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  Introduction 

   Prosthetic joint replacement is and will be increasingly 
used to alleviate pain and increase mobility in patients 
with end-stage arthritis. The annual rate of total knee 
arthroplasty,   the most cost-effective procedure for such 
patients,   is expected to double by 2025 [1]. Prosthetic 
joint infections (PJIs) occur less frequently than aseptic 
failures but represent the most devastating com-
plications. Although the use of perioperative anti-
microbial prophylaxis and a laminar airfl ow surgical 
environment has reduced the risk of intraoperative 
infection to less than 2% after knee replacement,   infec-
tions associated with prosthetic joints cause signifi cant 
morbidity,   account for a substantial proportion of 
healthcare expenditures and remain a therapeutic 
dilemma for healthcare providers in all fi elds [2]. Most 
commonly coagulase-negative staphylococci,   Staphylo-
coccus aureus,   Streptococcus species and Gram-
negative bacilli are identifi ed as pathogens [3,  4]. PJIs 
with fungal agents are scarce in the literature,   repre-
senting 1% of orthopaedic metalware infections,   and 
often occur in immunocompromised patients. Candida 

species are the most commonly reported fungal 
infections [5 – 8]. We found 3 documented Aspergillus 
PJIs in our PubMed search (1979 – 2010) of the medical 
literature,   2 of which were due to A. fumigatus. 

 We present the third case of a PJI by A. fumigatus 
in an immunocompetent patient who lacked any pre-
disposing risk factors. The patient was treated success-
fully with a 6-week course of liposomal amphotericin 
B and a 2-stage exchange reimplantation.   

 Case report 

 In July 2006, an 81-y-old man presented with com-
plaints of pain and swelling of his right knee. The 
patient had undergone a bilateral total knee arthro-
plasty 1 y prior for osteoarthritis that had not 
responded to conservative management. According 
to his history, the fi rst few months after the arthro-
plasties had been problem-free. Soon after that, how-
ever, he had become crippled by increasing pain and 
decreasing range of motion on the right side. He was 
referred to our tertiary care centre for evaluation and 
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management. A review of organ systems was normal 
and there was no history of fi stula, erythema, fevers, 
pruritis, rashes, discharge, or trauma. The patient 
denied prolonged antibiotic use, extended hospital-
ization, poor nutritional status and steroid use, and 
had no other chronic illnesses. The patient ’ s social 
history was unremarkable; no history of smoking, no 
alcohol or intravenous drug history was discovered. 
The patient, a retired farmer, lived with his family in 
a rural setting. 

 On physical examination, the patient was afebrile 
and had swelling of his right knee, but lacked ery-
thema and purulent drainage. Results of laboratory 
tests included C-reactive protein (CRP) of 40 mg/l 
(normal range 0 – 5), a white blood cell (WBC) count 
of 7.1  �  10 9 /l, neutrophils 60%, haematocrit 0.30, 
blood urea nitrogen (BUN) 29 mg/dl, creatinine 
1.1 mg/dl, and an erythrocyte sedimentation rate 
(ESR) of 108 mm/h. 

 During his workup, the right knee was aspirated 
under sterile conditions. Gram stain and cultures 
were negative for aerobic pathogens, but surprisingly 
positive for fi lamentous fungi. With the suspicion 
that the isolated mould could be a contaminant, a 
repeat knee aspiration performed 10 days after the 
initial one confi rmed heavy growth of A. fumigatus. 
Aspergillus species were identifi ed with colony mor-
phology and microscopic appearance, and tested for 
susceptibility to amphotericin B by the Clinical and 
Laboratory Standards Institute (CLSI) reference 
broth microdilution method [9]. A. fumigatus was 
susceptible to amphotericin B with a minimum 
inhibitory concentration (MIC) of 0.25  μ g/ml. 

 Nuclear imaging studies were performed in order 
to confi rm PJI in July 2006, and showed increased 
periprosthetic uptake and increased periprosthetic 
activity of the right knee with 20 mCi technetium-
99m methylene diphosphonate in bone scintigraphy 
and labelled leukocytes combined with 10 mCi 
technetium-99m sulphur colloid bone marrow 
scintigraphy, respectively. Increased activity was 
remarkable when compared with the corresponding 
contralateral extremity, which also had undergone a 
total knee arthroplasty (Figure 1). 

 In August 2006, after an infectious disease con-
sultation, the patient was started on amphotericin B 
(1.2 mg/kg/day) 3 days prior to surgery for revision 
of his right knee. However, during the following week, 
the patient ’ s BUN and creatinine levels climbed to 86 
mg/dl and 3.1 mg/dl, respectively, and the treatment 
was switched to liposomal amphotericin B (Ambi-
some; 5 mg/kg/day). The total course of treatment 
was 6 weeks and the decision to stop treatment was 
also based on results of bone scintigraphy and labelled 
leukocytes combined with technetium-99m sulphur 
colloid bone marrow scintigraphy (Figure 2). 

 In the middle of August, he underwent removal 
of the right total knee arthroplasty, irrigation and 
debridement. At this time, an antibiotic-loaded 
cement spacer was inserted; since there is no heat-
stable antifungal agent for use in cement, teicoplanin 
was the antibiotic used for protection from a second-
ary bacterial infection. 

 Postoperatively the patient ’ s wound healing was 
uneventful. Two weeks postoperatively, laboratory 
tests revealed CRP of 3 mg/l (normal range 0 – 5), 
BUN 61 mg/dl, creatinine 1.4 mg/dl, and an ESR of 
54 mm/h. Four months later, the patient underwent 
revision of the right total knee arthroplasty. Intraop-
erative frozen sections were obtained and revealed 
absence of neutrophils, and culture results showed 
no evidence of fungal or bacterial infection after a 
week of incubation. The postoperative period was 
smooth. The patient has been followed annually with 
a physical examination and radiographic evaluation 
and has been free of loosening and asymptomatic 
during the past 4 y.   

 Discussion 

 Aspergillus is a rapidly growing fungus and is often 
visible in culture within 1 to 3 days of incubation. 
However, longer periods may be required to see 
growth if the inoculum is very small. It is an environ-
mental fungus that causes life-threatening infections 
when improperly treated. Aspergillus is widespread 
in nature. Its spores are easily airborne and we nor-
mally breathe in 100 to 200 spores daily. Innate 
immunity is the main defence against Aspergillus. It 
appears that the onset of the disease depends on the 
severity of the compromised host defence [10]. 

 Although immunodefi ciency and diabetes are 
amongst the classical risk factors for fungal PJIs, 
Brooks and Pupparo have reported that 46% of the 
22 fungal infections known at that time lacked risk 
factors [11]. Among the documented Aspergillus - 
infected cases, only the patient described by Austin 
et al. [12] actually was receiving immunosuppressive 
agents for megaloblastic anaemia, while others includ-
ing our case were not immunocompromised. 

 PJIs can be classifi ed as early (those that develop 
at  � 3 months after surgery), delayed (at 3 – 24 months 
after surgery), or late (at  � 24 months after surgery) 
[4]. Early and delayed infections are thought to be due 
to organisms introduced at the time of surgery, whereas 
late infections are more likely to be haematogenously 
acquired. The 4 documented Aspergillus spp.-infected 
cases are evenly split: Patients described by Baumann 
et al. [13] and Langer et al. [14] had the late type, 
while our patient and the patient described by Austin 
et al. [12] had the delayed type PJI. We therefore con-
clude that PJIs due to Aspergillus spp. may be due to 
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both organisms introduced at the time of surgery and 
organisms acquired haematogenously. The patients 
presented with symptoms of infection following 1 to 
4 y of arthroplasty (mean 2.75 y). The average interval 
between surgery and the appearance of the clinical 
signs of PJIs due to Candida spp. is 21 months and 
due to Aspergillus spp. is 33 months [6]. 

 The available literature on PJIs with fungus 
consists mainly of case reports and shows Candida 
species to be the most common offending fungal 
organisms. In 2010 Dutronc et al. reported 62 cases 
(55 cases from the medical literature and 7 cases from 
their institute) of prosthetic infections due to Candida 
species. Among the species identifi ed, Candida albi-
cans was the most common pathogen to cause pros-
thetic joint infections (28 cases), followed by Candida 
parapsilosis (18 cases), Candida glabrata (8 cases), 
Candida tropicalis (5 cases) and Candida guillermon-
dii (1 case) [6 – 8,15 – 20]. So far, there have been 3 
reported cases of a total knee arthroplasty infected 

with Aspergillus species, 2 of which were due to A. 
fumigatus [12,13] and 1 due to Aspergillus niger [14]. 
Patient characteristics are reported in Table I. 

 Austin et al. described the case of an 80-y-old 
man who presented 25 months following total knee 
arthroplasty for excision of a popliteal cyst. The 
patient underwent an initial surgery for excision of 
the cyst. The cultures obtained at this surgery grew 
A. fumigatus. Subsequently the patient under went 
resection arthroplasty, followed by intravenous 
administration of amphotericin B for 12 weeks. A 
follow-up examination at only 12 weeks showed no 
signs of infection [13]. Baumann et al. successfully 
treated their case of A. fumigatus infection with a 
3-stage reimplantation, parenteral amphotericin B, 
and oral fl uconazole suppression. Following an 
initial surgery of irrigation and debridement with 
implant resection, antibiotic-impregnated cement 
was inserted. An additional irrigation, debride-
ment and spacer exchange was performed before 

Figure 1. Anterior (left) and posterior (right) labelled leukocyte images of the patient showing increased periprosthetic activity around 
right total knee replacement with 99mTc-HMPAO-labelled leukocyte scintigraphy. R, right; Ant, anterior; Post, posterior; images acquired 
at 2 different time points: 1 h (upper images) and 24 h (lower images).
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reimplantation. Finally, the megaprosthesis was 
implanted. This treatment was unique in that it 
was the fi rst successful reimplantation of a fungus-
infected megaprosthesis where amputation had 
been the standard treatment protocol. Five y later, 
the patient was pain-free and showed no evidence 
of infection [13]. Langer et al. reported a 65-y-old 
woman who had undergone a bilateral knee arthro-
plasty 4 y earlier; she presented with increasing pain 
and decreasing range of motion of her left knee. She 
underwent a revision total knee arthroplasty of her 
left knee and intraoperative cultures grew A. niger. 
The patient was successfully treated with amphot-
ericin B for 6 weeks and was doing well and had no 
symptoms 12 months after surgery [14]. Our case 
presented 25 months after a bilateral total knee 
arthroplasty with pain and swelling of his right knee. 
He was treated with a 2-stage reimplantation, fol-
lowed by intravenous administration of amphoteri-
cin B for 6 weeks. He was pain-free and showed no 
evidence of infection at the 4-y follow-up. 

 All the patients were treated with intravenous 
amphotericin B (mean 7.5 weeks) and in 1 it was 
combined with oral fl uconazole. All the patients had 
their prosthesis removed. 

 The clinical presentation of Candida joint infec-
tions is often indolent. While fever is observed in rare 
cases, local signs including pain, erythema and swell-
ing have been described in the majority [6,19,21]. 
Only 1 of 4 patients with PJIs due to Aspergillus spp. 
had fever with pain and swelling; 2 of them had only 
pain and swelling of the affected knee and 1 with 
immunosuppression had no pain but a cyst. 

 We present a case that was challenging because 
of the nature of the infecting organism, A. fumigatus, 
in a non-immunocompromised patient. Our patient 
underwent a 2-stage reimplantation procedure, which 
is the most common procedure for the treatment 
of PJIs. Although it is diffi cult to deduce a manage-
ment protocol for PJIs due to Aspergillus spp. with 
4 cases in the last 2 decades, we believe that once a 
defi nitive diagnosis is made, a 2-stage reimplantation 

Figure 2. Anterior (left) and posterior (right) labelled leukocyte images of the patient with 99mTc-HMPAO-labelled leukocyte scintigraphy 
after 6 weeks of treatment. R, right; L, left; Ant, anterior; Post, posterior; images acquired at 2 different time points: 1 h (upper images) 
and 24 h (lower images).
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procedure involving surgical debridement and 
antifungal treatment seems a reasonable approach. 
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