspergillosis), but these data have not been
prospectively validated (47).

Histoplasmosis. The dimorphic fungus Histoplasma capsu-
latum is one of the more common endemic mycoses, as it is
found in soil worldwide. Disease due to H. capsulatum is highly
endemic in the Midwestern United States, but low-level en-
demic disease has also been reported in Mexico, Central
America, and South America as well as in parts of Southeast
Asia (62, 121, 207, 331, 383). Infection occurs when H. capsu-
latum conidia are inhaled, so activities such as mining, spele-
ology, construction, and agriculture are associated with an in-
creased risk of disease (178). Pulmonary infection with H.
capsulatum is generally asymptomatic; only an estimated 0.5%
of infected persons will develop symptomatic disease (388).
Most clinically apparent acute infections are mild and self-
limited and have nonspecific symptoms such as fever, chills,
anorexia, cough, and chest pain, often accompanied by in-
trathoracic lymphadenopathy (388). Cavitary disease may be a
manifestation of acute infection or chronic disease. In one
large outbreak in Indianapolis, Indiana, 62/741 (8.4%) patients
with symptomatic acute histoplasmosis had cavitation detected
by plain chest radiographs. Compared with patients without
cavitation, patients with cavitation were more likely to be
older, white males with a prior history of chronic lung disease
or immunosuppression (389). Cavities were most commonly
located in the upper lobes and accompanied by infiltrates and
pleural thickening. Another review of cases of pulmonary his-
toplasmosis presenting to the Mayo Clinic in Rochester, Min-
nesota, from 1964 to 1974 reported that only 5/269 (1.8%)
patients had pulmonary cavitation (72). The chronicity of in-
fection in the Mayo Clinic series was not reported. Among
patients with chronic pulmonary histoplasmosis, cavitation was
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present on plain radiographs in 33 to 68% of cases (61, 182,
331). Disseminated histoplasmosis, which usually occurs in im-
munocompromised hosts (particularly persons with advanced
human immunodeficiency virus infection), usually does not
cause cavitary lung lesions. For example, in one series of pa-
tients with advanced human immunodeficiency virus and dis-
seminated histoplasmosis, 23/50 (46%) had abnormal plain
chest radiographs with nodules or infiltrates, but none had
cavities (71).

Blastomycosis. Pulmonary blastomycosis, caused by the di-
morphic fungus Blastomyces dermatitidis, is endemic to north
central United States and southern central Canada, with some-
what lower-level endemicity in the southeastern United States
(62, 177). Although it is referred to as North American blas-
tomycosis, endemic disease has been reported in Africa, India,
South America, and Israel (42). Similar to the other endemic
mycoses, blastomycosis is found in the soil and causes infection
when the soil is disturbed and the fungus is inhaled (327).
Blastomycosis most commonly afflicts immunocompetent
hosts, although persons with diabetes mellitus seem to be dis-
proportionately affected (39, 78, 374). The lungs are the most
common site of disease, with pulmonary involvement reported
in 60 to 93% of cases (78, 177, 374). A relatively high propor-
tion (17 to 26%) of patients with pulmonary disease will have
concurrent extrapulmonary involvement, particularly cutane-
ous or bone infection (78, 293, 374). The spectrum of pulmo-
nary disease ranges from acute and often self-limited disease to
chronic disease, which may last for years. Acute illness fre-
quently presents with a relatively sudden onset of fever and
cough, accompanied by alveolar infiltrates and occasionally
nodular densities detected by plain chest radiography. In some
cases, the illness resolves without treatment in 1 to 2 months
(306). Cavitation is uncommonly (11% in one study) noted in
acute disease (293). Chronic pulmonary blastomycosis most
commonly appears as an infiltrate on plain chest radiographs,
although appearance as a lung mass is also frequently encoun-
tered. A miliary pattern similar to that of miliary tuberculosis
is seen in up to 11% of cases (34, 335, 346). Cavitation has been
noted on plain chest radiography in 6 to 37% of cases of
chronic blastomycosis (34, 143, 177, 293, 335, 374). Computed
tomography findings are similar to those of plain radiography,
with a mixture of infiltrates, nodules, and mass-like abnormal-
ities with or without cavitation. For example, one study of
computed tomography in 16 patients with pulmonary blasto-
mycosis revealed that 14 patients (88%) had air bronchograms,
14 (88%) had at least one mass >2 cm in diameter, 12 (75%)
had nodules <2 c¢m in diameter, 9 (56%) had consolidation,
and 2 (13%) had cavities (394).

Coccidioidomycosis. Coccidioidomycosis is a term that indi-
cates disease caused by fungi belonging to the genus Coccid-
ioides. Two phenotypically indistinguishable species have been
associated with human disease: Coccidioides immitis, which has
been isolated from the San Joaquin Valley in California as well
as from southern California and Mexico, and Coccidioides
posadasii, which has been isolated throughout the southwest-
ern United States (Arizona and southern California), Mexico,
and South America (111). Coccidioides species live in the soil,
and infection is hypothesized to occur through the inhalation
of arthroconidia present in soil dust. Supporting this hypoth-
esis, infection rates in areas of endemicity strongly correlate
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with ambient dust levels and antecedent rainfall, with bimodal
peaks during June to July and October to November (69, 82,
289, 358). Persons who have significant exposure to soil or dust
in areas of endemicity, such as military recruits in desert train-
ing, are at higher risk for infection with Coccidioides than the
general population (82). Clinical disease occurs in only about
40% of infected persons and in most cases presents as flu-like
symptoms that resolve without medical intervention (56). Per-
sons belonging to specific racial/ethnic groups, particularly Fil-
ipinos and African Americans, are at elevated risk to develop
severe, disseminated disease after infection. Persons with im-
munocompromising conditions including diabetes mellitus,
malignancy, corticosteroid treatment, pregnancy (especially
third trimester) (80), or human immunodeficiency virus infec-
tion are also at relatively high risk of developing disease after
infection (56, 210, 320, 326).

The most common plain radiographic finding of acute pul-
monary coccidioidomycosis is a localized pulmonary infiltrate,
which is seen in approximately 50 to 70% of cases (134, 387).
Pleural effusion, multiple nodules, and mediastinal lymphade-
nopathy are also commonly present. Between 1 and 7% of
patients with symptomatic coccidioidomycosis, especially those
who are immunocompromised, will develop disseminated dis-
ease; cavities are uncommon in this setting (81, 326). Cavita-
tion has been noted in 13 to 15% of cases; the cavities can be
thin walled or thick walled, and often, only a single cavity is
present. Cavities may persist for years in asymptomatic persons
but can resolve spontaneously without antifungal therapy in
many cases; in one older series, 50% resolved within 2 years
without treatment (160). A small proportion of patients may
develop chronic fibrocavitary disease that clinically resembles
tuberculosis. Persons with diabetes and symptomatic coccid-
ioidomycosis are more likely to demonstrate cavitation than
nondiabetic patients. In one study of 329 patients, 34% of
diabetic patients with coccidioidomycosis had cavities, com-
pared with 12% of nondiabetic patients, a statistically signifi-
cant difference (326). Furthermore, among diabetics, those
with worse blood glucose control had a higher risk of both
cavitary lung disease and relapse after treatment. Patients with
cavitary disease may develop bacterial superinfection, or cav-
ities may rupture, causing empyema, pneumothorax, or bron-
chopleural fistula (107, 241).

Paracoccidioidomycosis. Paracoccidioides brasiliensis is the
most common fungal species associated with endemic mycosis
in Latin America. Infection with P. brasiliensis is endemic in a
region extending from southern Mexico to Argentina (25, 324).
Although its exact ecological niche has not been defined, dis-
ease incidence correlates with soil type and yearly precipita-
tion, so soil exposure probably plays a key role in infection (37,
336, 337).

Infection is presumed to occur when conidia are aerosolized
and inhaled, with subsequent conversion to the yeast form that
disseminates in the host (125). Interestingly, estrogen levels in
the host may inhibit conversion from the inhaled mycelial form
to the yeast form; this hormonal effect may account for the
marked male predominance of clinical disease after puberty
(310). Acute infection may be asymptomatic or may be char-
acterized by flu-like symptoms with or without thoracic lymph-
adenopathy; rarely, severe acute disease occurs with interstitial
lung changes and respiratory failure (20). Chronic infection
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most commonly presents with mucocutaneous lesions, slowly
progressive pulmonary disease, or both (125, 221). Patients
with chronic pulmonary paracoccidioidomycosis may have no
pulmonary symptoms or only a chronic cough; fever and weight
loss are less common (221). Infiltrates, usually interstitial, are
the manifestation most frequently detected by plain chest ra-
diography (362), but cavities in 17 to 36% of patients and
subpleural bullae in 43% of patients have been noted (98, 221).
Computed tomography most commonly reveals interlobular
septal thickening, ground-glass opacities, and nodules. Trac-
tion bronchiectasis and paracicatricial emphysema are also fre-
quently observed. Cavitation is frequently observed within
these nodules, with one study reporting cavitation in 33/77
untreated patients (43%) with pulmonary P. brasiliensis disease
(344) and another reporting cavitation in 6/16 patients (37%)
who had been treated for less than 3 months (117). As para-
coccidioidomycosis occurs in areas where M. tuberculosis is
endemic, concurrent infection with both P. brasiliensis and M.
tuberculosis is not uncommonly reported (98); culturing respi-
ratory specimens for mycobacteria is therefore advisable for
patients with suspected P. brasiliensis infection.

Cryptococcosis. Cryptococcus neoformans is a ubiquitous
yeast that is commonly found in soil, especially in association
with pigeon droppings (250). Infection usually occurs via the
inhalation of soil aerosols, although rare cases of disease due
to percutaneous inoculation have been reported (379). The
clinical manifestations of cryptococcal disease depend on the
host. Disseminated disease, often associated with meningitis, is
the most common presentation among persons with compro-
mised immune systems due to malignancy, human immunode-
ficiency virus, corticosteroids, or transplantation (9, 63, 287,
300, 377). Pulmonary disease is the predominant presentation
among immunocompetent hosts, although 50 to 80% of those
who develop clinically symptomatic pulmonary disease are im-
munocompromised (187, 276).

Presentation of pulmonary cryptococcosis varies with the
immune status of the patient. Immunocompetent hosts fre-
quently present with asymptomatic chest radiographic abnor-
malities or a chronic cough. Immunocompromised hosts usu-
ally present with symptoms including cough, fever, dyspnea,
and chest pain. Immunocompromised hosts also often have
extrapulmonary manifestations of disease such as skin lesions,
meningeal signs, or urinary tract symptoms (52, 197, 276, 403).
Similarly, the chest radiographic findings vary with immune
status. The most common plain radiographic findings in im-
munocompetent patients are focal infiltrates and pulmonary
nodules. The finding of a single pulmonary nodule or mass is
not uncommon among immunocompetent patients with cryp-
tococcal infection (187, 276, 316, 403). Computed tomography
similarly reveals one or more pulmonary nodules and/or areas
of consolidation. Cavitation may occur within nodules or areas
of infiltrate and has been noted in 14 to 21% of plain chest
radiographs and 10 to 42% of computed tomography scans of
immunocompetent patients with cryptococcal infection (52,
114, 187, 218, 271, 276, 403). Immunocompromised patients
with pulmonary cryptococcal infection will also commonly have
consolidation, hilar lymphadenopathy, and multiple pulmonary
nodules, while solitary pulmonary nodules are less often en-
countered (187, 249, 384). At least one study demonstrated a
significantly higher frequency of cavitation by lung computed
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tomography among immunocompromised patients with cryp-
tococcal lung infection (62.5%) than among immunocompe-
tent patients (15.4%), but none of the immunocompromised
patients in that study had human immunodeficiency virus in-
fection (52). On the whole, cavitation appears to be more
common among persons with mild to moderate immune com-
promise, such as that caused by diabetes, cirrhosis, or cortico-
steroid therapy, than among immunocompetent hosts (2, 187,
192). However, persons with severe immune compromise due
to human immunodeficiency virus infection rarely have cavi-
tary pulmonary cryptococcal infection; interstitial infiltrates
and hilar lymphadenopathy are more common in this patient
population (249, 384).

Penicillium. Penicillium marneffei is a dimorphic fungus that
is endemic to Southeast Asia, especially areas of northern
Thailand (351), with some cases arising in Hong Kong (51),
Taiwan (350), northeastern India (232, 340), and southern
China (88). P. marneffei is a soil saprophyte that is believed to
enter the body via inhalation or ingestion, and occupational
soil exposure is independently associated with P. marneffei dis-
ease among persons with advanced human immunodeficiency
virus infection in Thailand (53). Prior to the human immuno-
deficiency virus epidemic, reported cases of penicilliosis were
uncommon. Among persons infected with human immunode-
ficiency virus, however, it is quite common; in the mid-1990s,
disseminated P. marneffei was the third most common oppor-
tunistic infection in human immunodeficiency virus-infected
patients in northern Thailand, after extrapulmonary tubercu-
losis and cryptococcal meningitis (352). Penicilliosis afflicts pri-
marily persons with advanced human immunodeficiency virus
infection (CD4" T-lymphocyte count of less than 100 cells/
mm?), and the concurrent diagnosis of other opportunistic
infections (e.g., cryptococcal infection, salmonellosis, and tu-
berculosis) and penicilliosis is not uncommon (86, 352). In
addition, penicilliosis is increasingly being diagnosed in immu-
nocompromised travelers returning from these areas of ende-
micity (10, 41, 173, 311). Penicilliosis is also an emerging in-
fection in other immunocompromised patients such as those
with hematological malignancies (86, 397, 398), corticosteroid
use (219, 277), or organ transplantation (50). Penicilliosis has
rarely been reported in hosts with a healthy immune system
(168, 323).

Penicilliosis presents with nonspecific symptoms such as fe-
ver, weight loss, and cough (256). Disease usually represents
disseminated infection and may manifest with generalized
lymphadenopathy, hepatomegaly, splenomegaly, skin lesions,
pulmonary findings, and anemia (245). Pulmonary involvement
is common in P. marneffei disease: in the largest published
series (92 Thai subjects with concurrent human immunodefi-
ciency virus infection), 49% had cough, and 33% had abnormal
chest radiographs. The most common plain chest radiographic
patterns in this study were diffuse reticulonodular and local-
ized alveolar lesions; no cavities were noted (352). However, a
smaller study of Taiwanese patients with penicilliosis and ad-
vanced human immunodeficiency virus infection reported cav-
ities on plain chest radiographs for 9/26 (34.6%) patients (350),
and other small case series have also described cavitary lesions
(54).

Preumocystis jiroveci. Pneumocystis jiroveci, recently reclassi-
fied as a fungus, was initially identified as being a rare cause of
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pneumonia in malnourished and premature infants in the
1950s (128). However, with the onset of the human immuno-
deficiency virus epidemic, P. jiroveci pneumonia incidence rose
dramatically, and it continues to be one of the most common
opportunistic illnesses in human immunodeficiency virus-in-
fected persons (259). Other immunocompromised persons are
also at risk for P. jiroveci pneumonia, including persons with
the following risk factors: solid-organ or stem cell transplant;
hematologic and solid malignancies; chronic, high-dose corti-
costeroid use; and use of immunomodulators such as metho-
trexate or tumor necrosis factor alpha antagonists (85, 126,
161, 174, 179, 313, 363, 410). P. jiroveci pneumonia in individ-
uals with no known immune compromise has been reported,
but this is a very rare phenomenon (40). Little is known about
the source of human infection with P. jiroveci, although an
environmental reservoir and person-to-person transmission
are both considered to be possible (85, 246, 373, 396).

Human immunodeficiency virus-infected patients with P.
Jjiroveci pneumonia often present subacutely with one or more
of a classic triad of symptoms: fever, dry cough, and dyspnea
(278). P. jiroveci pneumonia tends to present more acutely
among patients with other causes of immunosuppression (200,
288). Plain chest radiography most commonly demonstrates
bilateral alveolar or interstitial infiltrates (87, 363), but normal
chest radiographs have been found for up to 39% of human
immunodeficiency virus-infected patients (284). Spontaneous
pneumothorax is a relatively common complication and may be
related to subpleural cystic lesions (87). Cavities seen on plain
radiographs are usually described as being thin walled or cystic
(109) and have been reported in 2 to 6.7% of human immu-
nodeficiency virus-infected patients (87, 329). Cavitation is a
rare finding among other patients with P. jiroveci pneumonia,
with no cavities/cysts described in three moderately large series
of patients without human immunodeficiency virus infection
(288, 363, 378). Thicker-walled cavities have rarely been re-
ported in association with P. jiroveci pneumonia (23, 108, 193).
Cavitary lesions are more easily observed using computed to-
mography, with thin-walled cavities noted in 21 to 31% (116,
151) and thicker-walled cavities noted in up to 6% of human
immunodeficiency virus-infected patients (116).

Miscellaneous fungi. Multiple other fungal species have
been associated with cavitary pulmonary disease. Sporothrix
schenkii is usually associated with cutaneous disease, but a few
cases of cavitary pulmonary disease in immunocompetent
hosts have been reported (285, 303). Disease is generally
chronic and may extend over decades, and delayed diagnosis is
the norm because of a failure to consider this rare pulmonary
pathogen. Dematiaceous molds such as Ochroconis have rarely
been associated with chronic, cavitary lung disease in immu-
nocompetent hosts, usually in the setting of occupational ex-
posure to aerosols from organic matter (280). Scedosporium
apiospermum has also rarely been associated with cavitary dis-
ease in immunocompromised hosts (269, 409).

Parasites

Echinococcus. Echinococcus granulosus, a cestode tapeworm
that lives predominantly in dogs, causes cystic echinococcosis
(132). Infection occurs worldwide, but prevalence is highest in
Mediterranean countries, South America, Australia, New Zea-

CLIN. MICROBIOL. REV.

land, and Turkey (66, 333). Infection occurs when humans
ingest soil contaminated with dog feces that contain E. granu-
losus eggs. The eggs mature into larvae in the intestine and
subsequently travel through the bloodstream, eventually form-
ing a cyst in an end organ (242). The liver is the most com-
monly affected end organ, followed by the lung in approxi-
mately 10 to 30% of cases (27, 97, 132, 139, 380). Lung cysts
usually appear as homogeneous masses by plain chest radiog-
raphy, but if air penetrates between the cyst walls or into the
cyst, a cavitary appearance may result. This appearance has
been given a number of names in the radiology literature (e.g.,
“crescent sign,” “meniscus sign,” and “water lily sign”), but
these signs are not specific for echinococcal disease. Further-
more, bacterial superinfection of an existing cyst may also
produce a cavitary appearance (27, 380). Patients with E.
granulosus pulmonary cysts are usually asymptomatic but may
present with a chronic cough. Hemoptysis, fever, and chest
pain are less common complaints, and a rare but particularly
striking mode of presentation is coughing out of the parasite
membranes, known as “vomica” in older literature (15, 229,
361). A cavitary appearance in the setting of E. granulosus
infection is probably more commonly associated with symp-
tomatic disease, as it indicates a disruption of the integrity of
the cyst wall.

E. multilocularis is the other major species of Echinococcus
of clinical relevance to humans. It is endemic in central Eu-
rope, Asia, and Alaska (31, 317, 392). The fox is the definitive
host for E. multilocularis, and transmission occurs in associa-
tion with human encroachment into fox habitats, resulting in
the ingestion of soil contaminated with fox feces containing E.
multilocularis eggs (242). As foxes mix with domestic animals,
transmission can be propagated by domestic dogs as well. Sim-
ilar to E. granulosus, the eggs mature into larvae in the intes-
tine and migrate through the bloodstream to form cysts. E.
multilocularis affects the liver in over 90% of cases, with only
about 10% of cysts located in the lung (132, 367). Liver cysts
are usually asymptomatic, and most disease is probably not
detected in the lifetime of the host. For example, in one area
of endemicity (south Gansu province, China), the prevalence
of typical E. multilocularis liver cysts among asymptomatic per-
sons has been reported to be as high as 3.4% (16). Pulmonary
disease appears as multiple circular opacities by plain radiog-
raphy (367), and as with E. granulosus, air may rarely penetrate
a cyst, resulting in a cavitary appearance. As E. multilocularis
pulmonary disease is so rarely reported, the prevalence of lung
cavities among persons with E. multilocularis disease is prob-
ably very low.

Paragonimiasis. Paragonimiasis is a parasitic infection
caused by one of over 40 species of trematodes in the genus
Paragonimus (209); the most commonly mentioned species in
the medical literature is Paragonimus westermani. Infection
occurs when humans eat infected crustaceans (usually crabs or
crayfish) containing metacercariae. Cases have also been re-
ported after undercooked meat from animals that are infected
has been eaten. The metacercariae penetrate the duodenum
and migrate through the diaphragm, and they mature into
adult flukes in the lung. In the lung, the flukes lay eggs, which
are expectorated in the sputum or excreted in feces; if the eggs
reach fresh water, they hatch into larvae (miracidium) that
infect snails. Eventually cercariae leave the snail, infecting
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TABLE 1. Radiographic, epidemiological, and patient characteristics that aid in the differential diagnosis of a pulmonary cavitary lesion

Organism

Radiographical findings

Epidemiology

Patient characteristics, comorbidities,
and/or risk factors”

Bacteria
Actinomyces spp.

Burkholderia pseudomallei

Kiebsiella spp.

Nocardia spp.

Rhodococcus equi

Salmonella spp.
(nontyphoid)

Staphylococcus aureus

Mycobacteria
M. tuberculosis

M. abscessus

M. avium complex

M. kansasii

M. malmoense

M. xenopi

Acute: airspace disease mass,
empyema, wavy periosteal

reaction involving ribs adjacent to

site of pulmonary or pleural
involvement; chronic: abscess,
cavitation

Acute: nodular infiltrates; subacute:
cavity formation in upper lobes;
chronic: cavity formation in
upper lobes

Bulging interlobar fissures,
unilateral/bilateral infiltrates,
abscess, cavitation

Lobar consolidation, nodular
infiltrate, solitary mass, cavitation

Consolidation, nodular infiltrate,
cavitation, pleural effusion,
empyema

Lobar infiltrate, abscess, nodular
infiltrate, cavitary lesion

Consolidation, pneumatocele, cavity

Upper lobe infiltrates, cavity,
miliary pattern, tuberculoma,
hilar lymphadenopathy

Fibronodular bronchiectasis, lobar
volume loss, consolidation,
cavities

Bronchiectasis, infiltrate, nodules,
apical thickening, scarring,
cavities

Upper lobe, thin-walled cavity,
pleural thickening, “drainage
area disease,” “tail” sign,
interstitial infiltrates, hilar
adenopathy, nodular/
bronchiectatic infiltrates

Cavity, large-diameter cavity (>6
cm), air-fluid levels, volume loss

Nodules, interstitial infiltrates,
consolidation, cystic changes,
lymphadenopathy, pleural
thickening, cavitation

Normal inhabitant of oral cavity,
gastrointesinal tract, and female
reproductive tract

Found in water and soil in the
tropics; endemic primarily in
southeast Asia and northern
Australia; may occur
sporadically in temperate zones

Ubiquitous organism; nosocomial
and community acquisition

Ubiquitous soil organism

Zoonosis that affects grazing
animals; exposure to
domesticated animals such as
horses and pigs may play a role
in some infections

Common in nature and associated
with chickens and pigs; human
infection occurs through
contaminated food products

May be community acquired or
nosocomial

Spread from person to person
through inhalation of droplet
nuclei; more prevalent in
developing countries

Widely distributed in the
environment, especially in
bodies/sources of water

Widely distributed in the
environment, especially in
bodies/sources of water

Found in southern and central
United States, southeast
England, and Wales; isolated
from tap water in areas where
disease occurs

Recovered from soil and water;
most cases are from
Scandinavia and the United
Kingdom

Endemic in Europe (England,
Italy) and southern Ontario,
Canada; recovered from hot
water sources

Male predominance, poor oral
hygiene

Alcoholism, diabetes mellitus,
chronic renal failure,
occupational exposure,
thalassemia

Alcoholism, corticosteroid use,
hematologic malignancy, male
predominance

Chronic obstructive pulmonary
disease, corticosteroid use, HIV/
AIDS (rare), malignancy,
posttransplant

Alcoholism, chronic renal failure,
diabetes mellitus, hematologic
malignancy, HIV/AIDS,
posttransplant, rheumatoid
arthritis

Alcoholism, corticosteroid use,
diabetes mellitus, HIV/AIDS,
malignancy, postgastrectomy,
posttransplant

Debilitated hospitalized patients,
immunocompetent patients with
extrapulmonary staphylococcal
infection (e.g., skin infection
with community-acquired
methicillin-resistant S. aureus)

Birth or prolonged residence in
area of endemicity (developing
world), diabetes mellitus, head
and neck cancer, hematologic
malignancy, HIV/AIDS,
immunosuppressive therapy,
tumor necrosis factor alpha
antagonist use

Achalasia, cystic fibrosis, previously
treated mycobacterial disease

Chronic obstructive pulmonary
disease, older and otherwise
healthy females, pectus
excavatum, scoliosis, white
middle-aged men

Alcoholism, chronic obstructive
pulmonary disease, HIV/AIDS,
pneumoconiosis, previous
mycobacterial disease, white
middle-aged men

Chronic obstructive pulmonary
disease, pneumoconiosis

Alcoholism, chronic obstructive
pulmonary disease, diabetes
mellitus, HIV/AIDS, organ
transplantation, prior
gastrectomy

Continued on following page
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Organism

Radiographical findings

Epidemiology

Patient characteristics, comorbidities,
and/or risk factors”

Fungi
Aspergillus spp.

Blastomyces dermatitidis

Coccidioides immitis

Cryptococcus spp.

Histoplasma capsulatum

Penicillium marneffei

Pneumocystis jirovecii

Zygomycosis

Invasive aspergillosis:
macronodules, consolidation,
halo sign, air-crescent sign,
cavitation; semi-invasive
aspergillosis: progressive or
chronic infiltrate, cavity with or
without air-crescent sign,
aspergilloma; aspergilloma:
fungus ball in preexisting cavity

Acute: patchy alveolar opacities,
nodular densities; chronic:
fibronodular upper lobe disease,
smooth-walled cavities, solitary
mass lesion, volume loss,
calcification, fibrosis, miliary
pattern

Acute: patchy opacities, multilobar
consolidation, thick-walled
cavities, pleural effusion, hilar
lymphadenopathy; chronic: thin-
walled cavities, pleural effusion,
pneumothorax, single or multiple
nodules

Cryptococcoma (solitary or multiple

nodules), alveolar consolidation,
interstitial pattern, cavitation,
lymphadenopathy, pleural
effusion

Acute: scattered patchy or diffuse
interstitial opacities, solitary
pulmonary nodule, miliary
pattern, hilar or mediastinal
lymphadenopathy; chronic:
cavitation

Interstitial infiltrates, alveolar
infiltrates, miliary infiltrates,
nodular lesions, pleural effusion,
cavitation, mass lesions

Bilateral alveolar/interstitial
infiltrates, solitary or multiple
nodules, pneumatocele,
pneumothorax, cavity, normal

Focal consolidation, focal mass,
cavity, abscess

Saprophytic fungi that grow on
organic debris; potential
environmental exposure for
hospitalized high-risk patients

Endemic to Mississippi and
Ohio River valleys, Great
Lakes, and St. Lawrence River
region; also found in parts of
Mexico, Central and South
America, Africa, and the
Middle East

Endemic to the southwestern
United States and Mexico;
may also be associated with
occupational exposure
(construction, archeological
excavation) or extreme
weather conditions in an area
of endemicity (i.e., dust
storm)

Isolated from soil contaminated
by pigeon and chicken excreta;
may also be present in
contaminated milk, fruit, and
wood products

Endemic to the Ohio and
Mississippi River valleys,
Virginia, and Maryland;
ubiquitous in nature but grows
well in soil that has been
enriched by bird excreta

Endemic to northeast Thailand,
Hong Kong, Taiwan, southern
China, northeastern India

Ubiquitous fungi; believed to be

an environmental organism

Found in soil and decaying
organic matter

Hematologic malignancy,
HIV/AIDS, immunosuppressive
therapy, malnutrition,
neutropenia, posttransplant,
underlying pulmonary
disease (asthma, cystic
fibrosis) for invasive
aspergillosis; alcoholism,
chronic obstructive
pulmonary disease, collagen
vascular disease, diabetes
mellitus, low-dose
corticosteroid use,
malnutrition, pnemoconiosis
for semi-invasive; and prior
tuberculosis or other cavity-
causing disease for
aspergilloma

Anemia, black race, diabetes
mellitus, male gender,
outdoor activity, prior
history of pneumonia

Corticosteroid use, diabetes
mellitus, HIV/AIDS,
malignancy, black or
Filipino race/ethnicity,
organ transplant

Corticosteroid use, diabetes
mellitus, HIV/AIDS,
hematologic malignancy,
organ transplant, sarcoidosis

Heavy equipment operators,
poultry breeders, spelunkers
for acute disease; chronic
obstructive pulmonary
disease, middle-aged men
for chronic disease

Autoimmune disorders,
corticosteroid use,
hematologic malignancy,
HIV/AIDS, solid-organ
transplant

Autoimmune disorders,
corticosteroid use,
hematologic malignancy,
HIV/AIDS,
posttransplantation

Corticosteroid use,
deferoxamine therapy,
diabetes mellitus,
hematologic malignancy,
metabolic acidosis,
neutropenia, posttransplant

Continued on following page
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1—Continued

Organism Radiographical findings

Patient characteristics, comorbidities,

Epidemiology and/or risk factors”

Parasites
Echinococcus granulosus Spherical homogenous masses with
smooth borders surrounded by
normal lung tissue, bullae,

calcifications, cavity

Echinococcus
multilocularis

Multiple homogenous round or oval
masses with smooth borders
surrounded by normal lung tissue

Nodules, mediastinal
lymphadenopathy, pleural
effusion

Paragonimus westermani

Endemic to Mediterranean

Endemic to central Europe,

Zoonosis that is endemic to

Healthy host
region, Middle East, Africa,

Latin America, southwest

United States, southern

Europe, largely in livestock-

rearing areas; dogs are the

definitive host

Healthy host
Russia, western China, northern

Japan, North America, North

Africa; may be associated with

exposure to foxes or wolves,

which are the definitive hosts;

domestic dogs and cats may

also acquire and transmit

infection

Healthy host
Japan, the Korean peninsula,

the Philippines, and parts of

China; may be acquired

through eating freshwater crabs

and raw boar meat

“ HIV, human immunodeficiency virus.

crustaceans, and the cycle begins again (375). The disease is
highly endemic in Asia, particularly Japan, China, the Korean
peninsula, and Southeast Asia, with lower prevalences in Af-
rica and Latin America (170). Untreated disease is often
chronic, and on average, patients are symptomatic for several
months prior to diagnosis (189). Patients most commonly
present with hemoptysis, which may be accompanied by chest
pain or fever, and peripheral eosinophilia (170, 263). The most
common manifestation of paragonimiasis on plain chest radio-
graphs is a focal infiltrate, but cavitary lesions are common, as
are pleural effusions. Cavitation is detected by plain radiogra-
phy in 8 to 46% of cases (163, 170, 171, 282). Computed
tomography demonstrates nodules, which may be single or
multiple and are usually subpleural or next to a fissure. Cavi-
tation within one or more of these nodules has been noted in
15 to 59% of cases (163, 189, 263). Computed tomography may
also sometimes show an ovoid, soft-tissue-density structure
within a cavity, suggesting the presence of a worm, but this
finding is present in a relatively small proportion of cases (163).

CAVITARY LUNG DISEASE IN SPECIFIC HOSTS
Human Immunodeficiency Virus

Cavities are a frequent manifestation of opportunistic illness
among persons with human immunodeficiency virus infection.
Many of the pathogens discussed in this review may cause lung
cavities in persons with human immunodeficiency virus, and
the spectrum of illnesses associated with cavitary disease has
been described well elsewhere (119). The large number of
pathological processes associated with cavitation among per-
sons with human immunodeficiency virus infection makes
diagnosis difficult based on radiographic studies alone; micro-
biological and/or pathological studies are almost always neces-

sary. In general, the spectrum of infectious causes of cavities
shifts as the CD4* T-lymphocyte count declines. Tuberculosis
is a common cause of lung cavities at any CD4 " T-lymphocyte
count, but the proportion of tuberculosis patients with cavita-
tion decreases as the CD4™ T-lymphocyte count declines (18,
222, 262). Furthermore, the relative frequency and diversity of
other opportunistic illnesses that cavitate increase at low
CD4" T-lymphocyte counts (119). For example, one study of
229 patients with human immunodeficiency virus infection
compared findings among patients with bacterial pneumonia,
P. jiroveci pneumonia, and M. tuberculosis pneumonia (329).
The prevalences of cavitation in patients with these three in-
fections were 1/94 (1%), 2/99 (2%), and 6/36 (17%), respec-
tively, with median CD4™" T-lymphocyte counts of 192, 20, and
96 cells/mm?, respectively. In that study, cavitation was signif-
icantly associated with a diagnosis of tuberculosis but had poor
sensitivity (17%) and positive predictive value (67%) for tu-
berculosis. Furthermore, it is common to isolate multiple
pathogens from the respiratory tract of persons with advanced
human immunodeficiency virus infection and cavitary lung le-
sions. For example, in one study of 20 persons with human
immunodeficiency virus (mean CD4" T-lymphocyte count of
106 cells/mm?), only five had a single bacterial pathogen iden-
tified. The other 15 patients had at least two pathogens iso-
lated: 5 with multiple bacterial species and 10 with a bacterial
pathogen and another organism (mycobacteria, fungi, P. ji-
roveci, or cytomegalovirus) (13).

Local epidemiology must be taken into consideration when
the probability of any particular etiology for a cavitary lung
lesion in a person infected with human immunodeficiency virus
is assessed. In areas where tuberculosis is endemic, M. tuber-
culosis should always be near the top of the differential diag-
nosis of a cavitary lung lesion (133). In areas with a low inci-
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dence of tuberculosis, other discases become more common.
For example, in a recent population-based survey of opportu-
nistic infections among human immunodeficiency virus-in-
fected persons in the United States, the most common pulmo-
nary infections were P. jiroveci (incidence of 2.4/100 person
years) and recurrent bacterial pneumonia (incidence of 1.1/100
person years) (349). P. jiroveci and bacterial pneumonia are
less likely to be associated with cavitary lesions than M. tuber-
culosis, but in areas where tuberculosis is rare, they may ac-
count for the majority of cases of cavitary lung disease among
human immunodeficiency virus-infected persons. Because of
its greater sensitivity for cavities and other lesions, high-reso-
lution computed tomography may be helpful in facilitating the
diagnosis of human immunodeficiency virus-infected patients
with pulmonary disease (176), but even in a setting where
tuberculosis is highly endemic, the predictive value of these
studies for a specific diagnosis is moderate at best (279).

Hematologic Malignancy and Transplantation

The spectrum of illnesses associated with cavitary lung le-
sions is also broad among persons with immunosuppression
due to malignancy or transplantation, but some specific ill-
nesses are considerably more common in this population than
in persons infected with human immunodeficiency virus. Pa-
tients who have received lung transplants frequently have post-
transplant pneumonia caused by Pseudomonas, Staphylococ-
cus, mycobacteria, and Aspergillus species, any of which may
cause cavities. These infections are particularly common
among persons with cystic fibrosis who received a transplant
(28). Invasive pulmonary aspergillosis is a common and impor-
tant infection after hematopoietic stem cell transplant or in the
setting of hematological malignancy and neutropenia (14, 47,
334). Invasive aspergillosis is most common in the setting of a
mismatched allogeneic hematopoietic stem cell transplant,
with a progressively decreasing incidence in matched hemato-
poietic stem cell transplant, autologous hematopoietic stem
cell transplant, and solid-organ transplant recipients (257). As-
pergillus should always be strongly suspected in the setting of
cavitary lesions after transplantation. As an example, in one
multi-institutional study of 65 episodes of pneumonia among
307 consecutive heart transplant recipients, 4 patients had cav-
itary lesions, all of whom had Aspergillus (65). Invasive as-
pergillosis frequently occurs in the early posttransplant period,
but with current prophylactic antifungal protocols, invasive
aspergillosis is increasingly diagnosed in the later posttrans-
plant period (339). P. jiroveci and Nocardia infections are also
relatively common causes of lung infection among patients
with hematological malignancy or posttransplantation, but the
routine use of trimethoprim-sulfamethoxazole for Pneumocys-
tis prophylaxis and the prevention of cytomegalovirus disease
(a disease that increases the risk for other infectious compli-
cations) (295) have significantly reduced the frequency of
Pneumocystis and Nocardia lung infection in these patient pop-
ulations (253). Of course, many of the pathogens discussed in
this review can present as cavitary lesions in patients with
hematological malignancy or transplants, so aggressive micro-
biological sampling, including tissue specimens, where possi-
ble, and appropriate testing (e.g., culturing for fungi and my-
cobacteria) are essential.

CLIN. MICROBIOL. REV.

TABLE 2. Clinical and epidemiological factors associated with
specific etiologies of cavitary pulmonary disease

Clinical or
epidemiological factor

Potential cause of cavitary
pulmonary disease

Acute onset of diSease........coceeeecuenene

Alcohol abuse

Diabetes

Geographical exposure
Africa

Australia

Asia

Latin AMErica ....coveeeveeereeeeereeerecenenes

Southeast ASia ......ooeeveeerererereeerenereenes

United States
Midwest

Southwest

Human immunodeficiency virus............

Immunocompromised host
(human immunodeficiency
VITUS NEZAtIVE)...ccureecrriiacninaas

Nosocomial infection ..........c.eceeevveeeenees

Smoking

Underlying lung disease.........cccccccoeuuuee

Zoonosis
Dogs and other canids........c.ccoueuuneee.
Crustaceans
Livestock

Pulmonary embolism (septic or aseptic)
Necrotizing bacterial pneumonia

Actinomyces spp.

Klebsiella pneumoniae
Mycobacterium tuberculosis
Nontuberculous mycobacteria

Blastomycosis
Coccidioidomycosis
Mycobacterium tuberculosis
Zygomycosis

Blastomycosis
Cryptococcus spp. (especially C. gattii)
Mycobacterium tuberculosis
Paragonimus westermani
Burkholderia pseudomallei
Echinococcus granulosus
Echinococcus multilocularis
Paragonimus westermani
Mycobacterium tuberculosis
Blastomycosis
Coccidioidomycosis
Echinococcus granulosus
Histoplasmosis (Mexico/Central
America)
Mycobacterium tuberculosis
Paracoccidioidomycosis
Burkholderia pseudomallei
Paragonimus westermani
Penicillium marneffei

Blastomycosis
Histoplasmosis
Coccidioidomycosis

Kaposi’s sarcoma

Primary pulmonary lymphoma
Coccidioidomycosis
Cryptococcus spp.

Penicillium marneffei
Pneumocystis jiroveci
Rhodococcus equi

Salmonella spp.
Mycobacterium kansasii
Mycobacterium tuberculosis

Aseptic pulmonary embolism
Aspergillus spp.
Coccidioidomycosis
Cryptococcus neoformans
Mycobacterium tuberculosis
Nocardia spp.

Pseudomonas aeruginosa
Pneumocystis jiroveci
Staphylococcus aureus
Zygomycosis

Staphylococcus aureus
Klebsiella pneumoniae

Primary lung cancer

Pulmonary Langerhans cell histiocytosis
Kiebsiella pneumoniae

Mycobacterium tuberculosis
Nontuberculous mycobacteria

Nontuberculous mycobacteria
Nocardia spp.

Echinococcus spp.
Paragonimus westermani
Rhodococcus equi
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CONCLUSIONS

The spectrum of infectious and noninfectious processes as-
sociated with pulmonary cavities is daunting, but narrowing the
differential diagnosis can be facilitated by a careful review of
the patient’s history and radiographic data (Table 1). First, an
understanding of the immune status of the host is vital to
assessing the relative probability of a given process producing
lung cavities. Hosts with different types of immunosuppression
(e.g., transplantation versus human immunodeficiency virus)
will have different relative predilections to have cavitary lung
lesions caused by different pathogenic processes. Second, many
infectious processes are associated with specific exposures, and
elucidation of the exposure history can often serve to increase
or reduce the likelihood of a given underlying infection (Table
2). Third, associated clinical and radiographic features may be
helpful in moving a given process to the top of the differential.
For example, the presence of cavitation in association with
right middle lobe and lingular bronchiectasis and nodules often
suggests nontuberculous mycobacterial disease. Radiographic
studies are rarely definitive, however, and must be supple-
mented by focused microbiological and pathological evalua-
tions of affected sites, considering likely pathogens. In many
settings, culturing respiratory specimens obtained from pa-
tients with cavitary lung lesions for bacteria, mycobacteria, and
fungi is an appropriate first step in evaluating the etiology of a
cavity. Appropriate supplemental testing, including blood cul-
tures, antigen tests, antibody tests, and nucleic acid amplifica-
tion, is useful when such testing is focused on likely processes
and the test characteristics are taken into consideration. Given
the broad spectrum of pathogens associated with pulmonary
cavities, clinical prediction rules are unlikely to be accurate
enough in most diagnostic settings to avoid the need for mi-
crobiological and/or pathological confirmation, and clinicians
should not be afraid to pursue a tissue diagnosis when war-
ranted.
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