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We describe a patient with chronic granulomatous disease and proven Aspergillus

fumigatus osteomyelitis of the midfoot, while receiving itraconazole-prophylaxis.

The isolate proved resistant to itraconazole as well as voriconazole, and showed

reduced susceptibility to posaconazole. Although molecular analysis demonstrated

the presence of a 53 base pair tandem repeat in the promoter region for cyp51A,

i.e., the gene coding for the target enzyme of the azole antifungals, there were no

mutations in the cyp51A gene. Since transformation of the promoter region into

wild-type strains did not result in an azole resistant phenotype, a yet unknown

mutation was suspected. The patient was treated with extensive surgery and two

weeks of caspofungin therapy, followed by one year of posaconazole therapy. He

made a complete recovery and did not experience any side effects. Long-term

posaconazole proved to be a safe and effective treatment for multi-azole resistant

A. fumigatus osteomyelitis in this immunocompromised patient.
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Introduction

Chronic granulomatous disease (CGD) is a primary

immunodeficiency disorder in which phagocytes fail to

produce the ‘oxidative burst’ needed to kill certain

microorganisms after phagocytosis. In the US registry

of CGD-patients in 2000, invasive infections with

Aspergillus spp. were the most common cause of

mortality. In addition, 90 of 368 (25%) CGD-patients

had experienced osteomyelitis, of which 20 cases (22%)

were caused by Aspergillus [1]. In a recent European

registry, Aspergillus spp. proved to be the most

common cause of osteomyelitis in these patients (29

of 84 cases) [2]. CGD-patients usually receive an azole

antifungal as oral prophylaxis, with itraconazole (ITC)

the current first choice [3].
Posaconazole (PCZ) is a relatively new oral triazole

with broad-spectrum antifungal activity. Long-term use

is reported to be safe and effective in the treatment of

febrile neutropenia or refractory invasive infections in

severely immunocompromised pediatric and adult

patients [4]. PCZ has been used successfully as salvage

therapy for a small number of CGD-patients with

invasive fungal infection of the lung after failure or

intolerance of treatment with standard antifungal

agents [5]. To our knowledge, no case reports of PCZ

treatment for Aspergillus osteomyelitis in CGD-pa-

tients have been published.
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We describe a case of proven Aspergillus fumigatus

osteomyelitis resistant to ITC and voriconazole (VRC)
and with reduced in vitro susceptibility to PCZ in a

CGD-patient. The individual was eventually success-

fully treated with debridement surgery and two weeks

of caspofungin therapy followed by long-term oral

PCZ.

Case report

The patient was an 18-year-old male who presented at

his local hospital with a painful foot. At the age of

three years he was diagnosed with the X-linked form of

CGD after a period of prolonged fever due to multiple

Staphylococcus aureus liver abscesses. CGD was diag-

nosed by NBT slide tests and absence of respiratory

bursts measured by oxygen consumption and chemo-

luminescence. Sequence analysis revealed a missense
mutation at residue 500 of the gene encoding gp91-

phox, which is associated with non-functional cyto-

chrome b558 [6]. After discharge, he received interferon

gamma and trimethoprim-sulfamethoxazole as prophy-

laxis. ITC was added from the age of seven years, but

plasma levels were not monitored. Despite prophylaxis,

he had a history of relapsing and prolonged bacterial

infections of the skin, gastro-intestinal and respiratory
tracts. At presentation he had experienced progressive

pain in his right foot and an increasing feeling of

instability of four weeks duration. There was no fever.

Radiological investigation, performed in the first week

of his complaints, showed no abnormalities, but a

second X-ray at his current presentation showed

destruction of the cuneiform bones, consistent with

osteomyelitis. Necrotic and infected bone was surgically
removed and cultured. Because a bacterial osteomyeli-

tis was suspected, the patient was started on gentamicin

and high-dose flucloxacillin. Within one week after

surgery, follow-up radiological examination showed

further destruction of the cuneiform bones and navi-

cular bone, although the patient had improved clini-

cally. Microscopic examination had not shown signs of

a fungal infection. However, Aspergillus spp. was
recovered from the bone, after which treatment was

changed to intravenous VRC at a maintenance dose of

4 mg/kg twice daily. The patient was subsequently

transferred to the Academic Medical Center for further

evaluation and treatment. Computed tomography of

the thorax and sinuses, as well as ultrasonography of

the abdomen and heart showed no evidence for fungal

dissemination. Extensive debridement surgery was
performed three times over the course of one month.

The Aspergillus spp. was identified as A. fumigatus and

susceptibility tests showed resistance to VRC (mini-

mum inhibitory concentration (MIC)�16 mg/l) and

ITC (MIC�16 mg/l), and reduced susceptibility to

PCZ (MIC�0.25 mg/l). The MIC values for ampho-

tericin B and caspofungin were 1.0 mg/l and 0.5 mg/l,

respectively. Treatment with VRC was discontinued and

once daily treatment with 70 mg caspofungin was

started. After two weeks of intravenous therapy, the

patient made a fast recovery and antifungal therapy

was changed to 400 mg oral PCZ twice daily. After

discharge PCZ was continued for one year, along with

frequent visits by the patient to the outpatient clinic. A

follow-up X-ray taken one month after discharge

illustrated the extensive destruction of the midfoot

(Fig. 1). The patient had no complaints of pain or fever

and returned to playing sports. He did not experience

any side-effects. After four months of PCZ the serum

creatinine slowly increased from 80 to 111 mol/l, but

after adjustment of the dosage of trimethoprim-sulfa-

methoxazole to the standard prophylactic dose, the

serum creatinine quickly dropped to 90 mol/L, suggest-

ing a trimethoprim-sulfamethoxazole effect. After one

year of follow-up there were no signs of active infection

on radiological examination and the patient was

Fig. 1 Radiological examination of the right foot showing extensive

ossal destruction due to Aspergillus fumigatus osteomyelitis.
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considered cured. PCZ therapy was discontinued and

ITC prophylaxis was restarted.

Analysis of the A. fumigatus isolate

The in vitro activity of amphotericin B, ITC, VRC,

PCZ, and caspofungin were determined using a micro-

dilution format according to the CLSI M38-A refer-

ence method [7]. The resistance mechanism was deter-

mined by analysis of the full sequence of the cyp51A
gene, as described previously [8]. Molecular identifica-

tion was performed by sequencing of parts of the highly

conserved b-tubulin and calmodulin gene [9], in order

to rule out any cryptic species within the Aspergillus

section Fumigati. The morphological identification of

the A. fumigatus isolate was confirmed and no muta-

tions were found in the cyp51A gene. However, a 53

base pair tandem repeat was found in the promoter
region of this gene.

Discussion

Although A. fumigatus osteomyelitis is relatively com-

mon in CGD-patients, the total number of cases

remains small, making it difficult to compare success

rates of different therapeutic regimens. A review of the
literature yielded 10 cases of A. fumigatus osteomyelitis

in 9 CGD-patients in the period between 1983 and 1999

[10]. Most of these cases were treated with a combina-

tion of surgery and deoxycholate amphotericin B, often

in combination with one or more other antifungals. The

new guidelines of the Infectious Diseases Society of

America on the treatment of aspergillosis recommend

long-term VRC in combination with surgical interven-
tion for management of Aspergillus osteomyelitis in

immunocompromised patients, although there is cur-

rently limited experience with VRC. A review of 20 cases

of Aspergillus osteomyelitis treated with VRC as salvage

therapy after treatment failure with deoxycholate am-

photericin B and/or lipid-associated amphotericin B

showed some success [11]. Of the 5 CGD-patients

included in that study (age 4�14 years), one showed a
complete recovery and two had a partial response. There

is little experience with the use of echinocandins or PCZ

in the treatment of Aspergillus osteomyelitis. A case

report describes a 64-year-old lung transplant patient

with an A. fumigatus empyema and disseminated

aspergillosis of the ankle and adjacent bone. After

surgery, he was successfully treated with 6 months of

PCZ, when systemic therapy with ITC and lipid-
associated amphotericin B had failed [12]. PCZ has

low mean MICs (mg/l) for A. fumigatus compared to

amphotericin B, VRC and ITC. Achievable serum levels

for PCZ exceed this concentration even in multiple-

azole resistant cases of aspergillosis [13]. PCZ has not
been registered for use in patients under the age of 13

years. However, in a study with 12 pediatric (age 8�17

years) and 194 adult patients, PCZ concentrations in

plasma were comparable and overall success rate and

adverse events were similar [14]. No data are available

for younger children.

In the present case, the management of Aspergillus

osteomyelitis was further complicated by the reduced
susceptibility of the A. fumigatus isolate to antifungal

azoles, with both ITC and VCZ showing no in vitro

activity. The prevalence of azole-resistance in A.

fumigatus is presently unknown as a result of the fact

that MIC-testing of clinical isolates is not routinely

performed in the majority of clinical microbiology

laboratories. However, it was recently shown that up

to 6% of clinical A. fumigatus isolates were azole
resistant in a Dutch medical centre [15]. Azoles

interfere with ergosterol synthesis by inhibiting 14-a-

sterol demethylase, leading to growth arrest. The most

prevalent azole resistance mechanism in A. fumigatus

appears to be related to the modification of this

enzyme, which is encoded by the cyp51A gene. Several

amino acid substitutions of cyp51A have been de-

scribed, leading to different susceptibility profiles. A
new mechanism was recently described which involved

substituting the amino acid leucine for histidine at

codon 98 together with a tandem repeat in the cyp51A

promoter region. These changes result in the lack of

activity of ITC and VRC and reduced activity of PCZ

[16]. Furthermore, these alterations were the dominant

change in the Dutch azole-resistant isolates with 96%

of isolates showing this resistance mechanism [15].
The isolate from our patient had no substitutions in

the Cyp51A gene, but did show a 53 base pair tandem

repeat in the promoter region. Although expression

analysis showed a five-fold increase of cyp51A expres-

sion, transformation of the promoter region into a

wild-type strain did not result in the azole-resistant

phenotype. The significance of the tandem repeat in

relation to the resistant phenotype therefore remains
unclear and an additional, but yet unknown, resistance

mechanism is suspected [17].

The consequences of the observed phenotype for the

clinical efficacy of azoles remain unclear. We antici-

pated that treatment with ITC or VCZ would not be

successful due to the lack of their in-vitro activity.

Although the MIC of PCZ was elevated compared with

that of wild-type isolates, the MIC of the isolate was
within the therapeutic range of this drug. Faced with

the lack of alternative oral drugs and the necessity of

long-term ambulant therapy, it was decided to treat our
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patient with PCZ following primary therapy with

caspofungin. Treatment with PCZ combined with
extensive surgical debridement resulted in complete

recovery and the drug was well tolerated without any

side effects.

Conclusions

Long-term PCZ proved to be a safe and effective

treatment for ITC and VRC-resistant A. fumigatus

osteomyelitis in a CGD-patient.
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