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SUMMARY Osteoarticular mycoses are chronic debilitating infections that require
extended courses of antifungal therapy and may warrant expert surgical intervention.
As there has been no comprehensive review of these diseases, the International
Consortium for Osteoarticular Mycoses prepared a definitive treatise for this important
class of infections. Among the etiologies of osteoarticular mycoses are Candida spp.,
Aspergillus spp., Mucorales, dematiaceous fungi, non-Aspergillus hyaline molds, and
endemic mycoses, including those caused by Histoplasma capsulatum, Blastomyces der-
matitidis, and Coccidioides species. This review analyzes the history, epidemiology,
pathogenesis, clinical manifestations, diagnostic approaches, inflammatory biomarkers,
diagnostic imaging modalities, treatments, and outcomes of osteomyelitis and septic
arthritis caused by these organisms. Candida osteomyelitis and Candida arthritis are
associated with greater events of hematogenous dissemination than those of most
other osteoarticular mycoses. Traumatic inoculation is more commonly associated with
osteoarticular mycoses caused by Aspergillus and non-Aspergillus molds. Synovial fluid
cultures are highly sensitive in the detection of Candida and Aspergillus arthritis.
Relapsed infection, particularly in Candida arthritis, may develop in relation to an inad-
equate duration of therapy. Overall mortality reflects survival from disseminated infec-
tion and underlying host factors.

KEYWORDS mycoses, antifungal therapy, aspergillosis, candidiasis,
coccidioidomycosis, cryptococcosis, histoplasmosis, mucormycosis, osteomyelitis,
phaeohyphomycosis

INTRODUCTION

Fungi are uncommon causes of osteomyelitis and septic arthritis. Fungal osteoarticular
(OA) infections are chronic debilitating and challenging diseases that cause considerable

morbidity worldwide. Osteoarticular mycoses, caused by most major medically important
fungi, may affect both immunocompromised and immunocompetent patients. These infec-
tions are difficult to diagnose and require protracted courses of antifungal therapy and, of-
ten, expert surgical intervention.

DEFINITIONS

The definitions that are used in this review are delineated in Table 1 and have also
been utilized extensively in previous studies of osteoarticular mycoses (1, 2). The defini-
tions in this review are utilized for epidemiological purposes. For a case of radiologically
suspected osteomyelitis for which the only organism recovered from a contiguous focus
was a fungal pathogen, we would consider this a probable case for investigational pur-
poses. One would need more detail for the clinical management of patients with sus-
pected osteomyelitis. For example, we would qualify that in the case of a traumatic
injury with an open fracture and polymicrobial cultures yielding one or more fungi adja-
cent to the area of radiologically suspected osteomyelitis, the diagnosis should be con-
firmed, if possible, by biopsy and culture of the infected bone. One should also perform
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a biopsy or aspiration of a radiologically suspected region if the organism from a contig-
uous focus is thought to be a fungal contaminant. A diagnosis of suspected fungal arthri-
tis would require culture of the synovial fluid in the clinical setting of symptoms and
signs of arthritis.

PHARMACOKINETICS AND PHARMACODYNAMICS OF ANTIFUNGAL THERAPY FOR
OSTEOARTICULAR MYCOSES

This section reviews the pharmacokinetic and pharmacodynamic characteristics of
antifungal agents used to treat osteoarticular mycoses, synthesizes data on synovial
fluid and bone penetration, and discusses antifungal activity against fungal biofilms.
Although new antifungal agents have been developed during the last decade, manag-
ing fungal bone and joint infections remains challenging. Indeed, the susceptibility of
some fungi to antifungal agents is low, host defenses are often decreased, and knowl-
edge about the pharmacokinetics and pharmacodynamics of antifungal agents in
bones is sparse. There are limited preclinical and clinical studies of the bone penetra-
tion of licensed antifungal agents. Only three studies of bone penetration by antifungal
agents (ketoconazole, 5-fluorocytosine [5-FC], and voriconazole) in humans have been
published (3–5). The isavuconazole bone tissue concentration was measured in rats af-
ter single and repeated oral administrations (6). Bone concentrations of amphotericin
B (AmB) from lipid formulations have been studied in rabbits (7). Table 2 summarizes
the penetration of systemically administered antifungal agents into the bone, syno-
vium, and nucleus pulposus (5, 7–15).

Several studies have reported concentrations of antifungal agents in the synovial
fluid (5, 11, 16–21). These reports demonstrate that synovial fluid concentrations of
antifungal agents usually approximate those in serum.

Biofilm formation in prosthetic joint infections (PJIs) and chronic osteomyelitis
is an important mechanism by which pathogens protect themselves from antimi-
crobial agents and innate host defenses (22). Fungal pathogens embedded in bio-
films have reduced growth, and their metabolic state confers inherent resistance
to antimicrobial agents. Therefore, the complete removal of the foreign body and

TABLE 1 Definitions

Term Definition
Mechanisms of infection
Direct inoculation Seeding of bone tissue or synovial fluid of the joint by trauma or surgical manipulation
Hematogenous inoculation Seeding of bone tissue or synovial fluid of the joint by the blood-borne route
Contiguous inoculation Seeding of bone tissue or synovial fluid of the joint from an adjacent site of fungal

infection

Probability of infection
Proven osteoarticular mycosis All patients with osteoarticular fungal infection with evidence of a positive culture and/

or histology from bone tissue, synovial fluid, or metal hardware
Probable osteoarticular mycosis All patients with osteoarticular fungal infection with evidence of a positive culture and/

or histology from adjacent tissue or operative samples (other than bone, tissue,
synovial fluid, or metal hardware specimens, such as pus, disc, cartilage, adjacent
abscess, blood, central venous catheter, skin, and mycotic aneurysm sac) with
compatible clinical and radiological features

Emergence of infection in relation to antifungal therapy
De novo osteoarticular mycosis Patients who were not receiving systemic antifungal therapy when the episode of

osteoarticular fungal infection occurred
Breakthrough osteoarticular mycosis Patients receiving systemic antifungal agents before/at the onset of osteoarticular

fungal infection

Response to antifungal therapy
Complete response Complete resolution of clinical and radiological findings of osteoarticular fungal

infection
Partial response Partial resolution of clinical and/or radiological findings of osteoarticular fungal infection

or partial clinical improvement without availability of radiological data
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extensive excision of the infected tissues are generally required. The use of an
antifungal agent with preserved activity against biofilms, such as echinocandins,
warrants further study in the treatment of biofilms (23, 24). One multicenter retro-
spective study on Candida prosthetic joint infections (25) concluded that antifun-
gal agents with antibiofilm activity, such as echinocandins and polyenes, seem to
have a beneficial effect on therapeutic outcomes. Although the number of these
patients was relatively small, the authors recommend these echinocandins, rather
than triazoles, as first-line therapy. Further studies are needed to confirm these
conclusions.

Antifungal susceptibility determinations of MICs should be performed, if possible,
on all isolates that are recovered from the bone, synovium, cartilage, and contiguous
foci. Moreover, to optimize the efficacy and tolerability of antifungal therapy, therapeu-
tic drug monitoring (TDM) for voriconazole, itraconazole, posaconazole, and flucyto-
sine (5-FC) should be utilized for the treatment of each patient.

THERAPY FOR BONE AND JOINT INFECTIONS: MAIN ANTIFUNGAL CLASSES
Polyenes: Amphotericin B and Its Formulations

Amphotericin B (AmB) (amphotericin B deoxycholate), a polyene antibiotic, is a product
of Streptomyces nodosus. It acts on the fungal cell membrane by binding to ergosterol,
causing membrane disruption, leakage of cell contents, and cell death. The affinity of
amphotericin B is higher for ergosterol-rich fungal cell membranes than for cholesterol-
rich human cell membranes, but in the kidney, where the drug is concentrated, it causes

TABLE 2 Concentrations of antifungal agents in bone and synoviuma

Antifungal agent Concn(s) in bone and bone marrow Concn in synovium
Concn in nucleus
pulposus

Amphotericin B deoxycholate Bone marrow, 2.7mg/g (dosed at
0.6 mg/kg), 8.06 1.7mg/g

0.29mg/mL; 40% of plasma
concn

Not detected

ABLC Bone marrow, 35.46 12.7mg/g No data available Not detected
ABCD Bonemarrow, 7.5mg/g (dosed at 0.6mg/kg),

9.9mg/g (dosed at 1.2mg/kg), 3.3mg/g
(dosed at 2.5mg/kg), 96mg/g (dosed at
5.0mg/kg)

No data available

Liposomal amphotericin B Bone marrow, 39.56 4.7mg/g (dosed at
5.0 mg/kg)

0.79mg/mL; 140% of plasma
concn

Fluconazole Bone, 33% of serum concn 14.196 5.07mg/mL (horse) 10.866 21.42mg/g;
median value,
3.7mg/g

Itraconazole 470% of plasma concn
Voriconazole Medullary bone, 20.3mg/g; cortical bone,

1.9mg/g
30% of plasma concn
(human); 60% of plasma
concn (horse)

Posaconazole No data available No data available
Isavuconazole Bone, 0.048–0.070mg (eq/g); bone marrow,

0.054–0.822mg (eq/g) ([14C]
isavuconazonium sulfate orally at
5 mg/kg as a single dose to rats)

No data available

Caspofungin No data available No data available
Micafungin No data available No data available
Anidulafungin 4,830 ng/mL (male rats at postnatal day 4

dosed at 10 mg/kg once), 9,600 ng/mL
(female rates at postnatal day 4 dosed at
10 mg/kg once), 7,220 ng/mL (all rats at
postnatal day 8 dosed at 10 mg/kg
once), 6,050 ng/mL (male rats at
postnatal day 4 dosed at 10 mg/kg once,
7,800 ng/mL (male rates at postnatal day
8 after multiple doses at 10 mg/kg)

No data available

5-Fluorocytosine 30% of max serum concn, 15% at 2 h
postinjection, 6% at 4 h postinjection

41% of max serum concn

aData are from references 5 and 7–15. ABLC, amphotericin B lipid complex; ABCD, amphotericin B colloidal dispersion.

Osteoarticular Mycoses Clinical Microbiology Reviews

December 2022 Volume 35 Issue 4 10.1128/cmr.00086-19 6

https://journals.asm.org/journal/cmr
https://doi.org/10.1128/cmr.00086-19


toxicity to the distal tubular cell membranes, leading to renal insufficiency and hypokale-
mia (26). Lipid amphotericin B formulations have lower renal concentrations, resulting in
reduced nephrotoxicity (27, 28). Other mechanisms of the reduced nephrotoxicity of lipid
formulations of amphotericin B include preferential binding by high-density lipoproteins,
which are processed in the liver. In comparison, deoxycholate amphotericin B (DAmB) is
bound preferentially by low-density lipoproteins that tend to accumulate in the kidney.

Amphotericin B displays concentration-dependent fungicidal activity (29, 30). Its spec-
trum of activity is broad, including most Candida spp., most Aspergillus spp., Mucorales, and
many dimorphic and dematiaceous fungi. In vitro and in vivo models show that amphoteri-
cin B has potent activity against Candida albicans embedded within biofilms (31, 32).

The tissue distribution of AmB is highly variable, with the highest concentrations
being found in the liver and the spleen, followed by the lung, the kidney, and the heart
(29). The administration of lipid-based formulations results in high drug concentrations
in the liver and spleen (33). Groll and colleagues studied the distributions of DAmB, lip-
osomal amphotericin B (LAmB), and amphotericin B lipid complex (ABLC) in the bone
marrow of noninfected rabbits (7). Animals received either 1 mg/kg of body weight/
day of DAmB or 5 mg/kg/day of LAmB or ABLC for 7 doses. All formulations distributed
well into the bone marrow, while LAmB and ABLC at the higher dosages also achieved
proportionally higher tissue concentrations than those of DAmB (7). However, concen-
trations of DAmB in cortical bone are unknown. Concentrations of DAmB in synovial
fluid approximate those in serum (11, 18–21).

Amphotericin B is excreted unchanged in the urine (21%) and the feces (42%). Its
half-life is long, approximately 127 h for the conventional deoxycholate formulation. In
a retrospective cohort study, Bates et al. showed that the frequently severe nephrotox-
icity of DAmB leads to increased mortality (34). These results were instrumental in lead-
ing clinicians to use lipid formulations of amphotericin B as safer alternatives.

Amphotericin B and its lipid formulations are now an alternative choice for the
treatment of bone and joint infections caused by Candida, Aspergillus, or Cryptococcus
species. Antifungal triazoles have the advantages of oral formulations and favorable
safety profiles for prolonged ambulatory treatment durations.

Amphotericin B lipid formulations remain the first choice for the treatment of
Mucorales bone and joint infections (35, 36). Combination antifungal therapy has been
recommended by some authors (36–39). However, combination therapy for mucormy-
cosis was found to have no therapeutic benefit over lipid formulations of amphotericin
B as a single agent in patients with hematological malignancies (40).

Triazoles

Triazole antifungal agents target ergosterol biosynthesis by inhibiting a fungal cyto-
chrome P450-dependent enzyme (lanosterol-14-a-demethylase) that converts lanos-
terol to ergosterol, the principal fungal cell membrane sterol. Inhibition of ergosterol
biosynthesis disrupts cell membrane structure and function. However, triazoles also
exert collateral inhibition of human hepatic cytochrome-dependent enzymes and are
responsible for important drug-drug interactions. Their activity is essentially fungistatic,
and the area under the concentration-time curve (AUC)/MIC ratio seems to be the best
predictor of treatment responses (25, 29, 41).

The spectrum of activity varies according to the specific triazole (1). Fluconazole has
the narrowest spectrum, with in vitro and in vivo activity against Cryptococcus neofor-
mans and Candida spp., with exceptions of Candida krusei and C. auris, which have
intrinsic resistance, and C. glabrata, which is variably resistant, depending upon the iso-
late. Voriconazole, a derivative of fluconazole, has a wider spectrum of activity. It is
active against yeasts, has excellent activity against Aspergillus, and is also active against
endemic dimorphic fungi and some isolates of Fusarium species. Posaconazole also
has a wide spectrum of activity, including against Aspergillus species, yeasts, dimorphic
fungi, dematiaceous fungi, and some isolates of the Mucorales.

The antifungal activities of triazoles against Candida biofilms are reduced for posa-
conazole (32) and negligible for fluconazole (42, 43). A study on the voriconazole
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resistance of Aspergillus fumigatus biofilms demonstrated that this fungal complex
expressed increased efflux pump activity that was induced by the triazole and pro-
vided evidence of voriconazole treatment failures (44).

The degree of drug absorption varies considerably among triazoles; the bioavailabil-
ity of fluconazole and voriconazole exceeds 90%, that of itraconazole is approximately
50%, and the bioavailability of posaconazole in suspension is approximately 50%, while
in the extended-release formulation, it exceeds 80% (29).

Data on the synovial and bone diffusion of triazoles are limited. The levels of fluco-
nazole in synovial fluid reported in one article approximated those in serum (20).
Another case report describes voriconazole synovial diffusion varying from 0.25 to
0.6 mg/mL (5). In this same case report, voriconazole bone levels were 10 to 20 times
higher in medullar bone and 1 to 2 times higher in cortical bone than in serum.

Fluconazole and posaconazole are poorly metabolized. Elimination is predominantly
urinary for fluconazole and biliary for posaconazole. Itraconazole and voriconazole are
principally metabolized by the cytochrome P450 systems. Voriconazole metabolism is
affected by polymorphisms of hepatic CYP3A4, CYP2C9, and CYP2C19 (45, 46). There are
35 estimated polymorphisms of CYP2C19, and their distribution may vary within different
populations, which has been discussed in detail elsewhere (https://www.pharmgkb.org/
vip/PA166169770). These genetic polymorphic differences in metabolism play an impor-
tant role in the wide interpatient variability in voriconazole serum levels. Drug monitoring
is therefore required for voriconazole, itraconazole, and posaconazole (29, 47–49). Most
patients who are receiving isavuconazole do not require therapeutic drug monitoring.

For the treatment of osteoarticular mycoses, the most frequently used agents are
fluconazole and voriconazole. Fluconazole is used as a first-line treatment for infec-
tions caused by susceptible Candida spp. and for nonmeningeal disease due to
Cryptococcus neoformans. Voriconazole is currently the first-line therapy for
Aspergillus osteomyelitis (48, 50, 51) and arthritis, as an extrapolation from its activity
in pulmonary aspergillosis (52) as well as its safety profile and extended treatment
duration with oral administration.

The most recently introduced triazole, isavuconazole, has in vitro, in vivo, and clinical
activities against most Aspergillus species and Mucorales isolates (53). As the randomized
clinical trial of isavuconazole against invasive pulmonary aspergillosis fulfilled noninferior-
ity criteria but was safer and better tolerated than voriconazole, with more practicable
pharmacokinetics (54), it may be a suitable agent for the extended treatment of Aspergillus
osteoarticular infections. At this time, however, there are no published data supporting the
use of isavuconazole for the treatment of osteoarticular mycoses.

Echinocandins

The echinocandin class of antifungal agents targets the fungal cell wall by competi-
tively inhibiting the enzyme complex that is responsible for the synthesis of (1!3)-
b-D-glucan (BDG) polymers. Inhibition of this essential component of the cell wall leads
to osmotic cell lysis and death. Echinocandins, which include caspofungin, micafungin,
and anidulafungin, exhibit concentration-dependent fungicidal activity (maximum
concentration of the drug in serum [Cmax]/MIC ratio) against Candida species and are
fungistatic against Aspergillus species (29).

Echinocandins showed potent antifungal activity in Candida biofilm-associated
infection models in vitro (32, 42, 55, 56). These compounds are available only as intra-
venous (i.v.) formulations. Data for concentrations of echinocandins in synovial fluid
and bone are lacking. Caspofungin undergoes extensive hepatic metabolism into inac-
tive metabolites. Micafungin is metabolized into three metabolites, initially by aryl sul-
fatase and secondarily by catechol-O-methyltransferase; the third phase of hydrolysis
by CYP3A is relatively limited. Anidulafungin is degraded slowly by peptide hydrolysis
to an open chain. Some agents that are transported through P-glycoprotein transport-
ers and/or hepatically metabolized may require an adjustment of the dosage when
used concomitantly with caspofungin. In comparison, there are few drug-drug interac-
tions with micafungin or anidulafungin (29, 30).
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Treatment experience with echinocandins for bone and joint infections is limited.
Case reports of Candida arthritis treated successfully with caspofungin, alone or com-
bined with triazoles, have been reported (57–60). Among the 211 cases of Candida os-
teomyelitis reported by Slenker et al. (61) and the 53 cases of Candida osteomyelitis
reported by Neofytos et al. (62), amphotericin B and triazoles were the most frequently
used antifungal agents, with a few cases being treated with echinocandins. The paucity
of patients who were treated with echinocandins in these two papers may be related
to the studies being published in 2012 and 2014 and the relatively few patients being
treated with these agents before 2000.

A Spanish retrospective multicenter study reported 43 Candida prosthetic joint
infections. Nine patients were treated with echinocandins, which were combined with
triazoles in 8 cases (25). Patients treated with the removal of the prosthesis and echino-
candin or amphotericin B combination therapy (n = 6), agents that are active against
biofilms, demonstrated a trend toward better outcomes (success for 5/6) than those
treated with triazoles alone (success for 8/13). Data from additional patients treated
with echinocandins as the initial single-agent therapy are needed to better understand
the efficacy of these agents in the management of Candida prosthetic joint infections.

Although there is insufficient clinical evidence that the use of biofilm-active antifun-
gals has an additional benefit, we recommend that these agents may be used where
possible as initial therapy for the treatment of Candida osteoarticular infections. Well-
designed preclinical studies in predictive animal models and correlative clinical trials
are needed to further define the role of biofilm-active echinocandins in the treatment
of Candida osteoarticular infections.

Other Antifungal Agents: Flucytosine (5-Fluorocytosine)

Flucytosine (5-FC) is a synthetic fluorinated analogue of cytosine. It is taken up by 2
fungus-specific enzymes and converted in the fungal cell to 5-fluorouracil, and it acts
as an antimetabolite causing RNA miscoding (63). It has a narrow spectrum of activity,
including yeasts and some dematiaceous fungi. Monotherapy with flucytosine is not
recommended because it often leads to fungal resistance. It is used with other antifun-
gal agents, usually amphotericin B, for the treatment of systemic mycoses. Flucytosine
displays a concentration-independent pattern of activity (64). The best predictor of
antifungal activity against Candida albicans is a time above the MIC of 20 to 40% (65).
We found no data on its activity against biofilms.

The absorption of the drug is excellent, with a bioavailability of 76 to 89%. Due to its
small size and minimal serum protein binding, tissue penetration is good in most body
sites (cerebral, vitreous, and peritoneal fluids). A sole case report mentioned flucytosine
synovial fluid levels, which approximated those found in serum (66). Bone concentra-
tions of 5-FC were measured by Fuzibet et al. (3). Given its short half-life (3 to 4 h) in
patients with normal renal function, 5-FC is administered 4 times a day at 100 mg/kg/
day. Concentrations in bone marrow were 41% of those in serum. Flucytosine is elimi-
nated via glomerular filtration and is only minimally metabolized in the liver. The dosage
must be adjusted for patients with renal impairment, and drug monitoring is recom-
mended to avoid toxicity, which includes myelosuppression and hepatotoxicity.

According to two previously published guidelines (67, 68), 5-FC combination therapy
with amphotericin B is indicated for the treatment of cryptococcal meningoencephalitis
or severe or disseminated non-central nervous system (CNS) cryptococcal infections. The
role of 5-FC in the treatment of osteoarticular mycoses is not well defined.

THERAPEUTIC DRUGMONITORING

Triazole antifungal drugs may exhibit marked interpatient variability in serum drug
concentrations due to differences in the absorption of the oral formulation, variations
in hepatic metabolism via cytochrome P450, and drug-drug interactions. TDM is there-
fore an important tool to optimize dosing for voriconazole, posaconazole, itraconazole,
and 5-FC (68). Nonetheless, there is a paucity of cases or case series describing the rela-
tionship between TDM and outcomes for osteoarticular mycoses (69).
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The analytical methods most commonly utilized to measure serum drug concentra-
tions are high-performance liquid chromatography (HPLC) and liquid chromatography-
tandem mass spectroscopy (LC-MS/MS) because of their high sensitivity and rapid time
to completion of the assay (49, 70, 71). As a comprehensive discussion of TDM is
beyond the scope of this review, see several sources that discuss its important role in
optimizing the outcomes of invasive mycoses (47, 48, 70, 72–80).

The arsenal of antifungal agents has increased during the last 3 decades with the
development of new triazoles and the emergence of a new antifungal family, the echinocan-
dins. Despite this evolution, very little is known about the pharmacokinetics of antifungal
agents in bones. The management of fungal bone and joint infections remains a therapeutic
challenge. Despite these gaps in knowledge, one may reasonably infer from sound pharma-
cokinetic and pharmacodynamic principles that the optimization of bone penetration is best
achieved through the use of high dosages with prolonged treatment. As these treatment
modalities can lead to long-term drug toxicity, TDM and close clinical and biological surveil-
lance in these difficult-to-treat infections are important components of the strategy to opti-
mize drug efficacy while minimizing toxicity. The use of antifungal agents such as echinocan-
dins or the new orally bioavailable agent ibrexafungerp, which exert potent activity against
Candida biofilms, may improve outcomes, especially in foreign-body-associated infections.
Further preclinical and clinical data are necessary to support this hypothesis.

PATHOGENESIS OF BIOFILM FORMATION AND OSTEOARTICULARMYCOSES

Many pathogenic bacteria and fungi grow in two fundamentally different forms,
free-floating organisms (single-cell planktonic forms) and biofilms, a surface-adherent
community of microorganisms embedded in a self-produced hydrated extracellular
polymeric material, matrix. Biofilms can consist of one or more types of organisms
(bacteria and/or fungi), but even monospecies biofilms may contain organisms with
different phenotypic or genotypic characteristics. Biofilms are a major public health
concern since they account for a preponderance of chronic and recurrent bacterial and
fungal infections. The biofilm concept explains why some organisms initially consid-
ered “harmless” or “normal” flora become pathogens in the presence of foreign mate-
rial, accounting for chronic infections being untreatable even when they are caused by
a pathogen that is not resistant to chemotherapeutic agents (81–83).

The most frequent types of chronic osteomyelitis can be seen as characteristic
examples of biofilm-mediated infections; these include chronic hematogenous osteo-
myelitis, progression to chronic osteomyelitis from deep soft tissue infection, diabetic
foot osteomyelitis, osteomyelitis with sacral pressure ulcer, sternal wound osteomyeli-
tis poststernotomy, persistent chronic osteomyelitis associated with internal fracture
fixation, and prosthetic joint infection (PJI) (84, 85). Gram-positive bacteria predomi-
nate within the microbiological spectrum of osteoarticular biofilm-related infections,
while fungal pathogens are less frequent. Particularly, in PJIs, fungi have been isolated
in fewer than 1% and Candida spp. are the etiological agents of approximately 80% of
these diseases, whereas dimorphic fungi, Aspergillus spp., and other filamentous fungi
are considerably less common (86, 87). Although less common than bacterial musculo-
skeletal infections, fungal biofilm-related diseases, including osteoarticular mycoses,
are challenging to treat and associated with increased mortality (88).

Biofilm formation is a dynamic process that includes consecutive stages of matura-
tion, with each stage involving several physiological changes that have important clinical
impacts. Overall, these changes constitute the biofilm “life cycle,” which can continue in
perpetuity. Biofilm development is a stepwise process that can occur in four stages.

Stage 1: Attachment

In the attachment stage, planktonic, free-floating cells attach to a surface. The attach-
ment surface can be an “abiotic” one, such as the surface of an indwelling device or pros-
thesis, or “biotic,” like bone tissue or a periprosthetic surface (89). Initially (at 0 to 2 h),
during Candida biofilm temporal development, the majority of fungal cells are present
as blastospores, and later (at 3 to 4 h), distinct microcolonies appear on the surfaces (90).
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Surface properties (charge, hydrophobicity, protein coating, and physiochemical proper-
ties such as surface roughness and porosity) are decisive factors in microbial adhesion
and subsequent biofilm development. After device implantation, a conditioning film,
composed of host proteins such as fibrinogen and fibronectin, is formed on the device’s
surface (91, 92). This conditioning film alters the surface properties while the attached
proteins serve to anchor the biofilm cells. Investigations have illustrated that surface
modification of biomaterials can be a viable strategy against biofilm-related infections
(93). For the establishment of an infection in the presence of prosthetic material, the
inoculum size seems to be of less importance (94). Once the fungal cells are adherent to
the substrate, genes that encode proteins involved in secretion and adhesion are upreg-
ulated. These properties in Candida albicans are exemplified by the significantly upregu-
lated expression of genes encoding agglutinin-like sequence (ALS) family proteins,
hyphal wall protein (HWP), and adhesion factor (EAP1) (95–97).

Stage 2: Accumulation

Following the attachment of the organism to a surface, fungal cells begin to prolif-
erate and become progressively established on the colonized surface at approximately
12 to 14 h. At this phase, cells change their morphology, begin to elongate, and de-
velop hyphae. Fungi, particularly C. albicans, excrete a number of enzymes like protein-
ases, lipases, esterases, hemolysins, and phospholipases that enable the developing
biofilm to invade the substrate surface (host or medical device surface) (98). Early bio-
films are relatively unstable and susceptible to host defense and antifungal agents.

Stage 3: Maturation

Mature fungal biofilms, as demonstrated by confocal laser scanning microscopy images,
consist of a complex network of fungi in different developmental stages (conidia, hyphae,
and pseudohyphae) encased in a well-developed matrix. As demonstrated in in vitro studies
of biofilm temporal development, mature biofilms appear after approximately 38 to 72 h
(90). Microorganisms in a mature biofilm are densely contiguous so that they can interact
through quorum sensing and, possibly, the exchange of virulence or resistance genes.
Throughout the biofilm ultrastructure, the prevailing physiological conditions differ as
microorganisms have different access to nutrients and oxygen. This is particularly prominent
in the biofilm core, where microorganisms fall into a dormant, nondividing stage, forming
so-called “persister” cells (99). The extracellular polymeric material, which forms the scaffold
for the three-dimensional architecture of the biofilm and provides a protective barrier for
the embedded organisms, is one of the defining traits of biofilms at this stage. The nature
of the individual components of the matrix can vary greatly and depends on the constella-
tion of microorganisms within the biofilm, the surrounding environment (availability of
nutrients, shear forces, or temperature), the substrate, and host factors. The biofilm matrix
composition is complex and universally is comprised of proteins, nucleic acids, carbohy-
drates, lipids, and other polymers (100). For several fungal pathogens, the matrix compo-
nents differ significantly from those of the cell wall that are recognized by immune cells,
while the biofilm-embedded organisms are in the planktonic mode of growth (101–105). At
this maturation phase, fungal biofilms are resistant to antifungal agents and host defenses.

In the phagocyte-fungus-antifungal agent interplay, drugs may either interact with
phagocytes, leading to altered antifungal activities, or, through modulation of fungal vir-
ulence, initiate different immune response programs in phagocytes (43). Experiments
studying host-Candida biofilm interactions have shown that micafungin, by increasing
inflammatory responses, has a beneficial effect on innate immune cells in the host
defense against C. albicans biofilms but a blunt effect on Candida parapsilosis biofilms
(23). The factors that regulate differential species-dependent interactions between bio-
films and host immune cells and the molecular events of interchange among biofilms,
host components, and antifungal drugs should be elucidated, as there is an urgent need
for alternative therapeutic approaches to treat several types of candidiasis.

In vitro studies demonstrate that human leukocytes remain viable while trying to
penetrate Candida species biofilms but do not exhibit any significant phagocytic
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function while also displaying an altered cytokine profile. Characteristically, Candida
species biofilms downregulate the production of tumor necrosis factor alpha (TNF-a)
compared to their planktonic counterparts (106). The phagocytic impairment of human
phagocytic cells by biofilms is so robust that it persists despite priming by interferon
gamma (IFN-g) or granulocyte colony-stimulating factor (G-CSF) (106–109).

Stage 4: Dispersal

The mature biofilm releases nonadherent or detached cells, which can colonize
another surface and create a niche for another biofilm, thus perpetuating the biofilm’s
“life cycle.” This last phase of biofilm development has important clinical significance as
the dispersed cells display distinct phenotypic properties that are associated with
increased virulence (110). Dispersion during biofilm development constitutes a major
mechanism for disseminated fungal infection and/or the creation of a new biofilm in a
remote area. Notably, there are in vivo observations that show that the detachment of
fungal cells can occur very early in biofilm development; maximum numbers of cells are
released when the biofilm proliferates rapidly during the intermediate phase (5 to 12 h),
and during the stationary phase of a mature biofilm, the number of released cells
decreases (110). Thus, an established focus of Candida osteomyelitis may propagate
extensively through this mechanism of dispersal to involve the adjacent trabecular and
canalicular bone matrices.

While important advances in understanding the pathogenesis of biofilms, including
those caused by Candida spp., have been achieved, the matrices on which they have
been studied are largely in vitro plastic or in vivo catheters and prosthetic material.
Although the data from these studies can be reasonably extrapolated to biofilms of
osteoarticular tissues, little is known about the impact of their unique mineral compo-
sition and unique tissue architecture on fungal biofilm formation and pathogenesis.

Diagnosing biofilm-related osteoarticular infections is challenging because usually
they are indolent, they give few clinical signs and symptoms, and conventionally used
microbiological methods often fail to detect the biofilm-embedded organisms. The diffi-
culty in the diagnosis and treatment of chronic or prosthetic-device-related osteoarticu-
lar fungal infections is best understood within the context of biofilm pathogenesis. The
Musculoskeletal Infection Society, the American Academy of Orthopedic Surgeons, the
European Society of Clinical Microbiology and Infectious Diseases (ESCMID) Study Group
for Biofilms, and the International Consensus Meeting on Musculoskeletal Infection have
established criteria for diagnosing biofilm-related infections and provide answers on im-
portant aspects regarding the management of osteoarticular biofilm-related infections
(111–114). Strategies to overcome diagnostic limitations are being developed with tech-
nologies like metagenomics shotgun sequencing, which seem to have the potential to
enhance our diagnostic yield with difficult-to-detect pathogens (115).

CANDIDA OSTEOMYELITIS
History

The first well-defined case of Candida osteomyelitis was described in 1928 by
Connor (116). The patient was a 19-year-old immunocompetent female with a 4-year
history of recurrent humerus osteomyelitis. Later, she developed buttock abscesses.
Tissue specimens from the affected humerus and buttock pus disclosed an identical
histopathological appearance consistent with Candida infection. Of note, there was no
report of previous trauma or disseminated fungal infection.

Since then, and until 2012, 215 well-described cases (1, 11, 60, 66, 117–255) of
Candida osteomyelitis were analyzed by Gamaletsou et al. (1). Since 2012, there have
been 36 notable publications on Candida osteomyelitis (61, 62, 139, 256–290).

Epidemiology

The age of onset of Candida osteomyelitis is widely distributed but trends toward a
younger population (median age of 35 years) than what is observed for other osteoar-
ticular mycoses. Similar to other invasive mycoses, males predominate in frequency.
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Most patients who develop Candida osteomyelitis are not pharmacologically immu-
nosuppressed. Instead, the key risk factors for these patients are surgical procedures, il-
licit intravenous drug use, orthopedic devices/prostheses, trauma or open wounds, as
well as conditions that are associated with candidemia, such as central venous cathe-
ters and total parenteral nutritional support. Nonetheless, pharmacological immuno-
suppression is also a known risk factor in cases of Candida osteomyelitis with leukemia,
lymphoma, renal transplantation, and liver transplantation. Candida costochondritis
and sternoclavicular infections have been reported as distinct distributions of infection
in patients with a history of illicit intravenous drug use (226, 291).

Pathogenesis

There are three mechanisms by which fungi infect bones: hematogenous dissemi-
nation, direct inoculation, and contiguous infection. Of the presumed mechanisms of
Candida osteomyelitis observed among reported cases, the most common is hematog-
enous dissemination (n = 138 [67%]), followed by direct inoculation (n = 51 [25%]) and,
less commonly, contiguous infection (n = 18 [9%]) (1). However, Candida osteomyelitis
caused by contiguous infection in the setting of decubitus ulcers may also be an
underreported mechanism. See above for a more detailed discussion of biofilm
formation.

Clinical Manifestations

Patients typically complain of an insidious onset over several weeks to months of local
pain with erythema, tenderness, and edema as the most common presenting clinical mani-
festations. However, fever is present in fewer than 1/3 of patients. Approximately 1/3 of
patients present with a limited range of movement of the involved extremity. Physical ex-
amination may reveal sinus tracts with draining pus (1).

Gamaletsou et al. reported that Candida osteomyelitis was the first site of clinically
overt deep infection in nearly one-half of patients. Candida osteomyelitis most com-
monly presents as a de novo infection in more than 70% of patients (1). The remainder
of patients with Candida osteomyelitis develop breakthrough infections while receiv-
ing antifungal therapy.

Candida osteomyelitis may also occur in the setting of candidemia. For example,
approximately one-half of patients with Candida osteomyelitis may have candidemia
or another form of candidiasis as the initial manifestation of Candida infection. Indeed,
candidemia and osteomyelitis may coexist and have been diagnosed simultaneously in
14% of cases (1).

Candida osteomyelitis is distributed as a polyosseous infection in more than 80% of
cases. The most commonly infected sites are vertebrae, in approximately 50% of cases,
followed by the femora, ribs, sternum, and humeri (1). Among the joints that are fre-
quently infected concomitantly are intervertebral discs, in approximately 40% of cases.
Other nonsynovial joints that are concomitantly infected include costoclavicular, cost-
osternal, and costochondral joints in 10% of cases. The most common synovial joints
infected are the knee (11%) and hip joint (7%) (1).

As a reflection of the age-dependent differences in the pathogenesis of Candida os-
teomyelitis, there are clear distinctions in osseous distributions between pediatric and
adult populations (1). In descending order, the most frequently infected sites in adults
are the vertebrae, ribs, and sternum. In comparison, the most frequently infected sites
in patients #18 years of age are the femur, humerus, and vertebrae. While vertebrae
are the most common osseous sites in adult patients, femoral bones are more com-
monly infected in the pediatric population. Despite these differences in osseous distri-
butions between pediatric and adult patients, the local symptomatologies (i.e., pain,
erythema, and edema), along with the limitation of function, are similar.

Diagnostic Approaches

Among the diagnostic strategies used for Candida osteomyelitis, percutaneous
closed guided biopsy or open biopsy should be performed in order to establish a
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definitive diagnosis. Specimens obtained by these procedures are submitted to the rel-
evant laboratories for direct culture and, when feasible, histopathology with special
stains, particularly periodic acid-Schiff (PAS) and Gomori methenamine silver (GMS)
stains.

Diagnostic Mycology

Candida albicans is the most common cause of Candida osteomyelitis, followed in
descending order by C. tropicalis, C. glabrata, and C. parapsilosis. One must also be
aware of mixed fungal and bacterial infections in Candida osteomyelitis; e.g.,
Gamaletsou et al. (1) reported 12% of cases of Candida osteomyelitis with concomitant
bacterial infections, the most common etiology of which was Staphylococcus aureus.
Coinfection with bacteria also occurred in cases of osteoarticular infections caused by
Aspergillus spp.

Inflammatory Markers

The white blood cell (WBC) counts in patients with Candida osteomyelitis are typi-
cally mildly to moderately elevated, with a median count of 10,500 cells/mm3 and a
range from 900 to 36,000 cells/mm3, with a left shift toward neutrophil predominance
in the differential count. The erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP) are often elevated, with median levels of 61 mm/h (range, 3 to 150 mm/h)
for the ESR and 6.3 mg/dL for CRP (range, 1.2 to 46 mg/dL). However, as some patients
with Candida osteomyelitis may have a minimal to no elevation of inflammatory bio-
markers, the presence of normal values of white blood cell counts, ESR, and CRP does
not exclude the diagnosis (Table 3).

Diagnostic Imaging

Among 207 previously reported cases of Candida osteomyelitis (1), radiological
manifestations included osteolytic destruction and soft tissue extension. Imaging of
the spine demonstrated that Candida vertebral osteomyelitis yields decreased interver-
tebral space and complications of the type of epidural abscess.

Magnetic resonance imaging (MRI) has emerged as the preferred diagnostic imag-
ing modality for osteomyelitis because of its lack of ionizing radiation, high sensitivity
for detecting early infection, and excellent anatomical detail. An illustrative case of
Candida osteomyelitis of the spine is shown in Fig. 1. This paper and others (1, 139)
found that MRI of lesions of Candida osteomyelitis displays increased signal intensities
on T2-weighted images and decreased signal intensities on T1-weighted images.
Radionuclide 99Tc scans demonstrate increased radionuclide scan uptake. Although in-
dium-labeled white blood cell scans are a useful imaging tool for the detection of bac-
terial osteomyelitis, there are minimal data for Candida osteoarticular infections. The
conventional radiological, MRI, and radionuclide findings of Candida osteomyelitis are
not sufficiently distinct to permit differentiation from those of bacterial infections.
Moreover, there may also be similarities between the imaging findings and those of
lytic neoplastic processes. Thus, biopsy of suspicious lesions is warranted in the ab-
sence of supportive culture data for other sites.

TABLE 3 Comparative analysis of inflammatory biomarkers in osteoarticular mycoses

Type of infection (reference[s]) No. of cases
Median ESR
(mm/h) (range)

Median CRP concn
(mg/dL) (range)a

Median WBC count
(cells/mL) (range)

Candida osteomyelitis (1; case in this report) 208 65 (3–150) 8.8 (1.2–46) 10,100 (2,650–36,000)
Candida arthritis (2) 112 56 (10–118) 28.9 (0.5–141) 10,750 (160–36,500)
Candida bursitis (292–294, 296, 297) 12 79 (48–106) 5.4 (1.2–6.7) 6,810 (500–11,700)
Aspergillus osteomyelitis (550) 180 86 (10–148) 51 (1.5–151) 8,740 (100–37,000)
Aspergillus arthritis (572; case in this report) 32 91 (46–148) 3.7 (2.6–4.6) 9,700 (1,300–12,700)
Non-Aspergillusmold osteomyelitis (1232) 148 76 (32–120) 45 (1.1–362) 9,850 (1,900–33,500)
Osteoarticular mucormycosis (739; cases in this
report)

35 69 (40–107) NA 16,150 (500–29,400)

aNA, not applicable.
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Staging of infection with 18-fluoro-2-deoxy-D-glucose positron emission tomogra-
phy combined with computed tomography (PET-CT) is another valuable imaging mo-
dality for characterizing the distribution and, possibly, assessing the microbiological
burden of infection. A study of experimental Candida osteomyelitis demonstrated that
the signal intensities of 18-fluoro-2-deoxy-D-glucose PET-CT scan varied directly with
the tissue burden of Candida osteomyelitis (290).

Treatment and Outcome

As there are no randomized or controlled clinical therapeutic trials of Candida oste-
omyelitis, a statement about the advantages of one form of therapy over another is
inevitably limited. Complete and partial responses as well as durations of therapy for
Candida osteomyelitis are shown in Table 4. Data from the current literature and our
updated database indicate that there were similar overall favorable outcomes of a
complete response and a partial response in 89 (90%) of 99 patients receiving combi-
nation medical-surgical therapy versus 90 (97%) of 93 patients receiving antifungal
therapy alone for the treatment of Candida osteomyelitis.

The lack of an apparent impact of surgery on favorable outcomes of Candida osteo-
myelitis may be attributed to the greater complexity of cases requiring surgery.
Alternatively, these data may also indicate that antifungal agents may exert a favorable
outcome independent of surgery. For patients treated with an amphotericin B formula-
tion or an echinocandin, there would be a direct impact on Candida biofilms that could
preclude the need for surgery. For patients treated with protracted courses of flucona-
zole over weeks of therapy, there may be an impact on viable organisms in combination

FIG 1 Candida osteomyelitis/discitis with psoas abscess. A 62-year-old male with diffuse large B cell
lymphoma (stage 4) and decompensated cirrhosis developed Candida albicans fungemia and chorioretinitis
after the first cycle of chemotherapy and was treated with fluconazole, micafungin, and intravitreal
antifungals. After 2 additional cycles of chemotherapy, he developed worsening back pain, tenderness at
the lumbar spine, and limited mobility. MRI showed L3-L4 osteomyelitis/discitis with psoas abscess (left,
T1-weighted scan; right, T2-weighted scan). Cultures of specimens from CT-guided biopsy of the vertebral
body and soft tissue specimens grew C. albicans, and histology showed yeast. TSE, turbo spin echo.

TABLE 4 Comparative analysis of treatments and outcomes of osteoarticular mycoses

Type of infection (reference[s]) No. of cases

No. (%) of cases with outcome
Median duration of
therapy (days) (range)Complete response Partial response Relapse

Candida osteomyelitis (1; this study) 208 66 (32) 124 (60) 60 (29) 90 (7–720)
Candida arthritis (2) 112 87 (78) 21 (19) 18 (16) 64 (14–436)
Candida bursitis (292–294, 296, 297) 12 7 (58) 4 (33) 6 (50) 21 (14–70)
Aspergillus osteomyelitis (550) 180 106 (59) 58 (32) 17 (10) 90 (10–772)
Aspergillus arthritis (572; this study) 32 22 (69) 6 (19) 5 (16) 219 (30–545)
Dimorphic fungal osteomyelitis (834) 222 135 (72) 34 (18) NA 180 (70–365)
Non-Aspergillusmold osteomyelitis
(1232)

148 94 (63) 28 (19) NA 115 (5–730)

Osteoarticular mucormycosis (739;
this study)

35 18 (51) 12 (20) NA 45 (5–573)
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with innate host responses to eradicate the infection. These data also suggest that a pro-
spective clinical trial is warranted for medical therapy alone for selected patients with
Candida osteomyelitis.

The duration of therapy plays a key role in the outcome of Candida osteomyelitis
irrespective of whether antifungal therapy is combined with surgery. For example, with
combination of antifungal therapy-surgery, more than 40% of patients suffered a
relapse following the premature discontinuation of therapy; however, with the reinsti-
tution of medical therapy, an overall favorable response was achieved in most patients.
Thus, relapsed Candida osteomyelitis is not necessarily an indication for surgery;
instead, a longer course of antifungal therapy may be needed.

The management of Candida osteomyelitis needs clearer benchmarks for the poten-
tial discontinuation of antifungal therapy as well as a strategy for the use of medical ther-
apy in more patients as the primary means of management. Among the possible bench-
marks for the length of therapy, resolution of ESR and CRP may not be sufficiently
sensitive to allow the discontinuation of therapy. In comparison, serial sampling of serum
(1!3)-b-D-glucan and Candida mannan may offer higher sensitivity and specificity for
the therapeutic monitoring of Candida osteomyelitis. Substantiating the potential role of
serial serum (1!3)-b-D-glucan and Candidamannan diagnostic testing, the rabbit model
of Candida osteomyelitis showed the expression of these biomarkers with infection lim-
ited to the tibia (290).

PET-CT scan is another option for the assessment of the therapeutic response of
Candida osteomyelitis (290). Data from the rabbit model of Candida osteomyelitis on
days 7, 14, and 21 of infection demonstrated significant inoculum-dependent and
time-dependent increases in [18F]fluorodeoxyglucose ([18F]FDG) signals. Nonetheless,
further validation of serial sampling of serum (1!3)-b-D-glucan and Candida mannan
and PET-CT scan are required for the elucidation of the utilities of these promising
modalities for the measurement of the therapeutic response. We therefore propose a
clinical trial dedicated to the treatment of Candida osteomyelitis that would incorpo-
rate serial sampling of serum (1!3)-b-D-glucan and Candida mannan and PET-CT scan
for initial diagnosis and subsequent therapeutic monitoring in the context of primarily
medical management of the selected patient, with surgery held in reserve for those
not responding to the initial antifungal therapy.

CANDIDA BURSITIS

Septic bursitis is most commonly caused by Staphylococcus aureus and Streptococcus
pyogenes (292–294). Prototheca wickerhamii, an achlorophyllous alga that may mimic a
yeast in culture, is a less common but also well-established cause of septic bursitis,
particularly of the olecranon bursa (295). Individual case reports indicate that
Candida bursitis can be a painful and debilitating osteoarticular mycosis (296).
Among 12 previously published cases of Candida bursitis, the first reported case
(296) was that of a 77-year-old hospitalized patient who, following “transient” candi-
demia due to C. tropicalis after bilateral ureteral catheterization, developed de novo
arthritis of the right shoulder and, 1 week later, left-olecranon bursitis. Candida tropi-
calis was isolated from the cultures of fluids aspirated from both sites. Treatment
with amphotericin B failed to eradicate the bursal infection, and the patient under-
went bursectomy of the left elbow.

Demographic Features, Comorbidities, and Possible Risk Factors

Among the 12 previously reported cases of Candida bursitis, the median age was
66 years (range, 32 to 77 years), and 7 patients (58%) were male (Table 5) (271, 285, 296–
305). With underlying comorbidities, possible direct inoculation may have occurred in 8
cases (67%) through bursal and joint injections of corticosteroids in 4 cases (33%) and 2
prior orthopedic surgical procedures (17%).

As possible risk factors, the majority of patients received systemic corticosteroids,
local corticosteroids, or other forms of pharmacological immunosuppression. Six
patients (55%) received systemic corticosteroids, and two received anti-TNF-a therapy.
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Four patients had an autoimmune disease (two with systemic lupus erythematosus
[SLE] and two with rheumatoid arthritis [RA]), three had a neoplastic disease (two with
solid tumors and one with chronic lymphocytic leukemia), two had trauma to the bur-
sal site, one had diabetes mellitus, and one had hemodialysis. Another patient had
Candida albicans peripheral thrombophlebitis and candidemia followed by hematoge-
nous Candida subacromial bursitis. As a general comment comparing immunosuppres-
sion as a risk factor for osteoarticular mycoses caused by different organisms (Table 5),
Aspergillus and possibly non-Aspergillus molds caused more osteoarticular infections in
immunosuppressed patients than did Candida species.

Clinical Manifestations

The onset and development of symptoms of Candida bursitis were typically indo-
lent. The most common localizing symptoms were pain (75%), edema (75%), erythema
(50%), and limitation of movement (25%), whereas only 17% of the patients presented
with fever. The distribution of Candida bursitis was predominantly in the upper extrem-
ities. The most frequent sites of Candida bursitis were olecranon (50%), shoulder (25%),
and humerus (17%) bursae. Six patients had concomitant arthritis and/or osteomyelitis.
Among the 12 cases, 2 patients (17%) had candidemia.

Laboratory Features

One Candida species was isolated from the synovial and/or bursal fluid in each of
the 12 patients. Candida parapsilosis was the most frequently recovered species (n = 6),
followed by C. albicans (n = 2), C. tropicalis (n = 2), C. glabrata (n = 1), and C. lusitaniae
(n = 1). One patient had a blood culture that was positive for C. albicans. Gram staining
of the fluid revealed yeast-like cells in 25% of cases. Synovial/bursal fluid white blood
cell (WBC) counts displayed a wide range of distributions from mildly to highly ele-
vated counts, with a differential neutrophil count ranging from 41 to 98%.

Among systemic markers of the inflammatory response, the WBC count was mostly
within normal limits, at 6,810 (500 to 11,700) cells/mm3, while ESR and CRP were moder-
ately elevated, at 79 (48 to 106) mm/h and 5.4 (1.2 to 6.7) mg/L, respectively (Table 3).

Diagnostic Imaging Studies

In patients with Candida bursitis, nonspecific soft tissue swelling of the bursae was
the predominant radiological finding. However, extrabursal radiological manifestations
also included joint effusion, bone destruction, and extension into soft tissues, followed
by periosteal reaction/synovitis, decreased articular space, increased CT signal density,
increased PET-CT uptake, as well as increased contrast-enhanced T1- and T2-weighted
signals.

Pathogenesis

Direct inoculation was the predominant mechanism of infection in 8 cases (67%),
possibly resulting from direct corticosteroid injection, direct traumatic implantation, or

TABLE 5 Comparative analysis of demographics in osteoarticular mycoses

Type of infection (reference[s]) No. of cases No. of male patients Median age (yrs) Age range (yrs)
No. of cases with
immunosuppression (%)

Candida osteomyelitis (1; case in this
report)

208 165 30 ,1–88 47 (23)

Candida arthritis (2) 112 69 40 ,1–84 41 (37)
Candida bursitis (292–294, 296, 297) 12 7 66 32–77 8 (67)
Aspergillus osteomyelitis (550) 180 127 48 1–87 103 (57)
Aspergillus arthritis (572; case in this
report)

32 28 50 1–83 27 (84)

Dimorphic fungal osteomyelitis (834) 222 178 43 ,1–75 35 (16)
Non-Aspergillusmold osteomyelitis
(1232)

148 117 42 16–92 82 (55)

Osteoarticular mucormycosis 35 23 41 ,1–73 13 (37)
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prior surgical contamination. Contiguous infection was another mechanism of infec-
tion in two patients in the setting of adjacent septic arthritis and/or osteomyelitis.
Hematogenous Candida bursitis developed in the setting of antecedent candidemia in
two cases (Table 6).

Septic bursitis mainly affected the olecranon and subacromial bursae. Trauma or or-
thopedic interventions predispose to a subcutaneous localization and may subse-
quently lead to infection. Most cases of septic bursitis are related to the patient’s daily
activities (roofing, gardening, plumbing, and other causes of local trauma to the bur-
sae), but surgical interventions (aspiration, intrabursal injection, and intra-articular
injections of corticosteroids) are among other possible causes (297).

The role of corticosteroid injections as a possible vehicle for the introduction of
Candida into the bursa warrants further discussion. As only 1 of 6 patients with
Candida bursitis had concomitant candidemia, the route of infection of the remaining
5 patients may have been through direct inoculation via corticosteroid injection. The
introduction of corticosteroids into the joint region would also compromise local
innate host defenses and further increase the propensity for the localized proliferation
of Candida within the tissue. Once introduced via corticosteroid injection, Candida
could extend into surrounding bursal, joint, and osseous tissues.

That Candida parapsilosis was the most common etiological agent (50%) of Candida
bursitis is also consistent with the pathogenesis of direct inoculation being the most
common mechanism of infection. We hypothesize that as Candida parapsilosis colo-
nizes the glabrous skin, especially of the hands, preferentially over C. albicans, this pro-
pensity for skin colonization is also compatible with contamination from procedures
for corticosteroid injection or trauma. Further underscoring the role of the direct inocu-
lation of C. parapsilosis into bursal tissue is the observation that C. albicans is the most
common cause of Candida osteomyelitis (65%) and Candida arthritis (63%), while C.
parapsilosis caused 7% of cases of Candida osteomyelitis and 11% of cases of Candida
arthritis. The pathogenesis of Candida osteomyelitis and Candida arthritis in these stud-
ies was predominantly through hematogenous dissemination, in comparison to direct
inoculation for Candida bursitis. Also supporting the hypothesis of the role of direct
inoculation in the pathogenesis of Candida bursitis, only one patient (8%) had a blood
culture that was positive for Candida species (C. albicans) in this series, while hematog-
enous dissemination occurred in 67% of cases of Candida osteomyelitis and 81% of
cases of Candida arthritis (1, 2). This hypothesis of the pathogenesis of Candida bursitis
should be tempered by the consideration of the small number of only 12 reported
cases.

Treatment and Outcome

Candida bursitis was treated most commonly with a combination of antifungal therapy
and surgery, with successful outcomes (Table 4). Surgical procedures included drainage (8
cases), debridement (6), bursectomy (4), irrigation (2), decompression (1), stabilization (1),
and arthrodesis (1). Five patients received fluconazole, two received amphotericin B, and
one each received caspofungin or the combination of fluconazole plus 5-FC. One patient
had an initial induction of amphotericin B followed by an antifungal triazole, while another

TABLE 6 Comparative analysis of mechanisms of osteoarticular mycoses

Type of infection (reference[s]) No. of cases

No. of cases with mechanism of osteoarticular mycosis (%)

Hematogenous Trauma/surgery Contiguous
Candida osteomyelitis (1; case in this report) 208 139 (67) 51 (25) 18 (8)
Candida arthritis (2) 112 91 (81) 21 (19) 0 (0)
Candida bursitis (292–294, 296, 297) 12 2 (17) 8 (67) 2 (17)
Aspergillus osteomyelitis 180 80 (44) 42 (23) 58 (33)
Aspergillus arthritis (572; case in this report) 32 17 (53) 12 (38) 3 (9)
Non-Aspergillusmold osteomyelitis (1232) 148 38 (26) 80 (54) 30 (20)
Osteoarticular mucormycosis (739; cases in this report) 35 1 (3) 21 (60) 13 (37)
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received caspofungin followed by fluconazole. For 7 patients for whom data were avail-
able, the median duration of antifungal therapy was 21 days (range, 14 to 70 days). Two
additional patients who also had contiguous Candida osteomyelitis and septic arthritis
were reported to have received indefinite courses of antifungal therapy.

For timely diagnosis and proper management, the differential diagnosis of pyo-
genic bursitis should include Candida bursitis. If clinical evaluation or MRI findings
demonstrate concomitant arthritis, a diagnosis of Candida arthritis should also be con-
sidered. The duration of antifungal therapy was considerably shorter than that for
Candida osteomyelitis and Candida arthritis (1, 2). Nonetheless, the presence of con-
comitant osteomyelitis or arthritis may justify longer durations of antifungal therapy.
Antifungal therapy should be administered following the surgical procedure for sus-
pected Candida bursitis to prevent local progression and disseminated candidiasis,
especially in immunocompromised patients (298).

We recommend an echinocandin or lipid formulation of amphotericin B where feasible
as initial therapy. Either initial treatment regimen could then be followed by fluconazole
for ambulatory management. The duration of therapy should be individualized according
to the clinical response but should be completed at least through the median duration of
therapy of 21 days found in this series.

CANDIDA ARTHRITIS

Candida arthritis is a debilitating infection that is included in the broad differential
diagnosis of septic and inflammatory arthritis. A review of cases and subsequently
reported patients reveals demographic characteristics and clinical manifestations of
Candida arthritis that are similar to those of bacterial arthritis (2).

History

The first reported case of Candida arthritis in 1967 (118) was an infection of the left
hip and vertebral bodies associated with a fatal case of disseminated candidiasis of C.
albicans arising from septic emboli in a 20-year-old female following open-heart sur-
gery for aortic stenosis 4 months before the onset of clinical manifestations.
Subsequently, more than 100 cases of documented Candida arthritis have been
reported in Medline (11, 18, 19, 58–60, 66, 158, 183, 194, 195, 205, 207, 217, 218, 221,
223, 232, 250, 305–394).

Epidemiology

A previously published study of Candida arthritis (2) found that the median age for
this infection was 40 years, with a wide range from,1 month to 84 years. The underly-
ing conditions, which are typically those of disseminated candidiasis, include surgery,
hematological malignancies, diabetes mellitus, solid-organ transplantation, trauma,
open wounds, and hemodialysis. These patients were also receiving prior broad-spec-
trum antibiotics and may have had central venous catheters. However, most patients
were not pharmacologically immunocompromised.

Pathogenesis

Candida arthritis is established in most cases (approximately 80%) through hema-
togenous dissemination. A smaller percentage (approximately 20%) develops follow-
ing direct traumatic inoculation.

Clinical Manifestations

The majority of patients (.80%) complain of local pain and tenderness; regional
edema is present in approximately 70%, while localized erythema occurs in fewer than
25%. A limited range of motion may occur in approximately 40% of patients. Fever is
notably absent in most patients at the time of presentation of local symptoms.

Candidemia or another form of invasive candidiasis is a common early clinical mani-
festation of Candida arthritis. Indeed, Candida arthritis may emerge during the course
of antifungal therapy in patients being treated for antecedent candidemia. Finally,
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Candida arthritis may present simultaneously with the development of candidemia in a
minority (approximately 11%) of cases.

The greater diagnostic challenge is for those patients who present de novo with
septic arthritis and no prior evidence of invasive candidiasis. This group constitutes
approximately 26% of previously reported cases.

Candida arthritis presents in most patients as a monoarticular infection in approxi-
mately 70% of cases, consistent with the original case reported in 1967. In patients
with Candida arthritis, the knee is the most frequently infected site (approximately
75%), as commonly observed for bacterial arthritis, followed by the hip and shoulder
joints. Contiguous osteomyelitis is seen, with the femur, tibia, and humerus being the
most commonly infected sites.

Candida septic arthritis has been reported to be present in atypical circumstances.
For example, failure of primary antibacterial treatment of a patient with staphylococcal
septic arthritis of a native hip joint was caused by the development of secondary
Candida joint infection (381). Several reports describe patients suffering from rheuma-
toid arthritis or other autoimmune diseases with affected joints, which necessitated
arthroplasty or the initiation of biological agents, which was further complicated by
Candida arthritis (305, 387, 390, 392).

Diagnostic Approaches

A definitive diagnosis of Candida arthritis requires needle aspiration, open biopsy,
or arthroscopic surgery for the acquisition of synovial fluid or tissue. Candida species
are recovered in most patients with Candida arthritis via cultures of synovial fluid by
needle aspiration. Less commonly, Candida may be identified by histopathology of
infected synovial tissue or adjacent bone.

Diagnostic Mycology

The most common cause of Candida arthritis is C. albicans, occurring in approxi-
mately 60% of cases. The most frequently recovered non-albicans Candida spp. are C.
tropicalis and C. parapsilosis.

Inflammatory Markers

Similar to that in Candida osteomyelitis, the median peripheral WBC count in Candida
arthritis is only mildly elevated, with a range from neutropenia (,500 cells/mm3) to leu-
kocytosis (.20,000 cells/mm3). The median ESR and CRP values in Candida arthritis tend
to be moderately elevated but with a wide range. For example, in the case series
reported by Gamaletsou et al. (2), the median ESR value was 56 mm/h, with a range
from 10 mm/h to 118 mm/h, while the median CRP value was 28.9 mg/dL, with a range
from 0.5 mg/dL to 141 mg/dL. The WBC count in the synovial fluid typically demon-
strated neutrophilic leukocytosis. For instance, the median synovial WBC count in a series
of cases of Candida arthritis was 27,500 cells/mm3, with a range from 100 cells/mm3 to
220,000 cells/mm3, with medians of 90% neutrophils, approximately 60 mg/dL of glu-
cose, and 5 g/dL of protein.

Diagnostic Imaging

Among patients with Candida arthritis, the most frequently observed abnormalities
by diagnostic imaging modalities are bone destruction and joint effusion with soft tis-
sue extension, decreased articular space, periosteal reaction, synovitis, and underlying
osteoarthritis.

Treatment and Outcome

Most patients with Candida arthritis are treated successfully with antifungal therapy alone
(2). This study found that there was no significant difference between patients treated with
antifungal therapy only and those managed with surgery plus antifungal therapy.

The types of antifungal agents reported to treat osteoarticular mycoses vary widely,
from amphotericin B to triazoles to combination therapy, with no apparent advantage
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of a specific modality. Although there has been less experience with an echinocandin,
we advocate for the initial administration of micafungin, caspofungin, or anidulafungin
followed by an antifungal triazole as initial therapy, pending in vitro antifungal suscep-
tibility data. Depending on the clinical response and susceptibility, fluconazole could
be initiated for transition to ambulatory therapy. The median duration of therapy is
approximately 2 months, with a wide range, including treatment durations of up to 1
year. A complete response is achievable in approximately 80% of patients with
Candida arthritis, and a partial response is achievable in nearly 20%. Although relapses
are not infrequent, they are usually related to inadequate durations of therapy.
Reinitiation of antifungal therapy usually achieves a successful response.

Analogous to Candida osteomyelitis, one could consider that antifungal monotherapy
with or without minimally invasive arthroscopic surgery for Candida arthritis may be suffi-
cient for most patients to achieve a complete response with the proper duration of treat-
ment. Monitoring of the therapeutic response with biomarkers and imaging may provide
a more individual or personalized approach for guiding the duration of therapy.

In conclusion, in cases of septic arthritis, the clinician should have a high index of
clinical suspicion to consider osteoarticular candidiasis when the patient does not
respond adequately to the initial standard antibacterial treatment (381).

ASPERGILLUS OSTEOMYELITIS

Aspergillus osteomyelitis is a painful, immobilizing, and debilitating form of invasive
aspergillosis. A comprehensive review of the literature (50, 51, 184, 222, 253, 395–549)
indicated that most cases arise in immunocompromised patients, with Aspergillus oste-
omyelitis appearing as the initial manifestation of invasive aspergillosis in approxi-
mately 80% of cases. Aspergillus osteomyelitis of the ribs and vertebrae arises usually
by invasion from adjacent foci of pulmonary aspergillosis. Spondylodiscitis is the pre-
dominant manifestation of vertebral aspergillosis. Approximately one-half of the
reported cases progress to spinal cord compression. Cranial aspergillosis is a distinctly
localized but potentially lethal infection. Successful outcomes can be achieved with
antifungal therapy and individualized surgery.

History

The first case of Aspergillus osteomyelitis was reported in 1947 (395). Cawley
described a 5-year-old child with a history of pleuritis of unknown origin who pre-
sented with a tender, fluctuant mass, approximately the size and shape of a child’s
hand, located at the lower costal margin in the left anterior axillary line. A radiograph
showed a localized periosteal lesion involving the sternal portion of the left seventh
rib and underlying the soft tissue tumor. Culture of purulent material aspirated from
the lesion on two occasions resulted in the growth of a mold, subsequently identified
as A. fumigatus. Two years later, the child died from disseminated aspergillosis. Since
that time, there have been more than 180 well-documented cases of Aspergillus osteo-
myelitis in the English literature.

Epidemiology

Aspergillus osteomyelitis occurs principally in immunocompromised patients. Most
patients with Aspergillus osteomyelitis are immunocompromised as the result of corti-
costeroids, neutropenia, and primary immunodeficiency, most frequently chronic gran-
ulomatous disease (CGD). Patients are predominantly male. Pediatric patients, most of
whom have CGD, constitute approximately 20% of cases. This finding alone warrants
the consideration of chronic granulomatous disease in the differential diagnosis of
underlying host defects for patients with unexplained Aspergillus osteomyelitis.

Prior orthopedic surgery was also an apparent predisposing factor for patients with
Aspergillus vertebral osteomyelitis, while patients with Aspergillus cranial osteomyelitis
had diabetes mellitus and/or prior head and neck surgery as risk factors. Prior thoracic
surgery may be a risk factor for the development of sternal osteomyelitis. Aspergillus
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osteomyelitis most commonly presents de novo in patients who are not receiving anti-
fungal therapy at the time of symptom onset.

Pathogenesis

Most cases of Aspergillus osteomyelitis arise from hematogenous dissemination,
usually from a pulmonary source, in immunocompromised patients. The next most
common mechanism of infection is contiguous infection from a pneumonic focus
invading the ribs or vertebrae. Direct inoculation via trauma or prior surgery is another
mechanism by which Aspergillus osteomyelitis is established.

Clinical Manifestations

Aspergillus osteomyelitis most commonly presents as pain and tenderness at the local os-
seous site. Fever is an infrequent manifestation of Aspergillus osteomyelitis. Purulent drainage
and sinus tracts may be present in long bones infected by Aspergillus. Neurological and cra-
nial nerve deficits are other clinical manifestations of Aspergillus osteomyelitis, caused by ver-
tebral spinal cord compression and basilar skull infection, respectively.

The most frequently infected bones in Aspergillus osteomyelitis are the vertebrae, cra-
nial bones, and ribs. The tibia is the most commonly infected long bone. With vertebral
involvement, spondylodiscitis developed in nearly one-half of patients. Approximately
one-half of patients with Aspergillus vertebral osteomyelitis suffer from spinal cord com-
pression with neurological deficits. Reflecting its mechanism of hematogenous dissemina-
tion, Aspergillus osteomyelitis manifests as $2 nonadjacent infected bones in the majority
of cases. Among patients with costal aspergillosis, the majority have a primary immunode-
ficiency, usually chronic granulomatous diseases, with a contiguous focus of invasive pul-
monary aspergillosis.

Similar to the findings for Candida osteomyelitis, the osseous distribution of
Aspergillus osteomyelitis reflects a distinct age-related pattern. As a reflection of pri-
mary immunodeficiency, especially CGD, infection of the ribs occurs more frequently in
pediatric patients. Rib infection develops more commonly in this population as the
result of contiguous pulmonary disease.

Cranial aspergillosis is a distinctive category of Aspergillus osteomyelitis. Patients
suffer most frequently from a contiguous infection, including Aspergillus invasive
externa otitis, otitis media, as well as mastoiditis. Other patients may have previous
trauma or prior surgery that serves as a focus of contiguous infection.

Aspergillosis of the Ribs and/or Sternum

The two most common sites of infection for Aspergillus osteomyelitis are the ribs and/
or sternum and the vertebrae plus ribs (550). Aspergillosis of the ribs and sternum occurs
among children and adolescents in 36% of reported patients. This propensity for
Aspergillus osteomyelitis of the ribs in pediatric patients is related mostly (57%) to the pres-
ence of a primary immunodeficiency, particularly chronic granulomatous disease. Among
patients with a rib and/or sternal infection, an underlying primary immunodeficiency was
present in nearly one-half (48%). Thoracic surgery was the other major risk factor for 30%
of the patients, especially associated with the development of sternal osteomyelitis.

Diagnostic Approaches

Diagnostic recognition of Aspergillus osteomyelitis is established preferably by open
biopsy or percutaneous biopsy. The identification of Aspergillus may then be estab-
lished by direct culture and/or histopathology of morphologically compatible organ-
isms with angular dichotomously branching septate hyphae. As other septate molds
may also histologically resemble Aspergillus spp. in tissue, a definitive diagnosis of
Aspergillus osteomyelitis cannot be established by histology alone.

Laboratory Diagnosis

Aspergillus fumigatus, followed by Aspergillus flavus, is the most common species
recovered from patients with bone infections. The serum galactomannan index (GMI)
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is elevated in only a minority of cases. Among 6 cases for whom the GMI was reported,
only 1 had an increased GMI, which ranged from 5.6 to 6.3. This patient had chronic
pulmonary aspergillosis complicated by Aspergillus fumigatus disseminated infection to
C3-T2 spondylodiscitis, spondylolysis, and neurological deficits related to epidural ab-
scess (50).

Among patients with Aspergillus osteomyelitis, bacteria and other fungi may be
simultaneously cultured from the same focus of infection. Staphylococcus species are
the bacteria most frequently cocultured with Aspergillus spp., whereas Pseudomonas
aeruginosa and Klebsiella pneumoniae are among the less commonly recovered Gram-
negative bacilli. Among other fungi, Cryptococcus neoformans and Candida parapsilosis
may be recovered simultaneously.

Inflammatory Markers

C-reactive protein levels and ESRs are increased in most patients; e.g., the median CRP
level was 86 mm/h, and the median ESR was 51 mg/dL. In comparison, the median WBC
counts and absolute neutrophil counts are usually within normal limits in the majority of
patients. Notable exceptions occur in patients with hematological malignancies who are
neutropenic as well as those with primary immunodeficiencies and systemic corticosteroid
use who may have leukocytosis (.10,000 cells/mm3).

Diagnostic Imaging

The vertebral bodies are the most frequently infected sites found in Aspergillus osteo-
myelitis. Osteolytic bone destruction, bony erosion, and extension into soft tissue are the
most common radiological manifestations of Aspergillus osteomyelitis. Periosteal reactions
and sequestra are less commonly observed. Aspergillus vertebral osteomyelitis may dem-
onstrate decreased intervertebral space, spondylolisthesis, epidural or subdural abscesses,
spinal cord compression, and paraspinal abscesses. Magnetic resonance imaging typically
reveals increased signal intensities on T2-weighted imaging modalities and reduced signal
intensities on T1-weighted modalities. The intensity of T1-weighted images may be
enhanced by gadolinium contrast.

Treatment and Outcome

The majority (approximately 70%) of reported patients with Aspergillus osteomyelitis are
managed with a combination of antifungal therapy and surgery. The remaining reported
cases are managed with antifungal therapy only. Patients seldom undergo surgery without
the need for antifungal therapy. The duration of medical therapy varies widely, from approxi-
mately 1 week to more than 2 years, with a median length of 3 months.

Surgical procedures usually consist of debridement or drainage. Vertebral osteomyelitis
may be further treated by bone grafting and vertebral fusion to restore the stability of the
spinal column. Spinal cord decompression is used in those with neurological deficits.
Special surgical approaches to vertebral aspergillosis in these patients may include bone
grafting, spinal stabilization, decompression, and intervertebral body fusion.

When comparing the outcome of antifungal therapy with surgery to that of antifungal
therapy alone, the percentages of complete and partial responses at the end of therapy in
the study by Gamaletsou et al. (550) are strikingly similar between the two groups (57%
and 30% [n = 121] versus 52 and 27% [n = 44], respectively). These data raise an important
question as to whether new strategies may be utilized to provide medical therapy alone
as the primary option, reserving surgical intervention for advanced cases, including those
with neurological symptoms. However, this approach must be tempered with the under-
standing that the relapse rate for patients treated with antifungal therapy only (30%) is
significantly higher than that for patients managed with the combination of antifungal
therapy plus surgery (8%). Relapses are typically due to the premature discontinuation of
antifungal therapy. However, when antifungal therapy is reinstituted, most patients can be
successfully treated.

Considering the optimal selection of an antifungal agent, the response rates for
Aspergillus osteomyelitis seem to be similar for itraconazole, voriconazole, and
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amphotericin B. There are a few reported cases of posaconazole being used for the
treatment of Aspergillus osteomyelitis (435, 438). Nonetheless, posaconazole may be
especially useful in the treatment of Aspergillus osteomyelitis in cases where voricona-
zole is inducing adverse effects such as visual hallucinations or in situations where
therapeutic serum concentrations of voriconazole are not achievable.

There are no reported cases of the use of isavuconazole for the treatment of
Aspergillus osteomyelitis. Our own unpublished experience includes a patient success-
fully treated with isavuconazole for Aspergillus osteomyelitis of the clivus.

A more recent study published after the initial submission of the manuscript
reported a series of 186 documented cases of Aspergillus osteoarticular infections
(551). In assessing the overall therapeutic response, that study combined patient popu-
lations with Aspergillus osteomyelitis and Aspergillus arthritis. The report found that
among 107 patients who underwent combined medical and surgical interventions ver-
sus 79 with medical therapy alone, the resolution rate was 70% versus 40% (P ,

0.001). The study found that the rates of complete resolution were similar with ampho-
tericin B (58%) and voriconazole (59%). The differences between the therapeutic out-
comes analyzed in the studies by Gamaletsou et al. (550) and Tsantes et al. (551) may
be related to the latter study combining cases of osteomyelitis and arthritis as well as
the different definitions of a successful response.

The combination of an echinocandin and a mold-active triazole for the treatment of
invasive pulmonary aspergillosis has been shown to be additive or synergistic in sev-
eral preclinical studies (552) and to improve the outcomes in a randomized clinical trial
of voriconazole plus anidulafungin (553). Although there are no preclinical or clinical
studies that have systematically investigated the combination of a mold-active triazole
and an echinocandin for the treatment of Aspergillus osteoarticular infections, we sug-
gest that this combination may provide an optimal initial medical therapy for such
diseases.

In conclusion, the management of Aspergillus osteomyelitis is typically focused on
prolonged courses of antifungal therapy. Surgical intervention is usually required for
complete resolution, especially in the setting of refractory Aspergillus osteomyelitis or
infection due to Aspergillus nidulans or other poorly responsive molds (554).

ASPERGILLUS ARTHRITIS
History

The first well-documented case of septic arthritis caused by Aspergillus spp. was
reported in 1976 (253). In this case, a 12-month-old boy with idiopathic aplastic anemia
developed cutaneous aspergillosis on the leg, directly over the point of contact with a
paper-covered board used to immobilize the leg for intravenous infusions. Over the
next months, the lesion progressed to a necrotic ulcer, while radiographs showed a
lytic lesion in the tibia underlying the ulcer. Cultures from both the skin and the bone
grew A. flavus. Subsequently, multiple osteolytic lesions developed in the skull, hu-
merus, and ribs, and arthritis was noted in the left knee. The patient died, and at au-
topsy, A. fumigatus was grown from the left-knee fluid.

Epidemiology

Since that first report in 1976, more than 30 well-described cases (5, 403, 406, 416,
438, 453, 463, 479, 484, 489, 502, 513, 526, 527, 555–571) of Aspergillus arthritis have
been reported in the English literature. Among 31 cases of Aspergillus arthritis analyzed
by Gamaletsou et al. (572), 27 patients (87%) were male. The median age of this entire
population was 50 years, with a range from 1 to 83 years. The most common underlying
conditions observed in patients with Aspergillus arthritis included orthopedic surgery,
hematological malignancies, and solid-organ transplantation. Corticosteroid use and
neutropenia were documented as possible risk factors in 12 (39%) and 6 (19%) patients
with Aspergillus arthritis in that study, respectively. Among four pediatric patients with
Aspergillus arthritis, a 12-month-old infant with acute leukemia developed cutaneous
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aspergillosis that disseminated to involve three joints and bones. Among the three chil-
dren, two had acute lymphoblastic leukemia, and one had CGD.

Pathogenesis

The most common mechanism for the development of Aspergillus arthritis is hematog-
enous dissemination from an extrapulmonary site. Among the 31 patients previously
reported, 16 (52%) had hematogenous dissemination as a mechanism for the develop-
ment of Aspergillus arthritis. Direct inoculation was the second most common mechanism
of infection, in 12 cases (39%), with contiguous inoculation in only 3 (10%). The preponder-
ance of cases (.80%) of Aspergillus arthritis developed as a de novo infection.

Clinical Manifestations

Pain and tenderness over the infected joint are the most common clinical manifes-
tations, occurring in nearly 90% of cases of Aspergillus arthritis. Other features that are
typical of septic arthritis, such as fever, erythema, swelling, and decreased range of
motion, occur less frequently (#26%).

Approximately one-half of cases of Aspergillus arthritis manifest as a single-joint
infection. The remaining cases of polyarticular infection consist of approximately one-
quarter of patients demonstrating $3 joints involved as a disseminated process. The
knee is the most commonly infected joint, followed by intervertebral discs (spondylo-
discitis) and the hip. Consistent with the knee being the most commonly infected joint
in Aspergillus arthritis, the tibia and femur are the most frequently infected adjacent
bones.

Previously published cases from areas of endemicity of coinfection of the joint with
Aspergillus spp. and Mycobacterium tuberculosis (571) or Aspergillus arthritis mimicking
tuberculosis (TB) (568) underline the dynamic interplay between these two pathogens.
Immunocompromised patients, particularly those receiving corticosteroids or TNF-a
inhibitors, are at risk for the development of invasive aspergillosis or tuberculosis.
Chronic pulmonary tuberculosis also commonly complicates the course of patients
with cavitary pulmonary tuberculosis (573). Finally, reports of Aspergillus septic arthritis
secondary to pulmonary aspergillosis (569) or otitis externa (570) in the immunocom-
petent host further expand the clinical spectrum of this disease.

Diagnostic Approaches

The diagnosis of Aspergillus arthritis is most commonly established by arthrocente-
sis. Open surgery or biopsy of an adjacent bone is an alternative or adjunct procedure.

Laboratory Diagnostic Mycology

Synovial fluid cultures grew Aspergillus spp. in the laboratory diagnosis of all 17
reported cases of Aspergillus arthritis. Culture of bone adjacent to a septic joint was
also positive in 13 of the 14 reported cases. A culture of synovial fluid or adjacent bone
in a patient with suspected septic arthritis should not be dismissed as being contami-
nated pending further clinical correlation.

Aspergillus fumigatus is the most frequently recovered species. A positive culture for
Aspergillus spp. from the synovial fluid or bone specimen should not be considered
contaminated until Aspergillus arthritis is completely excluded. While cytology of syno-
vial fluid and histology of adjacent bone tissue, when available, should additionally be
performed, these methods appear to be less sensitive than culture.

Biomarkers of Inflammation

The values of inflammatory biomarkers in Aspergillus arthritis have a wide range of
distributions. The median values tend to demonstrate only mild to moderate eleva-
tions. For example, the median white blood cell count in the blood of the reported
cases of Aspergillus arthritis was 9,700 WBCs/mL, with a median of 71% neutrophils.
Similarly, the median erythrocyte sedimentation rate in the same series was also only
moderately increased to 90 mm/h, while the median CRP level was 3.6 mg/dL.
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The synovial fluid white blood cell count values also demonstrate a wide distribu-
tion, with the median showing only a moderate elevation of 17,200 WBCs/mL and a dif-
ferential count of 61 to 92% neutrophils.

Diagnostic Imaging

Lytic bone destruction is the most common diagnostic imaging abnormality in
Aspergillus arthritis. Adjacent osteomyelitis with extension into soft tissues occurs in
approximately one-half of cases. MRI scans demonstrate increased signal intensities on
T2-weighted modalities and decreased signal intensities on T1-weighted modalities.
An illustrative case is shown in Fig. 2.

Treatment and Outcome

Aspergillus arthritis is a therapeutically challenging disease, with most patients under-
going protracted antifungal therapy and surgical debridement. In a series of Aspergillus ar-
thritis cases (572), 19 cases (61%) were treated with antifungal therapy plus surgery, while
10 (32%) were managed with antifungal therapy only. Amphotericin B and itraconazole
were the two most commonly used agents, while the use of voriconazole for the treat-
ment of Aspergillus arthritis was reported in only 2 cases (7%). The median duration of
treatment in this series was 219 days. Surgical interventions most commonly consisted
of debridement and drainage. These approaches resulted in a complete response rate of
71% and a partial response rate of 16% of the 31 cases. Relapse may occur due to the

FIG 2 Aspergillus osteomyelitis and arthritis. A 52-year-old male with lymphoblastic lymphoma and a
history of pulmonary aspergillosis developed pain in the left hip. MRI showed a femoral head lesion
and avascular necrosis. After another cycle of chemotherapy, he was admitted to the hospital with a
worsening of chronic left-hip pain and limited range of motion. (Left) A plain radiograph showed
bone destruction, osteolysis of the left femoral head, and a decrease in the left articular space.
(Middle and right) MRI showed a 3.8- by 2.1-cm oval mass in the anterior medial inferior left femoral
head with a low T1 intensity (middle) and a high signal intensity with T2 (right), extending into the
neck of the femur, with a well-defined border. There was moderate left-hip effusion and abnormal T2
hyperintensity in muscles around the left hip. A left-hip aspirate smear demonstrated hyphae by
microscopy and grew Aspergillus flavus in culture.
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inadequate duration of therapy. Aspergillus arthritis is associated with a mortality rate of
35% in relation to disseminated infection, skull-based osteomyelitis, and serious underlying
diseases.

OSTEOARTICULAR HYALOHYPHOMYCOSIS
Epidemiology

Hyaline molds such as Scedosporium spp. and Fusarium spp. are commonly found
worldwide in polluted waters, decaying organic material, contaminated produce, and
soil. Fusarium spp. are also important plant pathogens. Respiratory sites (574–576) and
integumentary sites are the two most common portals of entry (577). Localized osteo-
articular infections in otherwise previously healthy patients result from the direct trau-
matic inoculation of fungal elements into bones or joints. In comparison, disseminated
infections and infection of bones by the hematogenous route are more commonly
observed in immunocompromised patients (578).

Cases of osteoarticular hyalohyphomycosis have been rarely reported from all over
the world. The demographic characteristics of 80 patients were reviewed for the period
from 1976 to 2017 (407, 574, 579–651), including 2 unpublished cases and 72 cases
described previously (652). Among the 80 patients with bone and joint infections, male
subjects predominated (85%) (Table 7). The mean age of patients with osteoarticular
hyalohyphomycosis was 35.9 6 21.4 years.

Bone and joint infections may occur among otherwise healthy individuals, usually
following penetrating trauma after an injury or a road accident (581, 583, 586, 591,
594, 598, 600, 613, 623, 624, 627, 634, 640) and prior surgery (582, 597, 643), while
severely immunocompromised patients represent 52.5% of the population with hyalo-
hyphomycosis (Table 7), including those with hematological malignancies (574, 599,
611, 616, 632); chronic granulomatous disease (592, 617, 620, 653); solid-organ trans-
plantation (589, 642, 644, 650); bone marrow transplantation (638), especially when
associated with neutropenia; and HIV (615). The number of diabetic patients with hya-
lohyphomycosis of the bones and joints was significantly higher (20%) (P = 0.019) than
the number of patients with phaeohyphomycosis (5.6%) (Table 7).

Pathogenesis

Diseases caused by hyaline fungi are clinically classified as hyalohyphomycosis. The
presence of hyaline hyphae devoid of melanin in the cell wall in tissue is a characteris-
tic feature of this disease. Osteoarticular infections in apparently immunocompetent
patients develop following traumatic inoculation with tissue injury. In comparison,
infection in immunocompromised patients occurs in the setting of an impaired qualita-
tive or quantitative neutrophil response to these fungi.

Risk factors for infection are the same as those described for other opportunistic
fungi and include significant exposure to pathogens, severe and prolonged immuno-
suppression, and organ dysfunction.

The organisms causing osteoarticular hyalohyphomycosis are phylogenetically var-
ied and include Fusarium species (574, 579–581), Scedosporium spp. (599–601, 605),
Acremonium spp. (638–640), Paecilomyces spp. (653), Phialemonium spp. (633, 653), and
Chrysosporium species (620). The descriptive term “hyalohyphomycosis” describes a
fungal disease where septate hyphae devoid of pigment within their cell wall are iden-
tified in tissue. This term serves as a counterpart to “phaeohyphomycosis,” where pig-
mented septate hyphae are observed in tissue. Other agents of hyalohyphomycosis
include Aspergillus species (the disease caused by this pathogen is described above).

Infection occurs mostly because of the traumatic inoculation of a saprobic hyaline
fungus into host tissue. The infection progresses, slowly leading to osteoarticular dis-
ease, which is an indolent form of infection. The most common and important hyaline
fungus involved in bone and joint infections is Scedosporium apiospermum, comprising
33 (41%) cases of the total hyalohyphomycosis bone and joint infections. Other fungal
genera occasionally causing bone and joint infections are Fusarium spp. (n = 16 [20%]);
some species are common plant pathogens, and Fusarium solani is the species most
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TABLE 7 Demographic and clinical characteristics and anatomical distribution of cases of osteoarticular infections caused by
hyalohyphomycosis and phaeohyphomycosise

Parameter

Value for group

P valueHyalohyphomycosis (n = 80) Phaeohyphomycosis (n = 57)
Mean age (yrs)6 SD 35.96 21.4 356 22.2 0.837
No. of male patients (%) 68 (85) 41 (74.5) 0.13

No. of patients with underlying condition (%)
Diabetes 16 (20) 3 (5.6) 0.019
Trauma 41 (51.9) 26/54 (48.1) 0.671
Prior surgery 20 (26) 18 (33.3) 0.361
Prosthesis 2/78 (2.6) 1/54 (1.9) 0.999
Immunocompromised 42/80 22/55 0.153
Solid cancer 1/76 (1.3) 2/54 (3.7) 0.57
Hematological malignancy 8/78 (10.3) 2/54 (3.7) 0.19
Neutropenia (ANCf , 500 cells/mm3) 5/77 (6.5) 4/54 (7.4) 0.999
Solid-organ transplant 6/78 (7.7) 3/54 (5.6) 0.737
Chronic granulomatous disease 4/78 (5.1) 1/54 (1.8) 0.029
HIV/AIDS 1/76 (1.3) 3/54 (5.6) 0.307
Corticosteroid use 17/77 (22.1) 7/54 (13) 0.11

No. of patients with other medical conditions (%)
Total 75 50
Road accident 7 0 0.029
Penetrating puncture/injection 22 (29.3) 16 (32) 0.751
History of laceration/wound/ulcer 10 (13.3) 3 0.188
Traumatic injury/fall/fracture 4 10 (20) 0.011

No. of patients with bone infected (%)
Total 58 34
Vertebra 17 (29.3) 3 (8.8) 0.443
Foot 14 (24.1) 10 (29.4)
Tibia 8 (13.8) 4 (11.8)
Ilium/crest/wing 1 (1.7) 2 (5.9)
Fibula 0 2 (5.9)
Femur 3(5.2) 4 (11.8)
Cranium 5 (8.6) 2 (5.9)
Pterygoid/mandibular (others) 2 (3.4) 1 (2.9)
Sternum/ribs 2 (3.4) 1 (2.9)
Humerus 1 (1.7) 0
Hand 2 (3.4) 3 (8.8)
Ulna 1 (1.7) 0
Multiple bone infections 1 (1.7) 1 (2.9)

No. of patients with joint involvement (%)
Total 29 27
Knee 18 (62.1) 15 (55.5) 0.443
Osteoarthritis 5 (17.3) 5 (18.5)
Othersa 6 (20.6) 7 (25.9)

No. of patients with mechanism of infection (%)
Total 73 48
Direct inoculation 39 (53.4) 30 (62.5) 0.614
Hematogenous 21 (28.8) 11(22.9)
Contiguous 13 (17.8) 7 (14.6)

No. of patients with clinical symptom (%)b

Total 80 57
Pain/tenderness 59 (73.7) 36 (63.1) 0.185
Swollen 27 (33.7) 25 (43.8) 0.230
Drainage/sinus/abscess 23 (28.7) 12 (21) 0.310
Erythema/cellulitis 17 (21.25) 5 (8.77) 0.050

(Continued on next page)
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TABLE 7 (Continued)

Parameter

Value for group

P valueHyalohyphomycosis (n = 80) Phaeohyphomycosis (n = 57)
Restricted movement 47 (58.8) 28 (49.1) 0.265
Warmness 4 (5) 2 (3.5) 0.714
Fatigue/wt loss 3 (3.7) 2 (3.5) 0.962
Neurological deficits 9 (11.25) 2 (3.5) 0.179
Impaired vision/blindness 1 (1.2) 1 (1.75) 0.998
Fever 24 (30) 16 (28.1) 0.807

Mean inflammatory marker value6 SD (no. of patients)
CRP (mg/dL) 62.586 76.18 (23) 58.146 44.218 (15) 0.840
ESR 766 34.78 (28) 86.66 37.65 (17) 0.340
WBCs (cells/mm3) 11,025.96 6,491.8 (27) 8,1096 4,042.8 (11) 0.176

Treatment(s) and outcome
Total no. of patients 79 57
No. of patients with type treatment(s) (%)
Medical and surgical 50 (63.3) 43 (75.4) 0.552
Medical 20 (25.3) 11 (19.3)
Surgical 3 (3.8) 3 (5.2)

Mean diagnostic delay (days)6 SD 206.36 301 156.36 242.8 0.352
Mean duration of treatment (days)6 SD 189.126 180.7 196.466 174.9 0.834
No. of patients with complete response/total no. of patients (%) 56/74 (75.7) 47/55 (85.5) 0.171
No. of patients with partial response (%) 12 (15.6) 4 (7) 0.149
Crude mortality [no. of patients (%)] 6 (5.6) 4 (7) 0.898
Attributable mortality [no. of patients (%)] 3 (3.8) 1 (1.7) 0.882

No. of patients administered antifungal agent (%)
Total 72 53
Amphotericin B 29 (40.2) 19 (35.8) 0.615
Voriconazole 20 (27.7) 15 (28.3) 0.949
Other azoles 11 (15.3) 4 (7.4) 0.189
Others 12 (16.66) 15 (28.3) 0.118
Drug in association 16 (20.8) 22 (39.3) 0.020
Switch therapy 19 (26) 13 (23.6) 0.814

No. of patients with surgical intervention (%)
Total 55 45
Laminectomy/discectomy 5 (9) 3 (6.66) 0.948
Debridement 16 (29) 19 (42.22)
Amputation 9 (16.3) 4 (8.88)
Drainage 5 (9) 5 (11.11)
Excision 4 (7.27) 5 (11.11)
Bone grafting/autotransplantation/fixation 4 (7.27) 2 (4.44)
Joint proceduresc 11 (20) 6 (13.33)
Insertion of prosthesis 1 (0.2) 1 (2.22)

No. of patients with radiological feature (%)
MRI
Total 48 36
Osteolytic lesion 18 (37.5) 15 0.998
Compression 2 (4.16) 1
T1 low intensity 6 (12.5) 4
T2 enhancement 10 (20.8) 6
Effusion/fluid collection 3 (6.25) 3
Abscessd 7 (14.6) 5
Discitis 1 (2.1) 1
Malformation 1 (2.1) 1

Conventional radiography
Total 42 30
Osteolytic destruction 28 (66.7) 15 (50) 0.977
Lucency 4 (9.5) 4 (13.3)
Soft tissue swelling 5 (11.9) 5 (16.7)

(Continued on next page)
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often associated with osteoarticular human infections. Five cases (6%) of Acremonium
species infections were reported to cause vertebral osteomyelitis, septic arthritis, and
osteomyelitis of the lower tibia. Paecilomyces variotii has been reported in a single case
of a chronic granulomatous disease patient (653).

Clinical Presentation

Hyalohyphomycetes can infect a wide variety of human bones and joints in immu-
nocompromised and immunocompetent patients, with no real preference for the site
of infection. These organisms caused 14% of cases of tibial osteomyelitis (591, 622,
643, 649), 5% of cases of osteomyelitis of the femur (595, 635), and tibiofemoral osteo-
myelitis with septic arthritis after a penetrating wound or knee injury (586, 598, 607,
613, 624, 627, 628, 636, 637) in healthy hosts. Osteomyelitis of the foot occurs mostly
in diabetic foot or following a penetrating injury (582–585, 603, 618, 632); it may cause
painful restricted movement or may progress to amputation following persistent oste-
omyelitis with F. solani in a patient with diabetes (584). An illustrative case of Fusarium
osteoarticular infection in a patient with hematological malignancy is shown in Fig. 3.
Hematogenous dissemination to bones in adults is less common and, when it does
occur, usually leads to vertebral infection. Vertebral osteomyelitis constitutes 29% of
bone and joint infections by hyaline fungi and may occur in immunocompromised and
immunocompetent individuals (588, 591, 601, 604, 605, 608–611, 619, 626, 646, 651).

Mechanisms of infection most commonly include direct inoculation following
trauma or instrumentation (53%) in nonimmunosuppressed individuals, followed by
hematogenous dissemination in 29% of the cases, mostly in immunocompromised
patients, whereas the rate of contiguous infections has been reported to be 18%.
Mechanisms of direct inoculation include penetrating wounds, prior surgeries, motor
vehicle accidents, and work injuries, whereas the risk factors for hematogenous dis-
semination are hematological malignancies, chronic granulomatous disease, and, occa-
sionally, diabetes mellitus and cystic fibrosis.

Laboratory Features

The lack of laboratory serological tests and specific radiological findings may result
in a delayed diagnosis of hyalohyphomycosis. As the “gold standard” is the isolation of
the etiological agent from bone tissue and joint fluids, culture identification is essential
due to similarities between hyalohyphomycosis and aspergillosis in histopathological
sections. In addition, hyalohyphomycosis can be differentiated from phaeohyphomy-
cosis by staining with Fontana-Masson stain, which detects the hyphal elements of
melanized fungi in histological sections.

The proper approach for diagnosing osteomyelitis caused by hyalohyphomycosis is
bone biopsy for culture and histopathology sections, which consist of infected fragments
submitted to a microbiology laboratory for fungal culture and embedded in paraffin. The
embedded tissue is used for the preparation of histological sections. The fungal etiological
agent and tissue can be stained with periodic acid-Schiff (PAS), hematoxylin and eosin

TABLE 7 (Continued)

Parameter

Value for group

P valueHyalohyphomycosis (n = 80) Phaeohyphomycosis (n = 57)
“Honeycomb” appearance 1 (2.4) 2 (6.6)
Necrosis 1 (2.4) 1 (3.3)
Decreased space 2 (4.8) 2 (6.6)
Effusion 1 (2.4) 1 (3.3)

aMetacarpophalangeal (n = 1), hip (n = 4), ankle (n = 5), cuneiform (n = 1), sternoclavicular (n = 1), and elbow (n = 1).
bSome cases had more than one symptom.
cArthrotomy/synovectomy/arthrocentesis/arthroscopy/aspiration.
dEpidural, paraspinal, psoas, and paravertebral.
eSee reference 1232. All data are expressed in absolute numbers (percentages) unless otherwise specified. Yates-corrected and Fisher’s exact chi-square tests were applied for
low expected frequencies. The total numbers in several categories may be smaller than the total number of cases due to incomplete information in individual published reports.
fANC, absolute neutrophil count.
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(H&E), and Gomori methenamine silver (GMS) stains. Features of chronic inflammation, ne-
crosis, and hyphal elements can be visualized in tissue samples stained by using H&E, GMS,
and PAS stains. A combination of histological, H&E, PAS, and GMS stains may be used to
confirm both the tissue reaction and the fungal etiology. A specimen stained by H&E shows
mixed chronic inflammatory changes and advanced bone tissue necrosis. In the sections
stained with GMS and PAS stains, fungal hyphae invading bone tissue with fungal balls
were observed (Fig. 4). Fungal hyphae were scattered throughout the tissue; these were
septate and branched at 45° angles, a feature characteristic of Scedosporium species.

Fusarium is another opportunistic mold that can easily be recovered from a clinical
specimen. The morphology of hyphae in histological sections is similar to those of
Aspergillus and Scedosporium hyphae (654). Yeast-like structures and fungal septate
and branched hyphae at 45° angles are morphologically compatible with Fusarium spe-
cies in resected clinical specimens (Fig. 5) (647).

Inflammatory markers in osteoarticular mycoses were elevated, with mean CRP and
ESR values of 62.6 6 76.2 mg/dL and 76 6 34.8 mm/h, respectively. In comparison, the
WBC values in these patients were only slightly elevated (11,026 6 6,492 cells/mm3)
(Table 7).

Diagnostic Imaging

Plain radiographs have limitations due to their low sensitivity and specificity for the
detection of acute osteomyelitis (655). However, they remain the first imaging

FIG 3 Fusarium osteomyelitis of the head of the 4th and 5th metacarpal bones with soft tissue
involvement and septic arthritis of the 4th and 5th metacarpophalangeal (MCP) joints. A 68-year-old
leukemic male presented with left-shin ulceration and multiple subcutaneous nodules while on
posaconazole prophylaxis after two cycles of chemotherapy for acute myelogenous leukemia. Skin
biopsy specimen and blood cultures grew Fusarium spp. He then developed pain/swelling/tenderness
of the left 5th MCP joint and left metacarpal. MRI showed bony destruction of the head of the 5th
metacarpal and soft tissue involvement with extension into the left 5th MCP. Intraoperative findings
were consistent with osteomyelitis and septic arthritis.
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procedure for suspected bone infection. Plain radiographs are also useful for assessing
the progression of the disease by comparing changes seen on follow-up films with the
initial radiograph (656). Plain radiographs showed osteolytic lesions/destruction and
bone erosion in 66.7% of the cases (574, 581, 584, 595, 603, 604, 606, 618, 628, 635,
637, 640, 641, 643, 651, 657). Lucency (4%) and soft tissue swelling (5%) may also be
evident upon conventional radiography (624, 628, 636).

A plain radiograph of the left lateral malleolus with osteomyelitis due to
Scedosporium apiospermum showed osteolytic lesions in a 57-year-old immunocompe-
tent male patient (Fig. 6).

MRI is the modality of choice for the diagnosis of osteomyelitis because of its high
sensitivity for the detection of early infection and minimal ionizing radiation. The MRI
findings in patients with hyalohyphomycotic osteomyelitis (Table 7) were osteolytic
lesions in 37.5% of the cases (592, 596, 601, 610, 611, 614, 632, 658). MRI showed low
signal intensities on T1-weighted images and patches of high signal intensity on T2-
weighted images in a few cases (599, 601, 604, 614, 632, 651).

In a 45-year-old male with vertebral osteomyelitis following the Japanese tsunami,
T2-weighted MRI showed a high-signal-intensity area at the L3-L4 intervertebral disc.
In a case of left-knee osteomyelitis in a 27-year-old immunocompetent female after
the Indonesian tsunami of 2004 (598), MRI of the left knee showed a progressive signal
alteration of bone with ovoid osteolytic areas (Fig. 7).

FIG 4 Hyalohyphomycosis-related osteomyelitis. Shown is the histopathology of the left lateral
malleolus depicted in Fig. 6 in a patient with osteomyelitis caused by Scedosporium spp. (A) Gomori
methenamine-stained fungal balls and fungal hyphae branched at 45° invading bone tissue
(magnification, �400). (B) Periodic acid-Schiff-stained fungal balls with peripheral zonation and
septate hyphae (magnification, �400).

FIG 5 Hyalohyphomycosis-related septic arthritis. Shown is a histological section of the articular cartilage
within a lesion containing multiple septate hyaline hyphae from a trans-metatarsal amputation in a
patient with Fusarium osteoarticular infection of the left foot, some of which are indicated by arrows
(H&E staining) (magnification, �600). (Reproduced from reference 647 with permission from Oxford
University Press.)
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Treatment and Outcome

Bone and joint infections caused by Fusarium and Scedosporium are difficult to diag-
nose and often refractory to conventional antifungal treatment, particularly in immu-
nosuppressed patients, where recovery from immunosuppression is a critical factor for

FIG 6 Hyalohyphomycosis-related osteomyelitis. A plain radiograph shows osteolytic lesions of the
left lateral malleolus in a patient with Scedosporium osteomyelitis (arrows).

FIG 7 Scedosporium osteomyelitis. An MRI coronal T2 image shows the progressive signal alteration
of the tibial cancellous bone in the metaphyseal region (black asterisk) associated with an abnormal
cystic lesion (grains) in the soft tissue (white arrow) from an immunocompetent patient with tsunami-
related Scedosporium apiospermum osteomyelitis. (Reproduced from reference 598 with permission
from the International Society for Infectious Diseases.)
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a favorable outcome. In comparison, these infections in immunocompetent patients
can be treated by systemic antifungal therapy and surgical debridement, with favor-
able prognoses in most cases. Considering the optimal treatment strategy for patients
with osteoarticular hyalohyphomycosis, we understand that there are limitations due
to the lack of clinical trials and a relative paucity of published case reports (581, 582,
598, 599, 649, 650, 657).

Various antifungal agents that may be effective against bone and joint infections
are available. Both amphotericin B and voriconazole are available in i.v. formulations
for seriously ill patients and constitute the mainstays of therapy for osteoarticular fun-
gal infections in severely ill patients. Most patients have been treated with amphoteri-
cin B (n = 29 [40%]), voriconazole (n = 20 [28%]), or combination antifungal therapy
(n = 16 [21%]) (Table 7). The variability in the antifungal susceptibilities of hyalohypho-
mycetous fungi requires laboratory testing against most active antifungal drugs as a
guide for directed therapy. However, in the European Society of Clinical Microbiology
and Infectious Diseases (ESCMID)-European Confederation of Medical Mycology
(ECMM) joint guidelines for the treatment of invasive infections caused by Fusarium
and Scedosporium species, the first-line treatment is voriconazole followed by ampho-
tericin B (659).

A review of previously published global guidelines for the diagnosis and management
of rare mold infections found that the response rates in patients treated with combination
therapy with voriconazole and amphotericin B were not significantly different from those
in patients treated with monotherapy (659). Although initial empirical therapy using both
agents, pending the determination of in vitro susceptibility profiles, is a common clinical
approach, selection of the single most active agent is recommended for the treatment of
osteoarticular hyalohyphomycosis, especially that caused by Fusarium spp.

The duration of therapy is generally determined by the achievement of complete
eradication of the infection and ranges from several weeks to several months or longer,
with a mean value of 1896 181 days.

A complete response was achieved in 56/74 (76%) patients, and 12 (16%) patients had
a partial response. The diversity of the pathogens and hosts makes it impossible to find an
optimal therapeutic strategy; amphotericin B was the therapeutic agent in 19 (36%)
patients, and voriconazole was the agent in 15 (28%). These were the most commonly
used drugs for the treatment of osteoarticular infections due to hyalohyphomycosis.

Debridement was the most common surgical intervention (n = 16 [29%]), followed
by amputation (n = 9 [16%]) and laminectomy/discectomy and drainage (n = 5 [9%
each]), whereas multiple procedures were performed in 11 (20%) patients. The overall
mortality rate was 5.6%. Irrespective of the antifungal treatment, death was attributed
to osteoarticular hyalohyphomycosis in 3 (3.8%) patients.

OSTEOARTICULAR PHAEOHYPHOMYCOSIS
Epidemiology

Phaeohyphomycosis is defined as an infection caused by a heterogeneous group of
dematiaceous or darkly pigmented fungi. These organisms are characterized by darkly pig-
mented hyphae due to the presence of melanin within their cell walls. Melanin is consid-
ered a virulence factor of these fungi. Their conidia are commonly detected during out-
door air sampling (660). These uncommon fungi may infect both immunosuppressed and
immunocompetent individuals (661). The rate of human infections caused by dematia-
ceous fungi increases in warmer climates and lower latitudes (662). Fungi such as
Rhinocladiella (formerly Ramichloridium) mackenziei are geographically restricted to the
Middle East and are known to cause fatal cerebral infections (663). In 2010, the first case of
Rhinocladiella infection outside the Middle East was reported (664).

Phaeohyphomycosis is increasingly being diagnosed in a wide diversity of patients,
such as transplant recipients in relation to prolonged immunosuppressive therapy
(665). These fungi accounted for 2.6% of all fungal infections, particularly in hemato-
poietic cell transplant (HCT) and solid-organ transplant (SOT) recipients (662). The
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development of these infections may be caused by the inhalation of conidia or by
inoculation from an adjacent inapparent traumatic surface.

Although rare, these infections are increasingly being seen in a variety of clinical
syndromes in both immunocompromised and healthy individuals. Transplant patients
are especially at risk due to their prolonged immunosuppression (665). In the Transnet
database, phaeohyphomycosis accounted for 2.6% of all fungal infections seen, and
the cases were evenly divided between HCT and SOT patients (662). Exposure is
thought to be via inhalation or minor trauma, which may not even be initially noticed
by the patient. Since these fungi are widespread in the environment, individuals are
constantly exposed to them, although they rarely cause disease.

As the number of immunocompromised patients increases, additional species are
being reported as causes of human disease, creating a long list of potential pathogens
(666, 667). Trauma is the main cause of osteomyelitis due to melanized fungi (668) and
other non-Aspergillus filamentous fungi (652). Cases are reported from all over the
world and are generally associated with minor trauma or other environmental expo-
sures (669). Most osteoarticular infections due to these unusual fungi are rather seen in
apparently immunocompetent patients. In a review comprising 55 cases of osteoartic-
ular infections caused by melanized fungi (582, 666, 670–711), 79.2% of the patients
were immunocompetent, and most of the infections (52%) were caused by the direct
inoculation of the pathogen into the host. It seems that localized infections presenting
as septic arthritis and osteomyelitis are more common in immunocompetent patients.
Risk factors in immunocompetent patients were direct inoculation secondary to
trauma/open fracture (670, 673, 679, 682, 701) and penetrating injuries (671, 672, 679,
681, 682, 685, 686, 690, 691, 696, 702, 703, 711, 712).

Phaeohyphomycosis has been related to inoculation injuries in association with steroid
injections; hydrocortisone and local anesthetic injections provide a portal of entry and a
locally immunodeficient environment for the infection to develop, as with cases of septic
arthritis and osteomyelitis due to Lomentospora prolificans (711). Such infections may occur
months to years (685, 705) after the injection procedure. Local immunosuppressive effects
associated with invasive steroid treatments such as hydrocortisone and local anesthetic
injections may increase susceptibility to these infections (713).

Immunosuppressed patients are especially vulnerable to osteoarticular phaeohy-
phomycosis, including solid-organ transplant (676, 694, 710) or bone marrow trans-
plant (674, 714) recipients. Other susceptible subjects are neutropenic patients (689),
individuals with autoimmune diseases such as chronic granulomatous disease (692),
and HIV/AIDS patients (706, 709).

Pathogenesis

Fungi causing phaeohyphomycoses are characterized by the presence of dark
hyphae of the etiological agent in human tissue (668, 715). Such conditions are
observed in superficial cutaneous and deeply invasive and disseminated infections.
Clinical characteristics of cutaneous and subcutaneous lesions may vary with the
immune status of the patient (716). The majority of cases are reported as subcutaneous
phaeohyphomycosis, including mycetoma, which may be caused by a wide range of
dematiaceous fungi (668, 669). The portal of entry is the skin because of traumatic
inoculation of environmental fungi that progress deeply into the subcutaneous tissue.
The disease is indolent and progresses slowly in immunocompetent patients, leading
to osteoarticular infection (652).

Disseminated disease may occur in immunosuppressed individuals but also may arise
in patients without apparent immune dysfunction (717). In the latter context, underlying
immunodeficiencies, including CARD9 mutations, should be suspected. The most common
and important melanized fungus involved in bone and joint infections was L. prolificans
(46.4%), comprising 26 cases of total bone and joint phaeohyphomycosis; 85% of these
infections were in individuals with no apparent immune dysfunction. Other fungal genera
occasionally causing bone and joint infections were Alternaria alternata, Myceliophthora
thermophila, Phialophora richardsiae, and Cladophialophora bantiana.
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The pathogenic mechanisms by which phaeohyphomycetes can cause disease are
not well defined. Invasive diseases caused by these opportunistic fungi are considered
uncommon in immunocompetent individuals. Melanin within the cell wall is consid-
ered to be an important virulence factor of dematiaceous fungi. The disruption of spe-
cific genes responsible for melanin production leads to significantly reduced virulence
in animal models (718, 719). Cell wall melanin may protect fungi against host
responses by scavenging free radicals and hypochlorite ions that are produced by
phagocytic cells in their oxidative burst (720). The functional loss of the immunoregula-
tory role of the CARD9 protein due to gene mutations has been reported to be associ-
ated with an increased risk of disseminated infection caused by Exophiala species in
two otherwise healthy adults (721).

Clinical Presentation

Deep infections by phaeohyphomycetes are life-threatening and may affect any
organ. In particular, phaeohyphomycosis encompasses many clinical osteoarticular
syndromes due to a wide diversity of dematiaceous fungi (687, 690, 695, 706, 714). A
variety of bone and joint infections can be seen with these fungi; tibial and femoral os-
teomyelitis (671, 677, 679, 688, 690, 692, 710) may cause painful restricted movement
and discomfort or swelling and discharge. Penetrating trauma or multiple injuries may
progress to septic and joint arthritis, particularly with infections due to certain species,
such as L. prolificans (676, 678, 682, 703). These infections may result in extremity
amputation after knee arthritis due to penetrating trauma (682). Infection may result in
amputation due to persistent osteomyelitis in renal and bone marrow transplant
patients (710, 714). Patients may also experience fever as in spondylodiscitis and verte-
bral osteomyelitis (675, 706). Most patients who developed osteoarticular infections
were subjected to direct inoculation (65%) because of injury, penetrating trauma, his-
tory of laceration, puncture, fracture after an accident, and prior surgery (670–673, 678,
679, 681–683, 685, 686, 690, 691, 696, 698, 702), whereas hematological dissemination
occurred in 17.5% of patients, particularly in bone marrow transplant (674), renal trans-
plant (676, 694), chronic granulomatous disease (692), and HIV/AIDS (695, 706)
patients. Other groups of patients were infected through the contiguous route (17.5%),
mainly after a surgical procedure infection (675, 680, 684, 697, 700).

Markers of inflammation were also detectable in patients with osteoarticular phaeo-
hyphomycosis. The CRP level was moderately elevated, with a median of 43 mg/dL
(range, 2.8 to 134 mg/dL), compared to the ESR, with a median of 90 mm/h (range, 10
to 150 mm/h), whereas the WBC counts were determined to be within the normal
range, with a median value of 7,850 WBCs/mL (range, 3,500 to 15,500 WBCs/mL).

Laboratory Features

The laboratory diagnosis of phaeohyphomycosis relies on culture and pathological
examination of clinical specimens. An illustrative case of phaeohyphomycete hyphae is
shown in Fig. 8. In routine diagnostics, these fungi are characterized by the presence
of dark hyphae in the infected tissue (668).

Growth in cultures occasionally requires the expertise of a clinical mycologist for
unusual or newly described pathogens. Bone and tissue biopsies are the gold standard
for determining proven cases of infection by the visualization of darkly stained hyphae,
which are characteristic of phaeohyphomycosis. Phaeohyphomycete hyphae are char-
acterized by chlamydoconidia as terminal or intercalary swelling structures, which are
evident using the Blankophor P fluorescence staining technique (Fig. 8). In another
report, numerous swollen cells with hyphae constricted at the septa could be observed
in histopathology preparations (654). Fontana-Masson stain, which detects melanin,
may confirm the presence of dematiaceous hyphae in histopathological sections (722).

Culture morphology and direct microscopy are the most common diagnostic proce-
dures for fungal identification. PCR methods are not routinely available to identify
these fungi to the species level. However, with the use of molecular typing methods
for pathogenic phaeohyphomycetes, the number of recognized species and genera
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has increased markedly (667). These methods identified eight nonsporulating clinical
isolates to the species or genus level by a combination of internal transcribed spacer
(ITS) and D1/D2 typing (723). The use of antigen-based tests has not been very valua-
ble, with variable results. Antigen tests used for Aspergillus and Candida, such as galac-
tomannan and b-D-glucan, may occasionally be cross-reactive with this group of fungi,
but this is not consistent (724, 725).

Diagnostic Imaging

Radiological abnormalities can be viewed by different radiological techniques; plain
radiographs showed osteolytic lesions/destruction and bone erosion in 25% of the
cases (676, 677, 679, 681, 682, 685, 686, 688, 694, 701–703, 726); lucencies were diag-
nosed to a lesser extent (678, 684, 705, 727). In adult individuals, vertebral compres-
sions were evident on MRI in a 42-year-old female patient with vertebral osteomyelitis
who became neutropenic following one cycle of chemotherapy (704). Postoperative
spondylodiscitis with epidural abscess has been reported in a 62-year-old female (675).
Osteolytic lesions and bone destruction after vertebral osteomyelitis were seen in a 53-
year-old female bone marrow transplant recipient (674), and an increase in radionu-
clide uptake was seen in a 6-year-old child (682) and in adult patients (691, 703, 706).
MRI showed decreased signal intensities on T1-weighted images (685, 696, 697) as well
as increased signal intensities on T2-weighted images (672, 673, 691, 697).

Treatment and Outcome

While there are no randomized controlled trials or standardized therapeutic
approaches for the management of osteoarticular infections caused by phaeohypho-
mycetes, guidelines sponsored by the ESCMID, the ECMM, and the International
Society for Human and Animal Mycology (ISHAM) provide evidence-based strategies
for the diagnosis and treatment of these diseases (728, 729). Although antifungal sus-
ceptibility testing is standardized for some molds, there is a paucity of dematiaceous
molds for which robust epidemiological cutoff data are available. Moreover, there are
no interpretive breakpoints for any antifungal agents or correlative clinical outcome
data for these organisms. Antifungal triazoles, including itraconazole, voriconazole,
and posaconazole, all have excellent in vitro activity against most dematiaceous fungi,
with the notable exception of Lomentospora prolificans, which has elevated MICs for all
of the available triazoles.

The most commonly used antifungal agents for the treatment of osteoarticular
infections are amphotericin B (n = 19 [35.8%]) and voriconazole (n = 15 [28.3%]), alone
and in combination (Table 7). Both amphotericin B and voriconazole are available in
i.v. formulations for patients who are unable to tolerate oral therapy. The length of

FIG 8 Phaeohyphomycotic osteomyelitis. Shown are hyphae with intercalary and terminal chlamydoconidium
swellings as seen by the direct preparation of infected tissue using Blankophor P fluorescent stain
(magnification, �400).
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therapy is generally based on the clinical response and ranges from several weeks to
several months or longer (mean value of 196 6 175 days). A complete response was
achieved in 47/55 (86%) patients. In the absence of randomized clinical trials, the diver-
sity of these pathogens and hosts with phaeohyphomycotic osteoarticular infections
warrants an individualized approach.

Among the causes of phaeohyphomycotic bone and joint infections, Lomentospora
prolificans (previously Scedosporium prolificans) is the most common (n = 27/57
[47.4%]). Infections by this fungus are difficult to treat, despite aggressive therapy, due
to its pattern of high-level resistance to the most commonly used antifungal agents
(730). The treatment of L. prolificans osteomyelitis usually includes surgical debride-
ment with antifungal therapy. The prognosis is more favorable with a combination of
antifungal treatment and aggressive surgical debridement; the most common success-
ful combination was voriconazole and terbinafine (672, 674, 676, 678). In a previous
report, the oral antileishmanial drug hexadecylphosphocholine (miltefosine) was
added to voriconazole and terbinafine, resulting in the successful treatment of osteo-
myelitis of the acetabulum and right iliac wing in an immunocompetent child (673).

Among 41 patients with L. prolificans infections reported by Jenks et al. from eight
different countries, 4 had bone disease (731). This important report found that thera-
peutic regimens that included terbinafine were associated with more successful out-
comes (P = 0.012), particularly when combined with voriconazole (P = 0.054). These
data and other reports led to the recommendation of the combination of voriconazole
plus terbinafine as the preferred initial regimen for the treatment of L. prolificans infec-
tions by the ECMM/ISHAM Guidelines Committee (732). Among investigational antifun-
gal agents, olorofim, an inhibitor of the fungal dihydroorotate synthase pathway, has
potent in vitro activity and promising therapeutic effects against infections caused by
L. prolificans.

Olorofim, a recently developed investigational antifungal agent that targets the
dihydroorotate synthesis (pyrimidine salvage) pathway, is a promising option for the
treatment of Lomentospora osteoarticular infections. Olorofim may be an important
therapeutic advance against serious L. prolificans diseases, pending the outcome of a
currently ongoing clinical trial (733).

Surgery plays an important role in the management of most patients with phaeohy-
phomycotic osteoarticular infections (Table 7). Surgical intervention and/or medical
therapy was reported for 57 patients with phaeohyphomycotic osteoarticular mycoses.
Most patients (n = 43 [75%]) were treated with antifungal agents and surgery, 11
patients (19%) were treated with antifungal agents only, and 3 patients (5.2%) received
surgical treatment only. Debridement was the most common surgical intervention
(n = 19 [42%]); in 4 cases (8.9%), amputation was performed.

OSTEOARTICULAR MUCORMYCOSIS
Epidemiology

Mucormycosis is a devastating disease with an incidence of approximately 1.7 cases
per 1,000,000 population per year, which means that there are an estimated 500
patients per year in the United States (734). Postmortem evaluation of the presence of
fungi responsible for mucormycosis showed that mucormycosis is 10- to 50-fold less
frequent than candidiasis or aspergillosis, corresponding to 1 to 5 cases per 10,000
autopsies (683, 723, 724, 735).

Osteomyelitis caused by Mucorales may affect any bone. However, the incidence is
difficult to be estimated from previous case series due to the small numbers of patients
suffering from osteoarticular mucormycosis. Nevertheless, it has been reported to con-
stitute 15.8% of the total bone and joint infections caused by non-Aspergillus filamen-
tous fungi (652). Most publications on osteoarticular mucormycosis have heretofore
been limited to individual case descriptions and small case series. In order to address
these limited data, colleagues of the International Consortium for Osteoarticular
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Mycoses prepared a comprehensive review of reported cases of these devastating
infections (46, 736).

Fungi that belong to the Mucorales are ubiquitous in nature, compromising sapro-
phytes that inhabit soil and decompose matter; they are thermotolerant (737). Cases of
osteoarticular mucormycosis have been reported throughout the world. The demo-
graphic characteristics of 39 patients were reviewed for the period from 1978 to 2017
(738–771), including 34 cases described previously (736) and an unpublished case in
this study. Male subjects predominated (69%) among the 39 patients in this series.
Osteoarticular mucormycoses are uncommon diseases in children. Among 39 patients,
95% were adults ($18 years of age). Although the main risk factor for the development
of mucormycosis is diabetic ketoacidosis (772), other conditions in immunocompetent
patients included trauma, vehicular accidents with fracture (741, 742, 751), prior sur-
gery (740, 755, 760, 765), and puncture or penetrating wounds (747, 748, 757). The risk
factors identified for most patients included prior surgery and disruption of mucocuta-
neous barriers by catheters and other devices (41%), trauma (21%), corticosteroids
(21%), and diabetes mellitus (18%). Severely immunocompromised patients, including
those with hematological malignancies and bone marrow/stem cell transplantation,
especially when associated with neutropenia and graft-versus-host disease in hemato-
logical patients (738, 752, 764, 767, 768), solid-organ transplantation (746, 750, 769),
and HIV/AIDS (743), accounted for 35% of the cases.

The high reported number of cases of osteoarticular mucormycosis observed within
the last decade suggests an expanding number of vulnerable hosts. The exact reason is
most likely any of the following: more adequate access to radiological imaging allowing
more accurate modalities for the diagnosis of complications caused by osteoarticular
mucormycosis, an increase in the frequency of complex osteoarticular procedures cur-
rently performed, and increased awareness of osteoarticular infections by physicians.

Pathogenesis

The pathogenesis of osteoarticular mucormycosis has not been well studied. Host
defense against inhaled fungal elements occurs primarily through macrophages that
inhibit the germination of sporangiospores of the Mucorales, whereas neutrophils use
the oxidative burst to kill proliferating hyphal elements. Therefore, individuals who
have defects in the function of one or both of these two lines of the host are at an
increased risk of infection (737). The fungus tends to invade the vascular system and
occlude arterial blood flow, causing rapid thrombosis, ischemia, and necrosis of the
structures supplied by the affected vessels. Invasion rarely involves the bone. Increased
susceptibility to infection is mediated by the enhanced availability of iron in tissue or
serum, which promotes the aggressive invasive growth of the acquired Mucorales
spores (773).

Ketoacidosis in diabetic patients produces macrophage and neutrophil dysfunction,
leading to an increased risk of mucormycosis. As anticipated, chemotherapy and stem cell
transplantation have evolved in the past 2 decades as major risk factors for invasive bone
mucormycosis. In addition, these fungi are increased when iron is present in the host.
During the initial phases of the infection, there is edema, but as the hyphae invade blood
vessels, the tissue undergoes necrosis, which may develop into osteomyelitis.

The principal mechanism of infection caused by these fungi occurs through direct
inoculation into bone and joints, accounting for 56% of cases. Such a mechanism espe-
cially occurs in individuals subjected to prior trauma or previous surgery. The infections
may proceed to hematogenous dissemination in 24% of cases, especially in patients
with hematological malignancy and other types of immune dysfunction. Contiguous
spread accounted for the remaining 21% of cases (736).

Clinical Presentation

The clinical features of mucormycosis depend on the site of involvement. The hall-
mark of this condition is angioinvasion and localized destruction of tissues (774). The
symptoms of bone infection, or osteomyelitis by filamentous fungi, include signs of
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inflammation around the infected bone (550, 652, 736), and the local symptoms in most
cases may demonstrate two or multiple signs. The most frequently reported clinical man-
ifestations of Mucorales osteoarticular infections were local pain or tenderness (738–740,
745, 746, 749, 768, 770). Patients may experience fever (743, 747, 748, 756, 758), swelling
(745, 746, 749, 750, 753, 760), cellulitis/ulcer/abscess (743, 746, 750, 753, 754, 757, 763),
restricted movement (740, 741, 760, 765, 768), and infections, which may progress to
neurological deficits, particularly in spondylodiscitis (756). Musculoskeletal symptoms are
often neglected due to other comorbidities. Spinal involvement, as seen in reported
cases (740, 756, 770), presented as localized pain and constitutional symptoms with asso-
ciated numbness and weakness. In an unpublished case from this study, restricted move-
ment and back pain caused by disseminated infection affected vertebrae (L3, L4, sacral
S1, and ilium) in HCT patients with relapsed acute myeloid leukemia (AML). Hadgaonkar
et al. (770) presented a case of spondylodiscitis as an isolated lesion with no other
organs being involved, except for the spine, unlike most cases of mucormycosis, which
commonly present as disseminated forms due to the angioinvasive nature of the
disease.

Laboratory Features

The most common species of the order Mucorales that cause bone and joint
infections are Rhizopus species, followed by Apophysomyces, Mucor, Cunninghamella,
Lichtheimia (formerly Absidia), and Saksenaea. In some case studies, Rhizopus arrhizus,
R. microsporus, and R. rhizopodiformis accounted for more than 47% of pathogenic iso-
lates. All patients were infected with one fungal species; Mucorales were not identified
to the species level in 8 cases. A total of 39 individual cases of osteoarticular infections
were published in the English literature. Most cases were identified as “proven” in 31
patients (82%), with hyphae being observed in histopathological tissue sections, and
“probable” in 7 patients (18%), for whom histopathology was not performed.

The early diagnosis of acute osteomyelitis is critical because prompt antifungal
therapy may prevent the progression of the infection and necrosis of the bone.
Morphological characteristics of the Mucorales genera can be seen in clinical speci-
mens. An ideal approach for diagnosing osteomyelitis due to Mucorales incorporates
accurate clinical observation, culture of properly collected specimens, and micro-
scopic examination of the infected tissue specimen. Infectious disease physicians
should alert the laboratory microbiologist to a suspected mucormycosis infection
and request that the infected tissue specimen be gently minced in order to avoid ho-
mogenization, which may destroy viable nonseptate hyphae.

The identification of hyphae in tissue is a vital diagnostic tool because it distinguishes
the presence of fungal pathogens in the clinical specimen from a culture contaminant.
Genera of the order Mucorales are characterized by nonpigmented, broad (5- to 20-mm),
thin-walled, ribbon-like, nonseptate hyphae with nondichotomous “right-angle” branch-
ing (Fig. 9). The hyphae may appear sparse or fragmented and vary in width (775).
Staining of hyphae in histopathological sections using routine H&E staining shows only
the cell wall without an internal structure. The most specific stains used to highlight the
fungal wall are GMS and PAS stains, while GMS stain may faintly stain the hyphae of
Mucorales, resulting in either an unclearly positive or a false-negative report. The right-
angle branching and poor staining of hyphae with GMS stain should suggest mucormy-
cosis, whereas the presence of abundant septation and acute-angle branching (45°)
should suggest Aspergillus, Scedosporium, or Fusarium species infection, while yeasts
with pseudohyphae should suggest Candida species infection.

The laboratory detection of mucormycosis can be optimized in several ways to improve
direct examination and yields of cultures (776). Sampling an infected tissue lesion at its
advancing border may increase the yield of viable organisms. Alerting the clinical microbi-
ology laboratory to the suspicion of mucormycosis may prompt the technologist who is
processing the tissue specimen to avoid homogenization processes that would fragment
the nonseptate hyphae and potentially diminish the yield of the cultures (776, 777). Direct
examination of a minced tissue specimen under fluorescence microscopy using fluorescent
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dyes (calcofluor, Fungi-Fluor, and Blankophor) may demonstrate characteristic mucoralean
hyphal structures despite negative cultures (778).

Diagnostic Imaging

The manifestations of bone and joint infections by Mucorales are heterogeneous,
depending on several factors, the specific causative fungus involved, the anatomical
area of involvement, the segment of the affected bone, the route or type of infection,
host factors, and the presence of underlying comorbidities. One of the best diagnostic
procedures for osteomyelitis is imaging. Imaging techniques play a key role in early di-
agnosis and follow-up (779).

Radiological abnormalities can be seen using different radiological techniques. X
ray showed osteolytic lesions in a number of reported cases (739, 747, 759, 767), lucen-
cies (741, 746), or multiple small erosions of the vertebral bodies (740), and bone
destruction has been reported on CT scan for tibial osteomyelitis infection (Fig. 10)
(761). Magnetic resonance imaging showed low signal intensities on T1-weighted
images and patches of high signal intensity on T2-weighted images (751, 756, 769). An
illustrative MRI image of Mucorales osteomyelitis of the spine is shown in Fig. 11. Bone
destruction caused by mucormycosis occurred after the reconstruction of the anterior
cruciate ligament of the affected tibia with allograft after radical debridement (760,
761). An increase in 99mTc scan radionuclide activity is observed in osteoarticular
mucormycosis (738, 741, 751).

Treatment and Outcome

Surgical intervention and/or medical therapy was reported for 38 (97%) patients.
Most patients (n = 32 [82%]) were treated with antifungal agents and surgery, 6
patients (15%) were treated with antifungal agents only, and 1 received surgical treat-
ment only. Amphotericin B was the most commonly used antifungal agent for all
patients. Combinations of antifungal therapy were reported for 3 of the patients.

The overall response included 7 deaths; 2 were due to the progressive risk factors
and infection, and 5 were attributable to advanced bone infection and treatment fail-
ure with amphotericin B. Combination therapy was provided to 3 patients, mainly due
to treatment failure, and included azole combination treatment. Isavuconazole has

FIG 9 Osteoarticular mucormycosis. Mucorales hyphae are seen in a bone biopsy specimen from the
tibial bone shown in Fig. 10. Typical hyphae are broad, thin walled, and pleomorphic (arrow). They
vary in caliber and produce irregular branches that often arise from parent hyphae at right angles.
Hematoxylin and eosin stain was used (magnification, �400). (Reproduced from reference 761 with
permission from the Association of Bone and Joint Surgeons.)
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been used successfully in the treatment of vertebral osteomyelitis in combination with
micafungin and surgery (T. J. Walsh, unpublished data). Local irrigation with amphoter-
icin B may also be used as an adjunctive modality with systemic antifungal therapy.

Debridement was the most common surgical intervention (n = 11 [38%]), followed
by bone grafting/fixation procedures (n = 7); amputation and excision were reported
for 5 patients each.

An overall response rate of 68% was achieved in 38 cases of osteoarticular mucormycosis.
A partial response was achieved in 12 patients (32%), and 1 patient died before treatment.
The survival rate was 71.8%, and the overall mortality rate was 28.2%. Irrespective of antifungal
treatments, death was attributed to fungal osteoarticular infections in 8 (22%) adult patients.

FIG 11 Vertebral mucormycosis. A 22-year-old female after allogeneic HCT for relapsed AML and a history of
pulmonary and CNS mucormycosis presented with new-onset back pain. MRI scan of the spine showed a pathological
fracture of the L3 body, paravertebral enhancement, a complex nondisplaced fracture of S1, and a right-psoas abscess
(FRFSE, fast recovery fast spin echo). The psoas abscess was drained, and hyphae were seen by microscopy. L1-L3
laminectomy and L3-L4 corpectomy were performed, and pathology showed osteomyelitis and hyphae.

FIG 10 Tibial mucormycotic osteomyelitis. A coronal view CT scan of the knee before radical
debridement shows destruction of cortical and cancellous bone. (Reproduced from reference 761
with permission from the Association of Bone and Joint Surgeons.)
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We concluded that bone infections due to Mucorales are characterized by a high
mortality rate. Guidelines for the treatment of Mucorales bone infection require anti-
fungal therapy with amphotericin B and surgical intervention in most cases; as other
novel antifungal modalities for Mucorales infection are still under trial, amphotericin B
remains the gold standard for treatment (780).

Osteoarticular mucormycosis is a highly destructive infection with a poor prognosis
if not diagnosed early. The possible mechanisms of infection that cause osteomyelitis
or arthritis are also not well documented. The portal of entry and the ability to dissemi-
nate may differ for each group of fungi. Furthermore, many clinical, diagnostic, and
therapeutic questions remain for these infections.

CRYPTOCOCCAL OSTEOMYELITIS
Epidemiology

The two causative agents of cryptococcal bone infection are Cryptococcus neoformans
and Cryptococcus gattii (781). The former is an important pathogen that tends to cause
severe illness and mortality in immunocompromised patients, while the latter tends to
affect patients without immune impairment (782). Although C. neoformans is classically
associated with human immunodeficiency virus and AIDS, this organism is also an impor-
tant cause of disseminated disease in solid-organ transplant recipients and patients with
hematological diseases (783, 784). C. gattii is endemic in the tropics and subtropics and
has been found in the Pacific Northwest in British Columbia, Canada, and along with C.
neoformans, it is an important cause of fungal osteomyelitis (785).

Epidemiological and host-pathogen-environment studies have yielded tremendous
insights into the pathogenesis of cryptococcal bone infection (786). Cryptococcus is a
spherical-to-oval, encapsulated, yeast-like fungus that is widespread in spoiled milk, soil,
and bird droppings (787). Following the inhalation of the basidiospore form of the fungus,
C. neoformans can cause focal pneumonitis that may or may not be symptomatic. Factors
that promote symptomatic infection include the inoculum of the fungi and the virulence
factors of the infecting strain. The host’s immune status is the most important determinant
of whether this infection resolves or progresses to symptomatic dissemination to bone.
Cryptococcal osteomyelitis is generally preceded by fungemia; however, in some cases, it
is caused by the direct inoculation of the etiological agent (787).

Clinical Manifestations

Humans are routinely exposed to species of Cryptococcus; however, most infections
are asymptomatic (788). If the host’s immune system becomes impaired, especially in
cases of cell-mediated dysfunction, fungal organisms may emerge from the granulom-
atous complexes and cause disseminated or invasive disease (784, 789). CNS and pul-
monary diseases are the most common clinical manifestations of cryptococcosis; in
comparison, localized bone infection is uncommon, occurring in fewer than 10% of
patients with disseminated disease (781, 790). Cryptococcal bone disease has been di-
vided into two types: skeletal cryptococcosis, which is an aspect of disseminated cryp-
tococcosis, and primary skeletal cryptococcosis, which does not involve other tissues
(791). The vertebrae are the most common sites of osteoarticular infection, while septic
arthritis is exceedingly rare (781). The prostate classically serves as a reservoir of crypto-
coccal infection, which organisms can reach via paravertebral veins draining the pros-
tate (792).

Diagnostic Approaches

Fungal osteomyelitis should be considered in the differential diagnosis of osteolytic
bone lesions (793). When Cryptococcus is recovered from bone, an evaluation for disse-
minated disease, including CNS infection, is necessary. Isolated bone infection in the
absence of meningitis is uncommon, especially in HIV-infected patients (794). In some
cases of cryptococcal osteomyelitis, the signs and symptoms may resemble those of
malignancy, which underscores the need for rapid and reliable diagnostic options
(795). As with most fungal infections, the gold standard for diagnosis involves the
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direct histopathological evaluation of the specimen, where GMS and PAS stains may
reveal the mucopolysaccharide-containing capsule of Cryptococcus species (796). In
cases where mycological evaluation is not possible following staining procedures,
other diagnostic modalities, including non-culture-based methods, are utilized.

Additional diagnostic options include the identification of serum biomarkers by a
lateral flow assay, multiplex PCR, and matrix-assisted laser desorption ionization–time
of flight mass spectrometry (MALDI-TOF MS) (797). However, their use in the routine di-
agnosis of cryptococcal osteomyelitis has not been fully clarified. The detection of
cryptococcal antigen (CrAg) in the cerebrospinal fluid (CSF) and serum is essential in
the diagnostic evaluation of a patient with suspected or documented cryptococcal os-
teomyelitis (798).

Treatment and Outcome

As with other forms of fungal bone infection, optimal treatment involves a combi-
nation of appropriate antifungal therapy, reversal of immune impairment (when possi-
ble), and surgical resection (if necessary). Although cryptococcal osteomyelitis shares
some features with other forms of invasive fungal disease, there are important distinc-
tions in the approach to therapy.

The optimal antifungal treatment for cryptococcal bone disease is uncertain (798–
800). While some providers recommend polyene therapy to treat bone disease, some
now prefer a triazole for initial antifungal therapy (67). The dose and duration of anti-
fungal therapy may differ for certain patient populations such as pregnant women,
children, and people in resource-limited settings, while some patients may require sur-
gery to remove focal disease (cryptococcomas) (67).

The duration of therapy varies but may last up to 1 year or longer (801). Current
Infectious Diseases Society of America (IDSA) guidelines for the management of cryptococ-
cal arthritis recommend that drainage of the joint is not necessary (67). However, the infre-
quency of this disease and the paucity of evidence warrant that patients should be
assessed individually for this intervention. As with other types of native joint infections, la-
vage for the control of the infectious bioburden may be beneficial. There is currently no
role for monitoring serum cryptococcal antigen to evaluate the response to therapy.
However, some experts recommend this approach as an adjunctive strategy. Several new
antifungal agents with activity against species of Cryptococcus are currently in develop-
ment and may find utility in the treatment of fungal osteomyelitis (802).

OSTEOARTICULAR COCCIDIOIDOMYCOSIS
Epidemiology

Coccidioides species are endemic in the Sonoran life zones of arid and semiarid
areas of the Americas, particularly in the Southwestern United States (Arizona,
California, New Mexico, Nevada, Utah, and Texas) and northern Mexico, and smaller
foci have been described in Central and South America (803). Although phenotypically
identical, the genus Coccidioides is divided into two different species, Coccidioides
immitis and Coccidioides posadasii, which have distinct geographical distributions
(804). C. posadasii is more prevalent in Arizona, Texas, Mexico, and South America,
whereas C. immitis is found in central and southern California. Since this literature
review included cases from 1970, the genus Coccidioides was not identified to the spe-
cies level for most of the cases.

Among 905 cases of coccidioidomycosis, 63 (7%) patients had a disseminated form,
including 28% with bone or joint involvement (805). In another study including 207
patients with disseminated coccidioidomycosis, osteoarticular involvement occurred in
70 (34%) patients (806). Coccidioidomycosis may occur as an extrapulmonary form in
children (807), with osteoarticular involvement in 15 to 44% of the cases (808, 809).
Several case reports have provided a detailed description of osteoarticular involvement
in children (810–820).

Men are more susceptible to the development of osteoarticular coccidioidomycosis
than women, accounting for 72 to 89% of cases (821–825). Patients of races other than
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Caucasian are more susceptible to coccidioidomycosis (826) and have more bone or
joint localizations (824, 827). Bone and joint localizations have been described in vari-
ous immunocompromised conditions such as solid-organ transplantation (822, 828,
829), hemodialysis (830), autoimmune diseases necessitating long-term corticosteroids
(831–833), insulin-dependent diabetes mellitus (822, 834, 835), cancer chemotherapy
(822), and interleukin-12 (IL-12)/IFN-g axis and STAT3 deficiencies (827). The risk of the
development of disseminated coccidioidomycosis is higher during pregnancy; e.g.,
10% (n = 5/52) of pregnant women with coccidioidomycosis in one study developed
osteomyelitis (827).

Pathogenesis

An environment of alkaline soil and high temperature favors the growth of the
mycelial form of Coccidioides species, which produces arthroconidia dispersed by
the wind (836). Arthroconidia are inhaled by the host to initiate infection. Once in
the lungs, dimorphic changes lead to the formation of spherules due to a tempera-
ture shift from 25°C to 37°C and interaction with leukocytes (837). Spherules subse-
quently differentiate to produce endospores that are released upon spherule rupture.
Endospores are capable of disseminating hematogenously from the lungs and reinitiat-
ing the spherulation cycle in another location. Spherules may be sequestered in granulo-
mas to prevent disease dissemination. Therefore, the disease may occur months to years
after an individual returns from an area of endemicity (838–842). The longest recorded
duration for developing osteoarticular infection since leaving an area of endemicity is
56 years (840).

Hematogenous dissemination from the lungs is a key pathophysiological feature of
bone and joint lesions. Patients presenting with dissemination tend to lack a cellular
immune response (843). Although trauma is rarely reported, direct inoculation of the
fungus may be possible, leading to osteoarticular involvement. Indeed, in those cases
of coccidioidomycosis related to trauma, the lesion is often uniquely localized at the
site of the injury (810, 815, 816, 844–850).

Clinical Manifestations

Fever is frequent albeit inconstant. When a patient is symptomatic, the most com-
mon symptom is bone and/or joint pain (851, 852). Diagnosis is performed at a median
of 120 days (853). In children, coccidioidal osteomyelitis is more frequent than arthritis
(816, 823, 851). In adults, the distribution of clinical and radiological patterns of osteo-
articular lesions is more variable.

Unifocal lesions of coccidioidal osteomyelitis have been described in long bones
(811), flat bones (812, 817, 831, 850, 854, 855), feet (833, 848, 856–858), and hands
(818). These lesions are sometimes associated with lung (812, 817) and cutaneous (845,
856) lesions, which should systematically be investigated. Contiguous ribs can be
involved in pulmonary infection (815). Abscesses in the surrounding tissue can compli-
cate osteomyelitis, sometimes with cutaneous sinus tracts (839).

The axial skeleton is involved in 43% of cases, representing the most commonly
affected location (825). Osteomyelitis of the axial skeleton often affects multiple vertebrae
(811, 820, 831, 838, 839, 849, 859–873), the pelvis (839, 863, 866, 867, 872, 874, 875), the
skull (810, 831, 860, 871, 876, 877), and the ribs and sternum (815, 850, 864, 866, 877, 878).
The thoracic and lumbar spines are more involved than the cervical spine (879, 880).
Complications of coccidioidal vertebral osteomyelitis include destruction of the anterior
part of the vertebral body by adjacent abscesses (861, 862, 865), spinal cord compression
(838, 863, 873, 880), and vertebral collapse or fracture (864, 873).

Among possible locations in the appendicular skeleton, the knee is the first localiza-
tion of arthritis as a unifocal lesion (658, 828, 834, 835, 840, 841, 844, 846, 847, 874,
876, 881–885) or in the setting of multiple involvements (859, 860, 876, 886). Other
localizations such as the elbow (816, 886–888), wrist (829, 842, 886, 889, 890), hip (850,
891), and ankle (850, 886, 892) are rare. Shoulder arthritis has been described solely in
association with multiple bone and joint lesions (859, 861). Small joints are usually not
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affected. Monoarthritis is associated with lung (828, 844, 850, 876, 889) and/or cutane-
ous (844, 889) involvement. Arthritis may begin as monoarticular or polyarticular arthri-
tis, suggesting rheumatoid arthropathy (893). Osteoarthritis is often present, although
it is not always investigated (816, 835, 840–842, 850, 874, 876, 881, 885, 890, 891).
Arthritis may occur on a knee prosthesis (840, 841, 894).

One-third of the cases described in the literature had multiple bone and joint lesions
(810, 814, 815, 819, 839, 842, 859–861, 863, 864, 866, 870–872, 874, 876, 878, 886).
Osteoarticular lesions are combined less frequently with skin lesions (859, 860, 874, 878)
than with lung involvement (834, 842, 859, 863, 864, 867, 870, 871, 875, 876, 878).

Laboratory Features

There are no specific laboratory features of osteoarticular coccidioidomycosis.
White blood cell counts and C-reactive protein levels may be normal or elevated (851).
Disseminated coccidioidomycosis associated with multiple-bone infection can cause
hypercalcemia (859, 866, 878).

The detection of anticoccidioidal antibodies is useful for the diagnosis of the infec-
tion as well as during the follow-up and monitoring of the therapeutic response. The
two most common serological tests are the tube precipitin assay, which detects IgM,
and the complement fixation test, which detects IgG. The complement fixation anti-
body titer declines in response to effective antifungal therapy. In addition, various
commercial enzyme immunoassays have become available. Finally, seropositivity for
Coccidioides spp. is variable, depending on the presence of disseminated infection and
the immunocompromised status (806). For example, in immunocompetent patients
with vertebral osteomyelitis, the sensitivity of serological testing was 93%, whereas in
immunocompromised patients such as HIV patients, the sensitivity was 67% (824).
Blood cultures are seldom positive (813, 856).

When submitting tissue or fluid specimens suspected to be infected with Coccidioides
spp., as well as Blastomyces spp. and Histoplasma spp., clinicians should forewarn their
clinical microbiology laboratory staff so that the infected material can be processed
and cultured under appropriate containment procedures. In cases of arthritis, arthro-
centesis typically shows exudative synovial fluid (895). When performed, histopathol-
ogy, by using GMS and PAS stains, is usually definitive, with rare exceptions (817,
828, 876, 881). Necrotic granulomatous tissue composed of epithelioid multi-
nucleated giant cell granulomas encloses spherules that are 20 to 50 mm in diameter
(831, 833, 838, 839). Spherules can usually be seen to contain endospores. Cultures of
biopsied tissue specimens are usually positive, with a few exceptions, and grow mold
at 35°C, usually within 7 days (846, 889). Molecular tools such as PCR are sufficiently
sensitive and specific to be useful to identify Coccidioides to the species level (658,
839, 840, 856).

Diagnostic Imaging

Diagnostic imaging findings are generally nonspecific (822, 896). The lesions are
punched-out lytic or permeative with or without a periosteal reaction (825). They can
mimic metastatic cancer or myeloma, especially when there are multiple lesions.
Destructive lytic lesions can be complicated by pathological fractures (839). Small bone
lytic lesions have poorly defined borders (897). Cyst-like lesions with or without cortical
breaks may rarely be observed and more accurately described on CT scan or MRI (825,
831, 833). A complete assessment of skeletal involvement is required if bone lesions
are suspected. Nuclear imaging provides useful tools in cases of osteoarticular cocci-
dioidomycosis (874, 898–900). In 13 patients, a 99mTc bone scan was 100% sensitive in
identifying bone lesions (874). [18F]FDG PET-CT scan can also be useful for demonstrat-
ing osteoarticular lesions (875, 899). Although [18F]FDG PET-CT scan can be used to
screen for vertebral lesions, MRI is the best imaging modality to accurately describe
the anatomy. Noncontiguous multifocal foci of vertebral osteomyelitis are typically
observed (895, 901). Epidural involvement was observed in 13 of 15 patients with ver-
tebral osteomyelitis (901). Extension through paravertebral muscles is possible (861,
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865). Although the disc height is preserved, MRI signal abnormalities are almost always
present (901). In cases of coccidioidal arthritis, radiographs can be normal at an early
stage of the disease. Synovial abnormalities, articular cartilage loss, and subchondral
bone loss were observed in a case of active coccidioidal arthritis seen on MRI (902).

Treatment and Outcome

Two recommendations have been provided by the IDSA regarding the treatment of
coccidioidal bone and/or joint infection (903). AmB is required for severe osseous dis-
ease, including vertebral osteomyelitis with cord compression and extensive or limb-
threatening skeletal infection, whereas antifungal triazole therapy is recommended for
all other cases.

In a randomized double-blind trial comparing fluconazole at 400 mg/day and itra-
conazole at 200 mg twice daily (BID) in patients with extrameningeal coccidioidomyco-
sis, 50 patients had a skeletal infection (904). At 12 months of therapy, success rate was
significantly higher with itraconazole than with fluconazole (47% versus 37%
[P = 0.03]). However, the numbers of patients treated in each group were low, 23 and
27, respectively. Thus, the recommendation is to administer fluconazole at a dosage of
800 mg daily or itraconazole at 200 mg twice daily. TDM is necessary to monitor itraco-
nazole serum concentrations to ensure drug efficacy.

The safety and tolerability of posaconazole capsules were evaluated in 20 patients
with nonmeningeal disseminated coccidioidomycosis (905). A posaconazole suspen-
sion was well tolerated, and the initial response was favorable in 17/20 patients.
Posaconazole plasma concentrations ranged from 960 ng/mL to 1,342 ng/mL in this
study. Higher plasma concentrations may be achievable with sustained-release posaco-
nazole tablets, which could provide higher and more stable plasma concentrations.
Posaconazole and voriconazole have also been used with satisfactory response rates in
patients with refractory coccidioidomycosis (852, 867, 906, 907). Ketoconazole should
not be used due to its high rate of relapse (44%) and hepatotoxicity (908).

Combined medical and surgical therapy was required in 72% of cases (821). Surgery is
recommended in cases of spinal instability, spinal cord or nerve root compression, or sig-
nificant paraspinal abscesses (903). In a retrospective study of 27 patients treated surgically
for vertebral osteomyelitis with neurological symptoms, no surgical complications were
noted (852). In another retrospective study, among 39 cases of vertebral osteomyelitis,
67% required surgery with hardware placement (824). No patients required the removal of
hardware for persistent or recurrent infection. Synovectomy and/or debridement is usually
performed to treat unique joint arthritis (658, 816, 828, 844, 846, 876, 882, 883, 885, 889,
891). Surgery with spacer implantation with AmB cement has been attempted (861).
However, spacer implantations with AmB have not been well studied in coccidioidomyco-
sis (909). In vitro studies of AmB- and fluconazole-loaded cement have shown suboptimal
characteristics for the treatment of deep-seated fungal infections (910). In addition, the
management of prosthetic joint infection is difficult. Few cases have been reported so far
(840, 841, 894). Primary infection occurring on prosthetic joints should be treated by pros-
thesis replacement (894). Knee replacement by prosthetic material during the course of
coccidioidomycosis arthritis requires lifelong antifungal treatment to avoid a relapse (894).

Relapse may occur in cases of insufficient durations of treatment and low drug ex-
posure (824, 844, 846, 882, 904). Relapse after the end of therapy may occur from 31 to
497 days (904). Long-term follow-up is thus required since relapse may occur years af-
ter the initial infection. In cases of persistent immunosuppression, lifelong therapy is
mandatory to avoid a relapse (829). Sequelae such as residual lower extremity paralysis
are seen with vertebral osteomyelitis (824).

Among 79 cases in the literature whose outcomes are reported, mortality was
related to coccidioidomycosis in 9 (11%) patients (859, 860, 866, 870–872, 876, 878). All
of these patients had disseminated disease with meningeal or vertebral involvement,
and all were apparently immunocompetent. Dissemination is a known risk factor for
mortality (806), especially in cases of associated meningeal coccidioidomycosis.
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OSTEOARTICULAR PARACOCCIDIOIDOMYCOSIS
Epidemiology

Distributed mostly in Latin America (Brazil, Argentina, Colombia, Venezuela, Ecuador,
Peru, and Mexico), paracoccidioidomycosis (PCM) is endemic in rural areas (911, 912).
With the advancement of molecular biology, two species have now been identified:
Paracoccidioides brasiliensis and Paracoccidioides lutzii (913, 914). However, molecular tools
to properly classify Paracoccidioides to the subspecies level were not used in the case
reports and case series in the literature. Epidemiological and clinical differences may exist
between infections with both fungi but have not yet been studied sufficiently.

Paracoccidioides species are frequently isolated from armadillos endemic in Central
and South America, representing one of its natural reservoirs (915, 916). They have
been found in soil and air samples near armadillo burrows (917). Climatic events such
as heavy rains may favor fungus maintenance as well as dispersion in soil (918, 919).

The incidence of PCM is higher among male adults, with sex ratios (male to female
[M/F]) of 3:1 during the second and third decades and 15:1 after the fourth decade
(920). In children before puberty, the incidence is equal between both genders; in 12-
to 15-year-old-children, the sex ratio is 5:1 (921, 922). Osteoarticular lesions are thus
rarely described in women (921, 923–926). In addition, osteoarticular involvement dur-
ing the course of PCM is rare. Data collected from two different states of Brazil, São
Paulo and Mato Grosso, comprising 2,319 patients with PCM showed an incidence of
osteoarticular lesions of 1 to 4% (920, 927–929). When PCM is diagnosed in children,
18 to 20% have osteoarticular involvement (922, 930).

The known risk factor for PCM is direct contact with soil. Patients who develop osteoar-
ticular PCM practice agricultural activities (931–936), pottery (931), and stonework (931).
Alcohol abuse (931, 937) and diabetes mellitus (936) are rarely associated with osteoarticu-
lar PCM. Of note, 87.5% of patients with osteoarticular PCM are apparently immunocom-
petent (28, 850). Osteoarticular PCM may also occur in HIV-infected patients (932, 938,
939). In a retrospective series of 73 HIV-infected patients with paracoccidioidomycosis, 7%
developed osteoarticular lesions in the setting of disseminated disease (940). However, HIV
is not a risk factor for PCM per se. A case-control study involving 53 HIV-infected patients
and 106 controls with PCM showed that there was no significant difference between the
groups in terms of bone lesions (3/53 versus 1/106) (941).

Pathogenesis

The disease is acquired by soil aerosolization and the inhalation of conidia (942).
Direct inoculation causing localized osteoarticular lesions is scarcely ever described
(943–945). Paracoccidioides species have the ability to change their morphology from a
multicellular filamentous form to a unicellular yeast-like form. The temperature is the
only factor triggering P. brasiliensis dimorphism (911). However, depending on its con-
centration, estrogen inhibits the conversion to the yeast-like form (946). Therefore, the
infrequency of the disease in females compared to males, but only during their repro-
ductive years, as mentioned above, might be related to estrogen blockade of the tran-
sition of the fungus from a saprobic state to the invasive form (946).

A model of Paracoccidioides arthritis was developed in Wistar rats by the direct inoc-
ulation of 105 yeast-like cells of P. brasiliensis into the right knee (947). The arthritis
course was then observed at day 15 and day 45 (948). The infection started as synovitis
with granuloma formation at day 15 and then progressed to necrosis, articular destruc-
tion, and extension to the subchondral bone at day 45.

Clinical Manifestations

Two forms of PCM are classically described: acute/subacute and chronic (927). The
acute/subacute form of PCM occurs more frequently in patients who are ,30 years
of age (927). Osteoarticular lesions may occur in both forms. In acute/subacute forms,
bone and/or joint involvement is accompanied by other manifestations such as fever,
anemia, weight loss, lymphadenopathies, hepatomegaly, splenomegaly, digestive
symptoms, and cutaneous localizations (922). In these forms, pulmonary involvement
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is rare (949). In chronic forms, ulcerations of the oropharyngeal mucosa and larynx as
well as infections of the central nervous system and lower respiratory tract are fre-
quent (927).

Paracoccidioides arthritis is localized to the wrist (931, 950), knee (924, 927, 943, 944,
951, 952), hip (925, 926, 952, 953), and shoulder (931). Lytic osseous lesions of the adjacent
bone are usually observed (927, 943, 944, 951, 952). Pulmonary lesions are often associated
with arthritis (926, 927, 943, 950, 951). When assessing pulmonary involvement with
chest diagnostic imaging, arthritis may be the sole localization of the disease (925).
Paracoccidioides spp. may superinfect preexisting lesions, such as gouty arthritis (936). The
median diagnostic delay is 150 days (interquartile range [IQR], 90 to 270 days). Associated
clinical features include joint edema, pain, redness, local heat, and functional loss (931) or
pain only (926).

Osteomyelitis is localized to the femur (922, 929, 931, 937, 954, 955), tibia (945), hu-
merus (931), ulna (952), finger or toe (929, 956), foot (952), or sternum (934). Rib osteo-
myelitis may be associated with contiguous lung lesions (929, 932, 935). Vertebral oste-
omyelitis is rare and may develop during the course of disseminated disease (921, 952)
or be isolated (933, 957). Osteomyelitis affecting long bones may mimic bone neopla-
sia (937, 955, 958). The median diagnostic delay is 120 days (IQR, 60 to 225 days).
Polyosseous involvement may occur in children (921–923, 959) or severely immuno-
compromised patients (939). Bone lesions may be completely asymptomatic and de-
tectable only by whole-body imaging such as technetium bone scan (922). Pulmonary
(926, 929, 931, 932, 950, 951, 954), cutaneous (921, 934), or lung and skin (935, 939,
943) lesions are commonly associated with PCM osteoarticular infections.

Laboratory Features

In order to optimize the yield of cultures, several media are available with antibacte-
rial agents incubated at room temperature. Blood cultures are rarely positive in the set-
ting of osteoarticular PCM (931). Diverse serological tests with overall good sensitivities
are available, particularly enzyme-linked immunosorbent assays (ELISAs) for the confir-
mation of the diagnosis, and may help to guide treatment and detect fungal recur-
rences (960, 961). However, there are major inconsistencies in PCM serology among
reference center laboratories (962). Nevertheless, in an osteoarticular case series, the
titers of antibodies were higher in cases of disseminated disease than in cases of iso-
lated bone or joint lesions (963). Direct examination of the fungus from a bone biopsy
or joint fluid sample usually establishes the diagnosis in 74% of cases (853). Bone or sy-
novial biopsies, when performed, show granulomatous inflammation with epithelioid
cells, multinucleated giant cells, lymphocytes, and fibroblasts. The cytoplasm of giant
cells contains abundant fungal yeast-like cells. The centralized fungal cell may have
multiple uniform buds, the typical “pilot wheel” configuration, which can be identified
by argentic staining (925, 926, 937, 953, 955).

Diagnostic Imaging

Lytic bone lesions with or without a periosteal reaction are the main findings on
standard radiographs (964). Computed tomography displays osteolytic lesions with
perilesional reactional osteosclerosis and/or periostitis (952). The fungus may also
destroy cortical bone and invade adjacent soft tissues. MRI can confirm lytic lesions
and focal cortical bone destruction, with or without a periosteal reaction, as well as
soft tissue edema (953, 958). MRI may be helpful in cases of a suspicion of a neoplasm
and in characterizing musculoskeletal involvement (955, 963). The main features of ar-
thritis by MRI are reductions of the joint space, joint edema, capsule thickening, bone
destruction, and infiltration of adjacent soft tissues (958, 963).

Treatment and Outcome

Consensus guidelines on PCM treatment were published in 2006 (965). Itraconazole
and trimethoprim-sulfamethoxazole are the two drugs recommended for mild to mod-
erate PCM, with a duration depending on the severity of the disease. Trimethoprim-
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sulfamethoxazole treatment is generally longer than itraconazole treatment, 12 months
versus 6 to 9 months for mild forms and 18 to 24 months versus 12 to 18 months for
moderate forms, respectively. Intravenous trimethoprim-sulfamethoxazole or deoxy-
cholate AmB is recommended for severe forms. The definition of a cure of PCM is
based on clinical, radiological, and mycological improvement as well as stabilization of
agar gel double-immunodiffusion results at 1:2, negative conversion of two samples
within a 6-month interval after treatment, or normal inflammatory protein levels for 3
consecutive months (965).

The primary therapies in reported cases of PCM osteoarticular lesions were trime-
thoprim-sulfamethoxazole (925, 931, 933, 937, 950, 952), itraconazole (926, 936, 951,
954), deoxycholate AmB (921, 923, 931, 932, 935, 939), and ketoconazole (924, 945).
Trimethoprim-sulfamethoxazole is usually the drug of choice for a switch from intrave-
nous to oral therapy (921, 924, 931, 935, 945). Although the combination of deoxycho-
late AmB plus trimethoprim-sulfamethoxazole was used once (944), monotherapy is
the rule, even in cases of disseminated disease.

Itraconazole is the most widely studied drug for the treatment of PCM (966, 967),
including comparisons with trimethoprim-sulfamethoxazole (968, 969). The efficacy of
itraconazole is dose dependent, and the drug seems to be more effective at a dosage
of 200 mg/day in adult patients. Although a clinical cure is obtained faster with itraco-
nazole, trimethoprim-sulfamethoxazole is as effective and safe as itraconazole (968).
The outcome may depend on the species of the Paracoccidioides isolate. Thus, patients
infected with P. lutzii isolates seem to respond better to trimethoprim-sulfamethoxa-
zole therapy than patients infected with P. brasiliensis isolates (970).

Although not specifically assessed for Paracoccidioides osteoarticular infections,
other drugs could be useful in cases of PCM osteoarticular infection. A randomized
open-label study compared the safety and efficacy of itraconazole to those of voricona-
zole for the treatment of PCM in 53 adults (971). Voriconazole was as safe and effective
as itraconazole. Very few data are available on isavuconazole, which was evaluated in
10 patients after a median of 180 days of treatment (972). One patient had a complete
cure at the end of therapy, and 7 had partial success. Lipid formulations of AmB may
be useful for severe forms of PCM or if intravenous treatment is required (973).

The adjunctive use of corticosteroids has not been studied in osteoarticular treatment.
However, corticosteroids have been used with success in combination with antifungal
treatment for different localizations (974). One should also note that paradoxical reactions
to antifungal treatment may occur and can be treated with corticosteroids (975).

The in-hospital mortality rate for PCM in Brazil is estimated to be 5 to 8% (976). In
case reports describing osteoarticular lesions, no death has been reported, whereas in
relevant case series, the outcome was not even described (952, 963, 964).

OSTEOARTICULAR BLASTOMYCOSIS
Epidemiology

Blastomycosis is endemic in North America (977). Its main agent, Blastomyces der-
matitidis, is responsible for infections in Canada along the St. Lawrence River and the
Great Lakes (978–980); the Eastern and Midwestern United States, especially the states
bordering the Ohio and Mississippi River Valleys; as well as the Mid-Atlantic (981–983).
Since the molecular identification in 2013 of Blastomyces gilchristii, a cryptic species of
the genus Blastomyces, it is unclear whether previous reports were actually reporting B.
dermatitidis or B. gilchristii (984).

Osteoarticular involvement is the third localization of blastomycosis after the lungs
and skin (985–988). Among 936 patients infected with B. dermatitidis, 18% had osteoar-
ticular lesions (985). There is also a male predominance (68 to 78%) among adults
infected by Blastomyces species (853, 980).

Regarding children, osteoarticular lesions seem to occur more frequently in this par-
ticular population. In a series of 114 children with blastomycosis, 47 (41%) presented
with a bone fracture or joint pain (989). The identified risk factors for blastomycosis are
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contact with soil, especially during construction, excavation, or other outdoor activities
(981, 986, 987, 990). In a case-control study with 118 controls and 112 patients, of
whom 11 had bone involvement, the significant underlying conditions for the risk of
blastomycosis were the use of immunosuppressive therapy, collagen vascular disease,
and drug abuse (987). In two series of solid-organ transplant recipients comprising 19
patients, bone involvement was diagnosed in 2 patients (991, 992). In HIV-infected
patients, blastomycosis is often disseminated (993, 994).

Pathogenesis

Host inhalation of conidia from soil is thought to be the common portal of entry of B.
dermatitidis (977). Osteoarticular infection is acquired either by the dissemination of the fun-
gus from the lungs or by direct inoculation following trauma. Few patients were reported
to have previous trauma (980, 995–1003), and only two were considered to have no local-
ization other than the osteoarticular one (998, 1001). The time to initial symptoms is difficult
to estimate in cases of direct inoculation and may vary from a few days to weeks.

Clinical Manifestations

Osteoarticular lesions are seen in approximately one-fifth of patients with a diagno-
sis of blastomycosis. Malaise, fatigue, fever, and weight loss are unspecific symptoms
observed in disseminated blastomycosis. Bone blastomycosis may mimic cancer
(1004). A longer duration of symptoms is associated with extrapulmonary blastomyco-
sis (986). More specifically, bone and joint blastomycosis diagnosis can be delayed, and
the median reported time to diagnosis is 105 days (range, 54 to 210 days) (853).
Although any bone can be involved, vertebrae are the most frequent localizations
(997, 1005–1019), mainly in the context of disseminated disease. However, some cases
have isolated vertebral osteomyelitis (1006, 1009, 1011, 1014, 1017). Infected vertebrae
are mainly thoracic (1006, 1007, 1010, 1012, 1014–1016), lumbar (1005, 1008, 1009,
1011, 1014, 1017), and, rarely, cervical (997, 1013). Multiple vertebrae may be involved
(1007, 1009, 1011, 1014, 1015). Discitis is usually present, except for a few cases (1008,
1012). Complications such as paravertebral or prevertebral abscesses (997, 1010, 1013,
1015, 1018, 1019), pathological fracture of the vertebral body (1016), and spinal cord
compression (997, 1016, 1018) have also been reported. Vertebral body destruction
may mimic metastatic disease (1020). Other bone localizations include the foot (1002,
1012, 1021–1024), tibia (1022, 1025–1027), fibula (998, 1028), femur (1025, 1029), ra-
dius (1025, 1030), humerus (1031), hand (1012, 1032), iliac bone (1029, 1033), sternum
(1025, 1034), temporal bone (1035, 1036), rib following local pulmonary and mediasti-
nal invasion (1037), mandible (1038), and skull base (1036).

Arthritis with (1001–1003, 1039–1043) or without (996, 999, 1000, 1032, 1042, 1044)
bone lesions occurs less frequently than osteomyelitis. The affected joints are mainly
the knee (996, 999, 1001, 1002, 1032, 1039, 1042) and elbow (996, 1000, 1003, 1012)
and more rarely the wrist (1041, 1044), ankle (1042), and hip (1040). Arthritis may be
complicated by tenosynovitis (1043) and purulent discharge by a sinus tract from the
lesion to the skin (1045).

Multiple bone and joint lesions (995, 996, 1012, 1014, 1031, 1032, 1042, 1045–1055)
are associated with lung involvement (1031, 1047, 1050), skin involvement (995, 1012,
1032, 1042), or both (996, 1014, 1045, 1046, 1048, 1052–1055). Osteoarticular lesions
may be painless and may be discovered only via diagnostic imaging (1053).

Laboratory Features

Serological tests for blastomycosis have poor performances and are not routinely
used for establishing a microbiological diagnosis (977). Data for antigen detection in
urine for the diagnosis of osteoarticular blastomycosis are inconclusive. Therefore,
direct examination or culture of the fungus from a pathological tissue specimen
remains the gold standard for the diagnosis of blastomycosis.

Clinicians should apprise the staff of their clinical microbiology laboratory about
infected material from patients with suspected blastomycosis so that the fluid or tissue
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can be handled under proper containment procedures. The typical histopathological fea-
ture of osseous blastomycosis is granulomatous inflammatory tissue with numerous
Langerhans giant cells (1004). The granuloma surrounds large yeasts of 8 to 15 mm with
broad-based buds. Necrotizing tissue with neutrophilic and eosinophilic infiltrates may
also be seen (103, 1033, 1043). Rare yeasts may be missed by the histopathologist (1004).

For blastomycotic arthritis, draining pus or fluid aspirates generally contain yeasts
(999). Synovial fluid could, however, remain sterile in culture, especially if the incuba-
tion time is too short or if the patient has already received antifungal drugs (1042). In
46 patients, 14 of whom had bone and joint localizations, histopathological examina-
tion correlated with culture results in 31 (67.4%) patients, whereas in 11 (24%) patients,
cultures failed to isolate Blastomyces species (1056). Therefore, incubation of samples
from patients suspected of having osteoarticular blastomycosis should be done for at
least 4 weeks to allow the growth of the mold phase of the organism.

Diagnostic Imaging

Radiographic lesions are not specific for blastomycosis and may be easily mistaken for
cancer (1004). In patients living in areas of endemicity and travelers returning from these
areas, destructive bone lesions should be biopsied in order to resolve the differential diag-
nosis of blastomycosis versus cancer. Gehweiler et al. reported distinct radiographic pat-
terns for 45 cases (1057). In the short bones, cystic areas of focal osteomyelitis with a
sclerotic margin can be observed. In the flat or long bones, lytic lesions with a periosteal
reaction may occur (1051, 1057). Vertebral osteomyelitis may mimic tuberculosis with the
presence of paraspinal abscesses. Subchondral radiolucencies can evoke intraosseous
abscesses (1043). MRI may help to further assess lesions of arthritis or vertebral osteomy-
elitis and may display intraosseous abscesses (980, 1043, 1045). Bone scintigraphy or
[18F]fluorodeoxyglucose positron emission tomography (PET) scan may be useful to
detect asymptomatic bone localizations (1034).

Treatment and Outcome

Surgery is not always required (1058). However, more than half of the reported cases
of osteoarticular infections benefited from a combination of medical and surgical man-
agement. Regarding medical treatment, the two more commonly used treatments of
itraconazole and AmB are recommended by the IDSA (1058). The success of this strategy
was evaluated in a literature review (853). For osteoarticular blastomycosis, 97% of the
cases were successfully treated with monotherapy with either itraconazole or AmB.

Posaconazole may be an alternative to itraconazole. One case was successfully treated
with posaconazole for tibial and fibular osteomyelitis after having received itraconazole
and voriconazole (998). Itraconazole never achieved optimal plasma concentrations, and
voriconazole was responsible for hepatic side effects. Posaconazole was administered for
6 months. Although clinical breakpoints are not fully established, posaconazole and vorico-
nazole have good in vitro activity against Blastomyces species (1059).

Fluconazole was used in a clinical trial at a high dose (800 mg daily) versus a low
dose (400 mg) (1060). Among 39 randomized patients, 4 had osteoarticular involve-
ment, and all of them were cured, regardless of the dose received. Currently, there are
insufficient data to support the use of isavuconazole for the treatment of osteoarticular
blastomycosis (972).

According to IDSA guidelines, patients with osteoarticular blastomycosis should
receive at least a 12-month course of antifungal therapy due to frequent relapses
(1058). When the data from 79 case reports were analyzed, the median duration of
treatment was 225 days (range, 4 to 780 days), with only 2 relapses. Among the 65
patients for whom mortality data were available, 3 patients died (4.6%); only one death
was attributable to blastomycosis. This result is consistent with the results of a retro-
spective study of 45 patients with bone and joint infections, where 4% of the patients
died (980). Sequelae such as impaired musculoskeletal function were present in 24% of
the patients (980).
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OSTEOARTICULAR HISTOPLASMOSIS
Epidemiology

Histoplasma capsulatum var. capsulatum (HCC) is present worldwide (1061). Osteoarticular
HCC infections have been described in the United States (1062–1070), Brazil (1071, 1072),
French Guiana (1073), Paraguay (1074), Argentina (1075), Philippines (1076), China (1077,
1078), the Indian subcontinent (1079–1086), Morocco (1087), and Lao PDR (1088). Some of
these infections occurred years after traveling to areas of endemicity (1084, 1088). Most of
the patients with bone and joint involvement are adults, as children rarely develop this kind
of lesion (1074, 1077, 1082). The prevalence of osteoarticular localizations is low. During an
epidemic in Indianapolis, IN, HCC arthritis was reported in only 6 (1.6%) of 381 patients
(1089).

HCC infection may occur in immunocompromised patients, and its link with the
AIDS epidemic and corticosteroid use is well established (1090). Underlying comorbid-
ities associated with osteoarticular localizations are chronic corticosteroid use, mostly
for rheumatologic diseases (1066, 1071, 1073, 1084, 1088); HIV infection with fewer
than 200 CD41 T cells/mm3 (1068, 1075); polymyositis with chronic use of nonsteroid
anti-inflammatory drugs (1064); and acute leukemia with neutropenia (1069).

Histoplasma capsulatum var. duboisii (HCD) bone and joint disease, also known as
African histoplasmosis, is particularly located in sub-Saharan Africa. The fungus was
reported in almost all African countries, including Madagascar Island (1091). A few
cases are diagnosed in countries where the disease is not endemic in migrants but
rarely in occasional travelers (1092). The prevalence of the disease is largely underesti-
mated due to the weakness of public health services in some countries (1093). In
Congo-Brazzaville, 14 cases were reported in a single institution in 10 years, with 3
having osseous involvement (1094). In 1972, Drouhet described 116 cases of African
histoplasmosis (1095). Localized infection of bones was present in 42 patients (36%).
When disseminated, the disease affected bones in almost all cases (n = 18/19).
Notwithstanding HCD infection occurring in HIV-infected patients, no link between the
two diseases has been proven (1096). In a series of 37 patients with and without HIV
infection, bone lesions occurred in 17 (46%) cases, 12 in HIV-infected patients and 5 in
non-HIV-infected patients (1096). In individual case reports on osteoarticular infections,
only one involved an immunocompromised patient with systemic lupus erythemato-
sus treated with corticosteroids and azathioprine (1097). The other cases were appa-
rently immunocompetent. Cases are reported in children (1079, 1094, 1098–1109) as
well as adults (1079, 1097, 1100, 1106, 1110–1124).

Pathogenesis

Regarding HCC, trauma is very rarely reported to be the cause of direct inoculation
leading to bone lesions (1067). Microconidia are found in soil containing bird or rat
droppings and may be inhaled by patients (1082). Primary lung lesions can be asymp-
tomatic since only 4 of 26 patients in this review had documented lung involvement
(1068, 1074, 1086, 1125). However, dissemination leading to secondary bone and joint
infections can occur. HCC yeast-like forms may be phagocytized by macrophages, den-
dritic cells, and neutrophils (1126).

The environmental reservoir of HCD could be bat intestines since this fungus has
been found in bat guano (1127). Inhalation of microconidia could be the main portal
of entry. Direct inoculation of the fungus is rare; there were only two reported cases of
posttrauma osteoarticular infection in children aged 4 and 5 years (1103, 1104). No ex-
perimental model of HCD infection exists to study its pathophysiology.

Clinical Manifestations

HCC osteomyelitis evolves very slowly (1082, 1086). The median time to diagnosis is
90 days (from a minimum of 7 days to a maximum of 3 years). Most of the osteoarticu-
lar infections described are isolated localizations. A few cases are accompanied by cu-
taneous lesions such as ulcers, erythema nodosum, papular lesions, or subcutaneous
nodules (1076, 1082, 1089); hepatomegaly or lymphadenopathy (1085, 1086); or lung
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localizations (1068, 1074, 1086, 1125). Fever can be absent. HCC can infect long bones
such as the humerus (1062), radius (1070), fibula (1077), tibia (1067), and femur (1083).
Lesions can lead to pathological fractures (1083). Flat bone localizations are repre-
sented by maxillary (1062, 1065, 1072), sternum (1081), and sacrum (1087) involve-
ments. Maxillary osteomyelitis occurs in immunocompetent patients and is frequently
associated with oral ulcerations. Histoplasmosis of the extremities, including the hand
(1063) and foot (1076), is less common. Isolated vertebral osteomyelitis is also possible
(1071). Regarding arthritis, it occurs more frequently in the knee (1064, 1068, 1069,
1073, 1086) than in the hip (1066), wrist (1084), ankle (1088), and shoulder (1085). The
differential diagnosis of HCC arthritis includes tuberculosis arthritis, which may be clini-
cally and histologically indistinguishable, pending special stains and cultures of syno-
vial fluid (1073, 1085). Interestingly, two cases of arthritis occurred in patients suffering
from rheumatoid arthritis who were receiving tocilizumab and corticosteroids (1073,
1079, 1088). Multiple bone and joint localizations are rare and occur in children (1074,
1082) or immunocompromised patients (1075).

HCD infection has some characteristic clinical findings. Fever is not specific to HCD
infection and can be absent. Bone tumefactions are generally painful (1120). Children do
not have any particular features compared to adults (1104). The median time to diagnosis
is 150 days (from a minimum of 30 to a maximum of 2,920 days). Multiple bone and/or
joint infections occurred in 44% (n = 14/32) of the case reports described in this review
(1097–1099, 1104, 1105, 1107, 1108, 1110, 1111, 1115, 1117, 1120, 1124, 1128). Isolated os-
seous localizations are encountered in long bones (1103, 1104, 1109, 1118, 1129), flat
bones (1079, 1094, 1100–1102, 1106, 1114), and vertebrae (1100, 1116, 1123).

HCD infection of the face has been described to involve mostly maxillary bones
(1062, 1079, 1101, 1106), skull (1100, 1114), and orbit (1094). Maxillary localizations
lead to discussions about an extended dental infection, Burkitt’s lymphoma, or even
ameloblastoma, pathologies that are commonly observed among young black people
(1106). Osteoarthritis is exceptionally found alone, involving the shoulder in two
patients (1106, 1122). When described in combination with other bone lesions, osteo-
arthritis can involve various localizations such as the knee (1098), ankle (1128), sterno-
clavicular articulation (1120), elbow (1095), wrist (1097), and hands (1105).

Complications of bone and/or joint involvement may occur. Vertebral osteomyelitis
alone (1100, 1116, 1123) or in combination with other bone lesions (1097, 1117, 1123,
1124) may lead to fractures mimicking malignancy (1123) or spinal cord compression
(1124). Spontaneous pathological fractures of long bones can occur (1103, 1110, 1129).
Chronic cutaneous fistulae are a common finding that may occur in HCD bone lesions
(1099, 1107, 1120). Although lung localization is rarely described during the course of
osteoarticular HCD infection (1100, 1123), the major differential diagnosis is tuberculo-
sis in countries of endemicity. Regarding 28 case reports, skin or mucosal lesions and
lymphadenopathies were present in 54% (n = 15/28) of the cases (1097–1100, 1103–
1105, 1109, 1111, 1115, 1120, 1123, 1129). Other cases have disseminated lesions with-
out mucocutaneous or lymph node involvement (1079, 1094, 1102, 1106, 1107, 1110,
1114, 1116–1118, 1122, 1124).

Laboratory Features

Similar to cases of coccidioidomycosis and blastomycosis, clinicians should apprise
their clinical microbiology laboratory when submitting tissue or fluid specimens sus-
pected to be infected with Histoplasma species. Samples of bones or synovial fluids
should be plated onto Sabouraud’s dextrose agar. Incubation is performed at 25°C to
allow the growth of the mycelial phase of H. capsulatum (1090). The culture has to be
kept for at least 6 to 8 weeks. Blood cultures are never positive.

Direct examination by Gram staining may show both intracellular and extracellular
yeast forms of HCC (27, 1088). Histopathological examination of bone samples usually
shows inflammatory granulation tissue with well-formed granulomas composed of epi-
thelioid histiocytes, lymphocytes, plasma cells, and multinucleated giant cells (1072,
1082). Necrosis can be present without caseum (1073, 1078). Hematoxylin and eosin
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staining may show neutrophilic infiltrates in bone biopsy specimens (1076). Intracellular
and extracellular yeasts are easily stained with Gomori methenamine silver stain. They
are 2 to 4 mm in diameter and oval, with narrow-based buds (1130). PCR on tissue speci-
mens could help to identify the species when a culture is positive (1073, 1088). The
sensitivity of urinary antigen detection is highest in patients with disseminated or pul-
monary histoplasmosis and immunocompromised patients (1131). Due to the paucity of
cases with isolated bone and/or joint lesions, evaluations of this assay for osteoarticular
histoplasmosis are inconclusive. Serology could be useful, albeit it has never been specif-
ically tested in isolated osteoarticular infections (1130).

Regarding HCD, cultures of bone, synovial fluid, pus from lymphadenopathies, and cu-
taneous lesions can be negative. Direct examination of a simple smear of pus or synovial
liquid may show yeasts (1120, 1123). In cases of disseminated disease, bone marrow cul-
tures can be positive (1120). Upon histopathological examination of bone tissue, periodic
acid-Schiff staining reveals yeasts larger than those of HCC, 6 to 12mm in diameter, with a
thick cell wall, a vacuolated cytoplasm, and narrow-based buds (1122, 1132). Granuloma
formation is frequently observed with focal necrosis (1122). Yeast forms can be extra- and
intracellular in the cytoplasm of multinucleated giant cells (1101). Grocott methenamine
silver staining demonstrates the classic “hourglass” shape of HCD. The “parent” and
“daughter” cells are of equal sizes and are joined by a narrow base (1132).

Quantitative PCR can identify HCD when performed on bone, respiratory, lymph
node, and plasma samples (1122, 1133).

Diagnostic Imaging

None of the lesions are specific to one variety of H. capsulatum. Osteolysis with or
without periostitis or cortical disruption is the most common bone lesion seen on plain
radiographs (1120). MRI of the spine may show lysis of vertebrae, with a common com-
plication of vertebral osteomyelitis (i.e., epiduritis and paravertebral abscesses) (1117).
MRI is the best imaging modality to precisely describe osteoarthritis lesions. It can
reveal a fistulous tract (1122), intraosseous abscesses, or necrosis (1073). Increased
uptake of the lesions on PET-CT can be observed (1073, 1078).

Treatment and Outcome

Surgical treatment. Surgery is usually not required for HCC and HCD infections.
Surgery can be useful to drain a subcutaneous abscess adjacent to a focus of osteomy-
elitis (1103, 1118), to consolidate vertebrae by arthrodesis (1078), or in cases of arthritis
with poor outcomes (1063, 1073, 1084, 1097). As for bacterial prosthesis infection, it is
recommended that the prosthesis be replaced whenever possible. In cases of prosthe-
sis retention, lifelong antifungal treatment may be required (1066). Plastic or functional
surgery is sometimes needed to manage sequelae. Bone reconstruction can be per-
formed after medical treatment (1101, 1129) or replacement arthroplasty (1073).

Medical treatment. Among 21 patients with HCC osteoarticular lesions for whom
clinical responses were evaluable, a complete response, defined as the absence of clini-
cal symptoms and total healing of the lesions on imaging, was observed in 14 (66%)
patients. The mean duration of treatment for a complete response was 223 days (from
a minimum of 60 days to a maximum of 522 days). The mortality rate due to HCC infec-
tion was 9% (n = 2/22), linked to disseminated disease (1075, 1086).

The recommended drugs for disseminated HCC infection are itraconazole and
amphotericin B (1134). Liposomal amphotericin B at 3.0 mg/kg daily is recommended
for 1 to 2 weeks, followed by oral itraconazole at 200 mg 3 times daily for 3 days and
then 200 mg twice daily for a total of at least 12 months (1134). Posaconazole can be
used as an alternative therapy for disseminated HCC infection (1135). It could also be a
good alternative for the treatment of osteoarticular lesions due to its good bone diffu-
sion. Voriconazole use has been reported twice, with both success and failure: one
case was successfully treated after debridement surgery of the fibula (1077), and
another case failed to be treated for knee arthritis (1073). Fluconazole is another tria-
zole used for isolated knee arthritis (1064). The HCC MIC for voriconazole in vitro can
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be as low as those for amphotericin B (1136, 1137). The MICs for fluconazole are usually
higher than those for itraconazole or voriconazole (1136, 1137). Itraconazole was used
as a first-line therapy in seven patients, one of whom had disseminated infection
(1066, 1067, 1072–1074, 1078, 1084). Successful therapy occurred in six patients.
Failure in one case was probably due to the low dosage and the lack of monitoring of
itraconazole plasma concentrations (1084). Recurrence of the lesions can occur as long
as 10 years later if medical treatment is inappropriate, especially with ketoconazole
(1063). Immune reconstitution inflammatory syndrome may appear with HCC infection
in the setting of AIDS or TNF-a blockade therapy (1075, 1138, 1139).

Among 24 patients with HCD infection for whom responses were evaluable, 15 (62.5%)
achieved a complete response to treatment. The mean treatment duration for those
patients was 214 days (from a minimum of 28 days to a maximum of 365 days). Treatment
was shortened to 28 days in one case of a maxillary lesion, which was entirely surgically
excised (1101). Among 25 patients for whom outcomes are known, 3 (12%) apparently
immunocompetent patients died due to disseminated HCD infection (1104, 1123).

No international recommendations exist for the specific treatment of HCD infection.
By analogy to HCC infection, AmB followed by itraconazole could be the best option
for disseminated disease (1134). Posaconazole could be used as an alternative therapy
for disseminated HCD infection (1140).

AmB was used as the first-line therapy in 13 osteoarticular cases and led to failure in
only 1 case after 6 months of treatment with deoxycholate AmB for vertebral and sternal
osteomyelitis (1100). Itraconazole was used as a first-line monotherapy in only four cases,
three of whom had disseminated infection (1099, 1104, 1122). Success was reported once
in a case of disseminated bone disease (1099). Due to poor-resource settings, monitoring of
itraconazole plasma concentrations is never reported in osteoarticular case reports from
Africa. One case of failure due to a low plasma level of itraconazole was documented in a
Liberian patient living in the United States (1122). It is thus mandatory to monitor drug con-
centrations to ensure efficacy. Even if ketoconazole was used to treat some cases of osteo-
articular HCD infection (1100, 1110, 1116–1118), it should no longer be used due to its hep-
atotoxicity. Fluconazole was used once for initial therapy and was associated with failure in
a case of disseminated disease with vertebral osteomyelitis (1123). It was used with success
as a second-line treatment combined with surgery for shoulder arthritis (1122).

OSTEOARTICULAR TALAROMYCOSIS
Epidemiology

Penicilliosis (talaromycosis) was due to the organism formerly termed Penicillium
marneffei, the only dimorphic member of the genus Penicillium, now reclassified as
Talaromyces marneffei. Penicilliosis is largely restricted to Southeast Asia. Although it
was described in bamboo rats in the 1950s, the ecological niche of this fungus remains
unknown (1141). T. marneffei is probably present in the environment, as infected
patients more frequently reported an occupation involving exposure to plants or ani-
mals (1142). In addition, a peak of hospital admissions is frequently found during the
rainy season (1143). Initially described in HIV-infected patients with CD41 T cell counts
below 50 cells/mm3, it has now been recognized in various immune disorders (1144).
The incidence of bone and/or joint involvement ranges from 4 to 14% in patients with
penicilliosis (1145–1148). HIV-uninfected adult patients seem to be more prone to the
development of osteoarticular lesions. In three retrospective studies comparing HIV-
infected with non-HIV-infected patients, all of the bone and joint lesions were seen in
non-HIV-infected patients (1146–1148). Cases in HIV-infected adults were also reported
(1149, 1150). In children, bone and/or joint lesions were described, regardless of the
underlying condition (1151–1153). The main comorbidities associated with osteoarticu-
lar lesions are diabetes (1147, 1148), previous corticosteroid use (1147, 1148), b-thalas-
semia (1147), cancer (1147, 1148), Langerhans cell histiocytosis (1147), autoimmune
disorders (1147–1149), idiopathic CD41 lymphocytopenia (1154), common variable
immunodeficiency (1155), and solid-organ transplantation (1156). Although no osteoarticular
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involvement has been described thus far in patients receiving monoclonal antibodies or
kinase inhibitors, new biotherapies may increase the risk of penicilliosis (1157). Apparently,
immunocompetent patients can also develop osteoarticular infections caused by T. marneffei
(1147, 1148, 1150, 1158–1160).

Pathogenesis

Inhalation of airborne conidia is the predominant portal of entry, while direct inocula-
tion of the fungus through the skin is considerably less frequent (1154). Dissemination via
the monocyte/macrophage system follows contamination. At 37°C, the conidia undergo a
phase of transition to a yeast-like form. The yeasts are very small (2 to 3mm by 2 to 7mm)
and can be misdiagnosed as those of Histoplasma capsulatum (1161). The yeasts divide by
fission, in contrast to those of H. capsulatum, which bud and have a central septum. T. mar-
neffei is a facultative intracellular pathogen that is cleared by immune cells in immunocom-
petent hosts, especially T cells and macrophages. In immunocompromised hosts, yeasts
are able to survive and replicate inside the phagosome (1141). Granulomas seem to be the
structures that can control the infection by containing the fungus (1162–1164).

Clinical Manifestations

The main clinical features of disseminated penicilliosis are fever, weight loss, and
anemia (1141). In addition, when bones and/or joints are involved, patients may suffer
from ostealgia and joint paint with surrounding soft tissue swelling and erythema
(1147). The classical cutaneous lesions of penicilliosis and the presence of pulmonary
infiltrates are frequently associated with osteomyelitis or arthritis (853). The clinical pre-
sentation can be misdiagnosed as tuberculosis, leading to diagnostic delays of several
weeks (853). Unmasking immune reconstitution inflammatory syndrome may reveal
disseminated penicilliosis with osteoarticular infection (1153).

Laboratory Features

Osteoarticular penicilliosis seems to develop mainly by hematogenous dissemination
from the lungs. Blood cultures are thus positive in approximately 40% of patients (1150,
1152, 1159). Histopathological examination of a synovial biopsy specimen from an appa-
rently immunocompetent patient showed dense fibroblastic proliferation within large
granulomatous foci of epithelioid cells, with a few scattered Langerhans giant cells and
areas of caseous necrosis. Epithelioid cells may contain large phagosomes, each of which
engulfs dozens of yeast-like fungi (1158). Caseous necrosis has already been described for
lymphadenopathies of non-HIV-infected yet immunocompromised children (1165). Other
histopathological features, observed in a patient with mixed connective tissue disease,
consist of diffuse fibrosis of the intertrabecular space of a long bone and infiltration of his-
tiocytes, without well-formed granulomas or giant cells (1149). T. marneffei can be seen in
the bone samples with special staining. It can also be isolated from bone or joint fluid sam-
ples by culture (1149, 1159). Albeit not used specifically for the diagnosis of osteoarticular
infections, the galactomannan antigen of Aspergillusmay be useful for diagnosis and mon-
itoring the therapeutic response as it cross-reacts with T. marneffei antigens and is positive
in 95% of cases involving HIV-infected patients (1166).

Diagnostic Imaging

Radiological examinations display osteolytic lesions with or without a periosteal
reaction (1147). Osteolysis may lead to fracture (1147). Vertebral osteomyelitis might
present with multiple lucent defects or bone destruction of the vertebral body (1147,
1149). Multiple osteolytic lesions are very frequently observed and signify hematoge-
nous dissemination, while arthritis may involve only one joint. [18F]FDG PET-CT shows
increased uptake in bone lesions (1147).

Treatment and Outcome

The control of the immunodeficiency is one of the cornerstones of the treatment of
penicilliosis. The introduction of highly active antiretroviral therapy to increase CD41 T
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cell counts in HIV-infected patients is essential and has thus decreased the incidence of
penicilliosis in this population (1144). Osteoarticular penicilliosis rarely requires surgery,
as musculoskeletal involvement often reflects disseminated disease (1150).

AmB deoxycholate at a dosage of 0.6 mg/kg/day intravenously for 2 weeks followed by
a 400-mg/day dosage of oral itraconazole for 10 weeks is the reference treatment for peni-
cilliosis (1152). A regimen of up to 1 mg/kg/day of deoxycholate AmB has also been used
to treat osteoarticular infections (1147). Additionally, liposomal AmB has been used with
success (1156). The duration of therapy is not well established and ranges from 60 days to
18 months in cases of osteoarticular involvement (1147, 1150, 1159).

Voriconazole is an effective and well-tolerated treatment for penicilliosis (1167). No
case has been reported regarding voriconazole use for the treatment of osteomyelitis
or arthritis. However, voriconazole may be a valuable option as it showed the lowest
MIC among several antifungal agents tested against 14 strains (1168).

The prognosis of osteoarticular penicilliosis is tightly linked to dissemination and
correction of the underlying immunosuppression. Relapses are frequent at the end of
treatment (1147, 1150). The attributable mortality rate is approximately 30% (853,
1147). Sequelae have not been evaluated in the literature.

OSTEOARTICULAR SPOROTRICHOSIS
Epidemiology

For a long time, Sporothrix schenckii was considered to be the sole agent responsi-
ble for sporotrichosis. In 2008, clinically relevant species of the S. schenckii complex
were described: Sporothrix brasiliensis, Sporothrix globosa, Sporothrix luriei, Sporothrix
mexicana, and Sporothrix schenckii sensu stricto. Since only 13 case reports dealing with
osteoarticular localizations were published after 2008 (1169–1180), the identification of
members of the S. schenckii complex to the species level had not been done before
2008. Of note, S. brasiliensis was described in 2015 as a species responsible for osteoar-
ticular manifestations in two case reports (1172, 1180). Shortly after its initial descrip-
tion, most of the early cases were described in France.

The Sporothrix schenckii complex now has a worldwide distribution, occurring predomi-
nantly in the United States, Japan, and Central and South America (1181). Sporadic cases
have been described in Europe. Among case series of sporotrichosis, bones and/or joints
are the second localization after skin involvement (1182). A total of 118 cases with suffi-
cient clinical data have been described in the literature. Whereas 52% of the patients who
developed osteoarticular lesions had no known comorbidities, alcohol abuse was present
in 30% of the patients (853). Diabetes mellitus (1170–1172, 1183–1190), hematological
malignancy (1185, 1191–1194), HIV infection (1177, 1179, 1180, 1189, 1195–1200), solid
tumors (1185, 1201, 1202), autoimmune diseases (1203), and kidney transplantation (1204)
were other comorbidities less commonly associated with osteoarticular sporotrichosis.
Males seem to represent 89% of the population with osteoarticular sporotrichosis (853).

The risk factors for Sporothrix transmission to humans include outdoor activities,
gardening (“rose gardener’s disease”), or contact with cats. Exposure to cats is espe-
cially important for infections caused by Sporothrix brasiliensis. In the setting of sus-
pected osteoarticular sporotrichosis, searching for a history of gardening, manual
work, or contact with soil, dust, or wood is important. When occupations or activities
were reported (n = 64/118), 81% (n = 52) were outdoor activities or manual work. A his-
tory of trauma with thorns, hay, wood splinters, needles, or blades; injury due to a fall;
or cat bites or scratches was reported for 17% (n = 20) of the cases.

Pathogenesis

Bone and/or joint lesions can occur locally at the site of the direct inoculation of the
fungus following a skin injury or through hematogenous dissemination. In a series of
118 cases, only 9 had positive blood cultures (1180, 1187, 1189, 1196, 1198, 1205–
1208). The fungus leads to a granulomatous formation at the site of inoculation.
Granuloma formation in cutaneous sporotrichosis is associated with a Th1 response
(1209). Yeasts and conidia of the fungus can bind to extracellular matrix proteins such
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as type II collagen, fibronectin, and laminin (1210). This fungus also adheres to human
endothelial cells in vitro (1211) and can transmigrate across cell monolayers in a time-
dependent manner to disseminate through the bloodstream (1212).

Clinical Manifestations

In the setting of cutaneous sporotrichosis, a careful assessment of bone and joint
localizations is required. Indeed, bone lesions can be asymptomatic and may be
revealed only by bone scintigraphy by [18F]FDG PET-CT scan (1208, 1213). The median
diagnostic delay is 240 days (853).

Isolated osteomyelitis represents approximately 10% of all cases of osteoarticular
sporotrichosis. It is localized in long bones (1186, 1214), preferentially those of the
lower limbs; flat bones (1203, 1214); and hands (847, 1169, 1171, 1179, 1199, 1215).
Tenosynovitis may be associated with hand osteomyelitis (1199).

Arthritis (1170, 1176, 1187, 1189, 1194, 1196, 1216–1220) and osteoarticular infec-
tion (847, 1173, 1184, 1185, 1187, 1190–1192, 1201, 1205, 1215, 1216, 1219–1229) com-
prise the majority of the cases (48%) described. The knee is the main infected joint,
with 38 cases being reported (847, 1170, 1173, 1176, 1185, 1187, 1189–1192, 1194,
1196, 1200, 1202, 1205, 1215, 1216, 1218–1222, 1224–1227, 1229). Other localizations
include the wrist (1184, 1185, 1187, 1219, 1221, 1223), ankle (1221, 1228), elbow (1187,
1192, 1194, 1201), and metacarpophalangeal joints (1194, 1217). Hip lesions have
never been described. The infected joint may be just swollen without erythema or
warmth and without any general signs, mimicking degenerative arthrosis (1194). When
a single joint is infected, skin nodules (1189, 1190, 1194, 1196, 1200, 1220, 1223) or
lung localizations (1196, 1222) are rarely present. One case of prosthetic knee joint
infection has been described (1224).

The remaining cases of osteoarticular sporotrichosis are disseminated cases (42%)
with multiple bone and joint lesions (1172, 1174, 1175, 1177, 1179, 1180, 1183, 1185,
1187, 1188, 1191–1195, 1197, 1198, 1204, 1206–1208, 1213, 1220, 1221, 1230–1245).
Isolated vertebral localizations have never been described in the literature. Vertebral
osteomyelitis is always associated with other disseminated lesions (1207, 1213).
Subcutaneous abscesses with bone fistulae and spontaneous purulent discharge may
be observed by using MRI (1175).

Laboratory Features

All cases of osteoarticular sporotrichosis were cases proven by bone biopsy or anal-
ysis of the synovial fluid, except for 10 cases (1174, 1179, 1183, 1186, 1187, 1199, 1215,
1223, 1245). Although direct examination of the synovial fluid never showed fungi, cul-
tures were always reported to be positive.

Tan-, brown-, and black-pigmented filamentous colonies grow at 25°C. Microscopic
slide examination may reveal lateral conidiophores with clusters of pyriform conidia
appearing as flowers or bouquets (1173). Synovial biopsy specimens usually reveal
granulomatous lesions (1206, 1246) or unspecific inflammatory infiltrates of mononu-
clear cells with large numbers of plasmacytes (1176). Silver staining may display typical
yeast-like round forms, and cigar-shaped bodies of 3 to 10 mm can be seen in synovial
biopsy specimens (1195, 1229, 1232) or bone biopsy specimens (1203). The majority of
Sporothrix cells are located within macrophages (as many as 10 per phagocytic cell). In
bone tissue, there are foci of caseous necrosis marginated by epithelioid cells, with an
absence of fungi (1203). The diagnostic value of intradermal tests to detect delayed
hypersensitivity using sporotrichin or peptide-rhamnomannan antigen is not reliable
for the diagnosis of bone/joint sporotrichosis in view of the significant variations in
specificity and sensitivity.

Diagnostic Imaging

Standard radiographs show well-defined lytic lesions with sclerotic halos and peri-
osteal reactions associated with the disruption of cortical bone (1174). MRI is more spe-
cific for the description of osteoarticular lesions. For instance, in a case of knee
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osteoarticular infection, MRI demonstrated large complex joint effusions and bone
marrow edema within the femoral condyles and tibial plateaus consistent with osteo-
myelitis (1173, 1229). MRI is also useful for screening for local complications of osteo-
myelitis, such as tibia fistula drainage into the adjacent tissues or abscess formation
(1175).

Treatment and Outcome

Although epidemiological cutoff values for MICs are now better described, clinical break-
points that reliably predict the clinical response to therapy are not available for Sporothrix
species (1247). Since 2007, the IDSA has recommended itraconazole at 200 mg BID for at
least 12 months as the first-line option for osteoarticular sporotrichosis (1248). This recom-
mendation relies on one study comprising 15 patients with osteoarticular involvement
(1249). Liposomal AmB at a dose of 3 to 5 mg/kg/day is preferred for the treatment of disse-
minated or osteoarticular sporotrichosis (1248). In a previous literature review, according to
IDSA guidelines, a favorable outcome was achieved in 77% of osteoarticular sporotrichosis
cases (853). The median duration of treatment was 180 days (range, 52 to 355 days), com-
pared to the 12-month duration recommended by the IDSA. Perhaps greater success could
be achieved by global adherence to a standard of 12 months of treatment.

Regarding other antifungal drugs, a phase II study assessing the safety and efficacy
of different doses of fluconazole for the treatment of lymphocutaneous/osteoarticular/
visceral sporotrichosis failed to demonstrate any benefit in osteoarticular or visceral
sporotrichosis (1250). A potassium iodide solution was used in 23 evaluable osteoartic-
ular cases as a first-line therapy (1191, 1195, 1217, 1220, 1221, 1230, 1233, 1236, 1242,
1243). Failure was reported in 56% of the cases (n = 13). In the same way, almost all of
the patients treated with ketoconazole as the first-line option failed to respond or
relapsed early (847, 1183, 1185, 1240, 1244).

There are insufficient clinical data to support the use of posaconazole for osteoarticular
sporotrichosis. Posaconazole has been used in two cases as rescue therapy for dissemi-
nated sporotrichosis, one of whom had osteoarticular involvement (1180, 1251). One
patient failed to respond and died (1180), and the other was cured with posaconazole in
combination with liposomal AmB (1251). However, its efficacy has been assessed in murine
models with both S. schenckii stricto sensu and S. brasiliensis strains (1252, 1253).
Posaconazole, alone or in combination with AmB, was effective in the treatment of experi-
mental murine disseminated sporotrichosis. In the same murine models, voriconazole had
only modest efficacy against S. schenckii and no efficacy against S. brasiliensis (1254).
Voriconazole is thus not recommended for the treatment of human sporotrichosis.

Surgical debridement is not routinely needed (1248). Both medical and surgical
treatments were used in 67% of cases of osteoarticular sporotrichosis (853). For joint
prosthesis infections, the sole case described with late-onset infection received long-
term therapy without prosthesis removal (1224). Of note, the optimal treatment for
late chronic bacterial joint prosthesis infections is surgery with prosthesis removal.

The outcome is generally good, without sequelae. Five deaths were reported as
being attributable to sporotrichosis among 118 osteoarticular cases. In cases where
osteoarticular involvement evolved for many months, it led to bone deformation and
chronic disability (1172). Arthrodesis is sometimes required for the management of
sporotrichosis of the joints (1194).

Careful consideration should be given to HIV-infected patients with fewer than 200
CD41 T cells during treatment. Immune reconstitution inflammatory syndrome during
osteoarticular or disseminated sporotrichosis treatment has been described (1179).

SPECIAL POPULATIONS
Osteoarticular Fungal Infections in Pediatric Patients

Epidemiology. Osteoarticular (OA) fungal infections are rare in infants and children.
However, they have been described in the literature, usually taking the form of osteo-
myelitis and/or arthritis (1, 2, 550, 572, 652, 736). In the Osteoarticular Mycoses
Consortium database, there were 153 cases that occurred in neonates, infants, or
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children (,18 years of age) (1, 2, 550, 572, 652, 736). A summary of the pediatric cases
analyzed by the consortium in its various studies is included in Table 8 (1, 2, 550, 572,
652, 736).

There are certain differences between pediatric and adult patients (1, 2, 550, 572,
652, 736). The most important differences are the underlying conditions in pediatric
compared to adult cases. The underlying conditions in pediatric patients frequently
associated with OA fungal infections are (i) neonatal age, especially prematurity; (ii) pri-
mary immunodeficiencies, mainly chronic granulomatous disease (CGD); (iii) acquired
immunodeficiencies following many conditions, including hematological malignancies,
transplantation, and the administration of immunosuppressive agents; and (iv) various
predisposing conditions in immunocompetent children, such as trauma and other
types of injury (1, 2, 550, 572, 652, 736). The first two categories are relatively more
unique in pediatric patients, whereas the latter two categories are no different from
those for adults.

Pathogenesis and host defenses. Pathogenesis and host defenses depend on the
underlying condition. For example, the pathogenesis of osteoarticular Candida infec-
tion is different in neonates in whom the infection is in both joints and adjacent bones
and takes the form of osteoarthritis (656). This usually happens because there are no
strict blood circulation borders between bones and joints, and inflammation usually
disseminates to both areas.

In infants and children with primary immunodeficiencies, the most frequent under-
lying immune impairment is underlying CGD, in which NADPH-dependent oxidative
fungal killing does not function properly due to phagocyte NADPH oxidase defects
(1255). In these cases, the most frequent fungi causing OA infections are Aspergillus
species (540, 1256, 1257). Aspergillus nidulans is uniquely found to cause OA infections
in patients with CGD (540, 1256). In the database of the Osteoarticular Mycoses
Consortium, 73% of the pediatric patients with Aspergillus species osteomyelitis suf-
fered from CGD (550). This rate is much higher than in the general population of the
analysis (adults and children), of whom only 15% of the patients suffered from CGD
and the majority of the patients suffered from other underlying diseases. For osteomy-
elitis caused by Candida spp. and Aspergillus spp., the hematogenous spread of infec-
tion is the most common mode of infection, while for non-Aspergillus osteoarticular
infections, direct inoculation is most common (2, 550, 652).

Clinical manifestations. There are some unique clinical characteristics of OA fungal
infections in pediatric patients. In premature neonates, arthritis and osteomyelitis usu-
ally occur together and manifest as painful swelling of the corresponding extremity (2).
In older pediatric patients, the majority of cases are accompanied by local symptoms,
including limitation of movement, pain, swelling (inflammatory signs), and fever (1, 2,
550, 572, 652, 736). Specifically, fever has been significantly more frequently reported
in pediatric patients than in adults with non-Aspergillus OA infections (61% versus 22%
[P, 0.001]) (652).

Although Aspergillus osteomyelitis has been shown to be more frequent in pediatric
CGD patients than in adults, there has been no difference in the specific analysis of the
Osteoarticular Mycoses Consortium database in non-Aspergillus cases (652). The rea-
sons for this are unclear. It may be that CGD patients present with non-Aspergillus OA
infection in adulthood as well, and thus, there is no age-specific difference. The num-
bers of cases of non-Aspergillus OA infection, however, have been small in both chil-
dren and adults with CGD.

There are a number of differences in Aspergillus and non-Aspergillus osteomyelitis
cases between pediatric and adult patients in the consortium database (550, 572, 652).
In the series of Aspergillus osteomyelitis cases, rib involvement was significantly more
frequently present in infants, toddlers, and children (12/37 [32%]) than in adults (15/
141 [11%]) (P = 0.003). This difference may be attributed to the association between
primary immunodeficiency, particularly CGD, and Aspergillus osteomyelitis in children
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(550). In addition, direct inoculation caused by trauma-associated infections was
reported more frequently in adults (35/141 [25%]) than in children (3/37 [8%]) (550).

In the series of non-Aspergillus OA infections, lower limb infections were signifi-
cantly more frequently reported in children, while vertebral osteomyelitis (due to he-
matogenous spread from a site of pulmonary infection or direct inoculation) was more
frequently reported in adults (5). Regarding septic arthritis caused by non-Aspergillus
filamentous fungi, the knee was the most common involvement (68%) in both adults
and children (652). Although there were no significant differences in the numbers of
immunocompromised patients, adults had fewer clinical symptoms and signs, such as
fever, limitation of movement, or local inflammatory signs, than children (652).

Laboratory diagnostics. Nonspecific inflammatory indices, such as the erythrocyte
sedimentation rate and C-reactive protein level, are not different between children and
adults with OA fungal infections (1–6). Reviews of different diseases and fungi have
shown that inflammatory indices are increased but in no unique manner (1, 2, 550,
572, 652, 736). However, specifically for non-Aspergillus OA infections, higher mean
CRP values have been reported for pediatric than for adult patients (110 6 130 mg/L
versus 476 39 mg/L [P = 0.034]) (652).

In comparison, among serum biomarkers, (1!3)-b-D-glucan (BDG) has not been
proven to be useful for pediatric patients, in contrast to adults, where it has been
shown to aid in diagnosis (1258, 1259).

On the other hand, serum galactomannan has been proven to be a useful bio-
marker in both children and adults, with angioinvasive aspergillosis being most fre-
quently reported in neutropenic patients (1258, 1259). However, its role is minimal in
both adults and children with nonangioinvasive Aspergillus infections, such as those
occurring in patients with CGD, nonneutropenic patients with organ transplantation,
or immunocompetent patients with trauma. Notably, the existence of galactomannan
in joint fluid is indicative of arthritis due to Aspergillus in both adults and children.

Diagnostic imaging. Differences in imaging between adults and children with inva-
sive fungal infections exist mainly in the pulmonary findings in filamentous fungal
infections. For example, halo and crescent signs are not as frequently shown as non-
specific nodules and opacities in the lungs of children as they are in the lungs of adults
(1260, 1261). However, ultrasound, CT scan, or MRI as well as technetium radionuclide
scan of bones and joints show the same findings for patients of all ages.

Treatment and outcome. The general principles for the treatment of various types
of OA fungal infections are the same regardless of age (47, 48, 1262). Of course, in neo-
nates and young children, the osteoarticular tissues are in a growing state, and any
damage can permanently impair bone and joint growth and formation. Thus, it is very
important to start treatment as early as possible in young children and to remove any
purulent material from the joint, if possible. The general principles of OA fungal infec-
tions are the cleaning and removal of the damaged tissue, administration of the appro-
priate antifungal treatment, and decrease of the immunosuppressive treatment for the
underlying disease, if this is feasible (383).

With regard to antifungal treatment, there are some agents that are not allowed to
be used or have to be used with caution in young patients (1263). For example, vorico-
nazole is not approved for use in children ,2 years of age (Table 9) (47, 48, 1263). In
addition, the dosages of antifungal agents in children may be very different (usually
higher) than those in adults. For example, in order to achieve similar levels in the se-
rum in young children, the dosage of voriconazole is not 3 mg/kg BID, which is usually
administered to adults, but 9 mg/kg BID due to the different pharmacokinetics of the
drug. When it is administered to infants, the dosage may be even higher in order to
achieve therapeutic drug levels. In contrast, while we do not know much about liposo-
mal amphotericin B in young children, we can use it for patients of all ages, including
premature infants.

With regard to antifungal prevention of fungal infections, the principles and the
high-risk factors in children are similar to those in adults. The differences are in the
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type of antifungal agent to be used because not all antifungal agents have been
approved for pediatric patients. For example, posaconazole is recommended for adults
(.18 years) and older children $13 years of age with the need for antifungal prophy-
laxis, whereas it has not been approved for younger children. Itraconazole or posaco-
nazole can be used for antifungal prophylaxis in pediatric patients with CGD.

Fungal Prosthetic Joint Infections

Epidemiology. Over the lifetime of a prosthetic joint, the rate of developing a PJI is
approximately 1 to 2%, of which fewer than 1% are fungal PJIs (270, 1264). The largest
series of fungal PJIs from two North American medical centers over 10 years, reporting
on 41 cases, found that 61% of PJIs were caused by C. albicans and noted that the
recent receipt of antibiotics and prolonged postoperative wound drainage were risk
factors for fungal PJIs (1265).

A review of over 25,000 total knee arthroplasties performed between 2005 and
2009 in South Korea identified only 30 instances of fungal PJI (for an incidence of
0.12%) (1266). A comprehensive literature review of 164 cases of fungal hip and knee
PJIs in 2013 found moderate preponderances of women compared to men (64%) and
infected knees compared to hips (57%) (1267).

Concomitant bacterial infection was common, complicating one-third of these
cases. Two multicenter cohorts of 28 (1266) and 31 (1268) patients with fungal PJI
each found a lower rate of bacterial coinfection of 16%. The age at presentation was
not reported by Kuiper et al. (1267); however, similar literature reviews have reported
average ages of presentation in the late 60s (382, 1269, 1270). Fungal infections of
prosthetic joints other than the knee and hip have been reported but only in small
numbers (1271, 1272).

While a wide variety of yeasts and molds have been reported to cause prosthetic
joint infections, including dimorphic fungi (1066, 1273–1275), hyaline hyphomycetes
(1276), and dematiaceous fungi (1268), Candida species seem to cause the large major-
ity. As a result, any meaningful review of fungal PJIs will primarily provide insight into
the nature of Candida prosthetic joint infections; non-Candida PJIs are too infrequently
encountered to make any specific inferences regarding clinical presentation, risk fac-
tors, or treatment. The published experience with Candida PJIs is comprised largely of
case reports and small case series. Multiple systematic reviews of the literature have
found Candida infections to account for .80% of the reported fungal PJIs, with C. albi-
cans, followed by C. parapsilosis, being the most commonly identified species (1267,
1269, 1270). In the largest single multicenter series of patients with fungal PJIs, a com-
pilation of 31 patients were identified from a consortium of six medical centers
between 1999 and 2006, 28 (90.3%) of whom had Candida species infections, with
over two-thirds of the infections being identified as C. albicans infections (1268).

While a wide array of risk factors for fungal PJIs has been suggested, including rheu-
matoid arthritis and other immunocompromising conditions, diabetes, obesity, and a
previous bacterial prosthetic joint infection (1277), many of these risk factors overlap
those for bacterial PJIs. Thus, their specificity for fungal PJIs is unclear. Prior revision
arthroplasty in patients with fungal PJIs has frequently been reported, documented in
65% of patients in one multicenter cohort (1268) and 44% of patients reported in a sys-
temic literature review (1267).

The specific risk factors associated with invasive Candida infections, such as profound
immunosuppression (hematological malignancy or organ transplant), the receipt of
broad-spectrum antibiotics, the presence of central venous catheters, and hemodialysis
(1278), are not as frequently encountered in patients with Candida PJIs. It is not unusual
for Candida PJIs to arise in the absence of ordinary risk factors, with 30 to 50% of
reported patients having no risk factor for invasive Candida infection (332, 382, 1269).

Upwards of 50% or more of patients with Candida PJIs have undergone a prior sur-
gical revision of the affected arthroplasty (1279, 1280). Unlike Candida osteomyelitis
and septic arthritis (1, 2), concurrent or prior candidemia, or infection via contiguous
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foci, is rarely encountered in Candida PJIs (382, 1281). Candida PJIs following therapy
for candidemia are rare but have been clearly described (1282, 1283).

Specific risk factors for non-Candida fungal PJIs are even less well understood owing
to their infrequent occurrence. Other than some of the dimorphic yeasts, most fungi
cause osteoarticular infections in only profoundly immunosuppressed patients or in
the setting of trauma (550). However, a variety of yeasts and molds have been reported
to sporadically cause prosthetic joint infection in seemingly otherwise healthy patients,
including Aspergillus, Trichosporon, and Rhodotorula species (1284–1286). As many of
the dimorphic fungi have been reported to cause PJIs, travel history may help establish
a diagnosis (841, 1066).

Pathogenesis. The pathogenesis of fungal PJI is likely similar to that of bacterial PJI.
The joint can become infected hematogenously, or infection can be acquired during
implantation. Less commonly, the joint can become infected via a contiguous focus or
penetrating trauma exposing the prosthesis. As with other foreign-body infections, the
formation of a biofilm plays an integral role in allowing these infections to develop.
Many of the medically important fungi, including Candida, Aspergillus, and Trichosporon,
can readily form biofilms (1287). Similar to their bacterial counterparts, fungi that cease
planktonic growth and form biofilms can develop higher levels of resistance to antifun-
gal agents (1288, 1289). Biofilm formation also allows fungal prosthetic joint infections
to develop years after hematogenous seeding (1282, 1283) or following treatment of
Candida septic arthritis (320).

Clinical manifestations. The presentation of fungal PJI is often indistinguishable
from that of chronic bacterial joint infection. Of the 31 patients reported in a multi-
institutional study, none were reported to have any systemic signs or symptoms,
including fever (1268). In a review of 164 patients with fungal PJIs (1267), the most
common presenting symptoms were pain (78% of patients) and swelling (65%), while
symptoms of acute inflammation (redness and fever) were found in fewer than 10% of
the patients. This case series also demonstrated wide ranges from the time of prosthe-
sis implantation to the onset of fungal PJI. The average time from onset to diagnosis
following the most recent arthroplasty was 27 months, but the range was from 2 weeks
to 22 years. The time interval between the onset of symptoms and diagnosis is a reflec-
tion of the typically subacute clinical presentation of fungal PJIs and the relative insen-
sitivity of techniques to detect the presence of yeasts and molds. Local findings such
as draining sinuses can also be found on presentation (1266). As with bacteria, fungal
PJI may manifest as a metastatic complication of a multifocal hematogenous infection.

Laboratory features. Synovial fluid studies and cultures, histopathology, and clinical
presentation are generally required to establish a diagnosis of fungal PJI; both the
IDSA and the Musculoskeletal Infection Society (MSIS) have established guidelines to
assist clinicians (1289, 1290). Some, like Candida species, can be identified via culture
of the synovial fluid or tissue and may be identified using routinely employed manual
and automated microbiological techniques, without the use of specialized media
(1289). In a review of 73 cases of Candida prosthetic joint infection, 45% were identified
in an aspirate culture alone, 22% were identified in a culture of intraoperative tissue,
and 25% were identified in both. In order to prevent a delay in diagnosis, the signifi-
cance of finding Candida in such specimens needs to be appreciated: among 84 cases
for whom the interpretation of the initial cultures was reported, 21% of the cultures
were considered to be contaminants (1267). Notably, Candida species should never be
regarded as a contaminant in intraoperative cultures of normally sterile prostheses.

Other fungi, such as endemic dimorphic fungal pathogens, may require alternative
culture techniques and media to be identified. Therefore, the diagnosis of fungal PJIs,
particularly non-Candida infections, requires a heightened level of clinical suspicion as
routine testing can fail to identify the pathogen. In up to one-third of the reported
cases, more than one aspirate culture was required to confirm the diagnosis (1289).
The role of molecular diagnostics in microbiology is rapidly advancing and will very
likely contribute greatly toward identifying fungal pathogens (1276).
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As seen with bacterial PJIs, routine blood testing is rarely helpful in the diagnosis of
fungal PJIs (81). Even systemic inflammatory markers (ESR and CRP), which are incorpo-
rated into the MSIS criteria, are relatively nonspecific and insensitive for fungal PJIs
(1269, 1270). Likewise, neither inflammatory markers nor synovial fluid cell counts
helped to differentiate between fungal and bacterial infections (1291).

Diagnostic imaging. In cases where radiographic data were available, the most
commonly reported radiological finding on plain film was loosening of the prosthesis;
much less commonly, osteolysis or bony destruction was detected (1269, 1270).
However, the absence of any imaging abnormalities is common. As with bacterial PJIs,
routine radiology studies rarely have a significant role in establishing a diagnosis (81).
The role of more advanced imaging, such as CT and/or MRI or nuclear imaging studies,
is likely similar to that in the setting of more routine bacterial PJIs, but the results of
such imaging modalities in the specific setting of fungal PJIs have infrequently been
reported (1292).

Treatment and outcome. As with bacterial PJIs, the optimal treatment for fungal
PJIs requires both surgical and medical treatment. A series of 31 fungal PJIs (80% of
which were caused by Candida species) noted rates of survivorship free of reinfection
of 38% and 76% for hips and knees, respectively (88). The use of either modality with-
out the other is rarely successful, and as with other foreign-body-associated infections,
the likelihood of a cure of a fungal PJI is determined largely by whether the prosthesis
can be removed or must be left in situ.

(i) Surgical therapy. While surgery is required to successfully treat fungal PJIs, the
optimal surgical approach to treatment has not been fully realized. Current IDSA
guidelines address fungal infections only briefly, noting that they are considered to be
difficult to treat, and therefore, a two-stage approach is recommended (1290). Hwang
et al., reporting on the outcomes of two-stage exchanges for 30 fungal knee infections
done at 4 medical centers, found that infection recurred after reimplantation in only 2
of the cases, with a microbiological success rate of over 90% (1266). Delayed reimplan-
tation was performed at a mean of 9.5 weeks (range, 6 to 24 weeks). Two of the
patients required repeat debridement with spacer exchange because of uncontrolled
infection, prior to undergoing reimplantation. The mean follow-up time for nonin-
fected cases was 4.3 years. However, the results from a contemporary series reporting
on 31 cases treated at 6 medical centers were less encouraging: fewer than one-third
of the patients undergoing resection arthroplasty could be cured with the completion
of the two-stage approach. Of the 29 patients who underwent resection arthroplasty
and spacer placement, only 19 were able to undergo delayed reimplantation. The aver-
age time between the two stages was 28 weeks (range, 8 weeks to 56 weeks). Infection
was eradicated in only 9 of the 19 patients; the remaining 10 had persistent or relaps-
ing infection. This represents a much lower success rate than those of similar treat-
ments for bacterial PJIs. These more dismal results were reflected in a systemic review
of the literature, which analyzed the outcomes of 164 reported cases of fungal PJIs
(1267). Of the 107 patients who underwent a two-stage exchange and had a 2-year fol-
low-up, only 58% were cured.

Several case reports have documented successful treatment with a one-stage
approach (1293, 1294). The largest case series to date comprises 10 patients with
Candida PJIs treated at a single center in Germany, reporting a successful cure in 9
patients with a mean follow-up time of 7 years (1295). The patients were treated with
intravenous antifungal agents for a mean of 10 days, followed by oral antifungal treat-
ment for a mean of 5 weeks. Antifungal agents were not used in the orthopedic
cement. Additional studies will be required to determine if this level of success can be
duplicated at other centers.

There are reports of the successful retention of infected implants with debridement
and systemic antifungal agents alone (332, 1296). Likewise, some successful outcomes
with antifungal chemotherapy alone, without any surgical intervention, have been
reported (1297–1299). On the other hand, two case reports detailed successful
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treatment with surgery only; no systemic antifungals were given (349, 1279). Overall,
despite anecdotal reports, combination strategies with adequate source control and
potent antifungal agents are likely to be the optimal approach for a patient with a fun-
gal PJI. Attempts to treat the patient without the removal of the infected hardware
generally meet with poor outcomes and are not recommended (1266–1268).

(ii) Antifungal chemotherapy. The choice of antifungal agent is dependent primar-
ily on the identity and pattern of susceptibility of the fungus in question. While the
specific treatment of prosthetic joint infections is generally not directly addressed, the
IDSA has published treatment guidelines for a number of invasive fungal infections,
which can help guide the choice of antifungal agent and the duration of treatment, as
summarized in Table 10 (48, 67, 267, 903, 1058, 1134, 1300).

For prosthetic joint infections specifically, no standardized guidelines have been
published. The body of published literature focuses on the treatment of Candida PJIs,
with the overwhelming majority of cases reporting the use of AmB or fluconazole
(1267). Treatment with echinocandins has been reported as well but generally as part
of a dual-therapy regimen (389). A series of 17 PJI patients had favorable outcomes af-
ter treatment with surgery and echinocandins (1301).

Antifungal treatment protocols have varied greatly, with .20% reporting the use of
multidrug regimens (389, 1270). Most authors recommend a minimum of 6 weeks,
while some advocate longer treatments (1267). In some cases, patients were managed
with chronic antifungal suppression (841, 1273). Success in a series of cases using intra-
operative lavage with an AmB solution has been reported (270).

(iii) Spacers. Data addressing the effectiveness of antifungal spacers and depot for-
mulations of antifungal agents in orthopedic surgery are limited. Temporary arthro-
plasty spacers serve two functions: (i) they maintain the anatomical relationship at the
arthroplasty site, which improves the ease of reimplantation, and (ii) they also can
elute antimicrobial agents, which may help eradicate local residual infection. Several
studies have reported on biodegradable (hydroxyapatite [HAP] and calcium sulfate
products) and nonbiodegradable (polymethylmethacrylate [PMMA] bone cement)
materials loaded with antifungal agents as adjunctive treatments for fungal PJIs, in the
form of both beads and spacers. Various in vitro models have also been used in
attempts to better understand the stability and elution properties of the available anti-
fungals and to compare them to each other. As when assessing the utility of an antibi-
otic for use in bone cement for the treatment of a bacterial PJI, the ideal antifungal
must possess several qualities (910). The antifungal must elute from the cement in a
predictable and prolonged manner at levels that are clinically meaningful. The antifun-
gal must be heat stable in order to survive the polymerization process and maintain bi-
ological function (which is typically more of an issue with PMMA than with degradable
materials). It must not impair the mechanical properties of the cement and should not
cause local tissue or systemic toxicity. The antifungal should also be available in a pow-
der form as the excess volume of aqueous formulations added to the cement can
weaken the cement’s mechanical properties. To date, consensus as to which antifungal
agents are suitable candidates for inclusion in bone cement is lacking.

There are fewer than two dozen published studies addressing the in vitro properties
of antifungal-loaded bone cement. The majority of these studies address the use of
AmB in PMMA. It has a broad spectrum of antifungal activity, making it an attractive
candidate for treatment; local depot formulations might minimize the systemic toxicity
associated with parenteral use while delivering high doses to the local tissues. While
AmB has been shown to be heat stable, retaining its activity after undergoing the poly-
merization process, its elution properties vary widely among studies, with some inves-
tigators finding little to no release of AmB (909, 1302, 1303) and others citing pro-
longed elution at therapeutic doses (910, 1304). Differences in the percentages (by
weight) of AmB used as well as variations in assays likely contribute to the inconsistent
findings. Reports of the effects of AmB on the compressive strength of the cement
have been conflicting as well. One study found that AmB increased the compressive
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strength of the cement, without affecting the compressive modulus or compressive
strain to failure, leading to the postulation that AmB binds to the cement, preventing
effective elution (1303). Other studies also demonstrating poor elution qualities have
not confirmed this finding (909, 1305). The potential of the liposomal formulation of
AmB (LAB) has been assessed only once (1305). In a direct comparison with AmB, LAB
was found to elute in a larger amount than AmB, but the compressive strength of the
cement was weakened below the strength recommendations for implant fixation.
Furthermore, the compressive strength further deteriorated as LAB eluted over time;

TABLE 10 IDSA guidelines for the treatment of osteoarticular mycosesa

Pathogen(s) Antifungal agent Duration Description
Candida spp. Fluconazole Septic arthritis, 6 wks; osteomyelitis,

6–12 mo
The choice of antifungal agent
should be guided by susceptibility
testing

Echinocandin (caspofungin,
micafungin, or anidulafungin) for
at least 2 wks followed by
fluconazole or

Liposomal AmB for at least 2 wks
followed by fluconazole

Aspergillus spp. Primary, voriconazole No fewer than 8 wks to.6 mo Guidelines recommend following the
same treatment protocols as the
ones for invasive pulmonary
aspergillosis, but note that there is
little experience with
echinocandins for the treatment of
Aspergillus OA infection

Alternative, liposomal AmB
Salvage, ABLC, caspofungin,
micafungin, posaconazole,
itraconazole

Blastomyces dermatitidis Mild-to-moderate disease,
itraconazole

At least 12 mo

Severe disease, liposomal AmB for
2 wks followed by itraconazole

Coccidioides immitis Mild-to-moderate disease,
fluconazole or itraconazole

3 yrs to indefinite

Severe disease, liposomal AmB for
3 mo followed by fluconazole or
itraconazole

Cryptococcus neoformans Fluconazole for patients without
cryptococcemia and with a single
site of infection and no
immunosuppressive risk factors

Maintenance therapy of fluconazole
for 6–12 mo; depending on the
immune status, patients may
require long-term secondary
prophylaxis with fluconazole

Osteoarticular infections are not
specifically addressed in current
IDSA guidelines;
recommendations for
extrapulmonary non-CNS
cryptococcosis in
immunocompetent patients are to
follow the treatment protocol for
CNS disease listed here (see the
guidelines for separate
recommendations for HIV-positive
patients and transplant recipients)

Otherwise, (i) induction with AmB
plus flucytosine for 4 wks, AmB for
6 wks; liposomal AmB or ABLC
combined with flucytosine, if
possible, for 4 wks; or AmB plus
flucytosine for 2 wks (for patients
at low risk for therapeutic failure
[see guidelines]) or (ii)
consolidation therapy with
fluconazole (400–800 mg/day) for
8 wks

Histoplasma capsulatum Mild-to-moderate disease,
itraconazole

At least 12 mo Histoplasma osteoarticular infections
usually occur in the setting of
disseminated diseaseSevere disease, liposomal AmB for

2–6 wks followed by itraconazole

Sporothrix schenckii Preferred, itraconazole At least 12 mo Alternative, liposomal AmB with a
change to itraconazole after a
favorable response is achieved

aRefer to IDSA guidelines for dosing recommendations. Abbreviations: ABLC, amphotericin B lipid complex; AmB, amphotericin B.
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this was not observed with AmB. The impact of these structural differences may be
less relevant when the cement is used in a temporary spacer as opposed to being used
for implant fixation.

Both fluconazole and voriconazole have also been found to be heat stable and to
retain their antifungal properties following polymerization. Two studies have evaluated
fluconazole’s elution properties. Using agar diffusion plates, Silverberg et al. found that
fluconazole PMMA discs generated zones of inhibition against 24- to 28-h agar cultures
of Candida parapsilosis (1302). Sealy et al. detected the elution of fluconazole from
PMMA beads for 33 to 42 days and from hydroxyapatite for 18 to 22 days before
becoming undetectable, compared to the elution of amphotericin from both cements
for over 110 days (910).

Three experimental models of voriconazole elution have been reported, with vary-
ing results. Grimsrud et al. reported the detection of the stable elution of voriconazole
(30%, by weight) from both PMMA and calcium sulfate beads over a 2-week period
(1306), while Rouse et al. found that detectable levels in PMMA beads containing vori-
conazole at 7.5% (by weight) lasted only approximately 10 h (1307). In addition to the
composition (by weight) of voriconazole in the cement, these studies also had impor-
tant methodological differences, making a true comparison difficult. In a third study,
using both 300 mg and 600 mg of voriconazole per batch of Simplex P acrylic cement,
Miller et al. (1308) found the cumulative release of voriconazole to be dose dependent,
with the rate of elution dropping rapidly after 7 days. This was the only one of the
three studies to assess compressive strength. A significant loss of compressive strength
with voriconazole was noted over time: by the end of 30 days, the compressive
strength of the 600-mg model fell below that found in the commonly used antibacte-
rial-loaded cement.

There are few data available regarding other antifungal agents. Neither Sealy et al.
(910) nor Rouse et al. (1307) detected any elution of anidulafungin from PMMA beads,
although Sealy et al. (910) did find that anidulafungin eluted from HAP beads for 18 to
22 days. Sealy et al. (910) assessed several other antifungal agents. No elution was
detected from either PMMA or HAP beads infused with micafungin or terbinafine.
Flucytosine performed comparably to fluconazole, with detectable elution from both
PMMA and HAP beads for approximately 3 weeks. However, Silverberg et al. (1302) did
not detect any zone of inhibition when using flucytosine-loaded PMMA discs, suggest-
ing that flucytosine did not retain its activity following polymerization.

The published literature evaluating the clinical aspects of antifungal-loaded bone
cement is sparse. A 2014 review of the literature identified seven cases of Candida PJIs
where the outcomes of the use of antifungal-loaded PMMA were reported (1309). One
patient underwent single-stage exchange arthroplasty using fluconazole-loaded
cement to fix the prosthesis, and the remaining six underwent placement of antifun-
gal-loaded cement as part of a two-stage exchange arthroplasty, two with beads and
four with spacers. Successful outcomes were reported for five of these seven patients,
including the patient who underwent the single-stage exchange, although the follow-
up was limited to a mean of 17 months. AmB was used in three patients with spacers,
and fluconazole was used in the other four. In three cases, two with fluconazole beads
(1310) and one with an AmB spacer (1311), the concentration of the antifungal used
was postoperatively assayed in the wound drainage fluid for several days, and thera-
peutic levels were noted. Following this literature review, three single-center case se-
ries reporting on the use of antifungal-loaded cement spacers have emerged; in each
series, AmB was used in the spacer (1312–1314). In addition, a case report detailed the
successful use of a dual-antifungal spacer to treat a C. albicans-infected total hip pros-
thesis. Voriconazole and AmB were used together in the cement, with detectable levels
of each antifungal being found in the wound fluid over the first 72 h (1315).

Overall, the rarity of the diagnosis and heterogeneity in methods make it difficult to
reach conclusions about the optimal formulations and strategies of depot antifungals
for PJI therapy. Virtually no studies have explored depot antifungal cement for non-
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Candida fungal prosthetic joint infections, other than limited case reports including
Blastomyces (1275) and histoplasmosis (1316).

(iv) Other modalities for antimicrobial therapy of PJI. Given the high morbidity rates
and limited success of conventional therapy for bacterial PJIs, some centers have investi-
gated the use of intra-articular antibiotics instilled directly into the joint for a prolonged
treatment course (1317). Whether this modality is effective for the treatment of fungal PJIs
is not clear; the published literature on intra-articular treatment is limited to a single inter-
esting report (1318) of two patients who were successfully treated with one-stage prosthe-
sis exchange and 6 weeks of intra-articular amphotericin B.

Autoimmune Diseases and Osteoarticular Mycoses

Anti-TNF-a blockade and fungal infections. TNF-a inhibitors are considered a mile-
stone therapeutic strategy to control autoimmune rheumatic diseases (ARDs). The
TNF-a pathway exerts a potent regulatory role on the innate immune system against
infectious diseases by inducing a cascade of cytokines and interacting with inflamma-
tory cells, leading to cell apoptosis. The risk of developing disseminated tuberculosis
(TB) or activating latent tuberculosis increases dramatically when using anti-TNF-a
blockers (1319). Histoplasmosis may also develop in patients from areas of endemicity
(1320). Both infections elicit a granulomatous reaction. In contrast, the risk of develop-
ing other invasive fungal infections remains relatively low. A blockage in protection
against invasive fungal disease and phagocyte recruitment will downregulate the Th1
response, compromising T cell activation, which is responsible for the innate immune
reaction against fungi (1321).

The vast majority of fungal infections related to anti-TNF-a therapeutic components
refer to patients with rheumatoid arthritis (RA), notably pertaining to the respiratory
system (1321).

Candida osteoarticular mycoses and anti-TNF-a blockade. A. Huang et al. reported
a case of an 11-year-old patient with C. parapsilosis vertebral osteoarticular infection fol-
lowing infliximab administration for refractory Crohn’s disease (283). He was admitted to
the hospital with worsening lumbosacral spine pain and urinary incontinence causing limi-
tation of movement. There was no history of trauma, use of injected drugs, or preceding
use of broad-spectrum antibiotics. MRI disclosed an abnormal enhancement of the first
sacral body, compatible with sacral osteomyelitis. Infliximab administration was discontin-
ued. Culture of a specimen obtained by CT-guided bone biopsy grew C. parapsilosis.
Following fluconazole initiation, the clinical symptomatology improved rapidly, while lum-
bosacral spine MRI showed complete radiological resolution a few months later (283).

Candida osteomyelitis and autoimmune rheumatic diseases. For patients suffering
from ARDs, the affected bones and joints necessitate a broad differential diagnosis to
include osteoarticular fungal infections. Osteomyelitis due to Candida spp. is being
reported at an increasing frequency (1). A total of five well-described cases of Candida
osteomyelitis in patients with ARD have been identified in the literature (1, 130, 175,
241, 244). Three patients suffered from systemic lupus erythematosus (SLE), one suf-
fered from Bechet’s disease, and one suffered from RA (1).

(i) History. The first case of Candida vertebral osteomyelitis and SLE was diagnosed in
a 30-year-old female who presented with local pain and edema in the lumbar spine in
association with radiological evidence of osteolysis, osteosclerosis, and extension into soft
tissues. Candida albicans was repeatedly isolated from blood cultures (periphery and tip of
the subclavian catheter) and bone specimens obtained via needle biopsy of the third lum-
bar vertebra (L3). The patient suffered from SLE-nephritis and had received glucocorticos-
teroids and parenteral nutrition in the preceding period. She achieved a complete
response following treatment with ketoconazole for 210 days (241).

(ii) Epidemiology and clinical manifestations. There were four female patients and
one male patient (age range, 30 to 64 years). Three patients were receiving long-term
corticosteroids, and one patient had neutropenia. The most common localizing symp-
toms were pain (5/5), limitation of movement (3/5), and fever (2/5). The infection
affected the spine in four cases and the femur adjacent to the prosthetic hip joint,
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along with concomitant arthritis, in one case. Spinal involvement affected thoracic ver-
tebrae (1 case) and lumbar vertebrae (3 cases). All cases were de novo infections.

(iii) Laboratory features. Candida species in this patient population were isolated
from cultures of bone tissue samples obtained through percutaneous, imaging-guided
biopsy (all cases) and blood (one case). All patients had positive bone histology. In the
patient with a fungal prosthetic joint infection, Candida glabrata had also been isolated
from the urine and synovial fluid. In two patients, there were coinfections with other
pathogens (namely, S. aureus and enterococci). Among the Candida species, C. albicans
was identified in 3 patients, and C. glabrata was identified in 2. Three patients had
moderately elevated ESR values, and two patients had mild leukocytosis.

(iv) Diagnostic imaging studies. All four patients with spinal involvement had
imaging (conventional radiography, CT, and/or MRI) findings compatible with spondyli-
tis or spondylodiscitis, including osteolysis, erosion, and destruction of the affected
vertebrae along with reduced intervertebral space. Other findings were osteonecrosis
and sequestra. Two patients had paraspinal and/or soft tissue abscesses due to local
extension of the infection.

(v) Pathogenesis. Although candidemia had been documented in only one case,
the pattern of dissemination in all four cases of spondylitis was considered hematoge-
nous. Direct inoculation into the synovial fluid, development of septic arthritis, and
extension of the infection to the adjacent femur were the mechanisms of infection in
the patient with PJI.

(vi) Treatment and outcome. Three patients were treated with a combination of
surgery and antifungal therapy, while two patients were treated with antifungal agents
only. Surgical techniques comprised debridement, stabilization, and drainage of para-
spinal abscesses. The patient with fungal PJI underwent the removal of the prosthesis
and replacement in two stages. Antifungal regimens in these five patients included
AmB followed by fluconazole for 54 to 330 days, amphotericin B plus flucytosine for
30 days, AmB plus flucytosine and ketoconazole for 150 days, miconazole plus ketoco-
nazole for 210 days, and AmB plus fluconazole and caspofungin for 54 days. Three
patients achieved a complete response, while the remaining two patients had a partial
response and relapse.

Candida bursitis and autoimmune rheumatic diseases. Individual case reports indi-
cate that Candida bursitis can be a painful and debilitating osteoarticular mycosis (1).
Among 12 well-defined cases of Candida bursitis, 55% received systemic corticoste-
roids, and 2 received anti-TNF-a therapy (1). Four patients had an autoimmune rheu-
matic disease: two of them suffered from SLE, and the other two individuals had RA
(298, 302, 1322). Another patient with long-standing RA and olecranon bursitis due to
C. parapsilosis has also been reported (305).

(i) Epidemiology and clinical manifestations. All five cases were de novo infections,
with ages ranging from 59 to 73 years (mean, 65 years) and with a female predomi-
nance (female, 4/5). Two patients were receiving biological agents, two were receiving
methotrexate, and one was receiving a combination of methotrexate and infliximab,
while one patient was not receiving immunosuppressants at all. The onset of symp-
toms was typically slow and indolent. None of the patients had a fever; in contrast, all
of them had local pain, edema, erythema, and limitation of movement. The most fre-
quent sites of Candida bursitis were the olecranon bursae (3 cases), and the subacro-
mial bursa and the wrist bursa were affected in one case each. Further complicating
the differential diagnosis, two patients had concomitant arthritis and/or osteomyelitis,
while in one case, there was an extension of the infection to the adjacent muscles.

(ii) Laboratory features. Candida species were recovered from the synovial and/or
bursal fluid from each of the 5 patients. Candida parapsilosis was isolated in three
patients, and C. lusitaniae and C. albicans were isolated in one patient each. In one
case, there was bacterial coinfection with S. aureus. Only one patient had a blood cul-
ture that was positive for C. albicans. Synovial/bursal fluid WBC counts were available
for two patients and ranged from 3,100 cells/mm3 to 12,500 cells/mm3, with a
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differential neutrophil count ranging from 41% to 80%. Indices of inflammation, which
were available for only one patient, were as follows: a WBC counts 7,000 cells/mm3

(neutrophils, 56%; lymphocytes, 33%), an ESR value of 48 mm/h, and a CRP level of
6.7 mg/L (0 to 1 mg/L).

(iii) Diagnostic imaging studies. Imaging findings were available for two patients,
with nonspecific soft tissue swelling of the bursae being the predominant radiological
finding. However, in one patient, there was osteomyelitis with bone destruction, and
in the other, there were extrabursal findings, including joint effusion, decreased articu-
lar space, and extension into adjacent soft tissues.

(iv) Pathogenesis. Consistent with the recovery of Candida parapsilosis, direct inoc-
ulation was the predominant mechanism of infection in 3 cases (75%), as there was a
history of preceding trauma, orthopedic surgical intervention, or direct corticosteroid
injection. In on patient, there was hematogenous infection, as Candida bursitis devel-
oped after an episode of candidemia.

(v) Treatment and outcome. The majority of patients (4/5) were treated with a combi-
nation of antifungal therapy and surgery, while one patient received antifungal therapy
only. One patient received amphotericin B for 2 weeks, one received caspofungin and flu-
conazole for 20 days, one was treated initially with amphotericin B for 1 week and oral
fluconazole for an additional week, and finally, one was treated with the combination of
fluconazole plus 5-FC for 56 days. The latter patient, who also had contiguous Candida os-
teomyelitis and septic arthritis, had a persistent infection and reportedly received lifetime
fluconazole. Contrary to the favorable outcomes of Candida bursitis reported by
Gamaletsou et al. (1323), the outcomes for the five patients with ARD were ominous, as
only two patients achieved a complete response, one after an initial relapse. Two patients
had a partial response and relapse, while one patient died after a relapse.

Candida arthritis and autoimmune rheumatic diseases. Among the 112 well-docu-
mented cases of Candida arthritis described by M. N. Gamaletsou et al. (2), 2 had RA as
an underlying condition (313, 356). There have been four additional well-described
cases of Candida arthritis in patients with ARD published since that time (389, 1283,
1324). Notably, in a study of the preoperative presence of microorganisms in affected
knee joints of RA patients who needed total knee arthroplasty, in 2 out of 47 patients
(53 knees), Candida spp. were isolated from intraoperative tissue cultures, while the
patients had no signs of infection (387).

(i) Epidemiology and clinical manifestations. The ages of the patients ranged from
17 to 77 years, with a female predominance (female/male ratio of 5:1). Four patients
had RA, and two had SLE. Four patients were receiving chronic corticosteroids, two
were receiving methotrexate, and one was receiving mycophenolate mofetil. Three
patients had a hip infection, and three had a knee joint infection. All patients pre-
sented with symptoms and signs of septic arthritis, including pain, redness, edema,
and limitation of function, and in two patients, a sinus tract draining pus was present.

(ii) Laboratory features. For all patients, arthrocentesis produced cloudy synovial fluid,
with a WBC count ranging from 5,995 cells/mL to 38,000 cells/mL and a predominance of neu-
trophils. CRP levels ranged from 2.25 mg/dL to 19.8 mg/dL, and ESR values ranged from
98 mm/h to 120 mm/h. Culture of the synovial fluid yielded C. albicans in two patients, C.
glabrata in three, and C. orthopsilosis in one. None of the patients had a positive blood culture.

(iii) Pathogenesis. All six cases were de novo infections. Four out of the six patients
had Candida prosthetic joint infections, and two had Candida arthritis through direct
inoculation via a contaminated corticosteroid injection.

Although direct inoculation seems to be the predominant pathogenic mechanism
of Candida arthritis, an interesting theory suggests that Candida infection may lead
to a cascade of autoimmune responses similar to those in RA (338). The joint syno-
vium in post-Candida arthritis is similar to that of the rheumatoid “pannus.” When
Candida affects the joints, it leads to CD41 T cell activation targeting Candida epi-
topes within the infected joint, and this stimulates local inflammatory responses like
those in RA. This persistent fungal stimulation may lead to severe joint degeneration
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and, ultimately, the development of an autoimmune profile reaction against Candida
antigens.

(iv) Treatment and outcome. Three of the four patients with Candida PJI had the
prosthesis removed and an antibiotic spacer placed, and one underwent irrigation and
debridement. All six patients received protracted antifungal therapy, with the duration
of treatment ranging from 6 weeks to 12 months. The antifungal regimens included
monotherapy with fluconazole, caspofungin, amphotericin B, and miconazole or com-
binations of voriconazole along with intra-articular amphotericin B or caspofungin plus
fluconazole.

Regarding outcomes, the two patients with arthritis had a partial or no response
during the follow-up period, and in one patient with PJI, above-knee amputation was
necessary due to the persistence of the infection.

In summary, for patients suffering from ARD with signs and symptoms of septic ar-
thritis, Candida arthritis should be considered in the differential diagnosis before a final
clinical decision is reached, especially when severe immunosuppressive agents are
considered in the therapeutic plan.

Dimorphic fungal osteoarticular infections and autoimmune rheumatic dis-
eases. (i) Talaromyces marneffei osteomyelitis and autoimmune rheumatic diseases.
Talaromyces marneffei infection of bones and joints is relatively rare and occurs in areas
of endemicity such as Southeast Asia and southern China. There is only one well-
described case of Talaromyces marneffei osteomyelitis in a patient with ARD (1149).
The patient was a 30-year-old Filipino woman with a history of mixed connective tissue
disease who developed multifocal Talaromyces marneffei osteomyelitis of the axial skel-
eton along with multiple soft tissue abscesses.

(ii) Osteoarticular histoplasmosis and autoimmune rheumatic diseases. There is
one well-described case of septic arthritis due to H. capsulatum in a patient with RA (1325).
An 86-year-old female patient presented at the hospital with fever, malaise, and symptoms
of single-shoulder joint arthritis (pain, erythema, and edema) following a history of recent
trauma. The patient suffered from RA and was administered weekly methotrexate. Magnetic
resonance imaging of the shoulder revealed effusion in the subacromial and subdeltoid bur-
sae, whereas the glenohumeral joint had no evidence of adjacent osteomyelitis.

FUTURE DIRECTIONS

Osteoarticular mycoses are uncommon and debilitating infections that warrant
investigation into several key areas: pathogenesis, clinical epidemiology, laboratory di-
agnosis, and antifungal therapeutics. Systematic investigations of the in vitro and in
vivo innate host defenses and biofilm formation are needed to understand the basic
pathogenesis of osteoarticular mycoses. The epidemiology of osteoarticular mycoses
may be best understood through a multicenter, multinational, prospective registry,
along with matched controls, to explore the epidemiology, risk factors, comparative
effectiveness, and outcomes. Laboratory diagnosis can be strengthened through the
integration of advanced imaging studies, such as [18F]FDG PET scanning technology,
with molecular biomarkers to establish rapid noninvasive techniques that would lead
to earlier treatment. Similar technologies can be applied for determining the optimal
duration of therapy, as guided by the resolution of imaging and biomarker signals.
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