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Abstract. Fungal prosthetic joint infections (PJI) and reports 
of their clinical investigation are rare. In addition, there has 
been little evidence regarding the outcome of the two‑stage 
exchange protocol for the treatment of fungal PJI. In order to 
investigate the risk factors and clinical, microbiological and 
pathological features of fungal PJIs, as well as the effects of 
the two‑stage exchange protocol on their outcome, the present 
study analyzed eight retrospective fungal PJI cases, involving 
four cases affecting the hips and four affecting the knees, 
between May 2000 and March 2012. In all cases, a cemented 
spacer saturated with antimicrobials was used during the 
two‑stage exchange protocol, and systematic antifungal agents 
were administrated during the interim period. The average 
follow‑up duration was 4.4 years. Of the eight cases, six had 
undergone additional surgery on the infected joint prior to 
infection with the fungus. Following histological analyses, 
it was determined that the average number of polymorpho-
nuclear cells in the three patients infected with a fungus was 
only <5/high power field (HPF; magnification, x400), and that 
of the five patients with a hybrid infection was >5/HPF. The 
average Harris Hip scores or Hospital for Special Surgery knee 
scores were 43.6 preoperatively and 86 at the last follow‑up. 
The two‑stage exchange protocol was performed eight times in 
seven cases, with a failure rate of 12.5%. The remaining case 
was successfully treated by resection arthroplasty. The average 
duration of antifungal agent administration during the interim 
period in five of the eight cases was 1.5 months. For three of the 
patients, the duration of antifungal agent administration was 

prolonged until the c‑reactive protein levels were decreased 
to normal. The average duration of spacer implantation into 
the joint was 4.3 months. The results of the present study 
suggested that undergoing surgery on a prosthetic joint may 
be a potential risk factor for the development of fungal PJI. In 
addition, infiltration of polymorphonuclear leukocytes into the 
site of the infection may not occur at the same rate as bacterial 
PJI. Therefore, a two‑stage exchange protocol with implanta-
tion of a cement spacer saturated with antimicrobials may be 
considered an effective therapeutic strategy for the treatment 
of fungal PJI.

Introduction

Prosthetic joint infections (PJI) are a common complication 
of joint arthroplasty and may lead to a poor outcome. The 
incidence of PJI is 1.41% for knee prostheses and 0.92% for 
hip prostheses, according to the Finnish joint registry data 
involving 112,708 prostheses (1). PJI is one of the main reasons 
for the failure of joint arthroplasty (2). The most common 
pathogens causing PJI, according to the data from the General 
Hospital of Chinese People's Liberation Army (Beijing China), 
are gram‑positive bacteria and, in particular, coagulase‑nega-
tive staphylococci  (3). PJI caused by fungal pathogens are 
rare; between 1966 and July 2012, Kuiper et al (4) reviewed 
156 patients and reported eight cases of fungal PJI.

According to a previous study, the risk factors associated 
with the development of fungal PJI include antibiotic‑overuse, 
diabetes, tuberculosis, the use of immunosuppressants and 
diseases associated with immunosuppression, such as cancer 
and acquired immunodeficiency syndrome (AIDS) (5). The 
potential association between the surgical history of a patient, 
infection phase and the development of fungal PJI has rarely 
been investigated (6). Therefore, the present study aimed to 
investigate the surgical history of patients with fungal PJI at 
the General Hospital of Chinese People's Liberation Army in 
order to establish whether surgical history may be a potential 
risk factor of fungal PJI. 

The clinical manifestations of fungal PJI include local and 
physical symptoms, such as pain, swelling and dysfunction of 
the infected joint (4). Furthermore, a few of the present cases 
presented with systematic symptoms, including a fever, and the 
levels of c‑reactive protein (CRP) and erythrocyte sedimenta-
tion rate (ESR) were elevated in the majority of patients. The 
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manifestations of an infected joint following an X‑ray may 
include loosening, osteolysis and/or swelling of soft tissue, 
although some patients may have none of these features (7). 
The most common group and species of fungus associated with 
fungal PJI include Candida and Candida albicans (7). A PJI 
may be termed a hybrid infection when it is caused by multiple 
pathogens. A number of patients in the present study exhibited 
hybrid infections. According to Wimmer et al, the proportion 
of hybrid infections in all PJI patients was 48% (37/77). Hybrid 
infections have been shown to reduce the cure rate of PJI, as 
compared with a PJI caused by a single pathogen, thus suggesting 
that more attention should be paid to these patients (8).

In the case of bacterial PJI, the number of polymorphonu-
clear leukocytes in frozen and permanent histological sections 
of the infected soft tissue has been shown to increase  (9). 
Mirra et  al  (10) reported a strong correlation between the 
identification of five polymorphonuclear leukocytes in at least 
five separate microscopic fields and infection. However, there 
have been no reports regarding the histopathological features of 
fungal PJI; thus, it is unclear whether the association between 
active infection and an increased number of polymorphonuclear 
leukocytes in histological sections also applies to fungal PJI. 
Therefore, the present study investigated the histopathological 
features of fungal PJI.

At present, there are no guidelines regarding the protocol 
for the treatment of fungal PJI. In the case of bacterial PJI, 
the standard therapeutic strategy, which has received a high 
consensus, is the two stage‑exchange protocol  (11). The 
first stage involves removing the prosthesis, performing 
débridement and implanting a cement spacer saturated with 
antimicrobials, while the second stage involves removing the 
spacer and reimplanting the prosthesis (12). The two‑stage 
exchange has shown good efficacy for the treatment of bacte-
rial PJI. However, there are few examples in the literature 
regarding whether this protocol may also be successfully 
applied to fungal PJI (4).

The present retrospective study aimed to identify the risk 
factors associated with fungal PJI in patients at The General 
Hospital of Chinese People's Liberation Army, as well as to 
investigate the association between the surgical history of these 
patients and the development of fungal PJI. In addition, the clin-
ical manifestations, in particular the pathological features, were 
described, in order to document the characteristics of fungal 
PJI. Furthermore, the effectiveness of the two‑stage exchange 
protocol for the treatment of fungal PJI was evaluated.

Materials and methods

Patients and diagnosis. A total of eight patients (Table I) with 
fungal PJI, including four cases of the hip and four of the 
knee, who were admitted to the Department of Orthopaedics 
at The General Hospital of Chinese People's Liberation Army 
between May 2000 and March 2012, were retrospectively 
analyzed in the present study. Written informed consent was 
obtained from all patients for the publication of this study.

Venous blood samples (2 ml) from all patients were sent 
to the Biochemical Laboratory for the detection of plasma 
albumin and serum creatinine, urea, alanine transaminase 
(ALT) and aspartate aminotransferase (AST) levels using 
an automated biochemical analyzer (Olympus  AU2700; 

Olympus Corporation, Tokyo, Japan). The soft tissue 
samples, synovial fluid, drainage fluid or sinus fluid were sent 
to the Microbiology Department for culture of the pathogen. 
Cultured fungi were identified into genus and species by 
matrix‑assisted laser desorption/ionization‑time of flight 
mass spectrometry (VITEK® MS; bioMérieux, Marcy 
l'Etoile, France). The patients were diagnosed with fungal 
PJI if the same fungus was cultured from ≥2  specimens 
obtained from preoperative aspirate, a sinus, postoperative 
drainage fluid, wound exudate and/or intraoperative tissue or 
synovial fluid. Culture was performed preoperatively using 
fluid from the aspiration in three cases and fluid from a sinus 
in two cases. A fungal pathogen was detected for the two 
cases in which the fluid from a sinus was cultured (Table I). 
The remaining six cases were diagnosed with PJI via analysis 
of frozen tissue sections obtained intraoperatively or by the 
presence of a sinus. PJI could not be excluded if the frozen 
tissue section was negative due to the high false negative 
rate of frozen tissue sections with regard to the diagnosis 
of PJI  (13,14). The pathogen was confirmed as a fungi 
post‑operatively according to the intraoperative culture and 
postoperative drainage culture (Table I).

Treatment protocol. The two‑stage exchange protocol involved 
the removal of the primary prosthesis and implantation of the 
cemented spacer saturated with antimicrobials in the first 
stage, and the implantation of the prosthesis in the second 
stage. The therapeutic strategy for the eight patients included 
two‑stage exchange and resection arthroplasty (Fig. 1). A 
cemented spacer saturated with antimicrobials was made 
according to our previous study (15), and was used when both 
the two‑stage exchange protocol and resection arthroplasty 
were performed. Since five of the eight cases were diagnosed 
with hybrid infections, the antimicrobials saturated in the 
cemented spacer included vancomycin (Eli Lilly Suzhou 
Pharmaceutical Group Co., Ltd., Suzhou, China), meropenem 
(Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan) and/or 
amphotericin B (Ben Venue Laboratories, Inc., Bedford, OH, 
USA). The types and doses of the antimicrobials are presented 
in Table II.

Following implantation of the cemented spacer, systematic 
antifungal agents, including fluconazol (400 mg once daily; 
intravenous for 7 days and then orally; Shandong Luoxin 
Pharmaceutical Group Stock Co., Ltd., Shandong, China), 
voriconazole (5 mg/kg intravenously twice daily for 7 days, 
then 200 mg orally twice daily; Livzon Pharmaceutical Group 
Inc., Zhuhai, China) amphotericin B (initially 5 mg/day, then 
gradually increased to 40 mg/day, once daily) and/or caspo-
fungin (70 mg on the first day, then 50 mg intravenously once 
daily; Merck Sharp & Dohme, Clermont‑Ferrand, France), 
were administered for 6 weeks.

Venous blood samples (2 ml) from all patients were sent to 
the Clinical Laboratory Department for the detection of CRP 
levels using the immune scatter turbidimetry method (16), on 
a MicroScan Turbidity Meter with CRP detecting reagents 
(Siemens AG, Munich, Germany). In addition, white blood 
cell (WBC) levels were detected using the ADVIA 2120i 
Hematology System with Autoslide (Siemens AG). The levels 
of CRP were examined prior to removal of the cemented 
spacer and reimplantation of the prosthesis.
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Histopathological analysis. Samples of the soft tissue 
surrounding the prosthesis, which was highly suspected as 
the infected tissue, were obtained intraoperatively from all 
patients, frozen and sent to the Pathology Department for 
histopathological analyses and to determine whether the 
pathogen had been completely eradicated. Briefly, the tissue 
samples were made into a permanent paraffin‑embedded 
block (Huayong Paraffin Co., Ltd., Shanghai, China), sliced 
into sections (5  µm) using a microtome (RM2235; Leica 
Microsystems GmbH, Wetzlar, Germany) and stained 
with hematoxylin  &  eosin (Leica Microsystems GmbH). 
Subsequently, the permanent sections were observed under a 
microscope (CX31; Olympus Corporation). Five high power 
fields (HPF; 400x magnification) of vision for each section 
were observed to calculate the average number of polymor-
phonuclear cells. If the average number of polymorphonuclear 
cells was >10, infection persistence was assumed and another 
cemented spacer was implanted.

Outcome evaluation. The treatment was considered a success 
if the infection was successfully eradicated without persistence 
or recurrence during the ≥2 years follow‑up period. Conversely, 
the treatment was considered a failure in the case of recurrence 
or persistence of fungal PJI, as supported by clinical examina-
tion, signs or symptoms within 2 years post‑operatively. The 
pain and function of the hip or knee joint were evaluated 
pre‑operatively and at the final follow‑up using the Harris Hip 
Score (17) or Hospital for Special Surgery (HSS) score (18). 
The pain and function of the joints of patients evaluated by 
the HHS or HSS scores are considered good if the scores are 
between 80‑89, and are considered excellent if the scores are 
between 90‑100 (17,18). Prior to and following surgery, the 
patients were sent to the Medical Image Department for X‑ray 
examination (Discovery XR656; GE Healthcare Bio‑Sciences, 
Pittsburgh, PA, USA) of the affected joint.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation, which was calculated using SPSS software, 
version 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

Demography and risk factors. The age, gender, places of resi-
dence, history of chronic diseases and nutritional information 
were collected for all patients. The average follow‑up duration 
was 4.4 years (range, 2.9‑6.6 years). The potential risk factors 
for fungal PJI, including immunosuppression‑associated 
diseases or factors, duration from primary arthroplasty to 
the onset of symptoms of infection, the frequency at which 
the patient had undergone surgical procedures prior to the 
diagnosis of fungal PJI and the presence of hybrid infection 
with/without sinus are presented in Table I. The average age 
of the patient was 60 years, of which four patients were older 
than 60 years. Of the patients, five were female and three 
were male. Of the eight cases, seven were residents of urban 
areas and the remaining patient was from a rural area. Two 
of the patients had hypertension, one had diabetes mellitus 
and one had undergone a cholecystectomy. There was no 
evidence of immunosuppression‑associated diseases in any of 
the patients. The average body mass index of the patient's was 
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22.89±5.33 kg/m2 (normal range, 18.5‑23.9 kg/m2). One patient 
had plasma albumin levels of 33 g/l (normal range, 35‑50 g/l). 
There were no evidence indicating that any of the patients had 
abnormal nutrition conditions. Of the eight cases, six had previ-
ously undergone additional surgery on the infected joint. This 
surgery had been conducted following the primary total joint 
arthroplasty and prior to the diagnosis of fungal PJI (Fig. 2).

The duration from primary arthroplasty to the onset of 
symptoms of infection in the eight patients are presented 
in Table  I. Three cases were defined as early infections 
(<3 months), four cases were delayed infections (3 months to 
2 years) and one case was of a late infection (>2 years) (7). 
Typically, early and delayed phase infections were considered 
to be associated with factors of the surgery, whereas the 
late phase infection was considered to be associated with 

a predisposing factor in the patient. Five cases were hybrid 
infections, of which three had a sinus simultaneously.

Clinical manifestation. The symptoms experienced by 
the eight patients included swelling, pain, dysfunction and 
limited mobility of the infected joint. Five of the eight cases 
had sinus and effusion of the infected limb. The tempera-
ture of one patient was 37.5˚C, which was around the upper 
limit of the normal range. All other cases had a normal body 
temperature.

Laboratory examination. The CRP levels were elevated above 
the normal range (0‑0.8 mg/dl) in six patients, but were normal 
in the remaining two patients, and the values were 11.8, 6.23, 
6.3, 6.02, 0.65, 0.95, 4.99 and 0.48 mg/dl. ESR were higher 

Figure 1. Preoperative and postoperative X‑rays of three cases of a fungal PJI. The X‑ray images present the two‑stage exchange protocol method for knee and 
hip joints and the method of resection arthroplasty. (A) Case 1 suffered from fungal PJI of the hip; (B) the prosthesis was removed and the cement joint spacer 
was implanted. (C) Following treatment with antifungal agents in the interim period, the cement spacer was removed and the prosthesis was reimplantated. 
(D‑F) Case 6 underwent a similar therapeutic program, although the patient suffered from fungal PJI of the knee. (G‑I) Case 4 was treated with the cement 
spacer, but then refused to receive reimplantation of the prosthesis; therefore, (J and K) resection arthroplasty was performed. PJI, prosthetic joint infection.
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than normal (normal range, 0‑20 mm/h) in seven patients and 
were on the threshold value in one patient, and the values were 
130, 61, 86, 67, 80, 75, 25 and 20 mm/h. The WBC counts 
of the eight patients were 12.43, 6.12, 6.95, 9.42, 3.31, 4.87, 
5.92 and 4.42x109/l (normal range, 3.5‑10x109/l). The WBC 
count was higher than normal in one patient, but was normal 
in seven patients. The plasma albumin levels were assessed 
in order to evaluate the nutritional condition of the patients 
and were 45.6, 47.8, 43.5, 33.0, 49.8, 44.2, 39.8 and 37.6 g/l 
(normal range, 35‑50 g/l) for the eight patients. The serum 
creatinine and urea levels were normal in all patients. The 
ALT levels of the eight patients were 10.3, 9.5, 11.3, 50.9, 15.7, 
17.4, 12.9 and 15.8 U/l (normal range, 0‑40 U/l) and the AST 
levels were 24.9, 27.1, 21.6, 58.2, 20.8, 19.1, 18.6 and 21.8 U/l 
(normal range, 0‑40 U/l). The levels of ALT and AST were 
slightly elevated in one patient and were normal in the other 
seven patients.

X‑ray. The eight cases had no features specific to fungal PJI. 
Soft tissue swelling, a lucent line between the prosthesis 
and bone, and osteolysis were observed in some of the 
patients (Fig. 1).

Histopathological features. The permanent tissue sections 
obtained intraoperatively from the infected joints were 
analyzed under a microscope. Five high‑power fields of vision 
for each section were used to calculate the average number 
of polymorphonuclear cells. The average values of the three 
patients infected with a single fungus were 0/HPF, 2/HPF and 
3/HPF, corresponding to cases 6, 7 and 8, respectively. The 
average values of the other five patients infected with a fungus 
as well as bacteria were 12/HPF, 4/HPF, 90/HPF, 130/HPF and 
12/HPF, corresponding to cases 1, 2, 3, 4 and 5, respectively. 
Fungal hyphae were observed in the tissue section of case 5; 
fungal spores were not observed in any of the cases (Fig. 3).

Figure 3. Histopathological features (hematoxylin and eosin staining; magnification, x200 in A and B, x100 in C). Histopathological features of the soft tissue 
from the infected prosthetic joint of (A) patient 8 who was infected with Candida parapsilosis only,  (B) patient 4 who had a hybrid infection with Candida gla‑
brata, gram negative bacilli and Staphylococcus aureus, and (C) patient 5 who was infected with a mould and a coagulase‑negative staphylococcus.

Figure 2. Treatment regimes of eight cases of fungal PJI. The yellow boxes represent the surgical procedures undergone by the patients following the primary 
joint arthroplasty and prior to the diagnosis of fungal PJI, and this was deemed a risk factor of fungal PJI. Red indicates the persistence or recurrence of infec-
tion on the joint, whereas green indicates eradication of the infection at ≥2 years follow‑up. PJI, prosthetic joint infection; ORIF, open reduction and internal 
fixation; THA, total hip arthroplasty; TKA, total knee arthroplasty; LCL, lateral collateral ligament.
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Microbiological features. The positively cultured tissue speci-
mens included eight intraoperative synovia and/or soft tissue, 
two preoperative fluid samples from sinuses, two postoperative 
drainage fluid samples from the infected joints and two post-
operative fluid samples from wound exudate (Table I). Of the 
eight patients, six harbored Candida species and two harbored 
moulds. The Candida isolates included three Candida albi‑
cans, one Candida freyschussii, one Candida glabrata and 
one Candida parapsilosis. Of the two molds, one was of the 
Aspergillus genus. To the best of our knowledge, no previous 
cases of PJI have been caused by C. freyschussii. C. freyschussii 
and C. glabrata were susceptible to treatment with fluconazol 
at the initiation of antifungal therapy; however, due to the lack 
of effectiveness of the fluconazol treatment, the pathogen were 
once again cultured and antimicrobial susceptibility testing 
demonstrated that resistance to fluconazol was emerging. 
However, the pathogens remained susceptible to caspofungin.

Evaluation of treatment. The average preoperative Harris or 
HSS score was 43.6 and the average postoperative Harris or 
HSS score was 86. Case 4 was treated by resection arthro-
plasty without prosthesis implantation, so the Harris score 
of this patient was 62 following the surgical procedure. The 
remaining seven cases had good or excellent Harris or HSS 
scores. The scores for the eight cases are presented in Table II.

The treatment regimes for the eight cases is presented in 
Fig. 2. Case 2 was initially treated with the two‑stage exchange 
protocol; however, the infection persisted and so a second 
two‑stage exchange was performed. Case  4 was initially 
treated by two time of implantation of cemented spacer and 
latest time by resection arthroplasty without any spacer or 
prosthesis because the patient refuse to receive implantation of 
prosthesis. The remaining six cases were successfully treated 
by two‑stage exchange. In total, the two‑stage exchange 
protocol was performed eight times in seven cases, in which 
the protocol was successful seven times. The failure rate of 
two‑stage exchange protocol was 12.5%.

The average duration of antifungal agent usage in the 
cases who had undergone two‑stage exchange following 
implantation of the cement spacer and prior to the implanta-
tion of prosthesis was 2.8 months; in five of the cases, the 
duration was 1.5 months. In cases 3, 4 and 7, the duration 
of systematic antifungal agent administration was prolonged 
following implantation of the cement spacer to prevent the 
persistence of infection until the CRP levels had decreased 
to within the normal range.

Following reimplantation of the prosthesis, the average 
duration of antifungal usage was 1 month. The antimicrobials 
saturated into the cement implant included vancomycin, 
meropenem and amphotericin B. The average duration of spacer 
implantation in the infected joint was 4.3 months (Table II). 
Case 4 was infected with C. glabrata, which was primarily 
susceptible to fluconazol and amphotericin B. However, 
following administration of fluconazol and amphotericin B for 
~5 months, the infection had not been eradicated and the treat-
ment was considered a failure. Therefore, this patient underwent 
resection arthroplasty without a spacer or prosthesis. The 
intraoperative tissue of this patient was cultured again, which 
demonstrated that the pathogen was resistant to fluconazol and 
amphotericin B, although it was susceptible to caspofungin. 

Thus, the patient underwent treatment with caspofungin for 
46 days, permitting eradication of the infection.

Discussion

Fungal PJI are rare; Kuiper et al (4) reviewed 164 cases of 
fungal PJI between 1966 and July 2012, and Azzam et al (7) 
conducted a multicentre analysis on fungal PJI, which included 
31 cases between 1999 and 2006. Of the 31 cases reported 
by Azzam et al (7), 27 had experienced at least one chronic 
disease, including renal disease, a malignancy, rheumatoid 
arthritis, diabetes mellitus or hepatic and cardiac diseases, 
and some cases had a history of prolonged treatment with 
antibiotics or chronic steroids. In addition, two patients had 
undergone multiple revision surgeries prior to the develop-
ment of a fungal PJI. Kao et al  (5) reviewed 837 cases of 
candidemia and determined that ~24.8% cases had previously 
been diagnosed with an immunodeficiency‑associated condi-
tion, including lymphoma, leukemia, rheumatic diseases or 
AIDS, or had undergone an organ transplantation or extensive 
treatment with steroids. In the present study, none of the eight 
cases were diagnosed with an immunodeficiency‑associated 
condition. Seven of the eight cases presented with early or 
delayed phase infections, which were considered to be due 
to factors associated with the surgical procedure. Conversely, 
the late phase infection was associated with a predisposing 
disease in the patient, such as chronic diseases and an immu-
nodeficiency‑associated condition. Of the eight cases, six had 
undergone additional surgery on the infected joint following 
the primary total joint arthroplasty and preceding the diag-
nosis of fungal PJI. The additional surgery may have increased 
the possibility of exposure to the pathogenic fungus.

Case 6 was infected with C. freyschussii, which, to the best 
of our knowledge, is the first report of a fungal PJI caused by 
this species. The most common pathogenic fungal group and 
species in these eight cases were Candida and C. albicans, 
which is consistent with previous reports (7,19). The diagnosis 
of fungal PJI remains challenging, due to the difficulty of 
culturing the pathogen from the aspiration of the infected joint 
preoperatively. Three cases in the present study underwent 
preoperative aspiration; however, none of them had a positive 
culture. In addition, when both fungal and bacterial pathogens 
are detected upon culturing, it is difficult to identify the cause 
of the infection. Therefore, it may be necessary to obtain and 
culture multiple intraoperative specimens, including both 
synovial fluid and granulation tissue, from various sites of the 
joint. In the present study, the fluid from a sinus was extracted 
and cultured in order to identify the causative pathogen.

To the best of our knowledge, there have been no previous 
reports regarding the histopathological features of fungal 
PJI, although the histopathological features of general fungal 
infections include acute inflammation and chronic granuloma 
formation (20). Ritter et al (21) reported 40 cases of Exserohilum 
infections caused by contaminated steroid injections. The 
infection site included meninges, epidural, peripheral joint 
and injection site and the histopathological features included 
suppurative and granulomatous meningitis and vasculitis. 
Ayhan et al (22) reported the incidence of chronic granulo-
matous Aspergillus synovitis in a 5‑year‑old girl with acute 
lymphoblastic leukemia undergoing chemotherapy, in which 
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the main histopathological characteristic was a chronic granu-
loma. Typically, in the chronic phase of a fungal infection, the 
number of polymorphonuclear leukocytes do not increase and 
the granuloma is the main histopathological manifestation (23). 
In the present study, the polymorphonuclear leukocyte count 
was normal in three of the cases in which the pathogen was a 
fungus only, which is consistent with previous reports (21,22). 
Therefore, it is not possible to exclude the diagnosis of fungal 
PJI if the histological frozen tissue section or permanent tissue 
section has a normal polymorphonuclear leukocyte count. 
Instead, if a fungus PJI is suspected, Grocott's methenamine 
silver stain, Periodic acid‑Schiff stain or Fontana‑Masson 
stain may be used, since these are able to detect most forms of 
fungi, including hyphae and spores (21).

Kuiper et al  (4) reviewed 164 cases of fungal PJI from 
1966 to July 2012 and reported a success rate for the two‑stage 
exchange protocol of 84.8% (67/79). In the 31 cases of fungal 
PJI reported by Azzam et al (7), 19 had undergone the two‑stage 
exchange protocol, of which 10 had recurrence of infection, and 
so the success rate was 47.4%. Phelan et al (24) reported four 
cases and reviewed six cases of Candidal PJI that were treated 
by the two‑stage exchange protocol, and reported a success rate 
of 80%. In addition, Anagnostakos et al (19) reported seven 
cases of fungal PJI treated by the two‑stage exchange protocol 
without recurrence in 2012, and Ueng  et  al  (25) reported 
16  patients who had undergone the two‑stage exchange 
protocol, of which eight relapsed or the infection was not 
controlled, and the success rate was 50%. The present study 
demonstrated a success rate of 87.5% for the seven cases (a 
total of eight times) who had undergone the two‑stage exchange 
protocol. Sia et al (26) reviewed 1,077 cases of PJI treated by 
the two‑stage exchange protocol in 30 studies, and reported an 
average success rate of 87% (range, 57‑100%). A pattern that 
emerged from the literature review was that patients with fungal 
PJI that were treated by the two‑stage exchange protocol were 
more likely to relapse, as compared with patients with bacterial 
PJI that underwent the same treatment (7,25,26). However, at 
present this remains a hypothesis with no definitive evidence. 
There has been only one report of a patient with fungal PJI 
who was successfully treated by the one‑stage exchange 
protocol (27), and the strategy of débridement with prosthesis 
retention has had few successful reports (28‑30). Therefore, the 
two‑stage exchange protocol may be considered the most effec-
tive strategy for the treatment of fungal PJI (4).

At present, the antifungal agents that are used to saturate the 
cement spacer are amphotericin B and voriconazole. Although 
the elution concentration of amphotericin  B surrounding 
the cement spacer was undetectable when it was combined 
with cement in vivo (31) and in vitro (32), a poragen, such as 
cephazolin, may be added to the cement, together with ampho-
tericin B, in order to facilitate the elution of amphotericin B. 
A previous study reported that 200 mg amphotericin B and 
10 g cephazolin may be added together in 40 g cement (33). 
Voriconazole was reported to have an excellent elution concen-
tration and bioactivity both in vivo (34) and in vitro (35,36). 
Deelstra et al (37) reported a case of a C. albicans prosthetic 
hip infection successfully treated by staged exchange with a 
cement spacer saturated with voriconazole, amphotericin B 
and vancomycin. However, at the time of the present study, 
there was no evidence to support the use of amphotericin B 

and so it was only added to the cement spacer for one of the 
eight cases. Nevertheless, the effect of a cement spacer loaded 
with voriconazole and amphotericin B on the eradication of a 
fungal PJI requires further clinical investigation.

At present, the duration for which the antifungal agent should 
be used following the implantation of the spacer and prior to 
reimplantation of the prosthesis is unknown, and there are no 
guidelines to address this issue. A previous study recommended 
that an antifungal agent should be administered for ≥1 year, in 
order to eradicate a fungal infection (30), and the Infectious 
Diseases Society of America guidelines recommend between 
6  and  12  months  (38). However, Anagnostakos  et  al  (19) 
suggested that 6 weeks of administration of an antifungal 
agent following the implantation of a spacer was sufficient. 
Furthermore, Kuiper et al (4) demonstrated that the outcomes 
of patients who had received antifungal agent therapy for 
0‑6 weeks were no different, as compared with the outcomes 
of patients who had received the same therapy for 0‑2 months, 
0‑3 months or 0‑6 months. Although five of the eight cases in 
the present study were treated for 1.5 months, three underwent 
an elongated treatment regime as their CRP levels were higher 
than normal, which may be considered a prognostic marker for 
the persistence of an infection. Therefore, the duration of which 
the antifungal agent should be used following implantation of 
the spacer and prior to reimplantation of the prothesis remains 
unclear and requires further analysis. It is important to note 
that antimicrobial resistance may lead to therapy failure. In the 
present study, the pathogens isolated from cases 4 and 6 were 
resistant to fluconazol, although they were susceptible to caspo-
fungin. Therefore, the susceptibility profile of the pathogen 
causing the fungal PJI should be analyzed rapidly in order to 
ensure the effectiveness of the antifungal agent being used.

In conclusion, the present study demonstrated that under-
going surgery on a prothesis is a potential risk factor for the 
development of fungal PJI. In addition, in the permanent 
histological sections from the infected tissue of a fungal PJI, 
the polymorphonuclear leukocyte count did not increase, as is 
typically observed for bacterial PJI; thus suggesting that the 
number of polymorphonuclear leukocytes in the joint may not 
be used for the diagnosis of fungal PJI. Finally, a two‑stage 
exchange protocol with implantation of a cement spacer 
saturated with antimicrobials may be considered an efficient 
strategy for the treatment of fungal PJI.
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