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ABSTRACT

Aspergillosis remains a significant cause of morbidity and mortality. The spectrum
of disease is diverse and ranges from noninvasive disease with an excessive immune
response, such as in allergic bronchopulmonary aspergillosis (ABPA), to a lack of an
immune response as seen in patients with quantitative or qualitative granulocyte deficits
and subsequent invasive pulmonary aspergillosis.

Noninvasive diagnostic testing has improved the time to initiation of effective
antifungal therapy, and numerous agents in different therapeutic classes are now available
as treatment options. Voriconazole remains the preferred agent in the treatment of invasive
pulmonary aspergillosis, and recent data have increased interest in the potential of
combination therapy against this often lethal infection. The role of host genetics in
selecting patients that may benefit from more aggressive antifungal prophylaxis or treat-
ment practices remains unclear but is likely to guide therapeutic choices as newer data
become available.
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Aspergillosis refers to the clinical spectrum of
disease caused by Aspergillus spp. Clinical manifestations
vary widely and depend upon the immune status of the
host. Pulmonary manifestations range from noninvasive
disease, such as an allergic response seen in allergic
bronchopulmonary aspergillosis (ABPA) (covered in de-
tail by Drs. Hogan and Denning in this issue), or
saprophytic colonization as is seen in aspergilloma, to
semi-invasive or invasive infections such as chronic ne-
crotizing pneumonia and invasive pulmonary aspergillo-
sis.1–3 Infection of virtually all organs has been described,
with disseminated disease found almost exclusively in
those with profound or prolonged granulocytopenia.
Despite advances in both diagnosis and therapy, mortality
rates remain high, especially in severely immunosup-
pressed hosts. This review provides an update on recent
important advances for the management of this infection.

MYCOLOGY AND EPIDEMIOLOGY
With the use of molecular techniques, over 250 distinct
species of Aspergillus have been described in several
subgenera and multiple ‘‘sections’’ (previously known as
groups).4,5 The most common species in invasive infec-
tion include A. fumigatus, A. flavus, A. terreus, and A.
niger (Table 1)6; however, less common species, includ-
ing less pathogenic species, have been reported to cause
infection, especially in highly immunosuppressed pa-
tients. Identification of the genus Aspergillus in cultures,
particularly the most common pathogenic species, is not
usually difficult, but identification at a species level can
be challenging, especially for poorly sporulating isolates,
so that misidentification of these ‘‘cryptic’’ members of
the Aspergillus sections is common.7 Phenotypic methods
and DNA internally transcribed spacer sequencing only
identify isolates within a section so that it is recom-
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mended that clinical laboratories report species as mem-
bers of a ‘‘species complex.’’5 Most species of Aspergillus
reproduce asexually, but a teleomorph, or sexual form,
has been identified for several pathogenic species, in-
cluding Aspergillus fumigatus with its teleomorph Neo-
sartorya fumigata. However, despite the usual priority
given to the sexual form in taxonomy, the generic term
Aspergillus is generally retained rather than utilizing new
and unfamiliar species.8–10

The incidence of infection with Aspergillus spp.
has increased in recent years, primarily due to the
expanding hematopoietic stem cell (HSCT) and solid
organ transplant populations and the increasing number
of immunosuppressed patients encountered in clinical
practice with the use of corticosteroids and other im-
mune-modulating drugs, and in patients with advanced
acquired immunodeficiency syndrome (AIDS). Un-
doubtedly, improvements in Aspergillus diagnostics
have also played a role in the increasing incidence of
this often lethal infection.

Exposure to Aspergillus spp., which is a ubiquitous
organism found in water, food, air, and soil, is unavoid-
able. No geographic predilection to infection has been
thought to exist, although recent evidence has called this
into question and correlated regional differences in the
incidence of infection with geoclimatic patterns.11 Tra-
ditionally, patients at highest risk for infection and
invasive disease have been those with either profound
or prolonged neutropenia or those with qualitative
neutrophil defects such as chronic granulomatous dis-
eases. Evolving hematology and stem-cell transplanta-
tion practices have decreased both the duration and the
frequency of neutropenia, and these periods of highest
risk may be further reduced with the use of granulocyte
colony stimulating factors.

Following these changes, the temporal association
of infection has shifted to a bimodal distribution. The
highest risk is still seen early after transplantation
(<20 days) with a second peak in incidence occurring
more than 100 days posttransplant. This later peak in
incidence is related to the use of high-dose corticosteroid
therapy in the treatment of acute or chronic graft versus
host disease. It is also important to recognize that

recurrent neutropenia, which can occur with repeated
courses of chemotherapy or with the long-term relative
neutropenia in conditions such as myeloproliferative
syndromes, also increases the risk of invasive aspergillo-
sis. This concept of a relative prolonged deficiency of
neutrophils is a concept described by Portugal and
colleagues that substantially increases risk of invasive
aspergillosis.12

Patients undergoing solid organ transplantation
are also at increased risk for invasive aspergillosis, par-
ticularly those undergoing lung transplantation, with an
incidence of around 10 to 15% in most series.13,14 The
reasons for higher rates of aspergillosis in lung transplant
recipients as compared with some other solid organ
transplant recipients include previous colonization with
Aspergillus spp. in the native or transplanted lung, a
reduction in mucociliary clearance capability, and the
continued exposure to the environment of the trans-
planted tissue.15

Critically ill patients without traditional risk fac-
tors have also recently been recognized as at risk for
invasive aspergillosis.16,17 Receipt of corticosteroids dur-
ing treatment of the acute respiratory distress syndrome
(ARDS) or chronic obstructive pulmonary disease
(COPD), impaired mucociliary clearance following the
resolution of bacterial or viral pneumonia, cirrhosis, and
underlying autoimmune disease have all been postulated
as additional risk factors within the intensive care set-
ting.18

Invasive aspergillosis has also been described in
other immunosuppressed populations. Infection with
advanced AIDS, hereditary immunodeficiencies, or bio-
logical agents such as tumor necrosis factor-a inhibitors
such as infliximab all appear to predispose to invasive
disease.2,19,20

HOST SUSCEPTIBILITY
In the environment, Aspergillus spp. exist as filamentous
molds producing both vegetative and aerial hyphae.
Aerial hyphae produce unicellular conidia (2 to 3 mm)
subjecting the passerby to a large inhalational burden on
a daily basis. In the immunocompetent host conidia are
readily engulfed by alveolar macrophages with little to no
inflammatory response.21 However, a stage-specific reg-
ulation of the immune response to Aspergillus spp. has
been recognized, and germinating conidia (presenting an
imminent risk for the formation of hyphae with subse-
quent invasive disease) trigger a robust proinflammatory
response by engaging Dectin-1, the major b-glucan cell
surface receptor present on macrophages, and Toll-like
receptors 2 and 4 (TLR2 and TLR4).22,23

Despite numerous single-nucleotide polymor-
phisms within these cell surface receptors few immuno-
genetic risk factors have been recognized. An early stop
codon polymorphism (Y238X) within Dectin-1 has been

Table 1 Frequency of Aspergillus spp. Received in a
Fungal Reference Laboratory6

A. fumigatus 57%

A. flavus 12%

A. flavus 10%

A. terreus 12%

Others 9%

A. nidulans 2%

A. claidoustus 2%

A. sydowii 2%

A. versicolor 2%
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associated with Candida colonization, recurrent muco-
cutaneous candidiasis, and murine models of infection
have demonstrated an essential role for Dectin-1 in host
defense against invasive aspergillosis.24 However this
polymorphism showed only a trend toward host suscept-
ibility in HSCT recipients and did not alter the clinical
course of infection. In the non-HSCT population, this
polymorphism does appear to be a moderate risk factor
favoring the development of invasive pulmonary asper-
gillosis.25

Common polymorphisms in TLR genes have also
been associated with susceptibility to several infections,
and evidence suggests two donor TLR4 haplotypes
(S3 and S4) increase the risk of invasive aspergillosis in
stem-cell transplant recipients.26 Clearly from these
studies it is possible that the presence of two or more
different polymorphisms may impose a ‘‘cumulative
risk,’’ and further work is needed to develop effective
prevention strategies in high-risk populations.

CLINICAL MANIFESTATIONS
Aspergillosis may present with diverse symptoms, and
the extent of disease is largely dependent upon the site
and severity of involvement and the host immune status.
Although infection with Aspergillus has been reported
involving virtually every organ, the upper airways, lungs,
and surrounding structures are those most frequently
involved.

Pulmonary aspergillosis exists as a spectrum and
includes allergic manifestations of infection (ABPA, see
article 3, this issue), and noninvasive saprophytic infec-
tion (aspergillus fungus ball or aspergilloma), semi-
invasive syndromes such as chronic cavitary pneumonia
and chronic necrotizing aspergillosis, and frankly inva-
sive forms (invasive pulmonary aspergillosis).

Invasive Disease

Traditionally, invasive pulmonary aspergillosis (IPA)
was seen 10 to 14 days after hematopoietic stem cell
transplantation and was associated with significant gran-
ulocytopenia.27 Recent reports, however, document the
shifting epidemiology of infection, with less than one
third of patients neutropenic at the time of diagnosis
impacting the clinical presentation and period of high
risk for infection.28

Pleuritic chest pain, dyspnea, hemoptysis, dry
cough, and fever are the most common manifestations
of IPA; however, the neutropenic host often exhibits a
paucity of symptoms, underscoring their frequent inabil-
ity to mount an immunologic or febrile response to
infection. For this reason a careful history should be
taken in those at risk for IPA because symptoms of
hemoptysis and pleuritic chest pain occur secondary to
angioinvasion of the organism.

Radiographic imaging may be suggestive of IPA,
particularly in high-risk patients, yet findings are not
diagnostic and may be seen in other invasive pulmonary
infections, including both fungal and nonfungal etiol-
ogies of pulmonary disease. Diffuse nodular infiltrates,
pleural-based densities, and cavitary lesions and pleural
effusions are common radiographic manifestations.29

The presence of a ‘‘halo’’ sign, an area of low-attenuation
surrounding a pulmonary nodule, has classically been
associated with IPA. These areas of consolidation may
later cavitate and give rise to the ‘‘air-crescent’’ sign.30

It is important to recognize the radiographic
evolution of IPA. When serial computed tomographic
(CT) images are obtained the volume of lesions often
increases over the first 7 days, even with early initiation
of antifungal therapy.31 In fact, the calculated radio-
graphic volume of IPA increased three- to fourfold over
this time period and was correlated with bone marrow
recovery, further illustrating the necessity of granulo-
cytes to manifest an inflammatory response to IPA.32

Histopathological features of aspergillosis are
useful to document tissue invasion and can show an-
gioinvasion typical of disease. Aspergillus is suggested by
the presence of dichotomous branching hyphae, but it is
important to recognize that the pathological appearance
is not specific for Aspergillus, and similar features are
observed in other hyaline molds, including Fusarium,
Scedosporium, Penicillium spp., and others, and culture
verification remains the gold standard for definitive
identification.

Mortality of IPA ranges from 50 to 90%,33 and
attempts to initiate early antifungal therapy should be
undertaken. Studies examining the reduction in mortal-
ity with early therapy are limited; however, one such
study reports a 50% reduction in mortality with prompt
initiation of antifungal therapy.34

Tracheobronchial Aspergillosis

The presence of Aspergillus spp. in the large airways may
range from colonization to tracheobronchitis typical of
infection in patients with AIDS or lung transplant
recipients.35,36 Nonspecific symptoms predominate,
with cough, chest pain, fever, and hemoptysis the most
common. Bronchoscopic findings include pseudomem-
branes and ulcerative lesions. Infection of the anasto-
motic site in lung transplant patients has been reported
as an unusual cause of dehiscence.36

Chronic Forms of Pulmonary Aspergillosis

Aspergillosis of the lower respiratory tract includes other
‘‘semi-invasive’’ forms (formerly chronic necrotizing pul-
monary aspergillosis).37,38 However, it is likely that these
semi-invasive forms exist on a continuum with invasive
disease (Fig. 1).39
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Chronic Necrotizing Pulmonary Aspergillosis

(CNPA), Chronic Cavitary Pulmonary

Aspergillosis (CCPA)

Chronic necrotizing pulmonary aspergillosis (CNPA)
is defined by the presence of cavitary lung lesions,
chronic respiratory symptoms, and serum precipitating
antibodies to Aspergillus spp. Several reports depict
direct invasion of Aspergillus spp. into the lung paren-
chyma, with CNPA described as a subacute or non-
angioinvasive form.39 Several of these cases, however,
report progressive damage to the lung parenchyma
without clear evidence of tissue invasion. The term
chronic cavitary pulmonary aspergillosis (CCPA) has
been applied to the formation and expansion of multi-
ple pulmonary cavities (Fig. 2).40 Left untreated
the survival rate for chronic pulmonary aspergillosis
is 50% at 1 year, although if antifungal therapy is
administered mortality is reported to improve to 50%
at 5 years.41

NONINVASIVE DISEASE

Aspergilloma

An aspergilloma, or aspergillus fungus ball, forms within
an existing pulmonary cavity caused by COPD, carci-
noma, or prior pulmonary tuberculosis. Often asympto-
matic, an aspergilloma may present with life-threatening
hemoptysis requiring emergent bronchial artery embo-
lization or surgical resection. The radiographic finding
of a freely moveable, solid round mass within a cavitary
lung lesion is characteristic (Figs. 3A, B). Surgical
resection is curative, although underlying lung disease
often precludes definitive treatment and long-term anti-
fungal therapy is controversial, although recent studies
have suggested that triazole therapy is beneficial in
that setting.40

DIAGNOSIS
Definitive diagnosis of aspergillosis requires direct visual-
ization of the characteristic branching septate hyphae on
microscopic examination. Percutaneous needle aspira-
tion, bronchoscopy, or thoracoscopic biopsy is often
required to obtain a tissue diagnosis; however, these
procedures can be difficult to perform in the neutropenic
patient with concurrent thrombocytopenia. Aspergillus
spp. grow well on standard media, although optimization
of growth is achieved by the use of fungal-specific media.
False-negative results do occur, typically as a consequence
of previous or concurrent antifungal therapy.42,43

Nonculture-based diagnostics have been devel-
oped to improve diagnosis and perhaps also assessment
of response with serial measurement. The galactomannan
enzyme immunoassay (EIA) has been proven reliable in
patients with hematologic malignancy; however, the
sensitivity varies greatly (44 to 90%) depending on several

Figure 1 Clinical syndromes due to aspergillosis.

Figure 2 Chronic cavitary pulmonary aspergillosis on com-

puted tomography of lung.
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factors, including number of samples taken, extent of
infection, underlying host immunosuppression, and, im-
portantly, the receipt of prior antifungal therapy, which
dramatically reduces levels of circulating galacto-
mannan.44,45 False-positive results have been reported
in patients receiving semisynthetic penicillins (piperacil-
lin-tazobactam and amoxicillin-clavulanate) and in those
infected with the dimorphic fungi H. capsulatum or B.
dermatididis due to the presence of galactomannan in
these species as well.46 Serial EIA testing of high-risk
patients is recommended, although the testing frequency
remains unclear, and murine models have demonstrated
the utility of daily screening given the rapid tissue
destruction of IPA in neutropenic hosts.47 Serum gal-
actomannan determination also provides prognostic
information, with declining values associated with
improvements in patient outcomes.48 Recently testing
of bronchoalveolar lavage fluid has been cleared by the
FDA for clinical use, which seems to substantially
increase the yield of positive results as compared with
serum testing.49

Serum (1!3)-b-D-glucan (a component of the
fungal cell wall) determination may also be helpful,
although this marker is not specific for Aspergillus and
its presence may indicate several invasive fungal infec-
tions.50 The negative predictive value of (1!3)-b-D-
glucan has generated interest in its use as a screening test
in high-risk patients.51

PCR-based methods have also been evaluated and
appear promising, yet testing is not commercially avail-
able in the United States for the diagnosis of Aspergillus.52

The use of multiple concurrent modalities has not been
prospectively evaluated but may be a significant advance
in noninvasive diagnostic testing for Aspergillus spp.

TREATMENT
The availability of additional classes of antifungal agents
with several agents having activity against Aspergillus spp.
has dramatically increased the treatment options for this
disease. Voriconazole has become the mainstay of ther-
apy, with a large clinical trial supporting its use as
compared with the previous standard of amphotericin
B deoxycholate.53 Voriconazole has been associated with
improved outcomes even in severely immunosuppressed
patients and is recommended as primary therapy in most
guidelines, including those of the Infectious Diseases
Society of America.1 Nevertheless, important questions
remain regarding treatment of invasive aspergillosis,
including selection of antifungal agents, management
of toxicities, and need for therapeutic drug monitoring
and the role of combination therapy. Finally, manage-
ment of breakthrough infections is impeded by lack of
evidence-based data, and the role of combination ther-
apy remains controversial.

Triazoles

The triazoles inhibit ergosterol synthesis through inhib-
ition of the fungal cytochrome P450 enzyme. The side
effects of this class are thus predominantly hepatic,
related to their inhibition of human P450 enzyme, and
the potential for drug–drug interactions with other
medications metabolized by this system is high. Resist-
ance of Aspergillus to triazoles has been reported,
although no species has predictable antifungal resistance
to this class.

Voriconazole

Voriconazole is available in both oral and intravenous
(IV) formulations. The IV form exists in a cyclodextrin
vehicle that may accumulate in patients with renal
impairment, and only limited evidence is available ex-
amining the potential side effects of such accumula-
tion.54 Liver function test abnormalities occur in as many
as 15% of patients and can be severe and dose limiting;

Figure 3 (A) Chest radiograph of pulmonary fungus ball

due to Aspergillus (aspergilloma). (B) Demonstrating mobile

lesion on lateral decubitus view.
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nausea, vomiting, diarrhea, skin rashes, hallucinations,
and other adverse events may complicate its use. The
complaint of photopsia (flashing lights) is common and
associated with higher serum concentrations; although
often disconcerting to the patient, photopsia is transient
and self-limited.55 Voriconazole is administered as a
loading dose of 6 mg/kg intravenously every 12 hours
for two doses, followed by 4 mg/kg every 12 hours in the
treatment of invasive aspergillosis. Oral therapy can be
maximized by the use of 4 mg/kg/dose twice daily,
although levels vary significantly, even with weight-
based dosing.1 Pediatric patients clear voriconazole
more rapidly than adults, and a maintenance dosage of
7 mg/kg is therefore recommended. Due to both inter-
and intrapatient variability of serum voriconazole con-
centrations some experts recommend that all patients
undergo therapeutic drug monitoring to maximize effi-
cacy and avoid toxicity.

In a prospective, double-blind trial comparing
amphotericin B deoxycholate to voriconazole, voricona-
zole was significantly more effective in clinical response
and survival rates.53 Following this, the IDSA recom-
mended voriconazole as primary therapy for most pa-
tients with invasive pulmonary aspergillosis (Table 2).56

Posaconazole

Posaconazole is another triazole with excellent in vitro
activity against Aspergillus species. It is structurally sim-
ilar to itraconazole and is generally well tolerated; it
differs from other triazoles in that it is not hepatically
metabolized so that it appears to have less hepatic
toxicity. However, posaconazole is an inhibitor of cyto-
chrome P450 enzyme 3A4 so that clinically significant
drug interactions can occur. Available only in an oral
solution, steady-state levels are not obtained for up to
7 days, limiting its use as primary therapy. Other

toxicities include diarrhea, nausea, and dyspepsia. Rec-
ommended serum drug concentrations can be difficult to
obtain without attempts to maximize absorption con-
ditions.57 Posaconazole prophylaxis has been evaluated
in two studies in high-risk patients undergoing hema-
topoietic stem cell transplantation with graft versus host
disease and in patients with acute myelogenous leukemia
or myelodysplastic syndrome.58,59 Posaconazole was
shown to reduce breakthrough aspergillosis and im-
proved survival compared with that of standard prophy-
laxis regimens in the later study.59 The concurrent intake
of food has been found to boost serum posaconazole
levels up to fourfold.60 The oral suspension preparation
should be given as 200 mg three times daily when used
for prophylaxis and as 800 mg in two to four divided
doses when used as salvage therapy.56

Itraconazole

Itraconazole is currently available in only oral capsules
and an oral solution. Absorption of the capsules is
variable and increased in the presence of food or an
acidic beverage. Side effects of itraconazole include
elevation of hepatic transaminases, hypertriglyceridemia,
edema, hypokalemia, nausea, and vomiting.61 Oral doses
of 400 mg/day (capsules) or 2.5 mg/kg twice a day
(solution) are currently recommended for use in asper-
gillosis, but itraconazole has a very limited role in
therapy for acute invasive infection due to significant
toxicities and erratic bioavailability; however, it may have
a role in saprophytic infection and in allergic disease.62

Echinocandins

The echinocandins, caspofungin, micafungin, and anidu-
lafungin, inhibit synthesis of 1,3-b-D-glucan, a polysac-
charide present in the cell wall of fungi. Adverse events
associated with these agents are minimal, and clinically
relevant drug interactions are uncommon.63 Caspofungin
is approved by the FDA for salvage therapy of invasive
aspergillosis, but all the clinically available agents have in
vitro activity against Aspergillus species. As a single agent
these drugs inhibit growth of the organisms but are not
completely fungicidal. In a clinical study of severely
immunosuppressed patients, caspofungin produced suc-
cessful outcomes in 33% of patients so that these agents
are not recommended as sole agents for primary ther-
apy.64 Combinations of voriconazole and echinocandins
have demonstrated improved efficacy in preclinical mod-
els and in a retrospective study; the results of a prospective
randomized trial are eagerly awaited.65

Amphotericin B

Amphotericin B (AMB) deoxycholate was the traditional
antifungal of choice against invasive aspergillosis given its

Table 2 Antifungal Therapy for Aspergillosis of the
Lower Respiratory Tract

Disease Treatment

Allergic bronchopulmonary

aspergillosis

Itraconazole� corticosteroids

Chronic aspergillosis

including Aspergillus

fungus ball

No therapy, or itraconazole/

voriconazole

Chronic cavitary or

necrotizing pulmonary

aspergillosis

Voriconazole preferred agent

Tracheobronchial

aspergillosis

Voriconazole preferred agent

Invasive pulmonary

aspergillosis

Voriconazole; Alternatives:

amphotericin B, caspofungin,

itraconazole, or posaconazole

after stabilization of disease

678 SEMINARS IN RESPIRATORY AND CRITICAL CARE MEDICINE/VOLUME 32, NUMBER 6 2011

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f P

itt
sb

ur
gh

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



fungicidal activity against Aspergillus spp. with the ex-
ception of A. terreus, which is inherently resistant. How-
ever, substantial toxicities and poor outcomes associated
with AMB deoxycholate, especially in highly immuno-
suppressed hosts, have resulted in this agent being no
longer recommended for use in this disease.2,66,67

The lipid formulations of AMB have shown
reduced nephrotoxicity in comparison to traditional
AMB deoxycholate and are preferred when AMB-based
therapies are needed. When used for the treatment of
invasive aspergillosis, AMB lipid complex (ABLC), is
given in doses of 5 mg/kg/day. Liposomal amphotericin
B (L-AMB) has been used for salvage therapy of invasive
aspergillosis at doses of 3 to 5 mg/kg/d. Higher doses of
L-AMB (10 mg/kg/d) as compared with initial doses of
3 mg/kg/d were compared in a clinical trial of invasive
pulmonary aspergillosis. Results showed similar efficacy
and greater toxicity in the group of patients receiving
higher initial L-AMB doses, suggesting that higher
doses are not necessarily beneficial, at least in patients
receiving early therapy for pulmonary infection.68 From
the results of this study, L-AMB is recommended as
alternative primary therapy in those patients for whom
voriconazole is contraindicated or cannot be used.

BREAKTHROUGH INFECTIONS
The development of invasive fungal infections during
receipt of prophylactic or therapeutic antifungal therapy
poses several diagnostic and therapeutic challenges.

Establishment of a definitive diagnosis can be
difficult in the patient receiving antifungal agents if
some degree of drug efficacy remains. These patients
may possess a low burden of disease, and thus the
sensitivity of noninvasive markers may be reduced.
Additionally, more invasive procedures such as broncho-
scopy, needle biopsy, or a wedge resection are often
relatively contraindicated due to additional host factors
such as thrombocytopenia.

The development of drug resistance in Aspergillus
spp. despite antifungal therapy or subtherapeutic serum
drug levels has also been found to predispose to break-
through infection. In HSCT recipients on long-term
posaconazole, breakthrough infections were more likely
in those with suboptimal serum posaconazole levels
(<400 ng/mL).69

Drug resistance in Aspergillus spp. has also re-
cently increased. Prior to 2004 less than 1% of isolates
recovered exhibited in vitro resistance to itraconazole,
yet since that time up to 8% of all isolates have been
found to be itraconazole resistant. These isolates are
additionally cross-resistant to voriconazole (65%) and
posaconazole (74%).70 Some species are known to have
intrinsic antifungal resistance such as the reduced sus-
ceptibility of A. terreus to polyenes, although other
species, including A. flavus and A. calidoustus, have

elevated minimal inhibitory concentrations (MICs) to
AMB in the majority of isolates tested.6 Even in Asper-
gillus fumigatus complex, ‘‘cryptic’’ species such as
A. lentulus may exhibit decreased antifungal susceptibil-
ity, which may explain in part the poor response of some
patients to polyene therapy.71,72 While increased MICs
to other classes of antifungals can occur in some of these
species (such as A. calidoustus) some isolates may have
better susceptibility to other classes of antifungals, such
as the azoles, so that identification of the isolates and
testing antifungal susceptibility may be beneficial in
some cases.6

Several different mutations within the azole tar-
get enzyme CYP51A have been described conferring
antifungal resistance.70 Patients receiving long-term
antifungal therapy for chronic cavitary aspergillosis ap-
pear at highest risk for developing or harboring resistant
organisms, and in this population resistance has been
associated with treatment failure.41,73 Additionally, cur-
rent guidelines recommend determination of serum drug
levels and attempts to ensure optimal drug exposure in
patients experiencing therapeutic failure.1

CONCLUSIONS
Cases of aspergillosis continue to climb as a consequence
of the growing immunosuppressed population. Diag-
nostic and treatment practices are also evolving but are
complicated by the poor immunologic response to in-
vasive infection in most patients. Early therapy remains
critical in attempts to improve outcomes, and the grow-
ing number of antifungal medications offers the poten-
tial for more effective and less toxic therapeutic options.
Ongoing trials will hopefully delineate the role of
combination therapy in the treatment of invasive pul-
monary aspergillosis and provide further insight on
genetic factors increasing host susceptibility.
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