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Case Report

Fungal Spinal Osteomyelitis in the Immunocompromised
Patient: MR Findings in Three Cases

Robert L. Williams, Melanie B. Fukui, Carolyn Cidis Meltzer, Amar Swarnkar,
David W. Johnson, and William Welch

Summary: The MR imaging findings of fungal spinal os-
teomyelitis in three recipients of organ transplants showed
hypointensity of the vertebral bodies on T1-weighted se-
quences in all cases. Signal changes and enhancement ex-
tended into the posterior elements in two cases. Multiple-
level disease was present in two cases (with a total of five
intervertebral disks involved in three cases). All cases
lacked hyperintensity within the disks on T2-weighted im-
ages. In addition, the intranuclear cleft was preserved in
four of five affected disks at initial MR imaging. MR fea-
tures in Candida and Aspergillus spondylitis that are dis-
tinct from pyogenic osteomyelitis include absence of disk
hyperintensity and preservation of the intranuclear cleft on
T2-weighted images. Prompt recognition of these findings
may avoid delay in establishing a diagnosis and instituting
treatment of opportunistic osteomyelitis in the immuno-
compromised patient.

The MR imaging appearance of spinal osteo-
myelitis and diskitis has been well described. Typ-
ically, it consists of hypointensity of the vertebral
bodies and intervertebral disk on T1-weighted im-
ages, hyperintensity of the intervertebral disk on
T2-weighted images with an abnormal configura-
tion (ie, absent intranuclear cleft), and hyperintens-
ity of the vertebral endplates at the abnormal disk
level on T2-weighted images (1). Relative preser-
vation of the intervertebral disk morphology and
signal has been reported in some types of nonpy-
ogenic spondylitis, particularly tuberculosis (TB)
and certain fungal infections (ie, coccidioidomy-
coses) (2, 3). MR features of the most common
causes of mycotic infection, Candida and Asper-
gillus, have been the subject of only a few case
reports (4, 5). The purpose of this study is to de-
scribe the MR imaging findings of Candida and
Aspergillus spondylitis in three immunocomprom-
ised patients.
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Case Reports

Case 1

A 49-year-old man with a history of end-stage liver disease
underwent orthotopic liver transplantation and immunosup-
pression therapy (tacrolimus and prednisone). One week after
transplantation, the white blood cell count became elevated.
Subsequent blood and urine cultures were positive for Candida
albicans. After 1 month of treatment for Candida with am-
photericin, he reported progressive pain in the lumbosacral
region.

An MR study of the lumbar spine 5 weeks after transplan-
tation showed minimal signal change in the endplates of the
second, third, and fourth lumbar vertebrae with corresponding
enhancement (Fig 1). The intervertebral disks were normal. A
follow-up MR examination performed 10 days later showed
increased hypointense signal in the vertebrae on T1-weighted
images. Twenty-two days after the initial MR study, a biopsy
was performed of the L3 vertebra and L2–L3 disk. Culture and
sensitivity demonstrated Candida, which was confirmed with
further microscopic analysis after L2–L3 and L3–L4 diskec-
tomy and vertebral debridement.

Case 2

A 51-year-old man who had had an orthotopic liver trans-
plantation for hepatitis C was treated with routine immuno-
suppression and had an unremarkable postoperative course un-
til he presented to the emergency room with dyspnea, fever,
and chills 1 month after transplantation. He was admitted and
progressively decompensated after respiratory failure devel-
oped. A protracted stay in the intensive care unit ensued. A
CT study of the abdomen revealed a retrocaval abscess, of
which a biopsy specimen was positive for Candida. The pa-
tient was subsequently treated with amphotericin.

His medical condition gradually improved, but 11 weeks
after transplantation he reported lower back pain. An MR ex-
amination of the lumbar spine revealed hypointense signal in
the T12 and L1 vertebrae on T1-weighted images, isointense
signal relative to marrow on T2-weighted images, and faint
enhancement after contrast administration (Fig 2). The T12–
L1 intervertebral disk appeared to be spared with an intact
intranuclear cleft. Two days, later a CT-guided biopsy of the
T12 vertebral body was performed. Microscopic analysis con-
firmed Candida osteomyelitis.

The patient was treated with a 6-week course of intravenous
amphotericin followed by oral fluconazole. During this time
his medical condition fluctuated as a result of mild cellular
rejection and neutropenia. The patient eventually improved and
was discharged home 5 months after admission.

Case 3

A 54-year-old woman who had undergone double lung
transplantation owing to bronchiectasis was treated with rou-
tine immunosuppression therapy. Infection with Aspergillus
developed in the anastomosis, and she was treated with am-
photericin. The remaining postoperative course was significant
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FIG 1. Case 1: 49-year-old man with Candida albicans infection. Biopsy was performed of the L2–L3 disk and L3 vertebra.
A, Sagittal T1-weighted (416/19/2 [TR/TE/excitations]) spin-echo image in the midline of the lumbar spine shows minimal hypointensity

within the L2, L3, and L4 vertebral bodies (arrows).
B, Corresponding contrast-enhanced sagittal T1-weighted (749/11/2) image shows enhancement of the vertebral bodies and endplates

(arrows).
C, Sagittal T2-weighted (3000/102/4) fast spin-echo image with fat saturation shows minimal hyperintensity within the vertebral end-

plates at the L2, L3, and L4 levels. Isointense signal with preserved intranuclear clefts (arrows) is present in the L2–L3 and L3–L4 disks
as compared with the minimally degenerated disks at the L4–L5 and L5–S1 levels.

D, Sagittal T1-weighted (533/11/2) image 10 days after the initial study shows increased hypointense signal in the L2, L3, and L4
vertebral bodies (arrows).

E, Corresponding sagittal T2-weighted (2600/102/2) fast spin-echo image with fat saturation shows only minimally increased hyper-
intense signal hyperintense signal in the L2, L3, and L4 vertebral bodies (arrows).

FIG 2. Case 2: 51-year-old man with Candida albicans osteomyelitis. Biopsy was performed at the T12 vertebral body.
A, Sagittal T1-weighted (500/10/2) image of the lower thoracic and lumbar spine shows hypointense signal within the T12 and L1

vertebral bodies (arrows).
B, Contrast enhanced T1-weighted (633/10/2) image shows enhancement of the vertebral marrow producing isointense to hyperintense

signal (arrows).
C, Corresponding T2-weighted (4000/102/2) fast spin-echo image shows the normal signal and intranuclear cleft of the T12–L1 disk

(arrow).

only for mild cellular rejection, bronchitis, and lower back
pain. The pain had progressed since transplantation, and by 8
months after surgery had become debilitating and associated
with fecal and urinary incontinence. In addition, she reported
a 30-pound weight loss over the preceding 4 months.

MR imaging of the lumbar spine 8 months after transplan-
tation showed multilevel disease with hypointense signal on
T1-weighted images in the L2–L3 vertebral bodies and supe-
rior endplate of L4, with corresponding hyperintense signal on
T2-weighted images and enhancement after contrast adminis-
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FIG 3. Case 3: 54-year-old woman with Aspergillus osteomyelitis. Biopsy was
performed of the L2–L3 paraspinal inflammation and the L3 vertebra.

A, Sagittal T1-weighted (666/15/2) image of the lumbar spine shows multi-
level disease with hypointensity in the L2, L3, vertebrae and superior endplate
of L4 (arrows). Paraspinal and epidural disease is also present.

B and C, Sagittal and parasagittal contrast-enhanced T1-weighted (616/10/
2) images show enhancing paraspinal and epidural inflammation. Disease also
extends into the pedicles.

D and E, Sagittal T2-weighted (3500/102/2) fast spin-echo images with (D)
and without (E) fat-saturation technique show hyperintense signal within the
L2, L3, and L4 vertebrae and superior endplate of L4. Note the increased
conspicuity of signal change with fat-saturation. In addition, the L3–L4 disk is
normal in signal with a preserved intranuclear cleft. The L2–L3 disk is
collapsed.

F, Axial T1-weighted (500/18/1.5) spin-echo image at the L3 level depicts
epidural and paraspinal inflammation (arrows).

tration (Fig 3). Paraspinal and epidural inflammation was pres-
ent and extended from the L2–L4 level. A CT-guided biopsy
of the paraspinal inflammation at the L2–L3 level followed by
a core biopsy of the posterior inferior aspect of the L2 vertebral
body was performed the next day. Microscopic analysis re-
vealed Aspergillus. The patient was subsequently treated with
an extended course of amphotericin.

Four months after diagnosis of Aspergillus osteomyelitis,
diskectomy and vertebral debridement of the L2–L3 and L3–
L4 levels were performed. Histologic examination revealed
chronic osteomyelitis with numerous hyphae, consistent with
Aspergillus.

Discussion
Vertebral osteomyelitis and diskitis are common-

ly due to pyogenic infection, particularly Staphy-
lococcus aureus, which accounts for 60% of spinal
infections (6). Nonpyogenic origins of vertebral os-
teomyelitis and diskitis include Mycobacterium tu-
berculosis and fungi. The rate of occurrence of fun-
gal infections has risen over the last decade as the
population of immunocompromised patients has in-
creased (7). Candida and Aspergillus are the most
common causes of mycotic infections in these per-
sons (8).

Few reports have described the MR imaging ap-
pearance of fungal spondylitis, particularly in im-

munocompromised patients (4, 9, 10). Although it
may be inferred that the MR imaging characteris-
tics of Candida and Aspergillus spondylitis resem-
ble pyogenic infections on the basis of previous
reports, the well-known appearance of pyogenic
spondylitis may not accurately reflect that of fungal
spinal osteomyelitis in the immunocompromised
host (1, 6).

In our cases, hypointensity was seen on T1-
weighted images in the vertebral bodies, as is char-
acteristic of pyogenic infection. Interestingly, at
three of five levels of osteomyelitis in all three
cases there was minimal hyperintensity or isoin-
tensity of the vertebrae on T2-weighted images.
Minimal hyperintensity may be caused by an ab-
sence of an acute inflammatory reaction in immu-
nocompetent patients and in patients with pyogenic
infections, since histopathologic features of infec-
tion with Candida or Aspergillus depend largely on
the immune status of the host. Patients who are
immunocompromised may be incapable of mount-
ing a cellular response with a corresponding his-
tologic appearance of fungi accompanied by a
sparse mononuclear cell infiltrate (11). The clinical
usefulness of minimal signal change on T2-weight-
ed images may, however, be limited, since a recent
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review of MR imaging findings in spinal osteo-
myelitis revealed hyperintensity on T2-weighted
images in the vertebral bodies in only 56% of cases
(10). The low prevalence of hyperintensity may be
misleading though, since fat-saturation techniques
were not applied in the T2-weighted sequences
(10). In studies performed without fat saturation,
hyperintense marrow signal on fast spin-echo T2-
weighted images may be difficult to distinguish
from hyperintense marrow abnormalities. Fat-sat-
uration techniques may help circumvent this prob-
lem and may increase conspicuity of vertebral mar-
row abnormalities, as suggested by Mirowitz et al
(12) and demonstrated in one of our cases (Fig 3).

The pedicles were involved in two of our three
cases. Involvement of the posterior elements is un-
usual in pyogenic spondylitis and is more com-
monly seen in nonpyogenic infections, such as TB
(2). The posterior location of disease, whether in
the vertebral body or posterior elements, may have
therapeutic implications and lead to epidural ab-
scess, meningitis, or myelitis, thus prompting early
surgical intervention (13, 14).

Paraspinal inflammation was present in each
case. This was minimal to moderate in extent and
was commensurate with the amount of bone de-
struction and disk space involvement. This pattern
is in contrast to TB, which is characteristically as-
sociated with a large paraspinal inflammatory com-
ponent (15).

None of our cases showed the hyperintensity on
T2-weighted images within the intervertebral disks
that is typical of pyogenic infection. In addition,
the intranuclear cleft was preserved in all disks in
which the disk height was maintained. The absence
of hyperintensity within the intervertebral disks on
T2-weighted images and the preservation of the in-
tranuclear cleft are findings associated with non-
pyogenic or TB spondylitis (2) (Fig 2). These are,
however, nonspecific findings that have been re-
ported in cases of pyogenic disease (1, 9, 10). Other
nonpyogenic infections caused by Nocardia, Acti-
nomycosis, Echinococcus, and Coccidioidomycosis
may also spare the intervertebral disk (2, 6). The
pathogenesis for an absence of hyperintensity with-
in the intervertebral disk is unclear and may be
multifactorial. The imaging findings may reflect an
absence of fungal invasion, an altered inflamma-
tory reaction within the infected disk, or an intrin-
sic characteristic of either the disk before infection
(eg, degenerated disk) or of the invading fungi (eg,
paramagnetic elements). Similar to TB, the inter-
vertebral disk may be spared from fungal invasion
and inflammatory change. Proposed mechanisms
include a lack of proteolytic enzymes within the
mycobacterium or variations in vertebral microcir-
culation that may influence the site of infection and
spread of disease (16, 17). Invasion of the disk by
fungi with minimal corresponding hyperintensity
due to a blunted immune response, as reported in
fungal osteomyelitis in immunocompromised pa-
tients, may also account for the lack of hyperin-

tensity on T2-weighted images (11). Variation in
imaging findings due to host immune response may
explain why fungal osteomyelitis may also present
with hyperintense signal in a disk on T2-weighted
images (4).

Factors intrinsic to fungi that may contribute to
an absence of disk hyperintensity on T2-weighted
images may include the presence of paramagnetic
and ferromagnetic elements within fungi similar to
the proposed mechanism for T2 hypointensity in
fungal sinusitis (18). This explanation seems un-
likely, since the intervertebral disks in our study
were often isointense, rather than hypointense, rel-
ative to normal disks. Early imaging in the disease
course of pyogenic infections is also unlikely, since
fungal infections are typically insidious in onset
(19). In addition, a preexisting abnormality in an
infected intervertebral disk, such as a calcified/min-
eralized disk or severely degenerated disk with an
associated ‘‘vacuum’’ phenomenon, may potential-
ly mask typical signal changes of infection.

Conclusion
MR imaging features of Candida and Aspergillus

spondylitis that are distinct from pyogenic osteo-
myelitis include an absence of disk hyperintensity
and preservation of the intranuclear cleft on T2-
weighted images. Recognition of MR characteris-
tics of fungal spondylitis should prompt biopsy and
may alter management of spondylitis in the im-
munocompromised host.
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