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Abstract. Background: The aim of this study is to summarize and improve knowledge regarding a Candida
fracture-related infection (CFRI) through a systematic review on the topic, accompanied by a case report. Meth-
ods: A systematic review and meta-analysis based on PRISMA statement were conducted on the CFRI topic. The
following combined search terms were used to explore PubMed, Cochrane, and the Embase database: “fungal
infection”, “candida”, “fracture related infection”, “bone infection”, “orthopedic infection”, “internal fixation”,
“post-traumatic infection”, and “osteomyelitis”. Results: Out of 1514 records, only 5 case reports matched the
selection criteria and were included. Moreover, a new case of CFRI, not previously described, was reported in
this paper and reviewed. The main risk factors for CFRI were open wounds (three cases) and immunodeficiency
(three cases). Initial improvement of clinical and laboratory signs of infection was noted in all cases. In the avail-
able short-term follow-up (mean 12.1 months; range 3–42), the reoperation rate was 33.3 %. Using a strategy
based on extensive debridement/resection methods and prolonged systemic antifungal therapy (mean 8.8 weeks;
range 6–18), four of six cases (66.6 %) were cured. Bone union occurred in three out of six cases. Conclusion:
There is very low-quality evidence available regarding CFRI. Candida infections in surgically treated fractures
are rare but difficult-to-treat events, with a slow onset, unspecific symptoms or signs, and a significant relapse
risk; therefore, they still represent a current diagnostic challenge. The existing fracture-related infection treat-
ment algorithm combined with long-term systemic antifungal therapy has an anecdotal value and needs more
extensive studies to be validated.

1 Introduction

Candida infections are extremely rare events in orthopaedic
patients. Hematogenous osteomyelitis is the most frequent
type of these infections, often located in the vertebrae
(Gamaletsou et al., 2012). The current literature has been
raising interest of this type of bone and joint infection, also in
the prosthetic joint infection field (Cobo et al., 2017; Riaz et
al., 2020). However, there are poor indications for a Candida
fracture-related infection (CFRI), which are reported only as
a series of cases. The purpose of this study was to conduct
a systematic review of the published literature on previously
reported cases of CFRI, identifying risk factors, diagnosis,

and treatment strategies, in order to summarize and improve
data regarding this uncommon infection. Furthermore, we re-
ported an unusual clinical case of CFRI that was treated in
our institution.

2 Materials and methods

The definition of fracture-related infection (FRI) was compli-
ant with criteria recently reported by McNally et al. (2020);
the Candida etiology of FRI was based on the isolate of the
microorganism in adequate and representative bone speci-
mens related to the fracture (McNally et al., 2020).
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Figure 1. PRISMA flow diagram of the CFRI systematic review.

The authors followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment when conducting and reporting this systematic review.
In May 2021, the PubMed, Cochrane, and Embase databases
were searched. The following combined search terms were
used: “fungal infection”, “candida”, “fracture related infec-
tion”, “bone infection”, “orthopedic infection”, “internal fix-
ation”, “post-traumatic infection”, and “osteomyelitis”. The
inclusion criteria were the following: English language arti-
cles, fracture-related infections, available data on documen-
tation of Candida osteomyelitis with direct microbiologic or
histopathologic evidence, anatomical location of infection,
underlying condition, and therapeutic intervention. The ex-
clusion criteria were prosthesis joint infection and bone in-
fection not clearly related to fractures. Four authors (Gian-
luca Cera, Valerio Castagna, Raissa Aronica and Edoardo M.
Pieracci) separately assessed all the identified publications
for eligibility, after which one of the authors (Daniele De
Meo) reviewed the results and approved the selected studies
based on the aforementioned criteria (Fig. 1). This study also
includes one case report of a patient who developed CFRI.
The patient’s informed consent was obtained.

3 Results

3.1 Literature review

Of the initial 1514 records, only 5 case reports regarding
CFRI were found in the literature (Lopez et al., 2014; Goff et
al., 2014; Machi et al., 1994; Oliverson et al., 2002; Yingling
et al., 2017). The data related to said cases can be found in
Table 1. Two other articles containing CFRI were present in

the literature but were excluded due to the impossibility of
extrapolating the specific data of the cases searched (Miller
et al., 2015; Tan et al., 2018). Six patients, including our case,
are reported (four male and two female) with a mean age of
47.6 years. The main risk factors for CFRI were open frac-
tures (three cases) and immunodeficiency (three cases). The
infection site was the lower limb in five cases (two in the fe-
mur, two in the tibia, one in the fibula) and a phalanx of the
hand in one case.

In three cases the fracture was open. In all cases, the frac-
ture was surgically treated with the implantation of an inter-
nal fracture fixation device. The time between trauma and di-
agnosis was variable, ranging from 2 weeks to 21 years. The
most frequent clinical sign was communication between the
skin and the bone plane, present in 83.3 % (five cases). The
species of Candida isolated were C. albicans in two cases,
C. parapsilosis in three cases, and C. glabrata in one case. In
three of the cases, other microorganisms were isolated along
with the Candida.

All patients underwent targeted antifungal therapy for a
mean of 8.8 weeks (range 6–18) and surgical treatment for
the infection: in all cases except for one, the hardware im-
planted prior to the onset of the infection was removed. Ini-
tial improvement of clinical and laboratory signs of infection
was noted in all cases. The average follow-up available was
12.1 months (range 3–42). In this observation period, the re-
operation rate was 33.3 %.

Limiting to the available follow-up, four of six cases
(66.6 %) were out of relapse, using a strategy based on exten-
sive debridement/resection methods and prolonged systemic
antifungal therapy.

3.2 Case report

A 52-year-old smoker Caucasian woman suffered closed
fractures of the distal tibia and fibula due to a car–pedestrian
collision in December 2014; initial treatment was an external
fixation (EF) replaced with an open reduction with a lock-
ing plate fixation on the tibia, in March 2015. A surgical
site infection due to methicillin-resistant Staphylococcus au-
reus (MRSA) was diagnosed 1 month after the surgery: for
this reason, the patient was treated by plate and screws re-
moval, targeted antibiotic therapy, and multiple surgical de-
bridement with loss of soft tissue and subsequent coverage
with a soleus flap. Finally in January 2016, the patient un-
derwent bone graft and stabilization with plate and screws
on the tibia. At the same time, she received a new diagno-
sis of malignant breast neoplasia and, after a mastectomy,
chemotherapy was started.

In May 2017, the patients immunosuppressed due to
chemotherapy, suffered by a spontaneous break and exposi-
tion of the plate (Fig. 2). Hardware removal and debridement
procedures were performed, the nonunion site was com-
pletely resected, and the screw holes next to the nonunion
site were debrided. A distraction osteogenesis was achieved
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Table 1. Clinical features of reported cases of CFRI in the literature. MDR: multi-drug resistant; CHF: congestive heart failure; CKF: chronic
kidney failure. NA – not available.

Reference Patient
age/sex

Medical background Trauma-related
conditions

Site Time
be-
tween
trauma
and
diag-
noses
(weeks)

Clinical signs CRP ESR Pathogen Other
pathogens

Case report 52/F Smoker,
breast cancer,
chemotherapy

Plate breakage Tibia 117 Plate exposure Neg Neg C. albicans S. aureus MDR

Lopez et al.
(2014)

51/M None Factory trauma
open fracture

Phalanx
(hand)

2 Purulent wound
discharge

Neg Neg C. parapsilosis None

Goff et al.
(2014)

31/M None Lung contusions
intensive care unit
prolonged stay

Femur 49 Pain 12 11 C. albicans Coagulase-
negative
staphylococcus

Machi et al.
(1994)

70/M Diabetes,
gastric cancer

Open fracture Femur 35 Pain, purulent
discharge

4.7 117 C. glabrata None

Oliverson et
al. (2002)

34/M smoker Open fracture Tibia 16 Sinus tract NA NA C. parapsilosis None

Yingling et
al. (2017)

NA/F HIV, HBV, HCV
CHF, CKF
cerebral vascular acci-
dents
dementia

None Fibula 21
years

Plate exposure
Septic shock

NA NA C. parapsilosis Proteus
mirabilis

Table 2. Treatment features of reported cases of CFRI in the literature. EF: external fixator; IM: intra-medullary; HWR: hardware removal;
DBM: debridement; BMP: bone morphogenetic protein; OD: once daily; BID: twice a day; TID: three times a day; AMP-B: amphotericin-B
deoxycholate; FCZ: fluconazole. NA – not available.

Reference Surgical
treatment

First stage Second stage Antibiotic therapy Therapy
dura-
tion
(weeks)

Reoperation Bone
union

Infection
outcome

Follow-
up
(months)

Case report Yes HWR + DBM + dis-
traction osteogenesis
with EF

EF removal + IM
nailing + docking site
DBM.

FCZ 400 mg OD + lev-
ofloxacin 750 mg

18 1 No Relapse 15

Lopez et al.
(2014)

Yes HWR + DBM – Ceftriaxon 2 g OD + Ri-
fampicin 300 mg BID un-
til culture results.
Caspofungin 50 mg OD,
then FCZ 400 mg OD

6 0 Yes Cured 3

Goff et al.
(2014)

Yes DBM + HWR +

PMMA spacer (gen-
tamicin + vancomycin
+ amphotericin B) +

bridging EF

DBM + cement re-
moval + morsellized
autologous graft (RIA)
+ BMP-7 + blade plate

FCZ 50 mg OD + amox-
icillin
1 g TID

6 0 Yes Cured 42

Machi et al.
(1994)

Yes HWR + DBM + EF – AMP-B (1084 mg) +

Flucytosine (100 mg/kg
OD)

6 0 Yes Cured 10

Oliverson et
al. (2002)

Yes DBM + cement beads
(amphotericin B)

DBM + cement beads
removal + bone graft

FCZ 400 mg OD for 8
weeks

8 0 No Cured 3

Yingling et
al. (2017)

Yes HWR + DBM DBM + negative
pressure wound therapy
dressing

FCZ, then caspofungin NA 1 NA Deceased
during hos-
pitalization

NA
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Figure 2. Radiographs and clinical pictures upon admission, in
CFRI case report.

by means of EF. A Candida albicans infection was isolated
via plate sonication and confirmed by means of one bone
sample isolation; a systemic dissemination of the Candida
infection was excluded by blood cultures, eyes fundus eval-
uation, and echocardiogram. Targeted therapy with flucona-
zole 400 mg per day (OD) was administered for 18 weeks.
In August 2017, the elongation was complete (initial gap
4 cm approx.) (Fig. 3). In May 2018, there was good bone re-
generation in the proximal tibia elongation site though there
was a docking site nonunion, with no soft tissue inflam-
mation. C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), and labelled leukocyte scintigraphy were neg-
ative. Full-weight load bearing was allowed with no pain.
The EF was then removed followed by gentamicin-coated
intramedullary tibial nailing (ETN PROtect™ – DePuy Syn-
thes Companies, Zuchwil, Switzerland) and bone grafting in
the nonunion site. Standard systemic antibiotic prophylaxis
with cefazoline was administered. The microbiological and
histological intraoperative samples of the nonunion site were
negative for infection. The wounds healed uneventfully. In
August 2018, an X-ray examination revealed persistent bone
healing delay; thus a proximal nail dynamization was re-
performed. Two weeks after the dynamization, the patient re-
turned to the outpatient clinic due to pain and swelling in the
docking site (Fig. 4). Once again, sinus tract was present and
there were no signs of bone healing progression. The patient
refused other surgeries or treatments and never returned.

4 Discussion

4.1 Epidemiology and clinical features

CFRIs are most frequently caused by C. parapsilosis and
C. albicans. C. albicans is the most common species iso-
lated; other species are C. tropicalis, C. parapsilosis, and C.

Figure 3. Follow-up X-ray during bone lengthening, after debride-
ment, in CFRI case report.

glabrata in vertebral hematogenous osteomyelitis and other
Candida osteomyelitis (Gamaletsou et al., 2012; Neofytos et
al., 2014; Slenker et al., 2012). Half of the patients of this
series had a polymicrobial FRI, a high percentage consistent
with the results of previous data in the literature (McNally
et al., 2020; Jorge et al., 2018). The hematogenous dissemi-
nation pattern seems to be the main mechanism of Candida
bone and joint infections (67 %), followed by direct inocu-
lation (25 %) and contiguous infection (9 %) (Gamaletsou et
al., 2012). In CFRIs, direct inoculation seems to be the main
pattern, considering the post-surgical nature of all infections
discussed here.

According to the critical review preformed here, the main
predisposing CFRI factors could be open fractures, immuno-
suppression, and prolonged broad-spectrum antibiotic ther-
apy (Lopez et al., 2014; Goff et al., 2014; Machi et al., 1994;
Oliverson et al., 2002; Yingling et al., 2017). The patient re-
ported in this case report was a smoker with breast cancer,
treated with surgery and systemic chemotherapy. All already
known risk factors for Candida hematogenous osteomyeli-
tis are burns, intravenous drug abuse, central venous access
catheters, diabetes, < 1 year prior surgery at the infection
site, prolonged broad-spectrum antibiotic therapy, intensive
care unit, neutropenia, total parenteral nutrition, immunosup-
pression, liver disease, and human immunodeficiency virus
(Mullins et al., 1993; Gathe et al., 1987; Lasday et al., 1994;
Slenker et al., 2012).

The CFRI’s clinical features in our systematic review were
purulent discharge, sinus tract, local pain, a burning sensa-
tion, fever, and diminished deep tendon reflex. With regard
to the blood inflammatory markers, in most of patients the
white cell count and C-reactive protein did not increase at any
stage of the infection. These data seem to overlap with the
other types of Candida bone and joint infections, showing an
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Figure 4. Follow-up X-ray after nail dynamization, in CFRI case
report. Failed union at distal tibia with an osteolytic bone cyst in
tibia, sclerotic lines around the distal screws.

insidious and heterogeneous onset. As a matter of fact, main
Candida hematogenous osteomyelitis manifestations are lo-
cal pain with confirmatory tenderness, erythema, edema, lim-
itation of functions and movements, draining of pus, or si-
nus tracts. According to Gamaletsou’s review (2012), fever
is present only in a small number of patients, the onset is fre-
quently insidious, starting with local symptoms and devel-
oping from subacute to chronic course, with a moderate or
minimal response of the laboratory inflammation biomark-
ers.

The diagnosis of Candida osteomyelitis is based on clini-
cal and laboratory data. Blood inflammation markers are use-
ful for diagnostic purposes in early stages, but they are non-
specific.

4.2 Laboratory diagnosis

With the introduction of the definition “fracture-related in-
fection”, well-defined diagnostic criteria have been delin-
eated based on confirmation criteria and suggestive criteria
of FRI (Metsemakers et al., 2018). The diagnosis is then ac-
tually based on clinical criteria and intraoperative sampling
for microbiological cultures and histopathological analysis,

along with the sonication of the explanted hardware (Onsea
et al., 2018).

In Candida bone and joint infections, a study to exclude
candidemia and potential metastatic localization must be
carried out with serial blood cultures, ophthalmic examina-
tion, and cardiac ultrasound imaging (Pappas el al., 2016;
Vinikoor et al., 2013). The value of the inflammation indices
can be fallacious and do not provide useful information to
monitor the presence of a Candida infection and/or its re-
lapse. On the other hand, (1,3)-β-D-Glucan blood test could
provide useful information related to the persistence of the
infection (Pappas el al., 2016; Vinikoor et al., 2013).

4.3 Surgical treatment

In this CFRI review, implant removal and debridement pro-
cedures were performed in all cases. EF was used in cases
where there was residual instability of the bone segment af-
ter debridement. Antibiotic-loaded bone cement was used as
a dead space management tool and local delivery of antibi-
otics in two cases. A second surgical stage was needed in
four cases; bone healing occurs in only three out of six cases.
In the two phalanx cases there was no need for further surgi-
cal interventions and no other implants were necessary. In the
case of Oliverson et al. (2002), the patient underwent two sur-
gical debridements with cement bead placement and a third
operation for bead removal and bone grafting. In Machi’s
case, debridement with hardware removal and EF positioning
led to a full resolution of the infection and nonunion (Machi
et al., 1994). In Goff’s report, a two-staged strategy with the
induced membrane technique led to a fully functional recov-
ery (Calori et al., 2011; Goff et al., 2014). In our case, the
distraction osteogenesis technique was applied; it has the ad-
vantage of being a theoretic one-stage treatment, limiting the
patient’s surgical events and with no device left implanted.
The main limit of this technique is a possible consolidation
delay at the docking site (Zhang et al., 2016); if it occurs,
as in this case, further surgery is required (Biz et al., 2014).
According to the current management of chronic bone and
joint infection and fracture-related infections, a staged ap-
proach with aggressive debridement, implant removal, and
bone and soft tissue reconstruction is necessary (Depypere
et al., 2019). The insidious and clinically indolent course of
CFRI may be an additional factor, in our opinion, in the al-
ready known difficulty of bone healing of fracture-related in-
fections (Foster et al., 2021).

Marra et al. (2001), along with two cases of the review
(Oliverson et al., 2002; Goff et al., 2014), described a safe
use of amphotericin B added to plain bone cement to act as
a local antibiotic treatment. It has been used successfully by
other authors to treat periprosthetic joint infections (Escola-
Verge et al., 2018). Local antibiotic placement could be use-
ful also in these patients if combined with Masquelet’s tech-
nique. Local antifungal therapy strategies could be used to
protect the new implant without the need to apply antibiotic

https://doi.org/10.5194/jbji-6-321-2021 J. Bone Joint Infect., 6, 321–328, 2021



326 D. De Meo et al.: Candida fracture-related infection: a systematic review

cement, using antibiotic-coated gels and coatings, already
proven effective in the prevention of infections (De Meo et
al., 2020) and in the treatment of bacterial infections (De
Meo et al., 2020).

To date, fracture-related infection treatment is based on
initial surgical treatment, followed by targeted antibiotic
therapy.

The failure of our case may be due to several factors: the
patient underwent multiple surgeries prior to the diagnosis
of the infection; failure to use targeted local antibiotic ther-
apy against Candida during nail implantation; poor vascular-
ization due to a deficient soft tissue envelope that was sub-
jected to numerous surgical procedures, the duration of sys-
temic antifungal therapy that could have been extended 6–
12 months, considering a treatment time for osteomyelitis.

4.4 Antifungal treatment

A wide range of antifungal pharmacological strategies have
been proposed: amphotericin-B deoxycholate was the most
common antifungal agent used. The prescriptions of flucona-
zole 400 mg OD for 6–12 months or an echinocandin regi-
men in the first two weeks, followed by 6–12 months of flu-
conazole, were also suggested (Pappas et al., 2016).

Some authors recommend a shorter time of antifun-
gal treatment after proper debridement in selected patients
(Lopez et al., 2014; Cho et al., 2010). In a wider review
regarding Candida osteomyelitis, Slenker et al. (2012) con-
clude that surgery did not appear to have a significant impact
on therapy duration. More recently, experts pointed out that
an inadequate length of therapy seems to be the most com-
mon cause of relapses (Henry et al., 2017). However, this
statement is based on heterogeneous groups of Candida bone
infection patients in terms of antifungal treatment, surgical
strategies, infection sites, and transmission.

Regarding the adequate duration of antifungal therapy,
currently available data are still anecdotal, and the level of
evidence is very low being principally based on case reports
or case series. However, it should be emphasized that Can-
dida is a potentially slow-developing pathogen that is diffi-
cult to eradicate in the setting of fracture-related infections.
The behaviour of Candida bone and joint infections needs
a careful, long-term follow-up, to assess the possibility of
a slow onset of relapses. The best antifungal treatment and
the duration of antifungal treatment are still unclear, and the
utility of chronic antifungal suppressive therapy is still con-
troversial, although it has been used in other clinical settings
(Ioannou et al., 2020).

4.5 Limits

This review is burdened by a number of major limitations. In
particular data were obtained from case series, and for this
reason the level of evidence available is very low. Moreover,
the search strategy was based on an algorithm with a limited

key word selection introducing a possible bias of sampling.
Finally, a full comparison of clinical data reported and ther-
apeutic strategy adopted is not possible, according to differ-
ences of variables used in the different available reports. The
critical issues presented are the main ones, but nevertheless
they do not encompass all methodological issues, due to a
widely heterogeneous selection sample.

5 Conclusions

CFRIs are poorly reported in the literature when com-
pared to Candida periprosthetic joint infections and vertebral
hematogenous osteomyelitis. To the best of our knowledge,
there are no reviews in the literature regarding CFRI.

Surgeons should be aware that persisting delayed healing
or persisting non-unions harbour the risk of a fungal infec-
tion complication. However, there is no consensus about the
necessity of surgical intervention or surgical strategies. If
adopted, the surgical approach should be aggressive, com-
bining debridement, hardware removal, and reconstruction
techniques in the case of large bone defects. It must also aim
at obtaining an etiological diagnosis, with adequate sampling
for microbiological studies.

As for Candida osteomyelitis, the concomitant antifungal
treatment should be possibly targeted and prolonged (sug-
gested 3–12 months) to reduce the possibility of a slow on-
set of relapses. Accordingly, it is necessary to distinguish
fracture-related infection even in Candida bone infection set-
tings, due to specific features of the pathogenic process. Fur-
ther large studies are needed to address the lack of specific
information on the challenging topic of CFRI.
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study are included in the article (Sect. 3.1 and 3.2, Tables 1 and
2).

Author contributions. All authors contributed substantially to
this study. Specifically, DDM, GCer, GCec, and CV did the con-
ceptualization; GCer, VC, EMP, and RA did the data curation and
investigation; G Cec and PP conducted the formal analysis; DDM,
GCer, PP, and CV conceived the methodology; DDM and CV were
responsible for the project administration; Supervision was done by
DDM, PP, and CV; DDM and GCec wrote the original draft. All
the authors reviewed and edited the manuscript. Visualization and
validation were done by all authors.

Competing interests. The authors declare that they have no con-
flict of interest.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

J. Bone Joint Infect., 6, 321–328, 2021 https://doi.org/10.5194/jbji-6-321-2021



D. De Meo et al.: Candida fracture-related infection: a systematic review 327

Review statement. This paper was edited by Parham Sendi and
reviewed by two anonymous referees.

References

Biz, C. and Iacobellis, C.: Nailing treatment in bone transport
complications, Strategies Trauma Limb Reconstr., 9, 89–96,
https://doi.org/10.1007/s11751-014-0196-9, 2014.

Brooks, D. H. and Pupparo, F.: Successful salvage of a pri-
mary total knee arthroplasty infected with Candida parapsilo-
sis, J. Arthroplasty, 13, 707–712, https://doi.org/10.1016/s0883-
5403(98)80017-x, 1998.

Calori, G. M. and Giannoudis, P. V.: Enhancement of
fracture healing with the diamond concept: the role
of the biological chamber, Injury, 42, 1191–1193,
https://doi.org/10.1016/j.injury.2011.04.016, 2011.

Cho, K., Lee, S. H., Kim, E. S., and Eoh, W.: Candida parapsilosis
spondylodiscitis after lumbar discectomy, J. Korean Neurosurg.
Soc., 47, 295–297, https://doi.org/10.3340/jkns.2010.47.4.295,
2010.

Cobo, F., Rodriguez-Granger, J., Sampedro, A., Aliaga-Martinez,
L., and Navarro-Marì, J. M.: Candida Prosthetic Joint Infection.
A Review of Treatment Methods, J Bone Jt. Infect., 2, 114–121,
https://doi.org/10.7150/jbji.17699, 2017.

Depypere, M., Morgenstern, M., Kuehl, R., Senneville. E., Mori-
arty, T. F., Obremskey, W. T., Zimmerli, W., Trampuz, A., La-
grou, K., and Metsemakers, W. J.: Pathogenesis and management
of fracture-related infection, Clin Microbiol Infect., 26, 572–578,
https://doi.org/10.1016/j.cmi.2019.08.006, 2019.

De Meo, D., Calogero, V., Are, L., Cavallo, A. U., Persiani, P.,
and Villani, C.: Antibiotic-Loaded Hydrogel Coating to Reduce
Early Postsurgical Infections in Aseptic Hip Revision Surgery: A
Retrospective, Matched Case-Control Study, Microorganisms, 8,
571, https://doi.org/10.3390/microorganisms8040571, 2020.

De Meo, D., Cannari, F. M., Petriello, L., Persiani, P.,
and Villani, C.: Gentamicin-Coated Tibia Nail in Frac-
tures and Nonunion to Reduce Fracture-Related In-
fections: A Systematic Review, Molecules, 25, 5471,
https://doi.org/10.3390/molecules25225471, 2020.

Escolà-Vergé, L., Rodríguez-Pardo, D., Lora-Tamayo, J., Morata,
L., Murillo, O., Vilchez, H., Sorli, L., Carrión, L. G., Bar-
bero, J. M., Palomino-Nicás, J., Bahamonde, A., Jover-Sáenz,
A., Benito, N., Escudero, R., Sampedro, M. F., Vidal, R. P.,
Gómez, L., Corona, P. S., Almirante, B., Ariza, J., Pigrau, C.,
Study Group on Osteoarticular Infections of the Spanish Soci-
ety of Clinical Microbiology and Infectious Diseases (GEIO-
SEIMC), and the Spanish Network for Research in Infectious
Pathology (REIPI): Candida periprosthetic joint infection: A
rare and difficult-to-treat infection, J. Infect., 77, 151–157,
https://doi.org/10.1016/j.jinf.2018.03.012, 2018.

Foster, A. L., Moriarty, T. F., Zalavras, C., Morgenstern, M.,
Jaiprakash, A., Crawford, R., Burch, M. A., Boot, W.,
Tetsworth, K., Miclau, T., Ochsner, P., Schuetz, M. A., Richards,
R. G., and Metsemakers, W. J.: The influence of biome-
chanical stability on bone healing and fracture-related in-
fection: the legacy of Stephan Perren, Injury, 52, 43–52,
https://doi.org/10.1016/j.injury.2020.06.044, 2021.

Gamaletsou, M. N., Kontoyiannis, D. P., Sipsas, N. V., Moriyama,
B., Alexander, E., Roilides, E., Brause, B., and Walsh,

T. J.: Candida osteomyelitis: analysis of 207 pediatric and
adult cases (1970–2011), Clin. Infect. Dis., 55, 1338–1351,
https://doi.org/10.1093/cid/cis660, 2012.

Gathe Jr., J. C., Harris, R. L., Garland, B., Bradshaw, M. W.,
and Williams Jr., T. W.: Candida osteomyelitis. Report of five
cases and review of the literature, Am. J. Med., 82, 927–937,
https://doi.org/10.1016/0002-9343(87)90154-9, 1987.

Goff, T. A. and Kanakaris, N. K.: Management of in-
fected non-union of the proximal femur: a combina-
tion of therapeutic techniques, Injury, 45, 2101–2105,
https://doi.org/10.1016/j.injury.2014.08.046, 2014.

Henry, M. W., Miller, A. O., Walsh, T. J., and Brause, B. D.: Fungal
Musculoskeletal Infections, Infect Dis Clin North Am., 31, 353–
368, https://doi.org/10.1016/j.idc.2017.01.006, 2017.

Ioannou, P., Volosyraki, M., Mavrikaki, V., Papakitsou, I., Math-
ioudaki, A., Samonis, G., and Kofteridis, D. P.: Candida parap-
silosis endocarditis. Report of cases and review of the literature,
Germs, 10, 254–259, https://doi.org/10.18683/germs.2020.1214,
2020.

Jorge, L. S., Fucuta, P. S., Oliveira, M. G. L., Nakazone, M. A., de
Matos, J. A., Chueire, A. G., and Costa, M. J.: Outcomes and
Risk Factors for Polymicrobial Posttraumatic Osteomyelitis, J.
Bone Joint Infect., 3, 20–26, https://doi.org/10.7150/jbji.22566,
2018.

Lasday, S. D. and Jay, R. M.: Candida osteomyelitis, J. Foot Ankle
Surg., 33, 173–176, 1994.

Lopez, R., Hunter, A. R., Geoghegan, O., and Demertzi, E.:
Candida parapsilosis osteomyelitis, BMJ Case Rep., 2014,
bcr2014206520, https://doi.org/10.1136/bcr-2014-206520, 2014.

Machi, T., Kitagawa, S., Hamaoka, H., Akasaki, T., and Miyamoto,
Y.: Postoperative Candida osteomyelitis in femoral frac-
ture: a case report, Kansenshogaku Zasshi, 68, 1122–1125,
https://doi.org/10.11150/kansenshogakuzasshi1970.68.1122,
1994.

Marra, F., Robbins, G. M., Masri, B. A., Duncan, C., Wasan, K. M.,
Kwong, E. H., and Jewesson, P. J.: Amphotericin B-loaded bone
cement to treat osteomyelitis caused by Candida albicans, Can.
J. Surg., 44, 383–386, 2001.

Masquelet, A. C., Fitoussi, F., Begue, T., and Muller, G. P.: Recon-
struction of the long bones by the induced membrane and spongy
autograft, Ann. Chir. Plast. Esthet., 45, 346–353, 2000.

Metsemakers, W. J., Morgenstern, M., McNally, M. A., Moriarty, T.
F., McFadyen, I., Scarborough, M., Athanasou, N. A., Ochsner, P.
E., Kuehl, R., Raschke, M., Borens, O., Xie, Z., Velkes, S., Hun-
gerer, S., Kates, S. L., Zalavras, C., Giannoudis, P. V., Richards,
R. G., and Verhofstad, M. H. J.: Fracture-related infection: A
consensus on definition from an international expert group, In-
jury, 49, 505–510, https://doi.org/10.1016/j.injury.2017.08.040,
2018.

McNally, M., Govaert, G., Dudareva, M., Morgenstern, M.,
and Metsemakers, W. J.: Definition and diagnosis of
fracture-related infection, EFORT Open Rev., 5, 614–619,
https://doi.org/10.1302/2058-5241.5.190072, 2020.

Miller, A. O., Gamaletsou, M. N., Henry, M. W., Al-Hafez, L., Hus-
sain, K., Sipsas, N. V., Kontoyiannis, D. P., Roilides, E., Brause,
B. D., and Walsh T. J.: Successful treatment of Candida os-
teoarticular infections with limited duration of antifungal therapy
and orthopedic surgical intervention, Infect. Dis., 47, 144–149,
https://doi.org/10.3109/00365548.2014.974207, 2015.

https://doi.org/10.5194/jbji-6-321-2021 J. Bone Joint Infect., 6, 321–328, 2021

https://doi.org/10.1007/s11751-014-0196-9
https://doi.org/10.1016/s0883-5403(98)80017-x
https://doi.org/10.1016/s0883-5403(98)80017-x
https://doi.org/10.1016/j.injury.2011.04.016
https://doi.org/10.3340/jkns.2010.47.4.295
https://doi.org/10.7150/jbji.17699
https://doi.org/10.1016/j.cmi.2019.08.006
https://doi.org/10.3390/microorganisms8040571
https://doi.org/10.3390/molecules25225471
https://doi.org/10.1016/j.jinf.2018.03.012
https://doi.org/10.1016/j.injury.2020.06.044
https://doi.org/10.1093/cid/cis660
https://doi.org/10.1016/0002-9343(87)90154-9
https://doi.org/10.1016/j.injury.2014.08.046
https://doi.org/10.1016/j.idc.2017.01.006
https://doi.org/10.18683/germs.2020.1214
https://doi.org/10.7150/jbji.22566
https://doi.org/10.1136/bcr-2014-206520
https://doi.org/10.11150/kansenshogakuzasshi1970.68.1122
https://doi.org/10.1016/j.injury.2017.08.040
https://doi.org/10.1302/2058-5241.5.190072
https://doi.org/10.3109/00365548.2014.974207


328 D. De Meo et al.: Candida fracture-related infection: a systematic review

Mullins, R. F., Still Jr., J. M., Savage, J., Davis, J. B., and Law, E.
J.: Osteomyelitis of the spine in a burn patient due to Candida
Albicans, Burns, 19, 174–176, https://doi.org/10.1016/0305-
4179(93)90045-a, 1993.

Neofytos, D., Huprikar, S., Reboli, A., Schuster, M., Azie, N.,
Franks, B., and Horn, D.: Treatment and outcomes of can-
dida osteomyelitis: review of 53 cases from the PATH alliance
registry, Eur. J. Clin. Microbiol. Infect. Dis., 33, 135–141,
https://doi.org/10.1007/s10096-013-1939-0, 2014.

Oliverson, T. J., Joshi, A., Nana, A., and Lindsey, R. W.: Chronic
tibial osteomyelitis caused by Candida parapsiliosis, Orthope-
dics, 25, 763–764, 2002.

Onsea, J., Depypere, M., Govaert, G., Kuehl, R., Vandendriessche,
T., Morgenstern, M., McNally, M., Trampuz, A., and Metsemak-
ers, W.: Accuracy of Tissue and Sonication Fluid Sampling for
the Diagnosis of Fracture-Related Infection: A Systematic Re-
view and Critical Appraisal, J. Bone Joint Infect., 3, 173–181,
https://doi.org/10.7150/jbji.27840, 2018.

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., Zaoutis, T. E., and Sobel, J. D.: Clin-
ical Practice Guideline for the Management of Candidiasis: 2016
Update by the Infectious Diseases Society of America, Clin. In-
fect. Dis., 62, 1–50, https://doi.org/10.1093/cid/civ933, 2016.

Riaz, T., Tande, A. J., Steed, L. L., Demos, H. A., Salgado, C. D.,
Osmon, D. R., and Marculescu, C. E.: Risk Factors for Fun-
gal Prosthetic Joint Infection, J. Bone Joint Infect., 5, 76–81,
https://doi.org/10.7150/jbji.40402, 2020.

Slenker, A. K., Keith, S. W., and Horn, D. L.: Two hundred and
eleven cases of Candida osteomyelitis: 17 case reports and a re-
view of the literature, Diagn. Microbiol. Infect. Dis., 73, 89–93,
https://doi.org/10.1016/j.diagmicrobio.2012.02.004, 2012.

Tan, Y. E. and Tan, A. L.: Arrival of Candida auris Fungus in Singa-
pore: Report of the First 3 Cases, Ann. Acad. Med. Singap., 47,
260–262, 2018.

Vasoo, S., Chan, M., Sendi, P., and Berbari, E.: The Value of Ortho-
ID Teams in Treating Bone and Joint Infections, J. Bone Joint
Infect., 4, 295–299, https://doi.org/10.7150/jbji.41663, 2019.

Vinikoor, M. J., Zoghby, J., Cohen, K. L., and Tucker,
J. D.: Do all candidemic patients need an ophthalmic
examination?, Int. J. Infect. Dis., 17, e146–e148,
https://doi.org/10.1016/j.ijid.2012.12.014, 2013.

Yingling, J. M., Sun, L., Yoon, R., and Liporace, F.: A rare case
of Candida parapsilosis osteomyelitis: a literature review and
proposed treatment algorithm, Patient Saf. Surg., 21, 11–31,
https://doi.org/10.1186/s13037-017-0146-9. 2017.

Zhang, S., Wang, H., Zhao, J., Xu, P., Shi, H., and Mu, W.: Treat-
ment of post-traumatic chronic osteomyelitis of lower limbs
by bone transport technique using mono-lateral external fixa-
tor: Follow-up study of 18 cases, J. Orthop. Sci., 21, 493–499,
https://doi.org/10.1016/j.jos.2016.04.010, 2016.

J. Bone Joint Infect., 6, 321–328, 2021 https://doi.org/10.5194/jbji-6-321-2021

https://doi.org/10.1016/0305-4179(93)90045-a
https://doi.org/10.1016/0305-4179(93)90045-a
https://doi.org/10.1007/s10096-013-1939-0
https://doi.org/10.7150/jbji.27840
https://doi.org/10.1093/cid/civ933
https://doi.org/10.7150/jbji.40402
https://doi.org/10.1016/j.diagmicrobio.2012.02.004
https://doi.org/10.7150/jbji.41663
https://doi.org/10.1016/j.ijid.2012.12.014
https://doi.org/10.1186/s13037-017-0146-9
https://doi.org/10.1016/j.jos.2016.04.010

	Abstract
	Introduction
	Materials and methods
	Results
	Literature review
	Case report

	Discussion
	Epidemiology and clinical features
	Laboratory diagnosis
	Surgical treatment
	Antifungal treatment
	Limits

	Conclusions
	Data availability
	Author contributions
	Competing interests
	Disclaimer
	Review statement
	References

