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Background. The epidemiology, pathogenesis, clinical manifestations, management, and outcome of Candida
osteomyelitis are not well understood.

Methods. Cases of Candida osteomyelitis from 1970 through 2011 were reviewed. Underlying conditions,
microbiology, mechanisms of infection, clinical manifestations, antifungal therapy, and outcome were studied in
207 evaluable cases.

Results. Median age was 30 years (range, ≤ 1 month to 88 years) with a >2:1 male:female ratio. Most patients
(90%) were not neutropenic. Localizing pain, tenderness, and/or edema were present in 90% of patients. Mecha-
nisms of bone infection followed a pattern of hematogenous dissemination (67%), direct inoculation (25%), and
contiguous infection (9%). Coinciding with hematogenous infection, most patients had ≥2 infected bones. When
analyzed by age, the most common distribution of infected sites for adults was vertebra (odds ratio [OR], 0.09;
95% confidence interval [CI], .04–.25), rib, and sternum; for pediatric patients (≤18 years) the pattern was femur
(OR, 20.6; 95% CI, 8.4–48.1), humerus, then vertebra/ribs. Non-albicans Candida species caused 35% of cases.
Bacteria were recovered concomitantly from 12% of cases, underscoring the need for biopsy and/or culture.
Candida septic arthritis occurred concomitantly in 21%. Combined surgery and antifungal therapy were used in
48% of cases. The overall complete response rate of Candida osteomyelitis of 32% reflects the difficulty in treating
this infection. Relapsed infection, possibly related to inadequate duration of therapy, occurred among 32% who
ultimately achieved complete response.

Conclusions. Candida osteomyelitis is being reported with increasing frequency. Localizing symptoms are
usually present. Vertebrae are the most common sites in adults vs femora in children. Timely diagnosis of
Candida osteomyelitis with extended courses of 6–12 months of antifungal therapy, and surgical intervention,
when indicated, may improve outcome.

Candida osteomyelitis causes significant morbidity if
not recognized early or treated effectively [1, 2]. Char-
acterized by a chronic course from onset of symptoms,
Candida osteomyelitis may persist for months [3, 4].

As most reports of Candida osteomyelitis are limited
to individual case descriptions and relatively small
case series, there is no comprehensive analysis that ad-
dresses the demographic, clinical, orthopedic, labora-
tory, diagnostic imaging, and therapeutic aspects of
this infection. Moreover, there are numerous questions
on Candida osteomyelitis that have not been adequate-
ly answered in the current literature.

Whether the frequency of Candida osteomyelitis
has increased in parallel with reported cases of candi-
demia and other forms of invasive candidiasis is
unknown. The possible mechanisms of infection that
cause Candida osteomyelitis also are not known.
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Moreover, its osteoarticular distribution, clinical presentation,
and microbiology are not well characterized. Potential differenc-
es in pediatric and adult populations with Candida osteomyeli-
tis have not to our knowledge been systematically analyzed. To
our knowledge there has been no extensive analysis of underly-
ing mechanisms, clinical presentation, diagnostic imaging,
medical and surgical treatment, or response to therapy.

We therefore conducted a systematic review of Candida os-
teomyelitis and analyzed 207 patients who fulfilled prespeci-
fied criteria for this infection. Our objective was to describe
the demographics, possible mechanisms, clinical manifesta-
tions, osteoarticular features, diagnostic imaging, manage-
ment, and outcome of Candida osteomyelitis, as well as to
investigate and discuss potential differences between pediatric
and adult populations.

PATIENTS AND METHODS

Patients
Patients included in this study consisted of 2 original cases
and 205 cases of Candida osteomyelitis published in the
English literature from 1970 through 2011. We initiated our
search by reviewing the English references as published in
PubMed (http://www.ncbi.nlm.nih.gov/pubmed) using the key
words Candida, Torulopsis, candidiasis, osteomyelitis, and ar-
thritis. We then carefully included only well-described refer-
ences for single case reports or case series. After this initial
series of reports was reviewed, individual references listed in
each publication were again reviewed for ascertainment of ad-
ditional case reports.

Criteria for Inclusion of Cases of Candida Osteomyelitis
Cases selected in the initial screen were then included in the
final analysis if the following data were available: documenta-
tion of Candida osteomyelitis, anatomical location of infec-
tion, underlying condition, and therapeutic intervention.

Definitions
Proven osteomyelitis: (1) compatible clinical characteristics;
(2) consistent radiographic features; and (3) isolation of
Candida in culture and/or histology from samples of bone
tissue or metal hardware obtained by open surgery or percuta-
neous biopsy.

Probable osteomyelitis: (1) evidence of positive culture of
Candida and/or histology from other than bone tissue or
metal hardware specimens, including disk, cartilage, adjacent
abscess, blood, and synovial fluid with compatible clinical and
radiological features.

Pediatric patients: patients ≤18 years of age.
Neutropenia: absolute neutrophil count of <500/µL.

Possible mechanisms of development of Candida osteomye-
litis were classified as direct inoculation, contiguous spread,
and hematogenous dissemination.

Direct inoculation: seeding of bone tissue by external
trauma, open wound, ulcer, or surgical manipulation.

Contiguous infection: presence of an infectious Candida
process in close proximity to subsequently infected bone.

Hematogenous infection: seeding of bone tissue by blood-
stream route in the absence of contiguous or direct inoculation.

De novo Candida osteomyelitis: patients who were not re-
ceiving systemic antifungal therapy when the episode of
Candida osteomyelitis occurred.

Breakthrough Candida osteomyelitis: patients who were si-
multaneously receiving systemic antifungal agents before or at
onset of Candida osteoarticular infection.

Response to antifungal therapy with or without surgery:
complete response, partial response, or failure.

Complete response: complete resolution of clinical and ra-
diological findings of Candida osteomyelitis.

Partial response: incomplete resolution of clinical and/or ra-
diological findings of osteomyelitis, or partial clinical improve-
ment without availability of follow-up radiological data.

Relapse: recurrence of infection after complete or partial
response.

Failure: death or lack of complete or partial response
despite completion of antifungal therapy.

Data Collection and Analysis
Data regarding epidemiology, clinical and radiological fea-
tures, demographic characteristics, microbiology, manage-
ment, and outcome of patients were collected and analyzed
with descriptive statistics using Instat GraphPad (GraphPad
Software, San Diego, California). Continuous variables were
summarized using median and range and categorical variables
were summarized using frequencies and percentages. Odds

Figure 1. Number of reported cases of Candida osteomyelitis per
decade, 1970–2011.
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ratio (ORs) and 95% confidence intervals (CIs) for analysis of
differences between pediatric and adult cases were determined
for prespecified variables.

RESULTS

From 1970 through 2011, a total of 205 published cases [1–133]
of Candida osteomyelitis and 2 original cases from Weill
Cornell Medical Center of Cornell University (New York Pres-
byterian Hospital and the Hospital for Special Surgery) fulfilled
predefined criteria for evaluability. The number of cases in-
creased approximately 2-fold during the study period (Figure 1).

Demographic Characteristics and Underlying Conditions
Among a total of 207 cases of Candida osteomyelitis, median
age was 30 years (range, ≤1 month to 88 years) with a pre-
dominance of males (Table 1). The majority of patients were
not heavily immunosuppressed (ie, underlying hematology
malignancy, transplantation, or solid tumor). Only a minority
of patients (10%) had trauma or open wounds (Table 1).

Candidemia and Osteomyelitis
Candida osteomyelitis was the first proven Candida site in-
volvement in nearly one-half of patients (Table 1). The re-
maining half of patients initially had candidemia or other
form of candidiasis. Thirty-one patients (15%) had concomi-
tant candidemia at the time of diagnosis of Candida osteomy-
elitis (Table 2). Most cases of Candida osteomyelitis (71%)
were diagnosed before initiation of antifungal therapy, and the
remainder occurred as breakthrough infection during antifun-
gal therapy.

Classification of Candida Osteomyelitis and Mechanisms of
Osteoarticular Infection
One hundred thirty-six cases (66%) were proven and 71 (34%)
probable Candida osteomyelitis (Table 3). The apparent
mechanisms of Candida osteomyelitis consisted of hematoge-
nous dissemination (67%), direct inoculation (24%), and con-
tiguous infection (9%).

Osteoarticular Distribution
Consistent with a predominantly hematogenous process, the
majority of patients had 2 or more sites of infection. In de-
creasing order of frequency, Candida osteomyelitis involved

Table 1. Demographic Characteristics in 207 Cases of Candida
Osteomyelitis

Characteristic No. (%)

Median age (neonates–88 years)a 30 years

Adults (≥19 years) 164 (79)
Pediatric population 37 (18)

Neonates (<1 months) 11 (5)

Infants (<12 months) 15 (7)
Children (1 year–18 years) 11 (5)

Sex

Females 58 (28)
Males 146 (71)

Unknown 3 (1)

Underlying conditions
Solid tumors 19 (9)

Hematologic malignancy 17 (8)

Solid organ transplantation 5 (2)
Bone marrow transplantation 5 (2)

Surgery

Facial/neck 6 (3)
Thoracicb 31 (15)

Abdominalc 47 (23)

Orthopedicd 23 (11)
Prior broad-spectrum antibiotics 115 (56)

Prior antifungal agents 59 (29)

Central catheter 78 (38)
Open fracture 3 (1)

Trauma/open wound 20 (10)

Neutropenia 21 (10)
Corticosteroids 28 (14)

Table 1 continued.

Characteristic No. (%)

Pharmacological immunosuppression
other than corticosteroids

24 (12)

Total parenteral nutrition 39 (19)
Intravenous drug use 29 (14)

Intensive care unit 27 (13)

Alcohol abuse 12 (6)
Metal hardware/prosthesis 11 (5)

Human immunodeficiency virus 7 (3)

Hemodialysis 7 (3)
Previous bacterial osteomyelitis 4 (2)

Osteomyelitis as first proven site of candidiasis 100 (48)

Preceding Candida infection 107 (52)
Candidemia 57 (28)

Cutaneous and subcutaneous infection 61 (29)

Central catheter 35 (17)
Endocarditis 3 (1)

Candiduria 22 (11)

Eye 12 (6)
Abdominal cavity 11 (5)

Othere 22 (11)

a Six cases (3%) had lack of the age data point.
b Nineteen patients underwent sternotomy.
c Twelve patients had abdominal abscess and 8 had gastrointestinal rupture.
d Six patients underwent laminectomy.
e Oral cavity, lymph nodes, lungs, mediastinum, uterus, and liver.
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the vertebrae, femora, ribs, sternum, and humeri (Table 3). In-
tervertebral discs were infected in 82 (40%) patients, costo-
chondral, costosternal, and costoclavicular joints in 22 (11%),
and synovial joints in 43 (21%). The most common synovial
joints infected were knee (11%) and hip (5%).

Diagnostic Procedures
Candida osteomyelitis was diagnosed predominantly via direct
culture and less frequently by histopathology with or without

Table 2. Diagnostic Approaches and Microbiology of Candida
Species Causing Candida Osteomyelitis

No. (%)

Biopsya

Percutaneous/closed/guided biopsy 76 (37)
Open biopsy/surgery 70 (34)

Both percutaneous/closed/guided and
open biopsy/surgery

13 (6)

Microbiology/histopathologyb

Direct culture 154 (74)

Histology 8 (4)

Direct culture and histology 44 (21)
Candida spp

C. albicans 134 (65)

C. tropicalis 33 (16)
C. glabrata 17 (8)

C. parapsilosis 14 (7)

C. krusei 2 (1)
C. guilliermondii 2 (1)

Not specified 13 (6)

Otherc 5 (2)
Candida spp recovered by culture
per patient

1 197 (95)
≥1 10 (5)

Bacteria as recovered in cultures mixed
with Candida spp
Staphylococcus aureus 7 (3)

Staphylococcus epidermidis 3 (1)

Enterococcus faecalis 3 (1)
Proteus mirabilis 2 (1)

Diphtheroids 2 (1)

Pseudomonas aeruginosa 1 (0.5)
Escherichia coli 1 (0.5)

Eikenella corrodens 1 (0.5)

Lactobacillus spp 1 (0.5)
Streptococcus agalactiae 1 (0.5)

Klebsiella oxytoca 1 (0.5)

Streptococcus salivarius 1 (0.5)
Staphylococcus capitis 1 (0.5)

Other fungi as recovered in cultures mixed
with Candida spp
Aspergillus spp 4 (2)

a Diagnostic approaches included fine needle aspiration and swab cultures, at
≤10% each. For 9 cases (4%), none of the foregoing methods was provided,
and the diagnosis of Candida osteomyelitis was based on a positive blood
culture for Candida species in association with radiologically compatible signs
of osteomyelitis.
b In addition to direct cultures of bone and surrounding tissue, positive
blood cultures for Candida species were present in 31 patients (15%) at
the time of diagnosis of Candida osteomyelitis. For 1 case, neither direct
culture nor histology was performed, and the diagnosis was based on a
positive histopathological result from a previous episode of Candida
osteomyelitis.
c Candida dubliniensis, Candida lusitaniae, Candida ciferri, Candida
inconspicua, Candida holmii.

Table 3. Classification, Apparent Mechanisms, and Anatomical
Distribution of Candida Osteomyelitis

No. (%)

Classification of Candida osteomyelitis

Proven 136 (66)
Probable 71 (34)

Apparent mechanisms of infection

Hematogenous 138 (67)
Direct inoculation 51 (25)

Contiguous infection 18 (9)

No. of bones infected per patient
1 34 (16)

2 98 (47)

≥3 75 (36)
Type of bone infected

Vertebraa 105 (51)

Femur 30 (14)
Rib 27 (13)

Sternum 23 (11)

Humerus 17 (8)
Tibia 16 (8)

Fibula 8 (4)

Phalanx 10 (5)
Pelvis 8 (4)

Cranium 8 (4)

Otherb 29 (14)
Concomitant joint involvement

Intervertebral joint 82 (40)

Costochondral/costosternal joint 22 (11)
Synovial joint 43 (21)

Knee 22 (11)

Hip 10 (5)
Ankle 7 (3)

Shoulder 3 (1)

Elbow 4 (2)
Otherc 17 (8)

a Cervical (n = 10), thoracic (n = 44), lumbar (n = 62), and sacral (n = 5). In
some cases, >1 vertebral anatomic site was concurrently infected.
b Includes metatarsus, ulna, radius, tarsus, talus, metacarpus, calcaneus,
malleolus, patella, olecranon, and scapula bones at <5% each.
c Includes sacroiliac, tarsal, metatarsophalangeal, sternoclavicular, carpal, and
skull base (synarthrosis) joints at <5% each.

Candida osteomyelitis • CID 2012:55 (15 November) • 1341



culture (Table 2). Among diagnostic approaches used for
Candida osteomyelitis, 76 (37%) patients underwent percuta-
neous/closed/guided biopsy, whereas open biopsy/surgery was
performed in 70 (34%) patients. The histopathology of
Candida osteomyelitis from one of our original cases is depict-
ed in Figure 2.

Clinical Microbiology
Most patients had only 1 Candida species recovered (Table 2).
Candida albicans was identified in 65% of cases, while C. tro-
picalis was recovered in 16%, C. glabrata in 8%, and C. para-
psilosis in 7%. Non-albicans Candida species have increased
progressively as emerging causes of Candida osteomyelitis
throughout the study period (Figure 1). Staphylococcus aureus
and other bacteria were identified in mixed cultures among 25
(12%) patients (Table 2).

Clinical Manifestations
Most patients (90%) complained about local pain with confir-
matory tenderness, erythema, and edema, but fever was
present in only a minority (31%) of patients. The onset of
these symptoms was insidious with duration lasting several

weeks to months. Limitation of function and movement also
was documented in 64 (31%) patients. Sinus tracts and drain-
ing pus were observed in 34 (16%) patients (Table 4).

Markers of Inflammation
Markers of inflammation in most patients with Candida oste-
omyelitis were only moderately to minimally elevated. White
blood cell (WBC) counts were mildly elevated (10 900; range,
900–36 000 cells/mm3), with 73% neutrophils (range, 12%–

93%). Median values of erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), and hemoglobin were 65 (range,
3–150 mm/hour), 8.8 (range, 1.2–46 mg/dL), and 9.5 (range,
6.5–17.2 g/dL), respectively (Table 4).

Diagnostic Imaging
The most common radiological abnormalities were bone de-
struction, extension into soft tissues, increase of radionuclide
scan uptake, decrease of intervertebral space, and epidural
abscess (Table 4). Decreased signal intensity on T1-weighted
images, as well as increased signal intensity on T2-weighted
images, was observed on magnetic resonance imaging (MRI).

Figure 2. A and B, Representative pathological specimens from a patient with proven Candida species osteomyelitis. All photomicrographs shown are
at ×20 magnification under hematoxylin-eosin staining. A, Depicts lamellar bone with scalloped edges and inflammatory infiltration of the marrow
space, as well as surrounding bone. B, Depicts fungal forms consistent with Candida species within the necrotic bone. C, Anteroposterior radiograph of
the hips from a patient with proven Candida glabrata osteomyelitis and prosthetic joint infection demonstrates markedly demineralized, sclerotic bone
with destruction of the femoral head and neck. Attempted placement of a cement spacer resulted in a femoral fracture with protrusion of the rod
component through the midshaft.
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Table 4. Clinical Manifestations, Radiological Features, and Inflammatory Markers of Candida Osteomyelitis

Vertebral Osteomyelitis,a

n = 105 (51%)
Nonvertebral Osteomyelitis,

n = 102 (49%)
Neutropenia,
n = 21 (10%)

All Osteomyelitis,
n = 207 (100%)

Clinical manifestation
Local symptoms (pain,
tenderness, erythema, edema)

98 (93) 88 (86) 20 (95) 186 (90)

Fever 29 (28) 36 (35) 11 (52) 65 (31)
Limitation of function/
movement

40 (38) 24 (24) 3 (14) 64 (31)

Draining pus/sinus tract 1 (1) 33 (32) 0 (0) 34 (16)
Fracture proceeding (as a
sequela of Candida
osteomyelitis)

3 (3) 2 (2) 1 (5) 5 (2)

None 2 (2) 3 (3) 1 (5) 5 (2)
Radiological featuresb

Osteolysis/bone destruction/
bone erosion

69 (66) 42 (41) 13 (62) 111 (54)

Extension into soft tissues 24 (23) 31 (30) 0 (0) 55 (27)

Increase of nuclear scan uptake
(Tc99m/Ga67)

29 (28) 19 (19) 6 (29) 48 (23)

Decrease of intervertebral
space

44 (42) … 4 (19) 44 (21)

Epidural abscess 24 (23) … 2 (10) 24 (12)
Spinal cord compression 9 (9) … 1 (5) 9 (4)

Paraspinal and psoas abscess 12 (11) 0 (0) 2 (10) 12 (6)

Fracture 11 (10) 8 (8) 1 (5) 19 (9)
Periosteal reaction 3 (3) 11 (11) 2 (10) 14 (7)

Decrease of signal intensity on
T1-weighted MRI

12 (11) 0 (0) 2 (10) 12 (6)

Increase of signal intensity on
T2-weighted MRI

8 (8) 4 (4) 1 (5) 12 (6)

Increase of contrast-enhanced
T1-weighted MRI

9 (9) 2 (2) 3 (14) 11 (5)

Bone abscess 4 (4) 3 (3) 0 (0) 7 (3)

Decrease of articular space 0 (0) 4 (4) 0 (0) 4 (2)

Increase of articular space 1 (1) 4 (4) 0 (0) 5 (2)
Sequestrum 1(1) 3 (3) 0 (0) 4 (2)

Involucrum 0 (0) 2 (2) 0 (0) 2 (1)

Inflammatory biomarkersc, median (range)
WBC count, /mm3 10 100 (2650–36 000) 14 700 (900–32 700) Not applicable 10 900 (900–36 000)

PMNs, % 73 (12–93) 73 (16–91) Not applicable 73 (12–93)

ESR, mm/h 92 (12–150) 61 (3–120) Not available 65 (3–150)
CRP, mg/dL 12 (1.2–46) 6.5 (2–11.8) Not applicable 8.8 (1.2–46)

Hgb, g/dL 10.15 (6.6–13.4) 9.3 (6.5–17.2) Not available 9.5 (6.5–17.2)

Data are No. (%) unless otherwise specified.

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hgb, hemoglobin; MRI, magnetic resonance imaging; PMN, polymorphonuclear
lymphocyte; WBC, white blood cell.
a Vertebral involvement with diskitis vs no diskitis: Of 82 cases of vertebral osteomyelitis with diskitis, 23 (28%) had fever, 76 (93%) had local symptoms, 31
(38%) had limitation of function, 2 (2%) had fracture proceeding, and 2 (2%) had no symptoms. Hgb median value was 10.6 (range, 6.6–13.4), WBC 12 850
(range, 2650–36 000), PMNs (%) 84 (range, 12–93), ESR 119 (range, 23–150), and CRP 10.43 (range, 1.2–17). Of 21 cases of vertebral osteomyelitis without
diskitis, fever was present in 6 (29%), local symptoms in 21 (100%), draining pus in 1 (5%), limitation of function in 8 (38%), and fracture proceeding in 1 (5%).
Hgb median value was 9.25 (range, 7.3–9.5), WBC 6700 (range, 4900–11 400), ESR 65 (range, 12–129), CRP 46 (range, 29.8–46). For 2 cases of vertebral
involvement, data for presence of diskitis were not available.
b Radiological methods included conventional radiography (135), radionuclide scanning (62), computed tomography (57), MRI (48), ultrasound (4), and positron
emission tomography (2).
c Eight patients (4%) had normal Hgb, 15 patients (7%) had normal WBC, 9 patients (4%) had normal PMNs, 3 patients (1%) had normal ESR, and 1 patient
(0.5%) had normal CRP.
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Figure 2 demonstrates radiological changes in one of the origi-
nal cases.

Effect of Age
Vertebrae were the most commonly infected bone sites in
adults (OR, 0.09; 95% CI, .04–.25), whereas femora were most
common in pediatrics (OR, 20.6; 95% CI, 8.4–48.1) (Table 5).
The most common distribution of infected sites for adults was
vertebrae, ribs, and sternum. For pediatric patients (≤18
years), the pattern was femur, humerus, and vertebra/ribs. Ir-
respective of age, local symptoms were usually present, and
overall outcome was similar (OR, 0.98; 95% CI, .47–2.1).

Treatment and Outcome
Ninety-two (44%) patients were treated with antifungal agents
only, 10 (5%) underwent surgical treatment only, and 100
(48%) were treated with both antifungal therapy and surgery
(Table 6). Debridement was the most common surgical proce-
dure (44%) followed by drainage, bone grafting, stabilization,
decompression, and intervertebral fusion. Median duration of
therapy was 90 days (range, 7–720 days). There was no appar-
ent benefit on outcome of any particular antifungal agent.

Complete response of Candida osteomyelitis was docu-
mented in 66 patients (32%), partial response in 123 (59%),
and failure in 15 (7%) (Table 6). During their courses of anti-
fungal therapy, relapses occurred among 32% and 27% of pa-
tients who ultimately achieved complete response and partial
response, respectively. Premature discontinuation of therapy
was the most common cause for these relapses.

Among the 10 patients who received only surgical therapy,
2 of these patients suffered postoperative relapse and 2 died
(gastrointestinal bleeding and Candida-related infection).

Effect of Hardware
Among the 11 patients (5%) who had hardware in place, 7
were hardware-infected, and 2 had cobacterial infection
(1 patient with S. aureus as soft tissue infection, and 1 with
Escherichia coli bacteremia). Of these 11 patients, 3 (27%)
achieved complete response and 7 achieved (64%) partial re-
sponse; 5 (45%) relapsed, and 1 (9%) died (Candida-related).

Effect of Bacterial Infections
Thirty patients (14%) had concurrent bacterial infection. Among
these 30 cases, 10 (33%) had complete response, 16 (53%) had
partial response, 11 (37%) relapsed, and 3 (10%) died (1 of bac-
terial sepsis, and 2 with candidiasis plus aspergillosis).

DISCUSSION

This analysis of 207 cases identifies important features of
Candida osteomyelitis that have not been previously observed
or well established in smaller studies. There is a strong male

predominance with >2:1 male:female ratio. Most patients
present with localizing symptoms of insidious onset and sub-
acute to chronic course with only moderate or minimal re-
sponse of biomarkers of inflammation. The mechanism of
infection of bones follows a pattern of hematogenous dissem-
ination, direct inoculation, and contiguous infection. Coincid-
ing with hematogenous dissemination as being the most
common mechanism of infection, most patients have ≥2
bones infected, thus warranting a search for other sites once a
single focus is identified. When analyzed by age, the most
common distribution of infected sites for adults is vertebrae,
rib, and sternum; for pediatric patients the pattern is femur,
humerus, and vertebra/ribs. Underscoring the need for biopsy
and culture, non-albicans Candida species were found to be
an increasingly frequent cause of Candida osteomyelitis with
bacteria, including S. aureus, as additional copathogens. The
overall complete response rate of Candida osteomyelitis of
32% is relatively low and consistent with the difficulty in treat-
ing this infection. The study also documents the importance
of relapse despite treatment, possibly as the result of inade-
quate duration of therapy.

This study found that establishing a diagnosis of Candida os-
teomyelitis may be difficult. Among those patients with a pre-
ceding episode of candidemia, there was usually a delay in
diagnosis of 1 week to several months. While intact polymor-
phonuclear neutrophils occupy a critical role in innate host de-
fenses against invasive forms of Candida [134, 135], our review
demonstrated that Candida osteomyelitis develops predominant-
ly in patients who were not neutropenic or otherwise immuno-
compromised. A high index of suspicion for this infection
should be maintained for all candidemic patients with subse-
quent localizing osteoarticular symptoms. Similarly, patients
with subsequent localizing osteoarticular symptoms following
surgery should be further evaluated for Candida osteomyelitis.

Neonates and infants with risk factors for candidemia, in-
cluding umbilical vein catheterization, very low birthweight,
and necrotizing enterocolitis, who also display localizing os-
teoarticular symptoms should be evaluated for concomitant
Candida osteomyelitis. Users of illicit intravenous drugs also
develop a distinctive syndrome consisting of a febrile illness of
disseminated cutaneous, follicular, nodular, ocular and osteo-
articular lesions, with C. albicans being the predominant
isolate. Costal cartilage, costochondral joints, knees, and sacro-
iliac joint are usually involved [103].

Our findings that markers of systemic inflammatory re-
sponse (WBC count, ESR, and CRP) may be minimally elevat-
ed or even normal suggest that reliance on history and
physical findings remain key factors for early diagnosis. As
our study demonstrates that most patients with hematogenous
Candida osteomyelitis have 2 or more infected bones, a search
for multiple osseous sites is important. The insidious onset
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Table 5. Effect of Age on Effect by Site of Infection, Clinical Manifestations, and Outcome in Candida Osteomyelitis

Outcome (%)

Populationa (No.) Mechanism (No.)
Bone Site,

Localization (No.)
No. of Sites Infected
per Patient (No.)

Clinical Manifestation
(No.)

Therapeutic
Intervention (No.) CRb PR Rel D

All pediatric
patientsc (37)

Hematogenous (29) Vertebra (3)d Only AFT (25) 52 24 36 12

Contiguous (5) Femur (21)e 1 bone involved (15) Local symptoms (31)f Only surgery (1) 0 100 0 0
Direct inoculation (3) Rib (3) 2 bones involved (8) Limitation of function/

movement (13)g
AFT + surgery (10) 40 10 50 20

Sternum (2) ≥3 bones involved (14) Fever (12) Polyenes (22) 41 23 41 18

Humerus (17)h Draining pus (3) Azoles (6) 50 17 50 0
Others (19) Combination AFTi (3) 100 0 0 0

Adults (164)j,k Hematogenous (103) Vertebra (95)d 1 bone involved (54) Local symptoms (156)f Only AFT (61) 26 74 15 8

Direct inoculation (49) Femur (7)e 2 bones involved (88) Limitation of function/
movement (52)g

Only surgery (9) 56 22 22 22

Contiguous (12) Rib (28) ≥3 bones involved (22) Fever (53) AFT + surgery (90) 29 61 46 7

Sternum (21) Draining pus (31) Polyenes (53) 25 70 32 15
Humerus (0)h Azoles (44) 23 68 32 2

Combination AFTi (48) 33 58 35 4

Abbreviations: AFT, antifungal therapy; CI, confidence interval; CR, complete response; D, death; OR, odds ratio; PR, partial response; Rel, relapsed.
a Six cases are not included in this analysis for lack of the age data point.
b Complete response (OR, 0.98; 95% CI, .47–2.0).
c Pediatric patients are defined as age ≤18 years, which also corresponds to the onset of closure of the epiphysis.
d Vertebra (OR, 0.09; 95% CI, .04–.25).
e Femur (OR, 20.6; 95% CI, 8.4–48.1).
f Local symptoms (OR, 0.26; 95% CI, .12–.79).
g Limitations of function or movement (OR, 0.98; 95% CI, .48–2.0).
h Humerus (OR, 46.3; 95% CI, 12.9–169).
i Combination AFT = polyenes + azoles.
j Four adult cases lacked sufficient outcome data.
k Four adult patients received no therapy, and detailed medical treatment data were not available in 2 adult cases.
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and multifocal nature of Candida osteomyelitis mimicked
metastatic cancer in adults and chronic multifocal bacterial os-
teomyelitis in children.

Age-related differences in children and adults with Candida
osteomyelitis have not been previously described with suffi-
cient statistical power. Vertebrae are >7 times likely to be

Table 6. Treatment and Outcome of Candida Osteomyelitis

Therapeutic Interventiona No. (%)

Favorable Response
(Complete Response +

Partial Response), No. (%) Failure, No. (%) Relapse, No. (%)b

Only antifungal agents 92 (44) 89 (97) 3 (3) 16 (17)

Only surgeryc 10 (5) 8 (80) 1 (10) 2 (20)
Antifungal agents and surgery 100 (48) 90 (90) 10 (10) 43 (43)

Class of antifungal agent(s) used; median duration of
treatment (range)
Polyenesd; 42 days (range, 9–360 days) 46 (22) 40 (87) 6 (13) 12 (26)

Azolesd; 330 days (range, 42–480 days) 42 (20) 39 (93) 3 (7) 12 (29)

Flucytosined; 42 days (range, 33–97 days) 8 (4) 8 (100) 0 (0) 2 (25)
Echinocandin; 7 days (range, 7 days) 1 (0.5) 1 (100) 0 (0) 1 (100)

Combinatione; 200 days (range, 19–540 days) 94 (45) 90 (96) 4 (4) 32 (34)

Surgical intervention
Debridementf 92 (44) 81 (88) 10 (11) 40 (44)

Femoral debridementg 9 (10) 5 (60) 3 (30) 4 (50)

Vertebral debridement 42 (46) 42 (100) 0 (0) 17 (40)
Femoral+vertebral debridement 1 (1) 0 (0) 1 (100) 0 (0)

Drainage 28 (14) 27 (96) 1 (4) 12 (43)

Bone grafting 26 (13) 25 (96) 1 (4) 13 (50)
Stabilization 19 (9) 18 (95) 1 (5) 10 (53)

Decompression 18 (9) 17 (94) 1 (6) 11 (61)

Intervertebral body fusion 12 (6) 12 (100) 0 (0) 4 (33)
Fixation 9 (4) 9 (100) 0 (0) 6 (67)

Insertion of metal hardware/prosthesis 6 (3) 6 (100) 0 (0) 4 (67)

Removal of metal hardware/prosthesis 6 (3) 4 (67) 2 (33) 2 (33)
Amputation 6 (3) 2 (33) 4 (67) 3 (50)

Irrigation 6 (3) 6 (100) 0 (0) 2 (33)

Total outcome
Median duration of therapy, 90 days (range, 7–720
days)

Complete response, 90 days (range, 19–540 days) 66 (32; 32% relapsed)
Partial response, 90 days (range, 7–720 days) 123 (59; 27% relapsed)

Failure, 42 days (range, 9–480 days) 15 (7)

Lost to follow-up 3 (1)

a Three patients received no therapy, and detailed medical treatment data were not available in 2 cases.
b Defined as recurrence of infection after complete or partial response.
c Outcome data were not available for 1 patient who underwent surgical intervention. Among 9 patients who had only debridement of bone, 5 (56%) had
complete response, 2 (22%) had partial response, 2 (22%) relapsed, and 2 (22%) died (1 of unrelated cause [gastrointestinal hemorrhage] and 1 of Candida-
related cause). Of the 83 patients who had debridement plus antifungal therapy, 26 (31%) had complete response, 48 (58%) had partial response, 38 (46%)
relapsed, and 6 (7%) died (3 of Candida-related causes and 3 of unrelated causes [heroin use, methicillin-resistant Staphylococcus aureus sepsis, and renal
failure]). Patients may be placed in more than 1 category.
d Among 46 patients receiving polyenes, 16 (35%) discontinued therapy because of adverse effects (10 [62.5%] due to renal failure, and 6 [6.25%] due to
hepatic failure, hepatic and renal failure, allergy, anemia, jaundice, and hypokalemia [n = 1 each]). Among 42 patients receiving azoles, 2 (5%) discontinued
treatment: 1 (50%) due to cholestasis, and 1 (50%) due to vomiting. Among 8 patients receiving flucytosine, 3 (37.5%) ceased therapy (2 [67%] due to
myelosuppression, and 1 [33%] due to severe diarrhea).
e Among the 94 patients undergoing combination antifungal therapy, the following classes were used: polyenes-azoles (39), polyenes-flucytosine (35), polyenes-
azoles-flucytosine (10), azoles-flucytosine (6), azoles-echinocandins (2), polyenes-azoles-echinocandins (1), and polyenes-azoles-flucytosine-echinocandins (1).
f Non-femoral and non-vertebral debridement included sternum, tibia, fibula, talus, rib, tarsus, calcaneus, phalanges, pelvis, metatarsus, malleolus, hallux,
clavicle, and cranium.
g Outcome data were not available for 1 patient who underwent femoral debridement.
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infected in adults than in children, while femur and humerus
are 14 and 46 times more likely, respectively, to be infected in
children. The lumbar vertebrae are more frequently infected
than other sites in adults. These age-related patterns of locali-
zation parallel those of bacterial osteomyelitis [136]. As previ-
ously proposed for Brucella osteomyelitis, lumbar degenerative
joint disease in older males may also predispose to develop-
ment of Candida osteomyelitis [137].

We also found that the femoral metaphysis is typically in-
fected in the pediatric population with associated septic arthri-
tis as opposed to epiphysis in adults. Infection begins in the
cartilaginous portion of the distal part of long bones resulting
in destruction and subsequently growth inhibition [138, 139].
In neonates and infants, the hemodynamics of metaphysis of
longs bones is characterized by a dilated vascular plexus that
penetrates the cartilaginous epiphyseal plate, facilitating inva-
sion of Candida into the synovium of the adjacent joint space
[140]. The joint capsule in infants surrounds the epiphysis
and metaphysis, making the joint more susceptible to spread
from adjacent osteomyelitis. Thus, Candida osteomyelitis in
neonates was usually multifocal and associated with arthritis.

Differences in vertebral hemodynamics also may explain
why this particular bone site was frequently infected by
Candida species in the adults of our study. The vascular
network that penetrates the endplates of vertebrae in pediatric
patients is absent in adults. Bacterial infection begins in the
subchondral plate of the vertebral body and classically invades
into the disk space [141]. Initially, organisms infect the sub-
chondral areas of vertebral bodies and subsequently invade
the intervertebral disk, revealing the classic radiological
finding of bone destruction of both endplates with decrease of
disk space.

Our study also demonstrates that unlike bacterial osteomyeli-
tis in adults where the intervertebral disk and adjacent 2 verte-
bral bodies are infected, 20% of our cases of Candida vertebral
osteomyelitis did not have disk involvement. Thus, as compared
to bacterial osteomyelitis, Candida vertebral osteomyelitis is
often characterized by more limited bone destruction.

This study permits clinically practical comparisons between
Candida osteomyelitis and bacterial osteomyelitis, especially
that caused by S. aureus. Candida tends to display multifocal-
ity, sparing of intervertebral disks, and muted markers of in-
flammation. The multimodality of Candida osteomyelitis
suggests that a radionuclide bone scan in addition to MRI
should be performed for optimal detection of infected bones.

Our study found that management of Candida osteomyeli-
tis in some cases can be accomplished with prolonged antifun-
gal therapy alone. Surgical intervention, specifically in more
complicated cases, was considered to be warranted for success-
ful eradication and structural stability. This was particularly
apparent in patients with severe neurological deficits, spinal

instability, persistent symptoms, or clinical deterioration
despite administration of antifungal agents.

Given the retrospective and literature review nature of this
study, definitive conclusions about antifungal outcome are not
feasible. Although there may be a bias to report successfully
reported cases, there is also a tendency to report cases that are
difficult to treat. The strength of this study is the large number
of well-defined reviewed cases of a relatively infrequent
disease, providing the opportunity to analyze several of its epi-
demiological, microbiological, and therapeutic features, and
thus improving our knowledge on Candida osteomyelitis.

This study underscores the need for more extended courses
of antifungal therapy for Candida osteomyelitis than is com-
monly provided. Antifungal agents were administered for a
median duration of 3 months. This practice was associated with
relapses that occurred among 32% and 27% of patients who ul-
timately achieved complete response and partial response, re-
spectively. Premature discontinuation of therapy was the most
common cause for these relapses. Based upon expert experience
(B-III, level of evidence), the Infectious Diseases Society of
America (IDSA) 2009 guidelines for Candida osteomyelitis rec-
ommend 1 of 2 primary regimens of antifungal therapy: flucon-
azole 400 mg (6 mg/kg) daily for 6–12 months or a lipid
formulation of amphotericin B, 3–5 mg/kg daily for several
weeks followed by fluconazole for 6–12 months [142]. Given
the relatively low complete response rate of 32% in this large
series, a median duration of antifungal therapy of 3 months
may be inadequate. A longer duration of 6–12 months per the
IDSA guidelines may be more effective for achieving complete
response. Echinocandins may offer a new therapeutic option in
treatment of Candida osteomyelitis [143].

Penetration of antifungal agents may help guide choices of
antifungal therapy; however, there is a paucity of data from
comparative experimental or clinical studies. Fluconazole
showed superior penetration into the nucleus pulposus in an
uninfected rabbit model when compared with amphotericin B
and amphotericin B lipid complex [144]. Lipid formulations
of amphotericin B and amphotericin B achieved high concen-
trations relative to minimum inhibitory concentrations of
most Candida species into the bone marrow of noninfected
rabbits [145].

Finally, no single center has had sufficient numbers of pa-
tients with Candida osteomyelitis from which to draw mean-
ingful conclusions. This study, however, lays the foundation
for a prospective multicenter observational study that would
monitor all cases of Candida osteomyelitis and a therapeutic
clinical trial with uniform response criteria.

In summary, Candida osteomyelitis is a chronic form of in-
vasive candidiasis with localizing symptoms in most cases.
The most common symptom is local pain, whereas systemic
inflammatory response is usually absent. Reported cases are
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steadily increasing. Candida osteomyelitis frequently affects
nonimmunosuppressed pediatric and adult patients. Candida
albicans and Candida tropicalis are the predominant recovered
species. Vertebral osteomyelitis is the most common type in
adults, whereas the femoral and humeral bones are typically
infected in pediatrics. Emergence of Candida osteomyelitis
may occur during antifungal treatment. Timely diagnosis of
Candida osteomyelitis with extended courses of 6–12 months
of antifungal therapy, and surgical intervention, when indicat-
ed, may improve outcome.
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