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Abstract: The treatment of periprosthetic joint infections (PJI), and especially of re-infections, poses
a highly complex problem in orthopaedic surgery. While fungal infections are rare, they present a
special challenge. The therapy is often protracted and based on limited evidence. A total of 510 hip
and knee revision surgeries were analysed for the occurrence of bacterial and fungal PJI. In patients
with PJI, the duration of the hospital stay and the incidence of disarticulation of the infected joint
were recorded. Out of the analysed revision arthroplasties, 43.5% were due to PJI. Monomicrobial
infection occurred in 55.2%, dual microbial infection in 21.4%, and polymicrobial (≥3 different
bacterial or fungal species) infection in 17.2% of the cases. Overall, Candida species were detected in
12.4% cases. Candida albicans was the main fungal pathogen. In 6.9% of cases, disarticulation of the
joint was the only option to control PJI. The detection of polymicrobial infection more than doubled
in follow-up revisions and there was a strong association between detection of Candida infection and
disarticulation (OR 9.39). The majority of fungal infections were mixed infections of bacteria and
Candida albicans. The choice of a biofilm penetrating antimycotic, e.g., caspofungin, together with a
sufficient standard procedure for detection and surgical treatment can help to control the infection
situation. Fungal infection often proves to be more difficult to treat than anticipated and is more
frequent than expected.
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1. Introduction

The treatment of bacterial infections of endoprostheses is a major challenge for physi-
cians and patients [1]. The patient’s risk of re-infection and mortality increases with
successive revision surgeries [2,3]. In some clinical cases, joint disarticulation is the only
possible option for controlling the infection and for saving the patient’s life [4,5]. While
infection control in bacterial infections is quite successful [1,6], treatment of mycoses rep-
resent a significantly higher challenge to the clinician and is associated with a very high
long-term effort [7]. Candida, which is the fourth most frequent pathogen involved in noso-
comial bloodstream infections in the USA [8] and which is associated with high mortality
rates, was reported to most commonly cause nosocomial infections in general surgery [9,10].
The majority of fungal periprosthetic joint infections (PJI), which are considered risk factors
for failure of revision surgery [11], were also caused by Candida species (Candida) spp. [12].
However, due to the rareness of these infections, there are only few publications that
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focus on fungi in PJI treatment. Recommendations for treatment procedures are insuffi-
cient [13,14]. The updated German guidelines on the treatment of fungal infections confirm
the limited availability of data for candidiasis and periprosthetic joint infections while
recommending a antifungal therapy with fluconazole and echinocandins [15]. The aim of
the current study was to evaluate the incidence of yeast infections in PJI; in particular, the
impact of candidiasis on the successful therapy in PJI was analysed.

2. Materials and Methods
2.1. Patients

A retrospective analysis of patients who had undergone revision arthroplasty at the
Orthopaedic Clinic and Policlinic of the University Rostock Medical Centre in the period
from 19 January 2015 until 5 June 2019 was performed to determine the incidence of yeast
infections in periprosthetic joint infections and to investigate the link between candidiasis in
PJI and disarticulation. Of the total of 510 revision surgeries in this period, 288 surgeries in
253 patients were performed due to aseptic causes, while 222 surgeries in 124 patients were
associated with PJI. Seven deceased patients were excluded from these 222 surgeries, while
70 re-implantation surgeries, which represented the second stage of two-stage revision
arthroplasties, were excluded from the analyses of the bacterial and fungal spectrum, since
the joints have to be pathogen-free before re-implantation can be carried out at the second
stage (Figure 1). Thus, a total of 145 septic surgeries were analysed for the occurrence of
bacterial and fungal pathogens in the joint. The total numbers of days per hospital stay,
the incidence of disarticulation of the infected joint, and the ages of patients were also
recorded for the 145 surgeries. The duration of the hospital stay was calculated as the
period in which the patient stayed continuously at the University Rostock Medical Centre.
Rehabilitation was not included in the hospital stay.
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dures for the analysis regarding the incidence of fungal infections in PJI.

2.2. Treatment

Specimen sampling and surgical treatment were performed according to published
guidelines for two-stage prosthetic replacement in PJI [1], including thorough debridement
at all stages of the revision arthroplasty. Antibiotics were initially administered in a
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calculated regimen and were adapted accordingly after receiving the antibiogram of the
causative pathogens. In the case of a detected fungal infection, the antifungal agent
fluconazole or one of the echinocandin class was used according to the manufacturer’s
instructions for dosing. Therapy was considered successful when wound conditions were
dry and without signs of infection or swelling, when inflammatory markers (leukocytes, C-
reactive protein, procalcitonin) approached normal values, and when the patient’s general
condition stabilised to allow the discharge from our hospital.

2.3. Microbiological Testings

Microbiological analyses were performed at the Institute of Medical Microbiology,
Virology, and Hygiene of the University Rostock Medical Centre. Microbiological diag-
nostics were carried out according to German microbiological standards [16,17] at the
national accreditation organisation of the Federal Republic of Germany (DAkkS) DIN EN
ISO 15,189- and DIN EN ISO/IEC 17,025-accredited microbiological laboratory.

2.4. Statistics

The results were collected using Microsoft Excel 2016 (Microsoft, Redmond, WA, USA).
Statistical analyses were performed with IBM SPSS Statistics 27 (IBM Corp., New York, NY,
USA), including descriptive statistics for continuous and categorical variables. Normal
distribution was analysed by Shapiro–Wilk test. Cross-tables were generated to perform
either Fisher’s exact tests or Chi square tests, as well as to calculate the odds ratios. The age
distribution and number of days per hospital stay were compared using a Mann–Whitney
U test. Here, p-values < 0.05 were considered as statistically significant. If not stated
otherwise, all data are presented as means ± standard deviation (SD) (median; min–max).

3. Results
3.1. Patient Data

At 56.5% (288 surgeries in 253 patients), the majority of revision surgeries were carried
out due to aseptic causes. Another 222 surgeries (43.5%) on 124 patients were associated
with PJIs in the period from 2015 until 2019 (Figure 1). A total of 18 patients underwent
revision surgeries for aseptic and septic causes.

In order to analyse the bacterial and fungal spectrum causing the infection, re-
implantation surgeries, i.e., the second stage of two-stage revisions, were excluded from
the analysis, as the joint is considered to be pathogen-free at this particular stage of the
treatment of PJI. Additionally, the seven patients who died during their hospital stay were
excluded to avoid bias regarding the duration of the hospital stay. None of the deceased
seven patients had a fungal infection or underwent disarticulation. Causes of death were
bacteremia (Staphylococcus aureus) with multi-organ failure, thromboembolic events, or
complications due to the patients‘ pre-existing co-morbidities. Finally, 145 surgeries in a
total of 110 patients were included for analysis. Out of the 145 surgeries, 80 were performed
on the hip and 65 on the knee. The mean age of the patients was 70.2 ± 9.7 years (72.0,
43–88).

3.2. Bacterial and Fungal Spectrum of the PJIs

The bacterial spectrum isolated from intraoperative samples is displayed in Table 1.
Infections with one (mono-), two (bi-), or more than two (polybacterial) causative bacteria
species were detected in 82 (56.6%), 28 (19.3%) and 22 (15.2%) surgeries, respectively, among
the 132 surgeries with intraoperative detection of bacteria (see Figure 1). Candida spp. was
detected intraoperatively in 18 of the 145 surgeries (12.4%).
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Table 1. Distribution of the isolated bacterial species.

Pathogen Bacterial Spectrum
Total Number Percentage (%)

Staphylococcus epidermidis 56 25,81
Staphylococcus aureus MSSA+ 23 10.60

Enterococcus faecalis 22 10.14
Cutibacterium acnes 15 6.91

Staphylococcus aureus MRSA* 11 5.07
Escherichia coli 11 5.07

Staphylococcus capitis 9 4.15
Staphylococcus hominis 9 4.15

Staphylococcus haemolyticu 8 3.69
Streptococcus agalactiae 6 2.76

Streptococcus dysgalactiae 6 2.76
Proteus mirabilis 6 2.76

Klebsiella pneumoniae 4 1.84
Pseudomonas aeruginosa 4 1.84

Staphylococcus lugdunensis 3 1.38
Enterobacter cloacae 3 1.38
Streptococcus mitis 3 1.38

Staphylococcus caprae 2 0.92
Enterococcus faecium 2 0.92

Corynebacterium sp. 2 0.92
Corynebacterium tuberulostearicum 2 0.92

Micrococcus luteus 2 0.92
Streptococcus anginosus 1 0.46

Corynebacterium striatum 1 0.46
Listeria monocytogenes 1 0.46
Cutibacterium avidum 1 0.46

Parvimonas micra 1 0.46
Finegoldia magna 1 0.46
Klebsiella oxytoca 1 0.46

Morganella morganii 1 0.46
+ MSSA = methicillin-susceptible S. aureus; * MRSA = methicillin-resistant S. aureus.

A total of 13 out of 110 (11.8%) patients were affected by candidiasis of the joint. In
four intraoperative samples, Candida species were identified as the sole causative pathogen
of the infection. Apart from Candida spp., no other fungal species were identified. While
Candida glabrata and Candida parapsilosis were each detected only once, Candida albicans
was detected 16 times during surgeries (Table 2), making it the fourth most identified
pathogen in the 145 surgeries. However, the less common Candida glabrata and Candida para-
psilosis were responsible for two of the four infections caused only by fungi—the other
two were caused by Candida albicans, while the majority of infections involving Candida
albicans (14×) were mixed infections of fungus and bacteria. Candida albicans was most
commonly associated with coagulase negative staphylococci (Staphylococcus epidermidis 8×,
Staphylococcus capitis 3×, Staphylococcus hominis 1×, and Staphylococcus haemolyticus 1×)
and Enterococcus faecalis (6×), however there was no preference regarding mixed infections
with one (6 surgeries, 42.9%), two (3 surgeries, 21.4%), or more than two bacteria species
(5 surgeries, 35.7%).
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Table 2. List of individual surgical procedures with intraoperative detection of fungal infections, including the bacterial
spectrum for mixed infections.

Candida
species Joint 1. Bacterial

Pathogen
2. Bacterial
Pathogen

3. Bacterial
Pathogen

4. Bacterial
Pathogen

5. Bacterial
Pathogen

Duration of
Hospital Stay Disarticulation Age

C.
parapsilosis hip none 19 no 81

C. albicans hip none 19 no 79
C. glabrata knee none 13 no 83
C. albicans knee none 46 no 67
C. albicans hip S. epidermidis 20 yes 76
C. albicans hip S. epidermidis 175 * no 80
C. albicans knee S. epidermidis 175 * no 80
C. albicans hip MRSA 28 no 66
C. albicans hip E. coli 74 no 59
C. albicans hip K. pneumoniae 59 yes 81
C. albicans hip S. epidermidis E. faecalis 175 * no 80
C. albicans hip P. mirabilis E. faecalis 63 yes 52
C. albicans knee MRSA E. faecalis 139 yes 54
C. albicans hip S. epidermidis S. capitis E. coli 175 * no 80
C. albicans hip S. hominis S. capitis P. aeruginosa 33 no 43
C. albicans hip S. epidermidis E. faecalis MRSA S. agalactiae 58 yes 77
C. albicans hip S. epidermidis E. faecalis E. coli S. haemolyticus 39 no 63
C. albicans hip S. epidermidis E. faecalis E. coli S. aureus M. morganii 37 no 63

Duration of stay in days; age in years; MRSA = methicillin-resistant S. aureus; * = different surgical procedures with detection of C. albicans
in the same patient as part of the same hospital stay with a total length of 175 days. For the statistical evaluation the duration of 175 days
was only included once in the calculation of mean and median of the length of the hospital stay.

3.3. Association of Candidiasis of the Joint during PJI with Selected Patient Factors

Age distribution did not differ between patients with and without diagnosis of can-
didiasis of the joint, with mean ages of 70.2 ± 12.2 years (76.5, 43–83) and 70.2 ± 9.4 years
(72.0, 43–88) at time of surgery, respectively, even when the median age was slightly higher
in the candidiasis group. However, this increase was not significant (Mann–Whitney U
test, p = 0.473).

Joint candidiasis was mainly detected in patients with repeated revision surgeries.
Candidiasis in the joint occurred in 83.3% during follow-up revisions, while the percentage
of repeated revisions in patients without detection of Candida species was 42.5%. The risk to
be afflicted by a Candida infection in the joint increased significantly (Fisher‘s exact t-test,
p = 0.002), with odds ratios of 6.76 (95% CI: 1.86–24.52) when the revision surgery was
a follow-up revision, i.e., the patient had undergone revision arthroplasty previously. A
total of 50 out of the 110 patients (45.5%) had undergone repeated revisions and 69 of the
145 surgeries (47.6%) were follow-up revisions.

The percentage of detection of polymicrobial infections more than doubled in follow-
up revisions (27.3% compared to 10.0% in “primary” revisions; Pearson’s chi square test,
p = 0.011). The percentage of infections involving three or more microbial species (polymicro-
bial) was also higher in the mixed joint infections of bacteria and Candida species compared
to PJIs without yeast detection (44.4% vs. 14.4%; Pearson’s chi square test, p = 0.001). When
defining infections with two or more microbial species as polymicrobial (Table 3), the increase
in PJIs with yeast was even more pronounced (Fisher’s exact test, p = 0.001).

In the event of a Candida infection in the joint, the length of the hospital stay was signifi-
cantly increased compared to PJIs without yeast detection (Mann–Whitney U test, p = 0.003),
with average hospital stays of 54.8 ± 45.8 days (39.0, 13–175) and 27.9 ± 19.7 days (21.5,
6–139) (Figure 2), respectively.
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Table 3. Overview of patient and microbial factors in PJI without and with detection of a Candida species. § Mann–Whitney
U test; # Fisher’s exact test.

Factor
PJI (Surgical Procedures)

p-Valuew/o Candida
n = 127

with Candida
n = 18

Joint
Hip 66 (52.0%) 14 (77.8%)

0.045 #
Knee 61 (48.0%) 4 (22.2%)

Age(Years) mean ± SD 70.2 ± 9.4 70.2 ± 12.2
0.473 §

median; Min–Max 72.0; 43–88 76.5; 43–83

Duration of hospital stay (days) mean ± SD 27.9 ± 19.7 54.8 ± 45.8
0.003 §

median; Min–Max 21.5; 6–139 39; 13–175

Previous revisions Yes 54 (42.5%) 15 (83.3%) 0.002 #

Polymicrobial infection (≥2 microbial
species including fungi) Yes 42 (35.6%) 14 (77.8%) 0.001 #

Disarticulation Yes 5 (3.9%) 5 (27.8%) 0.003 #
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Figure 2. Hospital stays in days. Duration of the hospital stay was calculated as the period in which
the patient stayed continuously at the University Rostock Medical Centre. Rehabilitation was not
included in the hospital stay. The data are presented as boxplots with the minimum, 25th percentile,
median, 75th percentile, and maximum. Significances between groups were calculated with the
Mann–Whitney U test (** p < 0.01).

3.4. Fungal Infection and Disarticulation

Out of the 145 surgeries performed due to PJI, a total of 10 surgeries (6.9%) were
disarticulations of the joint. All 10 disarticulations (100.0%) were carried out after repeated
revisions and the percentage of follow-up revisions was, therefore, significantly higher
than for the other revisions, where 43.7% (59 of 135 surgeries) were follow-up revisions
(Fisher‘s exact t-test, p < 0.001). However, the odds ratio of the risk could not be calculated,
as the value in the 2 × 2 table for disarticulation in “primary” revisions was zero.

In Figure 3, potential risk factors are depicted with their corresponding odds ratios.
The detection of a Candida infection in the joint was significantly associated with disartic-
ulation (Fisher‘s exact t-test, p = 0.003; OR 9.39 (95% CI: 2.40–36.75)). Out of the 18 PJIs
with detection of Candida species, 5 cases (27.8%) were associated with disarticulation. In
these 5 cases, PJI always presented as a mixed infection of Candida albicans with one (2×),
two (2×), or four (1×) associated bacterial species (Table 2). In PJIs without yeast, the total
number of disarticulations also comprised 5 cases; however, these only amounted to 3.9%
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(5 out of 127 cases). Hence, a clear link between disarticulation and candidiasis of the joint
was observed.
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Figure 3. Association of disarticulation with microbial risk factors. Demonstration of the occurrence of
disarticulation of the affected limb in relation to polymicrobial infection, candidiasis of the urinary tract,
and candidiasis of the affected joint. Odds ratios are depicted as means ± 95%confidence intervals.

To test the influence of the number of detected pathogens on the risk of disarticulation,
PJIs were divided into infections caused by a single pathogen (monomicrobial) and infec-
tions caused by two or more pathogens, including Candida species (polymicrobial), in order
to create a 2 × 2 table. Based on this allocation of PJIs into groups, a higher percentage of
polymicrobial infections was recorded in association with disarticulation at 60.0% (6 out
of 10) vs. 39.7% in the rest of the surgeries (50 out of 126). However, probably due to the
small total number of disarticulations, this effect was not significant (Fisher‘s exact t-test,
p = 0.317). The odds ratio was OR 2.28 (95% CI: 0.61–8.49).

The age distribution of the patients in the disarticulation surgeries was also not
different to the age of the patients in the rest of the surgeries (Mann–Whitney U test,
p = 0.507).

3.5. Clinical Outcome after Fungal Infection

Since a significant association between fungal infection and disarticulation was
recorded, all available follow-up data for the 13 patients with fungal infections were
analysed in order to elucidate whether there was a causative link between fungal infection
and disarticulation. The clinical outcomes of the 13 patients with fungal infection are
depicted in Figure 4. A total of 2 cases of the 9 intraoperatively detected fungal infections
finally resulted in disarticulation (one occurred only in the follow-up, i.e., later than the
initial analysis period until June 2019); at 22.2%, this is still a reasonably high percentage
compared to the 3.9% in PJIs without fungal. However, the majority of fungal infections
associated with disarticulation (n = 4) occurred after disarticulation.
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4. Discussion

The treatment of bacterial joint and bone infections in patients after multiple re-
vision arthroplasties is very challenging, however the occurrence of opportunistic fun-
gal infections is a further detrimental factor that complicates these infections [12]. The
most commonly reported fungal pathogens are C. albicans and C. glabrata [13]. These
two Candida species were also identified in the patients in this study.

4.1. Role and Occurrence of Fungal Infections in PJI

It is often reported that fungal infections are relatively rare, with rates being below 1%.
However, in the most commonly cited publications by Azzam et al. and Hwang et al., the
calculations of the incidence were based on the number of case reports in the literature or
the number of primary total knee arthroplasties (TKA) in the centres, respectively [18,19].
In the relatively few publications that related the detection rate of fungi to PJIs in total,
fungi were isolated in 0.9–2.0% of cases [12,20–22]. However, higher isolation rates were
also reported, for example by Bori et al., who isolated Candida species in 2 out of 38 revision
arthroplasties (5.3%) [23]. Assuming an incidence rate of 2% PJI after primary TKA [24],
approximately 512 patients of the 25,585 primary TKAs in the study by Hwang et al. [19]
would have developed a PJI. When then calculating the incidence of fungal PJIs based on
the assumed number of PJIs, the 30 reported fungal PJIs would also amount to a percentage
of 5.9% (30/512). While this is still lower than the values in the current study, where
Candida species were isolated in approximately 12% of cases, the data here are in accordance
with one of the previous studies by this centre, in which Candida species were isolated in
3 of 27 intraoperative samples of confirmed PJI [25]. The higher detection rates in this
centre might be due to various reasons. Since this orthopaedic centre offers an outpatient
clinic specifically for septic implant loosening and employs specialist surgeons for PJI, most
of the difficult cases, often after several unsuccessful revision arthroplasties or treatment
attempts, from the vicinity of up to 180 km around our hospital are referred to this unit.
This may account for the relatively high occurrence of fungal pathogens in our patients.
Additionally, the data collected here were not part of a population-based study, rather they
only show the occurrence of candidiasis in PJI for our Certified Centre of Excellence for
Joint Replacement. Thus, it is difficult to generalise our results. However, it may also be
possible that the microbial spectrum in PJIs has been changing in recent years. Wang et al.
showed that not only did the incidence of PJI decrease over a 13-year period (2002–2014)
but the microbial spectrum changed too; amongst other factors, the isolation of Candida
species changed, which increased from 0 via 2.5% to 2.8% in the consecutive time periods
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analysed during their study [26]. Thus, while PJI overall occurs less often, difficult-to-treat
infections might be on the rise. In the past, the isolation of Candida spp. was regularly
judged to be a contamination. For example, Brown et al. excluded 18 infections with
detection of Candida as contaminations from their analysis [12]. However, in 2013, in
accordance with Dutronc et al., Kuipers et al. concluded that a cultured fungal species
should always be considered a pathogen [27,28]. They reported that in 21% of the patients,
the fungal culture result was—incorrectly—considered to be a contamination. This is even
more important in light of the fact that culture-based detection methods have sensitivities
as low as 38% [29–31].

4.2. Biofilm Matrix Formation and Bacterial Symbiosis

Clinically, it might not be crucial whether Candida is the causing pathogen or an
opportunistic pathogen after long antibiotic treatment. As soon as fungal species are
detected, the situation in PJI becomes “difficult-to-treat”—even more so when there is a
bacterial co-infection, as Candida species and selected bacteria species establish a mutually
beneficial mixed biofilm that protects them from antimicrobial treatment. The bacterial
species detected in our patients have all been described to form mutually beneficial mixed
biofilms with Candida [32–38]. Staphylococci can affect the activity of antifungal drugs,
while staphylococcal proteinase enhanced the adhesion ability of C. albicans [33], thus
favouring the survival of the yeast. On the other hand, the presence of Candida species
increased the growth of anaerobic bacteria by generating a hypoxic microenvironment [36],
stimulated biofilm formation in charge-homogeneous Enterococcus faecalis strains, which
are normally unable to form biofilm on their own [32], and led to enhanced tolerance of
Staphylococcus aureus towards vancomycin [37]. Kong et al. speculated that the resistance
to vancomycin was due to a barrier function of polysaccharides secreted by Candida, in
particular β-1,3-glucans, which actually coat the bacteria and physically prevent an inter-
action between bacterial cell and antibiotic [37]. A similar mechanism was described for
Escherichia coli–Candida albicans biofilms and ofloxacin [39]. This highlights the importance
of establishing comprehensive treatment options for bacterial and fungal co-infections.

4.3. Antifungal Therapy and Choice of Medication

The 2016 IDSA guidelines advise to use either fluconazole, an echinocandin, or liposo-
mal amphotericin B in osteoarticular infections caused by Candida species [40], while the
German Association of the Scientific Medical Societies recently recommended echinocan-
dins in the treatment of PJI [15]. While a high fluconazole resistance was reported for
Candida albicans biofilms, treatment with caspofungin was shown to decrease the ability
of Candida spp. to form biofilms and to penetrate existing biofilms [41–43]. The biofilm
penetrating effect is of special importance for the successful treatment of mixed bacterial
and fungal infections. Since the majority of candidiasis in this study presented as long-
lasting mixed infections of Candida albicans and bacteria that form mutually beneficial
mixed biofilms with Candida species, the biofilm-penetrating capability of caspofungin
could be crucial for success in treating PJI (Table S1). The observation that in mixed PJI a
turnaround in the progression of infection was only achieved after commencing treatment
with caspofungin suggests that only then was the susceptibility to the antibiotics restored
and could antibiotic therapy successfully eradicate the bacterial pathogens [44].

4.4. Surgical Treatment Algorithm and Limits of Therapy

Treatment algorithms for bacterial infections of endoprostheses are well established [1],
but there are only limited recommendations for the treatment of fungal joint infections [40].
Upon reflection on the data from the presented study, an algorithm was developed
(Figure 5) for the identification and treatment of polymicrobial and fungal infections. A
focused surgical approach is indispensable. In addition to surgical and pharmacological
therapy, the diagnosis of a fungal infection presents a central problem. Targeted diagnostics
are an important part of the treatment strategy, especially in cases of re-infection [45]. The
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proposed algorithm (Figure 5) must be further investigated and validated in prospective
studies. The indication for amputation or disarticulation during this study was based
on the extent and depth of the infection. The detection of candidiasis did not influence
the indication for amputation. However, there might be a need to consider this in future
decision making, both for and against amputation. The decision would depend on whether
the fungus can be treated with a suitable antifungal agent. According to our study, the
choice of antimycotic could play a central role in the preservation of the affected limb.
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This study also highlights the detrimental outcome of a candidiasis of the joint, as the
isolation of Candida species was linked with disarticulation. A follow-up for all 13 patients
with Candida detection revealed that mixed infections of Candida and bacterial species often
occurred as a result of disarticulation. However, with an incidence of 22.2%, they also
represented a major cause of disarticulation. Previous studies also reported high rates
of disarticulation due to treatment failure of Candida joint infections. In three stringent
follow-up studies, disarticulation rates of 7.5% [28], 11.1% [46], and up to 17.2% [18] were
reported. These are considerably higher than the disarticulation rate of 3.9% determined in
our study in PJIs without yeast. This highlights the importance of treatment algorithms
for fungal PJIs to avoid the loss of the infected limb. In this regard, prompt and reliable
detection of an involvement of fungal microorganisms in PJI, which is often hampered
by the low sensitivity of single detection methods [47,48], is essential for the success of
the treatment.

5. Conclusions

The therapy of patients with bone or joint infection after endoprosthesis revision is
very challenging. Mixed infections of bacteria and Candida considerably complicate the
treatment and require a stringent, decisive procedure and appropriate experience. The
influence of mixed infections on the activity of antifungal and especially on antibiotic
drugs, i.e., the increased tolerance to those agents, has to be taken into consideration
when treating the patient. The use of echinocandins together with a well-planned surgical
standard treatment helped to control the infection situation and improved patient’ survival.
We speculate that the successful treatment with caspofungin depends on its ability to
restore the susceptibility of bacteria to antibiotics in these mixed infections. The detection
method of fungi is crucial in identifying the presence of a fungal pathogen in a complex PJI.
PCR methods might be a faster and more reliable option for detection of fungal pathogens.
The proposed treatment algorithm should be investigated in further prospective studies.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jof7060404/s1, Table S1. Relation of choice of antifungal agents to main outcome.

Author Contributions: Conceptualization, A.E., S.C.M., P.W., M.E., W.M. and A.K.; data curation,
A.E. and A.K.; formal analysis, A.E., S.C.M., M.E. and A.K.; investigation, A.E., S.C.M., P.W., M.E.,
W.M. and A.K.; methodology, A.E., S.C.M., P.W., M.E., W.M. and A.K.; project administration,
A.E., S.C.M., W.M. and A.K.; resources, A.E. and A.K.; software, A.K.; supervision, A.E. and A.K.;
validation, S.C.M., P.W., M.E., W.M. and A.K.; visualization, A.E., S.C.M., P.W. and A.K.; writing—
original draft, A.E., S.C.M., P.W., M.E., W.M. and A.K.; writing—review and editing, A.E., S.C.M., P.W.,
M.E., W.M. and A.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of University Medicine Rostock
(registration number A2019–0020). Data protection requirements were observed, while consent to
participate was not necessary.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are stored and available at the Orthopedic Clinic and Policlinic,
University Medicine Rostock, Doberanerstraße 142, 18057 Rostock, Germany.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ellenrieder, M.; Lenz, R.; Haenle, M.; Bader, R.; Mittelmeier, W. Two-Stage Revision of Implant-Associated Infections after Total

Hip and Knee Arthroplasty. GMS Krankenhhyg Interdiszip 2011, 6, Doc17. [CrossRef] [PubMed]
2. Natsuhara, K.M.; Shelton, T.J.; Meehan, J.P.; Lum, Z.C. Mortality During Total Hip Periprosthetic Joint Infection. J. Arthroplast.

2018. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jof7060404/s1
https://www.mdpi.com/article/10.3390/jof7060404/s1
http://doi.org/10.3205/dgkh000174
http://www.ncbi.nlm.nih.gov/pubmed/22242098
http://doi.org/10.1016/j.arth.2018.12.024
http://www.ncbi.nlm.nih.gov/pubmed/30642705


J. Fungi 2021, 7, 404 12 of 13

3. Heller, K.-D. Diagnosis of Periprosthetic Infection—What’s Obligation, What’s Optional? Z. Orthop. Unfallchir. 2016, 154, 398–405.
[CrossRef]

4. Ghazavi, M.; Mortazavi, J.; Patzakis, M.; Sheehan, E.; Tan, T.L.; Yazdi, H. Hip and Knee Section, Treatment, Salvage: Proceedings
of International Consensus on Orthopedic Infections. J. Arthroplasty 2019, 34, S459–S462. [CrossRef]

5. Moura, D.L.; Garruço, A. Hip Disarticulation—Case Series Analysis and Literature Review. Rev. Bras. Ortop. 2017, 52, 154–158.
[CrossRef]

6. Preobrazhensky, P.M.; Bozhkova, S.A.; Kazemirsky, A.V.; Tikhilov, R.M.; Kulaba, T.A.; Kornilov, N.N. Functional Outcome of
Two-Stage Reimplantation in Patients with Periprosthetic Joint Infection after Primary Total Knee Arthroplasty. Int. Orthop. 2019.
[CrossRef]

7. Kim, J.-K.; Lee, D.-Y.; Kang, D.-W.; Ro, D.-H.; Lee, M.C.; Han, H.-S. Efficacy of Antifungal-Impregnated Cement Spacer against
Chronic Fungal Periprosthetic Joint Infections after Total Knee Arthroplasty. Knee 2018, 25, 631–637. [CrossRef]

8. Xu, S.; Feliu, M.; Lord, A.K.; Lukason, D.P.; Negoro, P.E.; Khan, N.S.; Dagher, Z.; Feldman, M.B.; Reedy, J.L.; Steiger, S.N.; et al.
Biguanides Enhance Antifungal Activity against Candida Glabrata. Virulence 2018, 9, 1150–1162. [CrossRef]

9. Sardi, J.C.O.; Scorzoni, L.; Bernardi, T.; Fusco-Almeida, A.M.; Mendes Giannini, M.J.S. Candida Species: Current Epidemiology,
Pathogenicity, Biofilm Formation, Natural Antifungal Products and New Therapeutic Options. J. Med. Microbiol. 2013, 62, 10–24.
[CrossRef]

10. De Luca, C.; Guglielminetti, M.; Ferrario, A.; Calabr, M.; Casari, E. Candidemia: Species Involved, Virulence Factors and
Antimycotic Susceptibility. New Microbiol. 2012, 35, 459–468.

11. Fagotti, L.; Tatka, J.; Salles, M.J.C.; Queiroz, M.C. Risk Factors and Treatment Options for Failure of a Two-Stage Exchange. Curr.
Rev. Musculoskelet. Med. 2018, 11, 420–427. [CrossRef] [PubMed]

12. Brown, T.S.; Petis, S.M.; Osmon, D.R.; Mabry, T.M.; Berry, D.J.; Hanssen, A.D.; Abdel, M.P. Periprosthetic Joint Infection with
Fungal Pathogens. J. Arthroplast. 2018, 33, 2605–2612. [CrossRef] [PubMed]

13. Lee, Y.R.; Kim, H.J.; Lee, E.J.; Sohn, J.W.; Kim, M.J.; Yoon, Y.K. Prosthetic Joint Infections Caused by Candida Species: A Systematic
Review and a Case Series. Mycopathologia 2018. [CrossRef]

14. Cobo, F.; Rodríguez-Granger, J.; Sampedro, A.; Aliaga-Martínez, L.; Navarro-Marí, J.M. Candida Prosthetic Joint Infection. A
Review of Treatment Methods. J. Bone Jt. Infect. 2017, 2, 114–121. [CrossRef] [PubMed]

15. Groll, A.H.; Buchheidt, D.; Heinz, W.; Bellmann, R.; Cornely, O.; Höhl, R.; Hönigl, M.; Kluge, S.; Kurzai, O.; Lass-Flörl, C.; et al. S1
Leitlinie Diagnose und Therapie von Candida Infektionen: Gemeinsame Empfehlungen der Deutschsprachigen Mykologischen Gesellschaft
(DMykG) und der Paul-Ehrlich-Gesellschaft für Chemotherapie (PEG) ICD 10: B37; Arbeitsgemeinschaft der Wissenschaftlichen
Medizinischen Fachgesellschaften e.V: Frankfurt, Germany, 2020.

16. Podbielski, A.; Abele-Horn, M.; Herrmann, M.; Kniehl, E.; Mauch, H.; Rüssmann, H. MIQ 19: Mikrobiologische Diagnostik Der
Arthritis Und Osteomyelitis; Urban & Fischer Verlag/Elsevier: Munich, Germany, 2014; Volume II.

17. Becker, K.; Berner, R.; Eckmann, C.; Eiff, C.; Hartinger, A.; Kempf, V.A.J.; Kühn, J.; Podbielski, A.; Sunderkötter, C.H.; Vogel, U.
MIQ 18: Mikrobiologische Diagnostik Der Arthritis Und Osteomyelitis—Ernster, 2nd ed.; Urban & Fischer Verlag/Elsevier: Munich,
Germany, 2014.

18. Azzam, K.; Parvizi, J.; Jungkind, D.; Hanssen, A.; Fehring, T.; Springer, B.; Bozic, K.; Della Valle, C.; Pulido, L.; Barrack, R.
Microbiological, Clinical, and Surgical Features of Fungal Prosthetic Joint Infections: A Multi-Institutional Experience. J. Bone Jt.
Surg. 2009, 91, 142–149. [CrossRef] [PubMed]

19. Hwang, B.H.; Yoon, J.Y.; Nam, C.H.; Jung, K.A.; Lee, S.C.; Han, C.D.; Moon, S.H. Fungal Peri-Prosthetic Joint Infection after
Primary Total Knee Replacement. J. Bone Jt. Surg. 2012, 94, 656–659. [CrossRef]

20. Benito, N.; Franco, M.; Ribera, A.; Soriano, A.; Rodriguez-Pardo, D.; Sorlí, L.; Fresco, G.; Fernández-Sampedro, M.; Dolores Del
Toro, M.; Guío, L.; et al. Time Trends in the Aetiology of Prosthetic Joint Infections: A Multicentre Cohort Study. Clin. Microbiol.
Infect. 2016, 22, 732.e1–732.e8. [CrossRef]

21. Faschingbauer, M.; Bieger, R.; Kappe, T.; Weiner, C.; Freitag, T.; Reichel, H. Difficult to Treat: Are There Organism-Dependent
Differences and Overall Risk Factors in Success Rates for Two-Stage Knee Revision? Arch. Orthop. Trauma Surg. 2020, 140,
1595–1602. [CrossRef]

22. Fernandes, A. The Microbiological Profiles of Infected Prosthetic Implants with an Emphasis on the Organisms Which Form
Biofilms. JCDR 2013. [CrossRef] [PubMed]

23. Bori, G.; Soriano, A.; García, S.; Gallart, X.; Mallofre, C.; Mensa, J. Neutrophils in Frozen Section and Type of Microorganism
Isolated at the Time of Resection Arthroplasty for the Treatment of Infection. Arch. Orthop. Trauma Surg. 2009, 129, 591–595.
[CrossRef]

24. Garvin, K.L.; Konigsberg, B.S. Infection Following Total Knee Arthroplasty: Prevention and Management. Instr. Course Lect. 2012,
61, 411–419. [CrossRef] [PubMed]

25. Enz, A.; Becker, J.; Warnke, P.; Prall, F.; Lutter, C.; Mittelmeier, W.; Klinder, A. Increased Diagnostic Certainty of Periprosthetic
Joint Infections by Combining Microbiological Results with Histopathological Samples Gained via a Minimally Invasive Punching
Technique. J. Clin. Med. 2020, 9, 3364. [CrossRef] [PubMed]

26. Wang, F.-D.; Wang, Y.-P.; Chen, C.-F.; Chen, H.-P. The Incidence Rate, Trend and Microbiological Aetiology of Prosthetic Joint
Infection after Total Knee Arthroplasty: A 13 Years’ Experience from a Tertiary Medical Center in Taiwan. J. Microbiol. Immunol.
Infect. 2018, 51, 717–722. [CrossRef] [PubMed]

http://doi.org/10.1055/s-0042-109654
http://doi.org/10.1016/j.arth.2018.09.031
http://doi.org/10.1016/j.rbo.2016.09.001
http://doi.org/10.1007/s00264-019-04296-z
http://doi.org/10.1016/j.knee.2018.04.004
http://doi.org/10.1080/21505594.2018.1475798
http://doi.org/10.1099/jmm.0.045054-0
http://doi.org/10.1007/s12178-018-9504-1
http://www.ncbi.nlm.nih.gov/pubmed/29934884
http://doi.org/10.1016/j.arth.2018.03.003
http://www.ncbi.nlm.nih.gov/pubmed/29636249
http://doi.org/10.1007/s11046-018-0286-1
http://doi.org/10.7150/jbji.17699
http://www.ncbi.nlm.nih.gov/pubmed/28540147
http://doi.org/10.2106/JBJS.I.00574
http://www.ncbi.nlm.nih.gov/pubmed/19884422
http://doi.org/10.1302/0301-620X.94B5.28125
http://doi.org/10.1016/j.cmi.2016.05.004
http://doi.org/10.1007/s00402-020-03335-4
http://doi.org/10.7860/JCDR/2013/4533.2732
http://www.ncbi.nlm.nih.gov/pubmed/23543034
http://doi.org/10.1007/s00402-008-0679-6
http://doi.org/10.2106/00004623-201106150-00012
http://www.ncbi.nlm.nih.gov/pubmed/22301250
http://doi.org/10.3390/jcm9103364
http://www.ncbi.nlm.nih.gov/pubmed/33092199
http://doi.org/10.1016/j.jmii.2018.08.011
http://www.ncbi.nlm.nih.gov/pubmed/30228089


J. Fungi 2021, 7, 404 13 of 13

27. Dutronc, H.; Dauchy, F.A.; Cazanave, C.; Rougie, C.; Lafarie-Castet, S.; Couprie, B.; Fabre, T.; Dupon, M. Candida Prosthetic
Infections: Case Series and Literature Review. Scand. J. Infect. Dis. 2010, 42, 890–895. [CrossRef]

28. Kuiper, J.W.; van den Bekerom, M.P.; van der Stappen, J.; Nolte, P.A.; Colen, S. 2-Stage Revision Recommended for Treatment of
Fungal Hip and Knee Prosthetic Joint Infections: An Analysis of 164 Patients, 156 from the Literature and 8 Own Cases. Acta
Orthop. 2013, 84, 517–523. [CrossRef]

29. Fortún, J.; Meije, Y.; Buitrago, M.J.; Gago, S.; Bernal-Martinez, L.; Pemán, J.; Pérez, M.; Gómez-G Pedrosa, E.; Madrid, N.; Pintado,
V.; et al. Clinical Validation of a Multiplex Real-Time PCR Assay for Detection of Invasive Candidiasis in Intensive Care Unit
Patients. J. Antimicrob. Chemother. 2014, 69, 3134–3141. [CrossRef]

30. Pfaller, M.A.; Castanheira, M. Nosocomial Candidiasis: Antifungal Stewardship and the Importance of Rapid Diagnosis. Med.
Myco. 2015, 54, 1–22. [CrossRef]

31. Clancy, C.J.; Nguyen, M.H. Non-Culture Diagnostics for Invasive Candidiasis: Promise and Unintended Consequences. J. Fungi
2018, 4, 27. [CrossRef]

32. Van Merode, A.E.J.; Pothoven, D.C.; van der Mei, H.C.; Busscher, H.J.; Krom, B.P. Surface Charge Influences Enterococcal
Prevalence in Mixed-Species Biofilms. J. Appl. Microbiol. 2007, 102, 1254–1260. [CrossRef]

33. Shirtliff, M.E.; Peters, B.M.; Jabra-Rizk, M.A. Cross-Kingdom Interactions: Candida Albicans and Bacteria. FEMS Microbiol. Lett.
2009, 299, 1–8. [CrossRef]

34. Morales, D.K.; Hogan, D.A. Candida Albicans Interactions with Bacteria in the Context of Human Health and Disease. PLoS
Pathog. 2010, 6, e1000886. [CrossRef] [PubMed]

35. Peters, B.M.; Ovchinnikova, E.S.; Krom, B.P.; Schlecht, L.M.; Zhou, H.; Hoyer, L.L.; Busscher, H.J.; van der Mei, H.C.; Jabra-Rizk,
M.A.; Shirtliff, M.E. Staphylococcus Aureus Adherence to Candida Albicans Hyphae Is Mediated by the Hyphal Adhesin Als3p.
Microbiology 2012, 158, 2975–2986. [CrossRef] [PubMed]

36. Fox, E.P.; Cowley, E.S.; Nobile, C.J.; Hartooni, N.; Newman, D.K.; Johnson, A.D. Anaerobic Bacteria Grow within Candida
Albicans Biofilms and Induce Biofilm Formation in Suspension Cultures. Curr. Biol. 2014, 24, 2411–2416. [CrossRef] [PubMed]

37. Kong, E.F.; Tsui, C.; Kucharíková, S.; Andes, D.; Van Dijck, P.; Jabra-Rizk, M.A. Commensal Protection of Staphylococcus Aureus
against Antimicrobials by Candida Albicans Biofilm Matrix. mBio 2016, 7. [CrossRef] [PubMed]

38. Koo, H.; Andes, D.R.; Krysan, D.J. Candida-Streptococcal Interactions in Biofilm-Associated Oral Diseases. PLoS Pathog. 2018, 14,
e1007342. [CrossRef]

39. De Brucker, K.; Tan, Y.; Vints, K.; De Cremer, K.; Braem, A.; Verstraeten, N.; Michiels, J.; Vleugels, J.; Cammue, B.P.A.; Thevissen,
K. Fungal β-1,3-Glucan Increases Ofloxacin Tolerance of Escherichia Coli in a Polymicrobial E. Coli/Candida Albicans Biofilm.
Antimicrob. Agents Chemother. 2015, 59, 3052–3058. [CrossRef] [PubMed]

40. Pappas, P.G.; Kauffman, C.A.; Andes, D.R.; Clancy, C.J.; Marr, K.A.; Ostrosky-Zeichner, L.; Reboli, A.C.; Schuster, M.G.; Vazquez,
J.A.; Walsh, T.J.; et al. Clinical Practice Guideline for the Management of Candidiasis: 2016 Update by the Infectious Diseases
Society of America. Clin. Infect. Dis. 2016, 62, e1–e50. [CrossRef]

41. Kuhn, D.M.; George, T.; Chandra, J.; Mukherjee, P.K.; Ghannoum, M.A. Antifungal Susceptibility of Candida Biofilms: Unique
Efficacy of Amphotericin B Lipid Formulations and Echinocandins. Antimicrob. Agents Chemother. 2002, 46, 1773–1780. [CrossRef]

42. Persyn, A.; Rogiers, O.; Brock, M.; Vande Velde, G.; Lamkanfi, M.; Jacobsen, I.D.; Himmelreich, U.; Lagrou, K.; Van Dijck, P.;
Kucharíková, S. Monitoring of Fluconazole and Caspofungin Activity against In Vivo Candida Glabrata Biofilms by Biolumines-
cence Imaging. Antimicrob. Agents Chemother. 2019, 63. [CrossRef]

43. Mukherjee, P.K.; Chandra, J.; Kuhn, D.M.; Ghannoum, M.A. Mechanism of Fluconazole Resistance in Candida Albicans Biofilms:
Phase-Specific Role of Efflux Pumps and Membrane Sterols. Infect. Immun. 2003, 71, 4333–4340. [CrossRef]

44. Enz, A.; Mueller, S.; Mittelmeier, W.; Klinder, A. Severe polymicrobial and fungal periprosthetic osteomyelitis persisting after hip
disarticulations treated with caspofungin in risk patients. In Review.

45. Rimke, C.; Enz, A.; Bail, H.J.; Heppt, P.; Kladny, B.; von Lewinski, G.; Lohmann, C.H.; Osmanski-Zenk, K.; Haas, H.; Mittelmeier,
W. Evaluation of the Standard Procedure for the Treatment of Periprosthetic Joint Infections (PJI) in Germany—Results of a
Survey within the EndoCert Initiative. BMC Musculoskelet. Disord. 2020, 21, 694. [CrossRef] [PubMed]

46. Jakobs, O.; Schoof, B.; Klatte, T.O.; Schmidl, S.; Fensky, F.; Guenther, D.; Frommelt, L.; Gehrke, T.; Gebauer, M. Fungal
Periprosthetic Joint Infection in Total Knee Arthroplasty: A Systematic Review. Orthop. Rev. 2015, 7, 5623. [CrossRef] [PubMed]

47. Nguyen, M.H.; Wissel, M.C.; Shields, R.K.; Salomoni, M.A.; Hao, B.; Press, E.G.; Shields, R.M.; Cheng, S.; Mitsani, D.; Vadnerkar,
A.; et al. Performance of Candida Real-Time Polymerase Chain Reaction, β-D-Glucan Assay, and Blood Cultures in the Diagnosis
of Invasive Candidiasis. Clin. Infect. Dis. 2012, 54, 1240–1248. [CrossRef] [PubMed]

48. McKeating, C.; White, P.L.; Posso, R.; Palmer, M.; Johnson, E.; McMullan, R. Diagnostic Accuracy of Fungal PCR and β-d-Glucan
for Detection of Candidaemia: A Preliminary Evaluation. J. Clin. Pathol. 2018, 71, 420–424. [CrossRef] [PubMed]

http://doi.org/10.3109/00365548.2010.498023
http://doi.org/10.3109/17453674.2013.859422
http://doi.org/10.1093/jac/dku225
http://doi.org/10.1093/mmy/myv076
http://doi.org/10.3390/jof4010027
http://doi.org/10.1111/j.1365-2672.2006.03187.x
http://doi.org/10.1111/j.1574-6968.2009.01668.x
http://doi.org/10.1371/journal.ppat.1000886
http://www.ncbi.nlm.nih.gov/pubmed/20442787
http://doi.org/10.1099/mic.0.062109-0
http://www.ncbi.nlm.nih.gov/pubmed/22918893
http://doi.org/10.1016/j.cub.2014.08.057
http://www.ncbi.nlm.nih.gov/pubmed/25308076
http://doi.org/10.1128/mBio.01365-16
http://www.ncbi.nlm.nih.gov/pubmed/27729510
http://doi.org/10.1371/journal.ppat.1007342
http://doi.org/10.1128/AAC.04650-14
http://www.ncbi.nlm.nih.gov/pubmed/25753645
http://doi.org/10.1093/cid/civ933
http://doi.org/10.1128/AAC.46.6.1773-1780.2002
http://doi.org/10.1128/AAC.01555-18
http://doi.org/10.1128/IAI.71.8.4333-4340.2003
http://doi.org/10.1186/s12891-020-03670-y
http://www.ncbi.nlm.nih.gov/pubmed/33076900
http://doi.org/10.4081/or.2015.5623
http://www.ncbi.nlm.nih.gov/pubmed/25874061
http://doi.org/10.1093/cid/cis200
http://www.ncbi.nlm.nih.gov/pubmed/22431804
http://doi.org/10.1136/jclinpath-2017-204692
http://www.ncbi.nlm.nih.gov/pubmed/28970296

	Introduction 
	Materials and Methods 
	Patients 
	Treatment 
	Microbiological Testings 
	Statistics 

	Results 
	Patient Data 
	Bacterial and Fungal Spectrum of the PJIs 
	Association of Candidiasis of the Joint during PJI with Selected Patient Factors 
	Fungal Infection and Disarticulation 
	Clinical Outcome after Fungal Infection 

	Discussion 
	Role and Occurrence of Fungal Infections in PJI 
	Biofilm Matrix Formation and Bacterial Symbiosis 
	Antifungal Therapy and Choice of Medication 
	Surgical Treatment Algorithm and Limits of Therapy 

	Conclusions 
	References

