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Abstract 

Background Cryptococcus neoformans, an opportunistic fungal pathogen, seldom causes infection in immuno-
competent people. Cryptococcal osteomyelitis is an uncommon condition in which Cryptococcus invades the bone. 
It usually occurs as part of a disseminated infection and rarely in isolation. The spine has been reported as the most 
common site of cryptococcal osteomyelitis; however, isolated case of sacrum involvement in immunocompetent 
patients has never been reported.

Case presentation We report the case of a 37-year-old man without underlying disease who presented with pro-
gressive low back and sacrococcygeal pain. The patient was initially diagnosed with sacral tumour by a local doctor, 
and subsequently, after admission, was diagnosed with sacral tuberculosis. He was empirically treated with antitu-
bercular drugs. The patient failed to respond to antitubercular drugs and complained of worsening low back pain. 
Additionally, he developed persistent radiating pain and numbness in his legs. For further diagnosis, we performed 
a computed tomography-guided puncture biopsy of the sacrum, which revealed granulomatous inflammation with 
massive macrophage infiltration and special staining revealed a fungal infection. We performed sacral debridement 
and drainage and obtained purulent specimens for pathological examination and microbial culture. Microbial iden-
tification and drug susceptibility tests revealed a Cryptococcus neoformans infection sensitive to fluconazole. Postop-
eratively, the persistent radiating pain and numbness in the legs resolved. After 12 consecutive weeks of antifungal 
therapy, all his symptoms resolved. The patient remained without any signs of recurrence at the 8-month follow-up.

Conclusion We reported a rare case of isolated sacrum cryptococcal osteomyelitis in an immunocompetent patient. 
Furthermore, we identified and reviewed 18 published cases of spine cryptococcal osteomyelitis. Immunocompetent 
individuals are also at risk for cryptococcal osteomyelitis. Clinical manifestation and imaging are insufficient to diag-
nose cryptococcal osteomyelitis of the spine, and invasive examinations, such as puncture biopsy and fungal exami-
nations, are needed. Antifungal therapy yields satisfactory results for the treatment of cryptococcal osteomyelitis of 
the spine, however, if the infective lesion is large, especially when it compresses the spinal cord and nerves, a regimen 
combining aggressive surgery with antifungal therapy is indispensable.
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Background
Cryptococcal neoformans, an opportunistic invasive fun-
gus, is abundant in topsoil, rotten food, and bird drop-
pings, especially pigeon droppings [1–3]. As the most 
common etiologic agent of cryptococcosis, Cryptococcus 
neoformans seldom causes infection in immunocompe-
tent people and mainly afflicts immunocompromised 
hosts, such as patients with acquired immune deficiency 
syndrome (AIDS), lymphoma, organ transplantation, 
tuberculosis, or patients undergoing steroid therapy 
[4, 5]. As reported in previous studies, the incidence 
of cryptococcosis is about 5–10% in immunocompro-
mised patients and 30% in AIDS patients, but only one in 
100,000 in immunocompetent people [1, 4].

Generally, Cryptococcus invades through the respira-
tory tract [6]. After inhalation, Cryptococcus can local-
ize in the lungs and cause cryptococcal pneumonia or 
disseminate hematogenously, affecting other extrapul-
monary infection sites [7]. Although the lungs and cen-
tral nervous system are the most commonly affected 
sites, other organs or tissues may be infected [2, 3, 8]. 
Occasionally, the skeleton can also be invaded lead-
ing to cryptococcal osteomyelitis, which usually results 
from the hematogenous spread of lung infection [3, 9]. 
Cryptococcal osteomyelitis is uncommon, especially in 
immunocompetent people, comprising only 5% of all 
cryptococcal infections [5, 10, 11]. Cryptococcal osteo-
myelitis usually occurs as part of a disseminated infec-
tion and rarely in isolation. Though spine vertebrae have 
been reported to be the most common site of cryptococ-
cal osteomyelitis, reports on sacral vertebrae involvement 
are scarce [12–14].

Herein, we report a case of isolated cryptococcal 
osteomyelitis of the sacrum in an immunocompetent 
patient and review the literature on cryptococcal osteo-
myelitis involving the spine in the last 30 years. We hope 
these studies can help other clinicians manage similar 
cases.

Case presentation
A 37-year-old man presented to the Department of 
Oncology in our hospital with a 3-month history of pro-
gressive low-back and sacrococcygeal-pain, with occa-
sional pain radiating bilaterally to the legs. He did not 
have fever, headaches, cough, or night sweats. Addition-
ally, he had no history of AIDS, diabetes, tuberculosis, 
leukaemia, lymphoma, or immunosuppressive treatment. 
He initially visited a local county hospital, where lumbar 
vertebra magnetic resonance imaging (MRI) was per-
formed. Findings showed osteolytic lesions of the S2–S4 
vertebral body accompanied by paravertebral soft tissue 
masses, with mixed hyperintense signal on T2-weighted 

imaging (T2WI), and low signal intensity on T1-weighted 
imaging (T1WI). His preliminarily diagnosis was a sacral 
tumour, and he was referred to another hospital for fur-
ther treatment.

His clinical examination on admission revealed local 
tenderness and percussion pain in the low back and 
sacrococcygeal region. When tapping the lumbosacral 
regions, pain occasionally radiated to both legs, particu-
larly the right side. The lumbar spine’s movement was 
normal, with no abnormal strength or sensation in both 
lower extremities. Routine blood tests revealed white 
blood cell count of 11.2 ×  109/L (normal 3.5–9.5 ×  109/L) 
with 88% neutrophils (normal 40–75%), 6% lymphocytes 
(normal: 20–50%), and 0.2% eosinophils (normal: 0.4–
8%). Erythrocyte sedimentation rate (ESR) was 22 mm/h 
(normal 0–20 mm/h) and C-reactive protein (CRP) level 
was 116.98 mg/L (normal 0–6.0 mg/l). Tumour markers 
were not elevated, and all other test results were normal. 
Radiographs revealed a patchy osteolytic lesion in S2–S4 
with an unclear boundary, without periosteal reaction 
and rim sclerosis (Fig. 1a). Computed tomography (CT) 
of the sacrococcygeal vertebra showed some irregu-
lar osteolytic lesions in the sacrum, which were sur-
rounded by several cystic low-density soft tissue masses 
of unequal size, the larger one in the anterior-right was 
approximately 52 × 84  mm (Fig.  2). MRI illustrated 
abnormal patchy signals in the sacrum, hyperintense sig-
nal on T2WI and low signal intensity on T1WI (Fig. 3a, 
b). Moreover, attached cystic soft masses were seen in 
the presacral space (Fig.  3). A contrast-enhanced fat-
suppressed T2-weighted MRI demonstrated a thickened 
and enhanced soft cystic wall (Fig.  3d, f, g). Except for 
sacral lesions, no other abnormalities were found on the 
contrast-enhanced CT of the chest and whole abdomen. 
A radioisotope bone scan illustrated increased tracer 
uptake in the sacrum (Fig. 4).

Imaging and blood test results were characteristic of 
inflammatory changes and suggestive of sacral tuber-
culosis. Therefore, the patient was transferred to the 
Department of Orthopaedics for further treatment. He 
received a four-drug combination antitubercular therapy. 
After about one week of antitubercular therapy, the low 
back and sacrococcygeal pain worsened, and the patient 
developed persistent radiating pain and numbness in 
the legs, and night-time fever (38.3–39.5 ℃). For further 
diagnosis, we performed a CT-guided puncture biopsy of 
the sacral lesion and a blood culture. Hematoxylin and 
Eosine staining of pathologic samples revealed granu-
lomatous inflammation with massive macrophage infil-
tration (Fig. 5a). Acid-fast staining was negative (Fig. 5b) 
and Grocott’s methenamine silver staining showed 
numerous black stained, small yeast-like organisms 
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(Fig.  5c). Periodic acid-Schiff staining showed a large 
number of spheroids with red outer membranes of vary-
ing sizes (Fig. 5d). Based on these pathological findings, 
fungal infection was highly suspected. However, as the 
blood culture was negative, we did not perform microbial 
culture on the puncture specimen at that time. To iden-
tify the fungal species, we conducted a galactomannan 
detection test (GM-test) and tried to detect cryptococ-
cal antibodies in serum; the GM-test result was normal. 
Owing to facility issues, we could not complete the cryp-
tococcal antibody test.

The patient underwent surgical sacral debridement 
and negative drainage through the anterior approach 
under intravenous titration of fluconazole. Intraop-
eratively, we observed that the anterior cortical bone 
of the sacrum had multi-point destruction, and the 
lesion was unequal in size and depth. Moreover, sev-
eral honeycombed abscesses filled with weak pus were 
observed in the presacral space. The sacral nerve roots 
were compressed by cystic abscesses. Samples from the 
abscesses were sent to the laboratory for pathologi-
cal examination, microbial culture, identification, and 
drug susceptibility tests. Postoperatively, the persistent 

radiation pain and numbness in the legs resolved. The 
postoperative pathological examination revealed gran-
uloma formation containing large quantities of multi-
nucleated giant cells, with some round, slightly stained, 
thin-walled Cryptococcus in the cytoplasm, surround-
ing transparent voids, and partial budding (Fig.  6). 
Moreover, the sample was inoculated in Sabouraud 
Dextrose Agar supplemented with chloramphenicol 
(0.5 g/l). After 5 days of culture at 37 ℃, yellow colony 
growth was observed, in which microscopic examina-
tion showed round or oval thalli with budding cells but 
without pseudo mycelium. The pathogen was identi-
fied as Cryptococcus neoformans using the BRUKER 
MALDI-TOF Biotyper mass spectrometry system. 
Antifungal susceptibility testing performed using ATB 
FUNGUS 3 system revealed sensitivity to fluconazole. 
Ultimately, the patient was definitively diagnosed with 
Cryptococcal neoformans sacral osteomyelitis and was 
treated with fluconazole for 12 weeks (4 weeks of intra-
venous fluconazole 400  mg/day, then 8 weeks of oral 
fluconazole, 400  mg/day). At the follow-up, the low 
back and sacrococcygeal pain had progressively allevi-
ated. Six months after surgery, his back pain completely 

Fig. 1 Lateral radiography (sacrum). a Preoperative radiograph: patchy osteolytic lesions in S2–S4 with an unclear boundary (red arrows). 
b Radiograph, 6-month postoperatively: bone defect lesions of the sacrum with clear boundary and rim sclerosis (red arrows)
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resolved, and his ESR, CRP level, and blood cell count 
were normal. The patient recovered completely without 
radiological evidence of relapse at the 8-month follow-
up (Figs. 1b, 7 and 8).

Discussion and conclusions
Cryptococcosis in immunocompetent people is infre-
quent, and isolated cryptococcal osteomyelitis is 
extremely rare [13, 15, 16]. The spine vertebrae are con-
sidered the most common site of cryptococcal osteomy-
elitis [12–14]; however, its incidence remains low, and 
the preferred section of the spine for Cryptococcus infec-
tion remains unclear. On reviewing all English language 
reports of cryptococcal osteomyelitis involving the spine 
since 1992, we identified 18 related cases (Table 1) [1–7, 
10, 12, 17–25]. Among them, 10 (55.6%) cases involved 

the lumbar vertebrae, 7 (38.9%) the thoracic vertebrae, 3 
(15.8%) the sacral vertebrae, and none were reported in 
the cervical or coccygeal vertebrae. This suggests that the 
lumbar vertebrae are the most common sites of crypto-
coccal osteomyelitis in spine.

We found only three published cases of cryptococ-
cal osteomyelitis involving the sacrum [10, 20, 21]. Lai 
et  al. [20] reported a case of nonadjacent cryptococcal 
infection involving L1 and S1 vertebrae. The other two 
cases by Nankeu et  al. and Noh  et  al. reported dis-
seminated cryptococcosis involving the sacrum and the 
patients had underlying comorbidities [10, 21]. To our 
knowledge, this is the first report of isolated cryptococ-
cal osteomyelitis of the sacrum in an immunocompetent 
patient.

Fig. 2 Preoperative computed tomography (CT) (sacrum). Non-enhanced CT scan (a transversal soft tissue window; b transversal bone window; 
d sagittal soft tissue window; e sagittal bone window): osteolytic lesions surrounded by cystic low-density soft-tissue masses of unequal-size, 
largest in anterior-right (red arrows). Contrast-enhanced CT (c transversal; f sagittal): soft-tissue masses with heterogeneous ring enhancement and 
unremarkable central enhancement (red arrows)
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Common clinical manifestations of spine cryptococcal 
osteomyelitis include local pain, tenderness, and oedema, 
sometimes accompanied by fever, weakness, and other 
manifestations of spinal cord compression [6, 26]. Imag-
ing findings usually comprise irregular osteolytic destruc-
tion of the vertebral bodies with or without paraspinal 
abscess [7, 12, 13]. Numerous diseases, such as tumours 
and bone tuberculosis, have similar manifestations and 
imaging findings. Due to the low incidence, atypical 
manifestations, and nonspecific imaging findings, spine 
cryptococcal osteomyelitis is a diagnostic challenge and 
is easily misdiagnosed, delaying treatment in many cases 
[5, 21]. In our literature review, eight (44.4%) cases were 
initially misdiagnosed as bone tuberculosis, malignant 

neoplasm, or pyogenic osteomyelitis, and then were 
finally diagnosed correctly by pathological and microbial 
culture examinations after inappropriate surgery or drug 
treatment.

Our patient was a young man without underlying dis-
ease and had no history of abnormal immune function. 
He was an immunocompetent individual, and not in a 
susceptible population. His main symptom was low back 
pain and clinical examination revealed local tenderness 
and percussion pain. His blood tests were nonspecific, 
only showing elevated inflammatory markers. In addi-
tion to bone destruction, his imaging findings revealed 
sizeable soft tissue masses around the sacrum, similar 
to some primary sacral tumours, such as chordoma and 

Fig. 3 Preoperative magnetic resonance imaging (MRI) (sacrum). MRI (a sagittal T1-weighted; b sagittal T2-weighted; c sagittal fat-suppressed 
T2-weighted; e:transversal fat-suppressed T2-weighted): patchy abnormal signals in the sacrum and attached soft-cystic masses in the presacral, 
hyperintense signal on T2-weighted imaging (T2WI), and low-signal intensity on T1-weighted imaging (T1WI) (red arrows). Contrast-enhanced 
MRI (d sagittal enhanced T1-weighted; f transversal enhanced T2-weighted; g coronal enhanced T2-weighted): pre-sacral soft-tissue masses with 
thickened and enhanced soft cystic wall (red arrows)
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giant cell tumours of the bone. Therefore, he was misdi-
agnosed with tumour and bone tuberculosis. Finally, an 
accurate diagnosis was made by a timely puncture biopsy 
and postoperative microbial culture.

The confirmative diagnosis of cryptococcal osteomyeli-
tis relies on positive culture and histological examination 
of the infective lesion specimens [6, 7, 21]. Hence, obtain-
ing the infective lesion specimen is critical for diagnosis 
[15, 24, 27]. It is easy to accomplish this in a superficial 
lesion or ruptured abscess, but not in spine cryptococcal 
osteomyelitis cases where lesions are usually deep, and 
the abscess rarely ruptures outwards [15, 24, 26]. Punc-
ture biopsy, an invasive examination for obtaining a spec-
imen, is generally performed under the guidance of CT, 

which was associated with less trauma and high accuracy 
in diagnosing spine cryptococcal osteomyelitis in some 
cases [3, 10, 16, 20, 25]. In half of the cases reviewed by 
us, the specimens were obtained by puncture biopsy, and 
diagnosis was confirmed by fungal culture and patho-
logical examination of the specimen. Our diagnosis was 
also based on a puncture biopsy, which is necessary in 
destructive bone diseases suspected of spine cryptococ-
cal infection to avoid delay in diagnosis.

Isolated cryptococcal osteomyelitis is the infection 
of one or more adjacent bones without extra skeletal 
lesions, while disseminated cryptococcal osteomyelitis 
is the infection of more than two non-contiguous bone 
sites or bone lesions with extra skeletal lesions [6, 15, 

Fig. 4 Systemic radionuclide bone-scanning shows active metabolism of sacrum (red arrows)
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Fig. 5 Puncture biopsy-sample with staining methods. a Hematoxylin-Eosin shows granulomatous inflammation with massive macrophage 
infiltration; b Acid fast is negative; c Grocott’s methenamine silver shows numerous black stained, small yeast-like organisms (red arrows); d Periodic 
acid-Schiff shows large number of spheroids with red-outer-membranes of various sizes (red arrows)

Fig. 6 Postoperative pathologic examination showing granuloma formation containing large quantities of multinucleated giant-cells, with round, 
slightly stained, thin-walled Cryptococcus in cytoplasm, surrounding transparent voids, and partial budding (red arrows)
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28]. Due to the difference in required treatment, dif-
ferentiation between isolated and disseminated cryp-
tococcal osteomyelitis is necessary. This can usually be 
achieved by fungal culture of the blood and cerebrospi-
nal fluid, detection of cryptococcal antibodies, a brain 
MRI, and chest CT examination [9, 21, 24]. In our case, 
bacteraemia, lung and other bone infection lesions, 
were excluded by blood cultures, chest CT, and bone 
scanning. However, the patient declined lumbar punc-
ture and brain MRI because of absence of headaches 
and dizziness. Furthermore, cryptococcal antibody test 
could not be completed due to equipment limitations. 
Therefore, evidence for differential diagnosis remains 
insufficient. Finally, considering that the patient had 
not experienced any central nervous system symptoms 

throughout the treatment, he was diagnosed with iso-
lated cryptococcal osteomyelitis.

It is widely accepted that antifungal therapy is indis-
pensable for the treatment of cryptococcal osteomyelitis 
[29, 30], but the preferred treatment approach (surgical 
versus nonsurgical) remains controversial. Zhou et  al. 
[3] suggested that surgery may increase the risk of infec-
tion dissemination, and hence, did not recommend it for 
cryptococcal osteomyelitis, especially in immunocom-
promised patients. Meanwhile, nonsurgical treatment 
has also successfully cured some cases [13, 18, 25]. Some 
clinicians believe that only surgical debridement com-
bined with antifungal treatment can achieve excellent 
therapeutic effect, and delayed surgery may result in a 

Fig. 7 Postoperative computed tomography (CT) (sacrum). One-month postoperative CT (a transversal soft tissue window; b transversal bone 
window; c sagittal soft tissue window; d sagittal bone window) -abscess became smaller, and bone defect lesions show no changes. Three-month 
post-operative CT (e transversal soft tissue window; f transversal bone window; g sagittal soft tissue window; h sagittal bone window): no abscess, 
bone defect lesions became smaller. Six-month post-operative CT (i transversal soft tissue window; j transversal bone window; k sagittal soft tissue 
window; l sagittal bone window): new bone on edge of bone defect lesions (red arrows) and no relapse



Page 9 of 15Zhong et al. BMC Infectious Diseases          (2023) 23:116  

poor prognosis [6, 27]. Ruan et  al. [24] and Adsul et  al. 
[1] reported two patients with lower extremity paralysis 
due to cryptococcal osteomyelitis of the spine. They had 
a residual sensation and gait abnormality because of the 
delay in spinal cord decompression surgery. Nahra et al. 
[31] reported a 31-year-old immunocompetent woman 
who had necrosis of the sacral nerve root due to Candida 
albicans sacral osteomyelitis. Therefore, they advocate for 
early and aggressive surgery combined with long-term 
antifungal medication therapy for fungal osteomyelitis of 
the sacrum. Similar to these cases, our patient had occa-
sional radiating pain in the legs on admission and subse-
quently, during the treatment, developed persistent pain 
and numbness. It was inferred that his sacral nerve roots 
were becoming affected; hence, surgical intervention was 
performed. Intraoperatively, we confirmed compression 
of the sacral nerve roots. Neither surgical nor nonsur-
gical treatment is universally applicable. The degree of 
spinal stability impairment and risk of spinal cord nerve 
injury is critical in deciding whether surgery is necessary 

for spine cryptococcal osteomyelitis. Generally, antifun-
gal treatment alone is sufficient for cryptococcal osteo-
myelitis [13, 32]. However, surgical intervention may be 
needed in some patients with large lesions or in those at 
risk of vital tissue or organ damage.

In summary, we report a rare case of isolated sacrum 
cryptococcal osteomyelitis in an immunocompetent 
patient and reviewed 18 published cases of spine cryp-
tococcal osteomyelitis. Immunocompetent individuals 
are also at risk for cryptococcal osteomyelitis. Due to 
atypical clinical symptoms and imaging findings, these 
alone may be insufficient for diagnosing spine crypto-
coccal osteomyelitis; hence, invasive examinations like 
puncture biopsy and fungal examinations are needed. 
Generally, nonsurgical therapy proves satisfactory for 
treatment of spine cryptococcal osteomyelitis. How-
ever, when the infective lesion is large, especially when 
it compresses the spinal cord and nerves, a regimen 
combining aggressive surgery with antifungal therapy is 
indispensable.

Fig. 8 Postoperative magnetic resonance imaging (MRI)(sacrum). One-month post-operative MRI (a sagittal T1-weighted; b sagittal T2-weighted; 
c sagittal fat-suppressed T2-weighted; d transversal fat-suppressed T2-weighted ): abscess became smaller. Six-month post-operative MRI (e sagittal 
T1-weighted; f sagittal T2-weighted; g sagittal fat-suppressed T2-weighted; h transversal fat-suppressed T2-weighted ): abscess resolved



Page 10 of 15Zhong et al. BMC Infectious Diseases          (2023) 23:116 

Ta
bl

e 
1 

M
ai

n 
ch

ar
ac

te
ris

tic
s 

of
 1

8 
pu

bl
is

he
d 

ca
se

s 
of

 s
pi

ne
 c

ry
pt

oc
oc

ca
l o

st
eo

m
ye

lit
is

A
ut

ho
r

A
ge

 (y
ea

rs
)/

se
x

Si
te

Co
m

or
bi

di
tie

s
In

iti
al

 
di

ag
no

si
s

D
ia

gn
os

is
 

te
ch

ni
qu

es
Is

ol
at

ed
 o

r 
di

ss
em

in
at

ed
Su

rg
er

y
A

nt
ifu

ng
al

 
dr

ug
M

et
ho

d 
of

 
m

ed
ic

at
io

n
Co

ur
se

 o
f 

m
ed

ic
at

io
n

Fo
llo

w
 u

p
Cl

in
ic

al
ou

tc
om

e

A
ds

ul
 e

t a
l.[

1]
44

/F
T4

D
ia

be
te

s
Tu

be
rc

ul
os

is
Po

st
op

er
at

iv
e 

cu
ltu

re
 a

nd
 

hi
st

op
at

ho
-

lo
gi

ca
l 

ex
am

in
at

io
ns

 
re

ve
al

ed
 

cr
yp

to
co

cc
al

 
in

fe
ct

io
n

Is
ol

at
ed

T4
 d

ec
om

-
pr

es
si

on
 w

ith
 

pe
di

cl
e 

sc
re

w
 

fix
at

io
n

A
m

ph
o-

te
ric

in
 B

Fl
uc

on
az

ol
e

Fl
uc

yt
os

in
e

3 
m

on
th

s 
of

 
in

tr
av

en
ou

s 
am

ph
o-

te
ric

in
 B

 a
nd

 
flu

cy
to

si
ne

 
po

st
op

er
a-

tiv
e,

 th
en

 5
 

m
on

th
s 

of
 o

ra
l fl

u-
co

na
zo

le
 a

nd
 

flu
cy

to
si

ne

8 
m

on
th

s
8 

m
on

th
s

Im
pr

ov
em

en
t

A
l-T

aw
fiq

 a
nd

 
G

ha
nd

ou
r [

4]
34

/F
L4

Tu
be

rc
ul

ou
s 

ly
m

ph
ad

en
iti

s
Py

og
en

ic
 

os
te

om
ye

lit
is

A
bs

ce
ss

 c
ul

-
tu

re
 g

re
w

 C
. 

ne
of

or
m

an
s. 

Th
e 

se
ru

m
 

cr
yp

to
cc

oc
al

 
an

tig
en

 (-
)

Is
ol

at
ed

Th
e 

ve
rt

eb
ra

l 
ab

sc
es

s 
w

as
 

dr
ai

ne
d 

an
d 

as
pi

ra
te

d

Fl
uc

on
az

ol
e

12
 w

ee
ks

 o
f 

or
al

 fl
uc

on
a-

zo
le

12
 w

ee
ks

12
 m

on
th

s
Fu

ll 
re

co
ve

ry

Jo
o 

et
 a

l.[
2]

66
/F

L2
Re

ct
al

 c
an

ce
r 

w
ith

 a
dj

uv
an

t 
ch

em
ot

he
ra

py

M
et

as
ta

tic
 

tu
m

or
Po

st
op

er
at

iv
e 

pa
th

ol
og

ic
 

ex
am

in
at

io
n.

C
SF

 c
ul

tu
re

 
an

d 
cr

yp
-

to
co

cc
al

 
an

tig
en

 (-
)

Is
ol

at
ed

Co
rp

ec
to

m
y 

of
 L

2 
ve

rt
e-

br
al

 b
od

y

A
m

ph
o-

te
ric

in
 B

Fl
uc

on
az

ol
e

1 
w

ee
k 

of
 

in
tr

av
en

ou
s 

am
ph

ot
er

ic
in

 
B 

an
d 

flu
co

n-
az

ol
e,

 th
en

, 
1 

ye
ar

 o
f o

ra
l 

flu
co

na
zo

le

12
 m

on
th

s
12

 m
on

th
s

Fu
ll 

re
co

ve
ry

La
i e

t a
l. 

[2
0]

25
/M

L1
, S

1
N

o
O

st
eo

sa
r-

co
m

a
Pr

eo
pe

ra
-

tiv
e 

bi
op

sy
 

re
ve

al
ed

 
an

 in
fe

ct
ed

 
le

si
on

, 
po

st
op

er
a-

tiv
e 

m
ic

ro
bi

al
 

id
en

tifi
ca

tio
n 

re
ve

al
ed

 
cr

yp
to

co
cc

al
 

in
fe

ct
io

n

D
is

se
m

in
at

ed
Lu

m
bo

sa
cr

al
 

de
br

id
em

en
t

A
m

ph
o-

te
ric

in
 B

4 
w

ee
ks

 o
f 

in
tr

av
en

ou
s 

am
ph

ot
er

ic
in

 
B an

d 
th

en
 8

 
w

ee
ks

 o
f o

ra
l

am
ph

ot
er

ic
in

 
B

12
 w

ee
ks

9 
m

on
th

s
Fu

ll 
re

co
ve

ry



Page 11 of 15Zhong et al. BMC Infectious Diseases          (2023) 23:116  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

A
ge

 (y
ea

rs
)/

se
x

Si
te

Co
m

or
bi

di
tie

s
In

iti
al

 
di

ag
no

si
s

D
ia

gn
os

is
 

te
ch

ni
qu

es
Is

ol
at

ed
 o

r 
di

ss
em

in
at

ed
Su

rg
er

y
A

nt
ifu

ng
al

 
dr

ug
M

et
ho

d 
of

 
m

ed
ic

at
io

n
Co

ur
se

 o
f 

m
ed

ic
at

io
n

Fo
llo

w
 u

p
Cl

in
ic

al
ou

tc
om

e

Li
 e

t a
l. 

[1
7]

17
/F

L1
Im

m
un

e 
he

m
o-

ly
tic

 a
ne

m
ia

Tu
be

rc
ul

os
is

C.
 n

eo
fo

r-
m

an
s w

as
 

is
ol

at
ed

 in
 

C
SF

 c
ul

tu
re

s.
C

SF
 c

ry
p-

to
co

cc
us

 
an

tig
en

 (+
), 

Pr
eo

pe
ra

tiv
e 

sp
ec

ifi
c 

st
ai

ns
 

fo
r C

. n
eo

fo
r-

m
an

s (
+

)

Is
ol

at
ed

Sp
in

al
 

de
br

id
em

en
t 

an
d 

fu
si

on

Fl
uc

on
az

ol
e

3 
m

on
th

s 
of

 
or

al
 fl

uc
on

a-
zo

le

U
nc

le
ar

3 
m

on
th

s
Fu

ll 
re

co
ve

ry

N
an

ke
u 

et
 a

l. 
[1

0]
29

/M
S1

,S
2

C
hr

on
ic

 h
ep

a-
tit

is
 B

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

Bl
oo

d 
cu

ltu
re

s 
an

d 
bi

op
sy

 s
pe

ci
-

m
en

 w
er

e 
po

si
tiv

e 
fo

r C
. 

ne
of

or
m

an
s. 

Ce
re

br
o-

sp
in

al
 fl

ui
d 

C.
ne

of
or

m
an

s 
an

tig
en

 (+
)

D
is

se
m

in
at

ed
N

o
A

m
ph

o-
te

ric
in

 B
,

Fl
uc

on
az

ol
e,

Fl
uc

yt
os

in
e

4 
w

ee
ks

 o
f 

in
tr

av
en

ou
s 

am
ph

o-
te

ric
in

 B
 a

nd
 

flu
cy

to
si

ne
, 

fo
llo

w
ed

 b
y 

18
 m

on
th

s 
of

 
or

al
 fl

uc
on

a-
zo

le

19
 m

on
th

s
2 

ye
ar

s
Fu

ll 
re

co
ve

ry

N
oh

 e
t a

l. 
[2

1]
21

/F
Th

e 
sa

cr
um

A
ut

oi
m

m
un

e 
he

pa
tit

is
 w

ith
ch

ro
ni

c 
st

er
oi

d 
th

er
ap

y

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

C
ry

pt
oc

oc
ca

l 
an

tig
en

 o
f 

se
ru

m
 a

nd
 

ce
re

br
os

pi
na

l 
flu

id
 (+

), 
Fu

n-
ga

l c
ul

tu
re

 
(+

)

D
is

se
m

in
at

ed
In

ci
si

on
 a

nd
 

de
br

id
em

en
t

A
m

ph
o-

te
ric

in
 B

U
nc

le
ar

3 
m

on
th

s
3 

ye
ar

s
Fu

ll 
re

co
ve

ry

W
an

g 
et

 a
l. 

[5
]

67
/F

T2
, T

3
N

o
C

ry
pt

oc
oc

ca
l 

in
fe

ct
io

n
Pr

eo
p-

er
at

iv
e 

se
ru

m
 

cr
yp

to
co

cc
al

 
an

tig
en

 (+
), 

Po
st

op
er

at
iv

e 
pa

th
ol

og
ic

al
 

ex
am

in
a-

tio
n(
+

)

Is
ol

at
ed

Le
si

on
 

cl
ea

ra
nc

e 
fo

llo
w

ed
 b

y 
in

tr
am

ed
ul

-
la

ry
 n

ai
lin

g 
an

d 
al

lo
ge

-
ne

ic
 b

on
e 

tr
an

sp
la

nt
a-

tio
n

Vo
ric

on
az

ol
e

Fl
uc

on
az

ol
e

8 
w

ee
ks

 o
f 

in
tr

av
en

ou
s 

vo
ric

on
az

ol
e 

an
d 

th
en

 4
 

w
ee

ks
 o

f o
ra

l 
flu

co
na

zo
le

12
 w

ee
ks

12
 w

ee
ks

Fu
ll 

re
co

ve
ry



Page 12 of 15Zhong et al. BMC Infectious Diseases          (2023) 23:116 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

A
ge

 (y
ea

rs
)/

se
x

Si
te

Co
m

or
bi

di
tie

s
In

iti
al

 
di

ag
no

si
s

D
ia

gn
os

is
 

te
ch

ni
qu

es
Is

ol
at

ed
 o

r 
di

ss
em

in
at

ed
Su

rg
er

y
A

nt
ifu

ng
al

 
dr

ug
M

et
ho

d 
of

 
m

ed
ic

at
io

n
Co

ur
se

 o
f 

m
ed

ic
at

io
n

Fo
llo

w
 u

p
Cl

in
ic

al
ou

tc
om

e

W
an

g 
et

 a
l.[

6]
41

/F
L4

N
o

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

Pr
eo

pe
ra

tiv
e 

pe
rc

ut
an

eo
us

 
bi

op
sy

(+
), 

Po
st

op
er

at
iv

e 
M

ic
ro

bi
al

 
cu

ltu
re

(-)
N

ex
t-

ge
ne

ra
tio

n 
se

qu
en

ci
ng

D
is

se
m

in
at

ed
Po

st
er

io
r 

lu
m

ba
r o

pe
n-

w
in

do
w

 fo
ca

l 
de

br
id

em
en

t

Fl
uc

yt
os

in
e,

 
A

m
ph

o-
te

ric
in

 B
, 

Fl
uc

on
az

ol
e

U
nc

le
ar

20
 d

ay
s

12
 y

ea
rs

Fu
ll 

re
co

ve
ry

Zh
ou

 e
t a

l. 
[3

]
40

/F
L4

Rh
eu

m
at

oi
d 

ar
th

rit
is

 a
nd

 
sc

le
ro

de
rm

a

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

N
ee

dl
e 

as
pi

ra
tio

n 
bi

op
sy

(+
), 

M
ic

ro
bi

al
 

cu
ltu

re
(+

)

Is
ol

at
ed

N
o

Fl
uc

on
az

ol
e

6 
m

on
th

s 
of

 
or

al
 fl

uc
on

a-
zo

le

6 
m

on
th

s
12

 m
on

th
s

Fu
ll 

re
co

ve
ry

G
up

ta
 e

t a
l. 

[7
]

42
/F

T2
, T

3
Tu

be
rc

ul
ou

s 
ly

m
ph

ad
en

op
a-

th
y

Tu
be

rc
ul

os
is

Po
st

op
er

at
iv

e 
hi

st
op

at
ho

-
lo

gi
ca

l 
ex

am
in

at
io

n

Is
ol

at
ed

T2
, T

3 
co

st
o-

tr
an

sv
er

se
c-

to
m

y

A
m

ph
o-

te
ric

in
 B

 
Fl

uc
yt

os
in

e

U
nc

le
ar

2 
w

ee
ks

2 
w

ee
ks

D
ea

th

W
ild

st
ei

n 
et

 a
l.[

18
]

20
/M

T1
2-

L2
Sa

rc
oi

do
si

s 
w

ith
 

pr
ed

ni
so

ne
 

th
er

ap
y

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

C
ry

pt
oc

oc
ca

l 
an

tig
en

 (-
)

Bi
op

sy
 o

f t
he

 
pa

ra
sp

i-
na

l m
as

s 
hi

st
ol

og
ic

al
ly

 
re

ve
al

ed
 th

e 
pr

es
en

ce
 o

f 
fu

ng
al

 o
rg

an
-

is
m

s

D
is

se
m

in
at

ed
N

o
Fl

uc
on

az
ol

e
O

ra
l fl

uc
on

a-
zo

le
un

cl
ea

r
6 

m
on

th
s

Fu
ll 

re
co

ve
ry

Co
ok

 [1
9]

24
/F

T1
-T

3
Sa

rc
oi

do
si

s 
w

ith
 

co
rt

ic
os

te
ro

id
s 

th
er

ap
y

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

N
ee

dl
e 

as
pi

ra
tio

n 
bi

op
sy

(+
), 

M
ic

ro
bi

al
 

cu
ltu

re
(+

)
C

ry
pt

oc
oc

ca
l 

an
tig

en
 (-

)

Is
ol

at
ed

Pe
rc

ut
an

eo
us

 
pu

nc
tu

re
dr

ai
na

ge

Fl
uc

on
az

ol
e,

Fl
uc

yt
os

in
e,

A
m

ph
o-

te
ric

in
 B

12
 m

on
th

s 
of

 
or

al
 a

nt
ifu

n-
ga

l d
ru

g

12
 m

on
th

s
16

 m
on

th
s

Fu
ll 

re
co

ve
ry

G
ur

ev
itz

 e
t a

l.
[1

2]
67

/F
L3

N
o

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

O
pe

n 
bi

op
sy

(+
),

M
ic

ro
bi

al
 

cu
ltu

re
(+

)
C

ry
pt

oc
oc

ca
l 

an
tig

en
 (+

)

Is
ol

at
ed

N
o

Fl
uc

on
az

ol
e,

 
5-

flu
or

oc
yt

o-
si

ne

6 
w

ee
ks

 o
f 

in
tr

av
en

ou
s 

am
ph

ot
er

ic
in

 
B an

d 
or

al
 

5-
flu

or
oc

yt
o-

si
ne

6 
w

ee
ks

2 
ye

ar
s

Fu
ll 

re
co

ve
ry



Page 13 of 15Zhong et al. BMC Infectious Diseases          (2023) 23:116  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
r

A
ge

 (y
ea

rs
)/

se
x

Si
te

Co
m

or
bi

di
tie

s
In

iti
al

 
di

ag
no

si
s

D
ia

gn
os

is
 

te
ch

ni
qu

es
Is

ol
at

ed
 o

r 
di

ss
em

in
at

ed
Su

rg
er

y
A

nt
ifu

ng
al

 
dr

ug
M

et
ho

d 
of

 
m

ed
ic

at
io

n
Co

ur
se

 o
f 

m
ed

ic
at

io
n

Fo
llo

w
 u

p
Cl

in
ic

al
ou

tc
om

e

Ja
in

 e
t a

l.[
22

]
72

/F
T6

D
ia

be
te

s
Tu

be
rc

ul
os

is
FN

A
P

Fu
ng

al
 

cu
ltu

re

Is
ol

at
ed

N
o

Fl
uc

yt
os

in
e,

A
m

ph
o-

te
ric

in
 B

3 
m

on
th

s 
of

 
in

tr
av

en
ou

s 
am

ph
ot

er
ic

in
 

B an
d 

or
al

 
flu

cy
to

si
ne

3 
m

on
th

s
5 

ye
ar

s
Fu

ll 
re

co
ve

ry

G
ly

nn
 e

t a
l. 

 
[2

3]
52

/F
L1

-L
3

N
o

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

N
ee

dl
e 

pe
rc

ut
an

e-
ou

s 
bi

op
sy

 
sh

ow
ed

 
ch

ro
ni

c 
in

fla
m

m
at

io
n 

bu
t c

ul
tu

re
 

re
ve

al
ed

 C
. 

ne
of

or
m

an
s

Is
ol

at
ed

N
o

A
m

ph
o-

te
ric

in
 B

5-
 F

lu
or

oc
y-

to
si

ne
Ke

to
co

na
-

zo
le

6 
w

ee
ks

 o
f 

in
tr

av
en

ou
s 

am
ph

ot
er

ic
in

 
B an

d 
or

al
 

5-
flu

or
oc

y-
to

si
ne

 a
nd

 
th

en
18

 w
ee

ks
 o

f 
or

al
 k

et
o-

co
na

zo
le

24
 w

ee
ks

7 
ye

ar
s

Fu
ll 

re
co

ve
ry

Ru
an

 e
t a

l. 
[2

4]
68

/M
T5

-T
11

N
o

py
og

en
ic

 
in

fe
ct

io
n

Tu
be

rc
ul

os
is

Cu
ltu

re
s 

of
 

bl
oo

d 
an

d 
pe

rc
ut

an
eo

us
 

as
pi

ra
tio

n
cu

ltu
re

 o
f p

us
 

re
ve

al
ed

 C
. 

ne
of

or
m

an
s

D
is

se
m

in
at

ed
Ex

ci
si

on
 o

f 
pa

ra
ve

rt
eb

ra
l 

ab
sc

es
s

A
m

ph
o-

te
ric

in
 B

Itr
ac

on
az

ol
e

Fl
uc

on
az

ol
e

Fl
uo

ro
cy

to
-

si
ne

St
ar

tin
g 

w
ith

 
in

tr
av

en
ou

s 
am

ph
ot

er
ic

in
 

B 
an

d 
itr

a-
co

na
zo

le
, f

ol
-

lo
w

ed
 b

y 
or

al
 

flu
co

na
zo

le
 

an
d 

flu
or

oc
y-

to
si

ne

4 
m

on
th

s
18

 m
on

th
s

Im
pr

ov
em

en
t

Xu
 e

t a
l. 

[2
5]

42
/F

L1
-L

5
Sj

ög
re

n’
s 

sy
nd

ro
m

e 
an

d 
tr

ea
te

d 
w

ith
 

m
et

hy
lp

re
dn

i-
so

lo
ne

C
ry

pt
oc

oc
ca

l 
in

fe
ct

io
n

Ti
ss

ue
 

bi
op

si
es

 
gr

an
ul

om
a-

to
us

 le
si

on
s 

w
ith

 v
is

ib
le

cr
yp

to
sp

or
id

-
iu

m

D
is

se
m

in
at

ed
N

o
Fu

co
na

zo
le

6 
m

on
th

s 
of

 
or

al
 fl

uc
on

a-
zo

le

6 
m

on
th

s
1 

ye
ar

s
Fu

ll 
re

co
ve

ry



Page 14 of 15Zhong et al. BMC Infectious Diseases          (2023) 23:116 

Abbreviations
AIDS  Acquired immune deficiency syndrome
MRI  Magnetic resonance imaging
T2WI  T2-weighted imaging
T1WI  T1-weighted imaging
CT  Computed tomography
ESR  Erythrocyte sedimentation rate
CRP  C-reactive protein
GM-test  Galactomannan detection test

Acknowledgements
Not applicable.

Author contributions
YYJ and ZYC diagnosed and treated the patient, reviewed the literature, and 
drafted the manuscript. ZYC and YYJ performed the surgery and helped in 
drafting the manuscript. HYX carried out the pathological diagnosis and 
helped in drafting the manuscript. ZYC,ZD and HYX participated in the clinical 
diagnosis and treatment, and helped in drafting the manuscript. CZY and LZX 
gave suggestions and helped in drafting the manuscript. YYJ critically revised 
the manuscript. Yanchun Zhong and Yuxi Huang contributed equally to this 
work and should be considered co-first authors. All the authors read and 
approved the fnal manuscript.

Funding
This study was supported by Education Department of Jiangxi Province 
(GJJ14678, GJJ170883).

Availability of data and materials
The main data used or analyzed in this case report are included in this pub-
lished article. More detailed data are available from the corresponding author 
on reasonable request.

Ethics approval and consent to participate
The study was conducted in accordance with the ethical guidelines of the 
Helsinki Declaration and was approved by the Human Ethics Committee of 
First Affiliated Hospital of Gannan Medical University. Written informed con-
sent was obtained from individual.

Consent for publication
Written informed consent was obtained from the patient for publication of 
this Case report and any accompanying images.

Competing interests
The authors declare no competing interests.

Received: 23 November 2022   Accepted: 9 February 2023

References
 1. Adsul N, Kalra KL, Jain N, Haritwal M, Chahal RS, Acharya S, et al. Thoracic 

cryptococcal osteomyelitis mimicking tuberculosis: a case report. Surg 
Neurol Int. 2019;10:81. https:// doi. org/ 10. 25259/ SNI- 49- 2019.

 2. Joo HS, Ha JK, Hwang CJ, Lee DH, Lee CS, Cho JH. Lumbar cryptococcal 
osteomyelitis mimicking metastatic tumor. Asian Spine J. 2015;9(5):798–
802. https:// doi. org/ 10. 4184/ asj. 2015.9. 5. 798.

 3. Zhou HX, Ning GZ, Feng SQ, Jia HW, Liu Y, Feng HY, et al. Cryptococcosis 
of lumbar vertebra in a patient with rheumatoid arthritis and sclero-
derma: case report and literature review. BMC Infect Dis. 2013;13:128. 
https:// doi. org/ 10. 1186/ 1471- 2334- 13- 128.

 4. Al-Tawfiq JA, Ghandour J. Cryptococcus neoformans abscess and osteomy-
elitis in an immunocompetent patient with tuberculous lymphadenitis. 
Infection. 2007;35(5):377–82. https:// doi. org/ 10. 1007/ s15010- 007- 6109-9.

 5. Wang C, Jia N, Zhang L, Liu K, Liu H, Yu H. Imaging findings of cryptococ-
cal infection of the thoracic spine. Int J Infect Dis. 2014;29:162–5. https:// 
doi. org/ 10. 1016/j. ijid. 2014. 07. 013.

 6. Wang R, Luo H, Xin X, Qin B, Huang W. Disseminated Cryptococcal 
infection of the lumbar spine in an immunocompetent man. Infect Drug 
Resist. 2022;15:4229–34. https:// doi. org/ 10. 2147/ IDR. S3596 12.

 7. Gupta SK, Chhabra R, Sharma BS, Das A, Khosla VK. Vertebral cryptococco-
sis simulating tuberculosis. Br J Neurosurg. 2003;17(6):556–9. https:// doi. 
org/ 10. 1080/ 02688 69031 00016 26868.

 8. Carpenter K,  Etemady-Deylamy A, Costello V,  Khasawneh M, Chamber-
land R, Tian K, et al. Cryptococcal chest wall mass and rib osteomyelitis 
associated with the use of fingolimod: a case report and literature review. 
Front Med. 2022;9:942751.

 9. Medaris LA, Ponce B, Hyde Z, Delgado D, Ennis D, Lapidus W, et al. 
Cryptococcal osteomyelitis: a report of 5 cases and a review of the recent 
literature. Mycoses. 2016;59(6):334–42. https:// doi. org/ 10. 1111/ myc. 
12476.

 10. Nankeu S, Djaha JM, Saint Marcoux B, Kaci R, Debandt M. Disseminated 
cryptococcosis revealed by vertebral osteomyelitis in an immunocom-
petent patient. Joint Bone Spine. 2012;79(6):629–31. https:// doi. org/ 10. 
1016/j. jbspin. 2012. 06. 002.

 11. Dumenigo A, Sen M. Cryptococcal osteomyelitis in an immunocompe-
tent patient. Cureus. 2022;14(1);e21074.

 12. Gurevitz O, Goldschmied-Reuven A, Block C, Kopolovic J, Farfel Z, Hassin 
D. Cryptococcus neoformans vertebral osteomyelitis. J Med Vet Mycol. 
1994;32(4):315–8. https:// doi. org/ 10. 1080/ 02681 21948 00003 91.

 13. Matsuki T, Miyamoto S, Yamashita T. Cryptococcal osteomyelitis of the 
Zygomatic bone: a case report. BMC Infect Dis. 2020;20(1):399. https:// 
doi. org/ 10. 1186/ s12879- 020- 05123-2.

 14. Ramesh V, Rao Polati V, Nimmala P, Anand M, Narreddy S, Saidulu G. An 
unusual cause for rib osteomyelitis in the tropics: Cryptococcal osteomy-
elitis. Trop Doct. 2020;50(4):361–5. https:// doi. org/ 10. 1177/ 00494 75520 
929827.

 15. Ma JL, Liao L, Wan T, Yang FC. Isolated cryptococcal osteomyelitis of the 
ulna in an immunocompetent patient: a case report. World J Clin Cases. 
2022;10(19):6617–25. https:// doi. org/ 10. 12998/ wjcc. v10. i19. 6617.

 16. Hsu E, Webster SM, Nanes M. Disseminated Cryptococcosis in an immu-
nocompetent host presenting as osteomyelitis and leading to adrenal 
insufficiency. Am J Med Sci. 2022;363(1):75–9. https:// doi. org/ 10. 1016/j. 
amjms. 2020. 12. 007.

 17. Li Z, Liang J, Shen J, Qiu G, Weng X. Thoracolumbar scoliosis due to 
Cryptococcal Osteomyelitis: a case report and review of the literature. 
Medicine. 2016;95(5);e2613.

 18. Wildstein MS, Martin SM Jr, Glaser JA. Cryptococcal osteomyelitis in a 
20-year-old male with sarcoidosis. Spine J. 2005;5(4):467–70. https:// doi. 
org/ 10. 1016/j. spinee. 2004. 12. 002.

 19. Cook PP. Successful treatment of cryptococcal osteomyelitis and 
paraspinous abscess with fluconazole and flucytosine. South Med J. 
2001;94(9):936–8. https:// doi. org/ 10. 1097/ 00007 611- 20019 4090- 00025.

 20. Lai Q, Liu Y, Yu X, Lv X, Wang Q, Zhou Y, et al. Diagnosis and treatment of 
nonadjacent Cryptococcal infections at the L1 and S1 vertebrae. Ortho-
pade. 2017;46(1):85–9. https:// doi. org/ 10. 1007/ s00132- 016- 3349-3.

 21. Noh HM, Kuszyk BS, Fishman EK. Cryptococcoma of the sacrum. Skelet 
Radiol. 1999;28(1):49–51. https:// doi. org/ 10. 1007/ s0025 60050 472.

 22. Jain M, Sharma S, Jain TS. Cryptococcosis of thoracic vertebra simulating 
tuberculosis: diagnosis by fine-needle aspiration biopsy cytology—a case 
report. Diagn Cytopathol. 1999;20(6):385–6. https:// doi. org/ 10. 1002/ (sici) 
1097- 0339(199906) 20:6. 385:: aid- dc12.3. 0. co;2-9.

 23. Glynn MJ, Duckworth G, Ridge JA, Grange WJ, Gibbs DD. Cryptococcal 
spondylitis: solitary infective bone lesions are not always tuberculous. Br J 
Rheumatol. 1994;33(11):1085–6. https:// doi. org/ 10. 1093/ rheum atolo gy/ 
33. 11. 1085.

 24. Ruan Q, Zhu Y, Chen S, Zhu L, Zhang S, Zhang W. Disseminated 
cryptococcosis with recurrent multiple abscesses in an immunocom-
petent patient: a case report and literature review. BMC Infect Dis. 
2017;17(1):369. https:// doi. org/ 10. 1186/ s12879- 017- 2459-9.

 25. Xu L, Song X, Zhang Y, Lin N, Wang JA. Sjögren’s syndrome with nervous 
system injury combined with pulmonary and osseous cryptococcosis: 
a case report. J Med Case Rep. 2021;15(1):325. https:// doi. org/ 10. 1186/ 
s13256- 021- 02941-z.

 26. Ghioldi ME, Dealbera ED, Chemes LN, Caballero GA, Del Vecchio JJ. 
Cryptococcus neoformans osteomyelitis of the calcaneus: case report and 
literature review. SAGE Open Med Case Rep. 2021;9:2050313X211027094. 
https:// doi. org/ 10. 1177/ 20503 13X21 10270 94.

https://doi.org/10.25259/SNI-49-2019
https://doi.org/10.4184/asj.2015.9.5.798
https://doi.org/10.1186/1471-2334-13-128
https://doi.org/10.1007/s15010-007-6109-9
https://doi.org/10.1016/j.ijid.2014.07.013
https://doi.org/10.1016/j.ijid.2014.07.013
https://doi.org/10.2147/IDR.S359612
https://doi.org/10.1080/02688690310001626868
https://doi.org/10.1080/02688690310001626868
https://doi.org/10.1111/myc.12476
https://doi.org/10.1111/myc.12476
https://doi.org/10.1016/j.jbspin.2012.06.002
https://doi.org/10.1016/j.jbspin.2012.06.002
https://doi.org/10.1080/02681219480000391
https://doi.org/10.1186/s12879-020-05123-2
https://doi.org/10.1186/s12879-020-05123-2
https://doi.org/10.1177/0049475520929827
https://doi.org/10.1177/0049475520929827
https://doi.org/10.12998/wjcc.v10.i19.6617
https://doi.org/10.1016/j.amjms.2020.12.007
https://doi.org/10.1016/j.amjms.2020.12.007
https://doi.org/10.1016/j.spinee.2004.12.002
https://doi.org/10.1016/j.spinee.2004.12.002
https://doi.org/10.1097/00007611-200194090-00025
https://doi.org/10.1007/s00132-016-3349-3
https://doi.org/10.1007/s002560050472
https://doi.org/10.1002/(sici)1097-0339(199906)20:6.385::aid-dc12.3.0.co;2-9
https://doi.org/10.1002/(sici)1097-0339(199906)20:6.385::aid-dc12.3.0.co;2-9
https://doi.org/10.1093/rheumatology/33.11.1085
https://doi.org/10.1093/rheumatology/33.11.1085
https://doi.org/10.1186/s12879-017-2459-9
https://doi.org/10.1186/s13256-021-02941-z
https://doi.org/10.1186/s13256-021-02941-z
https://doi.org/10.1177/2050313X211027094


Page 15 of 15Zhong et al. BMC Infectious Diseases          (2023) 23:116  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 27. Adiwardana NS, Morás JA, Bernardo LL, Klautau GB, Queiroz W, Vidal JE. 
Chronic skull osteomyelitis due to Cryptococcus neoformans: first case 
report in an HIV-infected patient. Braz J Infect Dis. 2018;22(6):499–502. 
https:// doi. org/ 10. 1016/j. bjid. 2018. 11. 004.

 28. Sang J, Yang Y, Fan Y, Wang G, Yi J, Fang W, et al. Isolated iliac cryptococ-
cosis in an immunocompetent patient. PLoS Negl Trop Dis. 2018;12(3): 
e0006206.

 29. Perfect JR, Dismukes WE, Dromer F, Goldman DL, Graybill JR, Hamill RJ, 
et al. Clinical practice guidelines for the management of Cryptococcal 
disease: 2010 update by the infectious diseases society of america. Clin 
Infect Dis. 2010;50(3):291–322. https:// doi. org/ 10. 1086/ 649858.

 30. Benitez LL, Carver PL. Adverse effects associated with long-term admin-
istration of azole antifungal agents. Drugs. 2019;79(8):833–53. https:// doi. 
org/ 10. 1007/ s40265- 019- 01127-8.

 31. Nahra R, Hoedt C, Jagga S, Ren S, Kim TW. Candida albicans sacral osteo-
myelitis causing necrosis of a sacral nerve root: a case report. JBJS Case 
Connect. 2017;7(3):e48.

 32. Bermas A, Geddes-McAlister J. Combatting the evolution of antifungal 
resistance in Cryptococcus neoformans. Mol Microbiol. 2020;114(5):721–
34. https:// doi. org/ 10. 1111/ mmi. 14565.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.bjid.2018.11.004
https://doi.org/10.1086/649858
https://doi.org/10.1007/s40265-019-01127-8
https://doi.org/10.1007/s40265-019-01127-8
https://doi.org/10.1111/mmi.14565

	Isolated cryptococcal osteomyelitis of the sacrum in an immunocompetent patient: a case report and literature review
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


