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Invasive pulmonary aspergillosis (IPA) is a common infection in neutropenic patients and is associated with
high mortality. Aspergillus ustus is a species that has only rarely been implicated in human disease. All reported
cases of IPA due to A. ustus have been fatal. Here, we describe a case of invasive pulmonary A. ustus infection
successfully treated with lung resection and voriconazole. A 43-year-old man with acute myeloid leukemia
underwent two courses of chemotherapy and experienced prolonged neutropenia. Treatment with amphotericin
B was given for persistent fever. While he was receiving amphotericin B, a progressive opacity developed in the
upper right lobe. Lung tissue obtained through pulmonary wedge resection for histology showed a mold with
septate hyphae, consistent with IPA due to Aspergillus. A. ustus was grown in culture. The patient was then
treated with voriconazole and remained in remission of the mold infection in spite of additional chemotherapy
and a leukemic relapse. In summary, this report describes the successful treatment of invasive pulmonary A.
ustus infection by lung resection and antifungal treatment with voriconazole in a neutropenic patient.

Invasive aspergillosis is a common infection in immunocom-
promised patients, especially in patients receiving chemother-
apy or bone marrow transplantation and suffering from pro-
longed neutropenia. Both invasive pulmonary aspergillosis
(IPA) and disseminated Aspergillus infection are associated
with high morbidity and mortality (4, 13, 21). Early empirical
treatment and diagnosis of IPA are important, but the diag-
nostic yield of bronchoalveolar lavage (BAL), including cytol-
ogy and fungal culture, is low (19). Quantitative PCR and
real-time PCR for Aspergillus spp. might improve this yield in
the future (9, 12, 20). A definitive diagnosis of IPA requires a
biopsy with histology and fungal culture (21). Early surgical
resection combined with antifungal therapy is associated with
an acceptable low complication risk, allows identification of
the microorganism, and appears to improve the prognosis for
patients with localized infections (1, 6, 7, 8, 16, 18, 26).

More than 20 species of Aspergillus have been recognized to
cause invasive infection. A. fumigatus, A. flavus, and A. terreus
are the most common species. To date only 10 cases of infec-
tions caused by A. ustus have been reported (5, 14, 23). Four of
the 10 patients suffered from IPA (2, 11, 23, 25), and all of the
patients died of fungal disease.

We report a case of IPA due to A. ustus in a patient with
acute myeloid leukemia. He developed IPA after two courses
of chemotherapy, accompanied by prolonged neutropenia, and
while he was receiving antifungal treatment with amphotericin
B. The patient was successfully treated by a combination of
early surgical resection and antifungal treatment with voricon-
azole.

Case report. A 43-year-old man was admitted for treatment
of acute myeloid leukemia FAB 5a. The initial treatment con-
sisted of a first course of chemotherapy with cytarabine and
idarubicin (day 1 was the start of the first chemotherapy
course). He was given cefepime and amikacin to treat a fever
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FIG. 1. Lung CT scan on day 56 after the start of the first chemo-
therapy course, showing a new localized infiltrate in the anterior seg-
ment of the upper right lobe. The patient underwent a surgical wedge
resection of the pulmonary lesion 1 day later.
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of unknown origin. No clinical focus of infection was found,
bacteriological cultures of blood and urine were negative, and
a lung computed-tomography (CT) scan showed no pulmonary
infiltration.

Twelve days after the start of chemotherapy, the patient
again developed a fever of 39.4°C. A CT scan of the lungs
showed new bilateral interstitial infiltrates. Antifungal prophy-
laxis with fluconazole was given at a dose of 200 mg every
second day. Diagnostic bronchoscopy and BAL with 3� 50 ml
of sterile 0.9% NaCl solution were performed as previously
described (19). The BAL fluid recovered was centrifuged prior
to medium inoculation and then examined for bacterial growth
(on blood agar, nalidixic acid agar, MacConkey agar, and choc-
olate agar) and for fungal growth (on Sabouraud agar). All
plates were incubated at 35°C, in room air, for up to 14 days.
Additionally, Gram staining, a cytologic analysis with hema-
toxylin-eosin, and Grocott’s staining of the BAL fluid were
performed. No viral, bacterial, or fungal agents were isolated
from the BAL fluid.

Because of the patient’s persistent fever, the antibiotic treat-
ment was changed to piperacillin-tazobactam on day 12 after
the start of the first chemotherapy. The antifungal prophylaxis
with fluconazole (200 mg) every second day was discontinued,
and an antifungal treatment with amphotericin B (1 mg/kg of
body weight/day) was started. A CT scan of the lungs on day 20
showed increasing interstitial infiltrates. Open lung biopsy

from the lingula revealed fibrosing alveolitis compatible with
chemotherapy toxicity. There was no sign of infection, and the
patient recovered. Consequently, amphotericin B was discon-
tinued on day 28, and prophylaxis with fluconazole (200 mg) every
second day was reintroduced. Because of persistent leukemia, a
second course of chemotherapy with intermediate high-dose cyt-
arabine and m-amsacrine was started on day 34. At that time the
interstitial lung infiltrates were improving. On day 36 the patient
developed fever (peak, 40.2°C). Prophylaxis with fluconazole (200
mg) every second day was discontinued, and treatment with am-
photericin B (1 mg/kg of body weight/day) was resumed. A CT
scan of the lungs on day 46 was unchanged.

On day 56 the patient again became febrile (38.8°C) and he
was persistently neutropenic (absolute neutrophil count, 20/
mm3). A CT scan of the lungs showed a new localized infiltrate
in the anterior segment of the upper right lung lobe, which
made us suspect IPA (Fig. 1). BAL was performed as described
above. Neither fungi nor bacteria were identified in the BAL
fluid taken from the upper right lobe. The patient underwent a
surgical wedge resection of the pulmonary lesion on day 57.
The antifungal therapy with amphotericin B was changed to
oral voriconazole at a dose of 200 mg twice daily. Histology
confirmed the diagnosis of angioinvasive pulmonary aspergil-
losis (Fig. 2).

The culture of the lung biopsy tissue yielded Aspergillus. The
fungus grew on malt extract agar at 25 and 35°C but not at 42°C.

FIG. 2. Histology after pulmonary wedge resection showed a mold with septate hyphae and invasion of a blood vessel, consistent with
angioinvasive pulmonary aspergillosis due to Aspergillus. Grocott silver stain was used (magnification, �200). A. ustus was grown in culture.
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Colonies were dull brown and exhibited radiate conidial heads.
On microscopy, conidiophores and small hemispherical vesicles
showed a light-brown pigment. Biseriate conidiogenous cells cov-
ered the upper half of the vesicle and produced rough-walled
conidia. Elongated Hülle cells were present. According to the
criteria of Raper and Fennell (17), the fungus was classified into
the A. ustus group by the Swiss reference center for fungal cul-
tures (University Hospital Zürich, Zürich, Switzerland).

Antifungal susceptibility tests were performed by a modified
microdilution method, mainly according to the guidelines of
the National Committee for Clinical Laboratory Standards
(NCCLS) for filamentous fungi as described in NCCLS docu-
ment M38-A (15).

The results of susceptibility testing were available 10 days
after the fungal identification and showed that the MICs of
amphotericin B and itraconazole were 1 and 2 mg/liter, respec-
tively. Testing for susceptibility to voriconazole has become
available only recently, and the MIC for the involved strain was
2 mg/liter.

After wedge resection of the pulmonary lesion, there were
no surgical complications and no clinical or radiological evi-
dence of fungal dissemination. The patient was discharged
after bone marrow regeneration 8 days later with normal leu-
kocyte and neutrophil counts. He was readmitted 25 days later
for consolidation chemotherapy with mitoxantrone and etopo-
side. At that time he had persistent leukemia. The search of a
bone marrow donor was unsuccessful. Leukemia proved to be
refractory to conventional chemotherapy (high-dose etoposide
with anthracyclines) and to salvage treatment with the mono-
clonal anti-CD33 antibody gemtuzumab (Mylotarg). Antifun-
gal treatment with voriconazole (given by the intravenous
route or orally) was maintained throughout this time. There
was no sign of recurrent fungal infection, and follow-up CT
scans of the lungs on day 156 after start of the first chemo-
therapy (Fig. 3) revealed only residual postoperative changes
in the upper right lobe. The patient died of progressive leuke-
mia 7 months after initial diagnosis. Autopsy was refused.

Conclusions. This report describes the successful treatment
of invasive pulmonary A. ustus infection by lung resection and
antifungal treatment with voriconazole in a neutropenic
patient.

Only 10 cases of A. ustus infection have been reported in the
literature (23, 5, 14). Of the 10 patients, only 2 survived the
infection and 4 had IPA. In three cases of IPA (2, 11, 23) the
underlying disease was leukemia, treated by hematopoetic
stem cell transplantation. Predisposing factors in the fourth
case were diabetes, renal failure, and cardiac surgery (25). Of
the patients with IPA, one was diagnosed postmortem, three
had received antifungal therapy, and none survived the fungal
infection. None of them had undergone lung resection. We and
others have previously shown that early lung resection (lobec-
tomy or wedge resection) combined with antifungal therapy is
safe, effective, and diagnostic in neutropenic patients sus-
pected of having IPA (1, 6, 7, 8, 16, 18, 26). A positive fungal
culture allows for exact microbiological determination of the
fungal species and for susceptibility testing. The significance of
susceptibility testing is still debated, and results require careful
interpretation. Lung resection in patients with IPA may de-
crease the fungal load and may reduce secondary dissemina-
tion. Furthermore, because IPA is angioinvasive and most of-

ten associated with lung infarction, the antifungal agent may
not penetrate well into the lesions, supporting a surgical ap-
proach to clear the infection.

For the reported patient, lung resection was performed and
allowed identification of A. ustus. In the literature, the sus-
pected in vitro resistance of A. ustus to amphotericin B has
been reported (11). Because in our case IPA developed under
treatment with amphotericin B, the antifungal treatment was
empirically changed to voriconazole. Compared to amphoter-
icin B, the azoles itraconazole and voriconazole exert only a
fungistatic activity and may be less active against fungal infec-
tions (23). However, voriconazole has shown effectiveness in
amphotericin B-resistant Aspergillus species infections (3, 22).
Recently published studies underline the effectiveness of vori-
conazole in the treatment of IPA (10, 24). In the reported case,
the treatment with voriconazole was continued for 6 months
and well tolerated. The fungal resistance profile showed no in
vitro resistance to amphotericin B. The MICs of amphotericin
B, itraconazole, and voriconazole were 1, 2, and 2 mg/liter,
respectively. In a recently published article, a MIC of 2 to 4
mg/liter was reported to be acceptable for voriconazole (24).

In the past, standard treatment of IPA consisted of antifun-
gal treatment alone. We cannot determine the respective roles
of surgery and voriconazole for the outcome of this patient, but
we support early lung resection (wedge resection or lobec-
tomy) combined with antifungal therapy as a safe, effective,
and diagnostic procedure for neutropenic patients suspected of
having IPA. This report illustrates successful treatment of IPA
due to A. ustus by lung resection combined with voriconazole.

FIG. 3. Lung CT scan on day 156 after start of the first chemother-
apy course, showing stable residual postoperative changes in the upper
right lobe, where wedge resection had been performed.
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Surgical resection allows for identification and susceptibility
testing of the fungal species and may ultimately result in better
outcomes.
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