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TherapeuTic advances in 
infectious disease

Introduction
Aspergillus is a filamentous fungus ubiquitous in 
nature, which, following inhalation of spores 
(conidia), can cause respiratory tract infections or 
disseminate extra-pulmonary.

These types of infections rarely affect immuno-
competent patients, while they are a common 
occurrence in the immunocompromised popula-
tion, particularly in the case of patients undergo-
ing onco-haematological therapies or in recipients 

of haematopoietic stem cell transplantation or 
solid organ transplantation.1,2

Invasive aspergillosis is an opportunistic infection 
that mainly affects the respiratory tract and lungs 
following the inhalation of conidia.

Among the extrapulmonary manifestations of 
invasive aspergillosis, osteomyelitis is a rare com-
plication, and more than half of the cases present 
as spondylodiscitis.3,4
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Aspergillus osteomyelitis is a rare infection that 
can affect both immunocompetent and immuno-
compromised individuals. The number of cases is 
rising due to the increase in the number of patients 
at risk. It most commonly affects the vertebrae, 
less frequently the cranial bones and ribs and 
rarely involves the long bones. The clinical pic-
ture is usually paucisymptomatic and of long evo-
lution, which leads to diagnostic difficulties, 
especially in immunosuppressed patients present-
ing a delayed systemic host response.5

Furthermore, there is a lack of recent guidelines 
on the best therapeutic approach for Aspergillus 
osteomyelitis.

While Aspergillus fumigatus is the most common 
fungal pathogen, Aspergillus granulosus can also 
cause invasive aspergillosis.6,7 Aspergillus granulo-
sus is a cryptic species belonging to the Usti section 
and whose main microbiological characteristics 
include poor conidiation and the preponderance 
of colourless large aggregates of globose to elon-
gate Hülle cells distributed randomly.7,8

No cases of osteomyelitis due to this pathogen 
have been reported to date. We report a case of 
femoral osteomyelitis caused by A. granulosus in a 
heart transplant recipient successfully treated 
with a combined surgical and antifungal approach.

Case presentation
A 65-year-old male who underwent a heart trans-
plant in June 2022 for hypertrophic cardiomyopa-
thy presented in February 2023 (on day −46 of 
diagnosis) at a tertiary hospital in Madrid (Spain) 
with pain in the left knee of 3 months of evolu-
tion. Timeline of the clinical evolution of the case 
is summarized in Figure 1.

Among the post-transplant medical history, he 
developed right-predominant primary graft failure, 
renal failure, right jugular thrombosis and SARS-
CoV-2 pneumonia. He also developed post- 
cardiotomy pericarditis with severe pericardial 
effusion with tamponade requiring a pleuroperi-
cardial window. Cutibacterium acnes was isolated 
from the pericardial fluid culture. In pre-transplant 
screening, the patient tested positive for the inter-
feron-gamma release assays QuantiFERON®-TB 
Gold (Qiagen, Venlo, Limburg), so he received 
prophylactic treatment with isoniazid for 9 months.

Finally, approximately 2 weeks before the onset of 
knee pain, the patient underwent left inguinal 
hernioplasty with mesh placement.

Physical examination at hospital admission on 
day −46 revealed a significant swelling of the left 
knee, painful, in the absence of erythema and 
other inflammatory signs. Knee ultrasound con-
firmed major joint effusion, which determined 
functional limitation to leg flexion and conse-
quent knee flexion attitude without an impair-
ment of the distal nerve bundles.

Blood tests showed a slight increase in C-reactive 
protein (CRP 48.3 mg/L) and erythrocyte sedi-
mentation rate (ESR 62 mm/h) without other 
alterations and a normal leukocyte count.

The patient was receiving standard immunosup-
pression with tacrolimus, mycophenolate mofetil 
and prednisone and the immunosuppression levels 
were within the range of efficacy and tolerability.

X-ray and magnetic resonance imaging (MRI) 
identified a lesion with aggressive characteristics 
at the distal third of the left femur associated with 
intense bone oedema over the entire diaphysis 

Figure 1. Clinical evolution. Timeline of the evolution of the case depicting the main events concerning the 
episode described, including onset of symptoms, hospital admission, diagnosis and management.
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and metaphysis and part of the femoral epiphysis 
and adjacent adipose tissue with periosteal thick-
ening [Figure 2(a)].

On day −28, a computed tomography (CT)-
guided biopsy of the lesion was performed, but 
the histological examination did not show any 
abnormal features [Figure 2(b)].

At the same time, the patient underwent a 
transesophageal echocardiogram, with no infec-
tious endocarditis signs nor other pathological 
findings and a chest CT scan, with bilateral pul-
monary calcified granulomas, already known, 
excluding the suspicion of malignancy.

On the microbiological profile, the patient pre-
sented a serum 1,3-β-d-glucan of 180.2 pg/mL 
(determined with Wako β-glucan test, cut-off 
value of 11.0 pg/mL) and a negative serum galac-
tomannan index (GMI), equal to 0.21 ng/mL.

Finally, at the beginning of April 2023 (on day −1), 
the patient underwent surgery to remove the bone 
lesion, described as purulent in appearance, with 
subsequent filling with polymethylmethacrylate.

A filamentous fungus was cultured from the 
removed material (Figure 3). The microscope 
preparations revealed Hülle cells and mycelia 
structure, but no conidial heads of Aspergillus 
were identified. The isolate was subcultured on 
potato dextrose agar at 30°C. After 5 days, the 
colonies appeared velvety, with a colour ranging 
from cinnamon to brown at the centre and white 
at the periphery. Aspergillus fruiting heads were 

scarce and located on long, smooth conidio-
phores. In the preparation, globose or coiled 
Hülle cells predominated. Based on these fea-
tures, the isolate was tentatively identified as 
Aspergillus section Usti.

The definitive identification of the species as A. 
granulosus was reached by molecular methods. 
Genomic DNA was extracted from conidia sus-
pensions with a DNeasy tissue kit (Qiagen GmbH, 
Hilden, Germany) and initially treated with lyti-
case (Sigma-Aldrich Corporation, St. Louis, MO, 
USA) for 2 h at 37°C. Polymerase chain reaction 
(PCR) amplifications were carried out using the 
two pairs of primers tub1 and tub2, specifically by 
the amplification and sequencing of the β-tubulin 
gene, and Basic Local Alignment Search Tool 
(BLAST) searches of the sequences were per-
formed using the National Center for Biotechnology 
Information BLAST database to accomplish an 
accurate species identification; specific details con-
cerning PCR conditions can be found elsewhere.9

Therefore, in the immediate post-operative 
period, it was decided to start antifungal treat-
ment with oral isavuconazole (day 0).

The European Committee On Antimicrobial sus-
ceptibility testing (EUCAST) antifungal microdi-
lution method for moulds (EUCAST E.Def 9.4; 
clinical breakpoints V10) was performed on  
the A. granulosus isolated, resulting in a minimum 
inhibitory concentration (MIC) values of 
0.5 mg/L for amphotericin B, 1 mg/L for posacon-
azole and isavuconazole and 2 mg/L for itracona-
zole and voriconazole. No breakpoints are 

Figure 2. (a) Anterolateral X-ray of the left femur and the knee showing an osteolytic lesion of the distal 
metaphysis of the femur. (b) CT scan of both femurs and knees showing an osteolytic lesion of the distal 
metaphysis of the left femur. Arrows indicate the site of the lesion.
CT, computed tomography.
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available to interpret the MIC values against A. 
granulosus.7

Histological examination of the excised lesion 
described a chronic, granulomatous inflamma-
tory process with abundant histiocytes and multi-
nucleated giant cells presenting acute central 
inflammation with focal granulomatous necrosis. 
Periodic acid-Schiff ( PAS) and Grocott stains 

allowed observing the presence of fungal struc-
tures consisting of septate hyphae branching at an 
acute angle.

To rule out a potential disseminated invasive asper-
gillosis, a 18FFluoro-Deoxy-Glucose-PET CT 
(PET/CT) was performed on day +9, showing an 
increased metabolic gradient (defined as standard-
ized uptake value, SUV) in the site of the excised 

Figure 3. (a) Culture sample of the excised femoral lesion. On the left, white colonies on chocolate agar 
media. On the right, cinnamon–brown colonies on PDA medium. (b) Lactophenol cotton blue preparation of 
culture sample of the excised femur lesion. At the top, relatively sparse conidiophores are seen with poorly 
defined phialides (20×). At the bottom, globose to elongated Hülle cells are seen in clusters (40×).
PDA, potato dextrose agar.
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femoral lesion (SUV max 6.78) and the right retro-
pectoral region, in the path of the right axillary 
artery and vein with a maximum SUV of 8.02 
[Figure 4(a) and (b)]. This find was then identified 
by CT angiography as a remnant of a prosthetic 
vascular graft sewn to the proximal third of the 
right axillary artery, through which a catheter-
based micro-axial left ventricular assist device 
(Impella 5.0, Abiomed USA-Massachussetts) was 
previously implanted as bridge to transplant ther-
apy [Figure 4(c)].

The patient presented a rapid clinical improve-
ment with complete functional recovery following 
the surgical treatment. The antifungal therapy was 
kept unchanged until the PET/CT control was 
performed on day +69 at the start of treatment. 
Due to the persistence of an increased metabolic 
gradient (SUV max 11.16) in the graft remnant 
attached to the anterior aspect of the right axillary 
artery and in the heterogeneous intermediate-
density tissue adjacent to it, it was considered 
appropriate to surgically remove the graft remnant 
and continue isavuconazole, which the patient was 
still taking with excellent tolerance.

On day +128, the patient underwent excision 
surgery. Through a subclavicular incision, the 
remnant of the prosthetic vascular graft placed in 
the sinus of the right axillary artery and vein was 
identified [Figure 5(a)]; after proximal and distal 
control of the axillary artery, the graft remnant 
was removed, inside which thrombotic material 
was found [Figure 5(b)].

Both the prosthetic vascular graft remnant and 
the thrombus were processed for culture and 
molecular examination by PCR, both of which 
have been negative.

The antifungal therapy was, therefore, discontin-
ued after 137 days of treatment.

The patient presents excellent clinical conditions 
and a complete resolution of the initial clinical 
picture.

Discussion
We present this case because it is the first reported 
episode of long bone osteomyelitis due to A. gran-
ulosus that occurred in a heart-transplanted recip-
ient without simultaneous pulmonary infection 
and was successfully treated with isavuconazole.

Figure 4. (a) PET/CT of both femurs and knees 
after the surgical excision showing a nonspecific 
metabolic lesion in the left distal femur, with 
peripheral hypermetabolism and adjacent soft 
tissue, compatible with known fungal infection.  
(b) Chest PET/CT showing a focal uptake in the  
right retropectoral region, in the path of the  
axillary artery and vein. (c) CT angiography  
showing the remnant of the prosthetic graft  
sewn to the proximal third of the right axillary 
artery, located superficially to the pectoralis minor 
and in the interval between the sternocostal and 
clavicular heads of the pectoralis major (black 
arrow).
CT, computed tomography; PET, positron emission 
tomography.
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Aspergillus osteomyelitis is associated with predis-
posing conditions of the host, primarily immuno-
suppression caused by pathologies such as chronic 
granulomatous disease or induced following 
chemotherapy or transplantation of solid organs 
and haematopoietic stem cells.10

Our patient received immunosuppressive therapy 
for the heart transplant performed a few months 
before the first symptoms of osteomyelitis appeared.

Aspergillus osteomyelitis can develop by three 
mechanisms: (1) direct inoculation secondary to 
injury, surgery or epidural injection, (2) contigu-
ous dissemination from pleuropulmonary infec-
tion or (3) haematogenous dissemination from 
coexisting pulmonary infection or intravenous 
injection.4

We cannot exclude that our patient presented a 
haematogenous dissemination originating from a 
remnant of the prosthetic vascular graft implanted 
prior to transplantation. However, microbiologi-
cal tests of the excised remnant were negative 
(direct stain, culture and PCR), yet the patient 
had been receiving isavuconazole for more than 
4 months at the time of their performance.

The main risk factor for the development of 
Aspergillus osteomyelitis of long bones, in  
particular of the tibia and femur, is chronic gran-
ulomatous disease following haematogenous dis-
semination from a pulmonary focus and it mainly 
affects the younger sections of the population.4,11 
However, Gamaletsou et  al. reported that 

between patients with femoral and tibial 
Aspergillus osteomyelitis, there was a high propor-
tion of solid organ transplant recipients as well, 
like in our case. Aspergillus fumigatus is by far the 
most frequently isolated pathogen, while there 
are no reported cases of osteomyelitis caused by 
A. granulosus.4,7,12

To the best of our knowledge, this is the second 
reported case of any type of infection due to A. 
granulosus in a heart transplant patient.6

Aspergillus granulosus is a species of fungus in the 
genus Aspergillus from the Usti section, formerly 
belonging to the now obsolete section Versicolores.

Previously, Aspergillus species were categorized 
into groups based on morphological characteris-
tics. Aspergillus granulosus can be difficult to iden-
tify morphologically due to poor conidiation. It is 
characterized by its buff to pale brownish colony, 
by conidia that are only slightly roughened (finely 
echinulate or verruculose), by sparse conidial pro-
duction in some isolates and by the preponder-
ance of colourless aggregates of globose to elongate 
Hülle cells at maturity, giving a granular appear-
ance to the colony. No defined breakpoints exist 
for this organism. Currently, thanks to the data 
obtained with molecular analysis, A. granulosus 
has been placed in the Aspergillus section Usti.7,8

The etiologic agent identification in the current 
report required a more detailed examination of 
the morphologic features combined with amplifi-
cation and sequencing, emphasizing the crucial 

Figure 5. (a) Remnant of the prosthetic vascular graft sewn to the right axillary artery. (b) Thrombotic material 
found within the prosthetic vascular graft.
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role of molecular characterization to achieve an 
accurate species identification, as previously 
reported.13

We believe that the identification of a cryptic spe-
cies as the etiological agent of osteomyelitis of the 
long bones, as described in this case, may depend 
on an underreporting of cases in the past due to 
the lack of appropriate identification methods.

Osteomyelitis diagnosis can be challenging. 
Clinical presentation depends on the site of infec-
tion. The appearance of pain or hypersensitivity 
in a bony area in an immunocompromised patient 
should lead to the investigation of the presence of 
osteomyelitis, in particular, caused by Aspergillus. 
Although inflammatory markers (ESR and CRP) 
are usually elevated, the white blood cell count 
can often be normal, as we found in our case.

In the analysis conducted by Gamaletsou et al.,4 
among the cases in which serum GMI data were 
reported, most had negative GMI values, as we 
observed in our case.

To date, there is no gold standard for the radio-
logical evaluation of Aspergillus osteomyelitis; 
however, MRI, as we observed in this case, would 
appear to be the most sensitive method for early 
diagnosis; in addition to osteolysis, bone destruc-
tion and bone erosion, it may show increased 
T2-weighted signal intensity.4,10

The culture and histology of tissue specimens 
obtained through CT-guided biopsies, especially 
in cases of non-contiguous infections, remain the 
most important diagnostic tool,4,10, although in 
our case, it was not possible to reach a diagnosis 
in this way.

Zhu et al.14 have shown that the use of PET/CT, 
although exposing patients to a high level of radi-
ation, allows early identification of infectious 
focus and monitoring of response to treatment. In 
our case, PET/CT proved to be a valuable diag-
nostic tool which helped us to exclude other sites 
of infection and manage patient follow-up. It 
prompted us to proceed with surgery due to its 
persistent positivity.

Regarding treatment, Gabrielli et  al., who con-
ducted the largest and most inclusive literature 
review, reported that the combination of surgery 
and antifungal therapy did not significantly affect 

patient outcomes compared to medical therapy 
alone. On the other hand, in the analysis by 
Gamaletsou et al.4 and Koehler et al.,10 combination 
therapy resulted in more favourable outcome with 
higher survival rate and lower recurrence rate.12

Infection in the vertebrae or bones other than the 
skull has also been reported to significantly 
decrease the chance of recovery.12

Surgery represents a fundamental step, especially 
in the case of vertebral involvement, given the 
greater risk of neurological complications that 
could derive from spinal cord impairment.12

In our case, we believe that the excellent clinical 
response of the patient can be attributed to the 
combination of early surgery and targeted anti-
fungal treatment.

The guidelines of the Infectious Diseases Society 
of America (IDSA) for treatment of Aspergillus 
infections recommend surgery when possible for 
the management of Aspergillus osteomyelitis in 
combination with voriconazole.15

The most widely used drug in the treatment of 
Aspergillus osteomyelitis is amphotericin B, fol-
lowed by itraconazole and voriconazole.12 
However, there would not seem to be greater 
advantages in the use of liposomal amphotericin 
B rather than voriconazole or itraconazole. 
Furthermore, the combination of antifungal ther-
apy versus single agent would not bring significant 
changes in the outcome.4

Besides, the type and dosage of the antifungals 
administered require frequent modifications 
based on the result of the sensitivity tests, the 
plasma and tissue levels of the drug, and the 
drug–drug interactions.10

The IDSA guidelines recommend a minimum of 
6–8 weeks of antifungal therapy, with longer 
courses (>6 months) frequently necessary, using 
voriconazole as first-line treatment for invasive 
aspergillosis.15

Considering the need for prolonged therapy 
times, the choice of antifungal should, therefore, 
consider the risk of long-term toxicity, especially 
in the case of amphotericin B, burdened by 
nephrotoxicity and by the lack of a formulation 
for oral administration.
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Voriconazole can be administered for long periods 
and is available in an oral formulation with high 
bioavailability. However, in order to guarantee 
efficacy and sufficient bone penetration, it requires 
frequent monitoring of plasma levels. It is, in fact, 
susceptible to drug–drug interactions, especially 
with immunosuppressive drugs taken by trans-
plant patients, and can lead to hepatotoxicity.16

In this context, isavuconazole, due to its better 
interaction profile, is a promising alternative for 
the treatment of Aspergillus osteomyelitis, as high-
lighted by Mertens et al. in a recent review and as 
confirmed in our experience, although data on 
bone penetration of isavuconazole are scarce.16

Conclusion
In our opinion, the optimal management of 
Aspergillus osteomyelitis involves the combination of 
targeted antifungal therapy and a surgical approach. 
PET/CT was relevant in our case, assisting in the 
diagnosis and follow-up. Isavuconazole is a valid 
alternative therapy thanks to its reduced drug–drug 
interactions, its tolerance and bioavailability profile 
and the possibility of oral administration. This case 
also recalls how the differential diagnosis must 
include cryptic fungal species, particularly in the 
case of immunocompromised patients. In these 
cases, molecular methods play a major role in allow-
ing the identification of the species.
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