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Abstract: Cryptococcus (C) neoformans infection mainly occurs in immunocompromised hosts, especially those with AIDS, and 
skeletal infection is a rare presentation of cryptococcosis. We report a rare case of disseminated cryptococcal infection of the lumbar spine 
in an immunocompetent man caused by Cryptococcus neoformans var. grubii. The lesion position first appeared on upper right lung and 
then spread to the fourth lumbar vertebra. The result of periodic acid–Schiff (PAS) and Gomori’s methenamine silver (GMS) staining of 
the tissue sample matched cryptococcal infection, but multiple culture was negative. Eventually, C. neoformans var. grubii was confirmed 
using next-generation sequencing (NGS). Current follow-up of 12 months indicated a stable condition after antifungal therapy 
(fluconazole 400 mg/day) combined with surgery. Our case reminds that physicians must consider the possibility of skeletal crypto-
coccosis in patients with bone lesions, and NGS might be an excellent option to obtain the most accurate diagnosis in clinical practice. 
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Introduction
Cryptococcosis is a globally widespread infectious disease in humans caused by two species of Cryptococcus, C. neoformans 
and C. gattii, which are mainly distributed in rotting food, soil, and avian feces, especially pigeon droppings.1 The infection 
can involve any body site, but the principal sites of infection are the lungs and central nervous system (CNS).2 The most 
common origin of cryptococcosis is inhalation of spores or yeast cells; other sites are involved through hematogenous 
dissemination.3,4 Cryptococcus establishes clinical disease mainly in immunocompromised individuals, rarely in immuno-
competent individuals.4 Pathogens generally invade the lungs first, and then spread throughout the body. In about 5%–10% of 
patients with Cryptococcus, the lung disease has healed spontaneously and spread to the bones and joints through blood.5 

Here, the case that we describe is a rare disseminated vertebral cryptococcosis without immunodeficiency and eventually 
identified to the species level as C. neoformans var. grubii. Moreover, the patient was successfully managed through antifungal 
therapy combined with surgery. It is difficult to distinguish on imaging examinations because of lack of specificity. 
Accordingly, clinicians should be vigilant for Cryptococcus infections in patients with lumbar vertebral masses to avoid a 
misdiagnosis, missed diagnosis, and a delay in treatment.

Case Presentation
A 41-year-old male farmer presented to our hospital complaining of waist pain and the left leg with lower limb weakness 
for the past 5 months. He reported weight loss of 5 kg, but no fever, cough, headache, dizziness, chills, night sweats, 
nausea, or vomiting. In local hospital, magnetic resonance imaging (MRI) of the lumbar spine at that time showed bone 
destruction of the fourth lumbar vertebral body (L4) and left side appendages and the paravertebral soft tissue. Infection 
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with abscess formation or bone tumor was tentatively diagnosed at the local hospital. He was transferred to our hospital 
for further management. The patient denied a history of exposure to pigeons.

On admission, physical examination revealed obvious tenderness with pain upon percussion over the spine on the 
fourth lumbar vertebra, muscle atrophy of left lower extremity, and the straight leg raising test (SLRT) was suspiciously 
positive. MRI of lumbar spine was performed, which displayed partial cortical bone destruction of L4 that involved 
spinal canal and intervertebral foramen causing secondary spinal canal stenosis at that level and cauda equina compres-
sion. A chest CT scan demonstrated small round nodules with uneven density of upper right lung (Figure 1). No 
abnormalities were seen on MRI scan of the brain. Initial bloodwork showed the following: leukocyte count of 6.72 
(normal: 4–11) × 109/L, and the erythrocyte sedimentation rate (ESR) was 62 mm/h (normal: <20 mm/h). Cryptococcus 
capsular polysaccharide antigen was positive. 1,3-β-D-Glucan detection and T-SPOT were negative. HbA1c was in the 
normal range. Tumor markers (including alpha fetoprotein, carcinoembryonic antigen, β2-microglobulin, ferroprotein, 
and estradiol), antinuclear antibody, human immunodeficiency virus (HIV) antibody, antineutrophil cytoplasmic anti-
body, CD4 count, CD8 count, and serum complement were not obviously abnormal. Blood culture was negative. Patient 
had no diabetes mellitus, solid-organ transplantation, malignancy, and cirrhosis. In addition, vastus lateralis by percu-
taneous needle biopsy under local anesthesia percutaneous puncture on L4 spine was performed, and postoperative 
pathology showed fungal-like structure and infiltration with chronic inflammatory cells in the tissues submitted for 
examination (Figure 2). Immunohistochemistry revealed CD68 (+), S100 (-), CK (-), KI67 15% (+). The cerebrospinal 
fluid (CSF) sample was not obtained because our patient declined lumbar puncture. We first considered the diagnosis of 

Figure 1 (A and B) MRI of lumbar spine displayed partial cortical bone destruction and formation of abscesses at L4. (C) A chest CT scan demonstrated small round 
nodules with uneven density of upper right lung. The red arrow represents lesion.

Figure 2 (A) Hematoxylin-eosin (HE) staining of the tissue sample from punch biopsy on L4 spine; the red arrow represents Cryptococcus. (B) Periodic acid–Schiff staining of 
the tissue sample from surgical biopsy on L4 spine.
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cryptococcal infection with results of histopathological analysis and imaging examinations. Then we started empirical 
therapy with flucytosine plus amphotericin B. After five days, the plan was stopped, and switched to fluconazole at the 
dose of 400 mg per day because of impaired renal function.

Two weeks after his admission, the localized skin on the left lower back of the patient was slightly swollen with increased 
localized skin temperature. B-scan ultrasonography showed a 120 mm × 92 mm abnormal echo. Local abscess formation was 
considered. Then we performed percutaneous biopsy under ultrasound guidance. Pus culture was negative. The patient 
continued the treatment with the above-mentioned therapy, but his symptoms were not relieved. Ten days later, he had left 
lower extremity pain with hypoesthesia. Then he underwent surgical management by posterior lumbar open-window focal 
debridement. Postoperative pathology reported the following: periodic acid–Schiff (PAS) (+), Gomori’s methenamine silver 
(GMS) (+), CK (+), CD68(+), LCA (+), KI67 (+) (Figure 2). Cryptococcus neoformans var. grubii was confirmed from NGS 
data (Figure 3). The final diagnosis of disseminated vertebral cryptococcosis was made on the basis of the result of NGS 
combined with clinical manifestation, laboratory, imaging, and pathological findings. The patient continued treatment by 
fluconazole at the dose of 400 mg per day and was discharged, having made an improvement, 20 days after surgery. The 
patient’s focal lesion was reduced, and the clinical symptoms disappeared at 12-month follow-up.

Discussion
We present a rare case of C. neoformans var. grubii infection of disseminated vertebral cryptococcosis in an immunocompe-
tent patient. In our patient, Cryptococcus capsular polysaccharide antigen was positive, and CD4 count and CD8 count were in 
the normal range. Non-specific clinical manifestations and imaging findings caused a significant delay in the diagnosis in our 
patient, who eventually developed a refractory skeletal cryptococcosis that required a combination treatment of drug and 
surgery. Current follow-up of 12 months indicated a stable condition. Finally, spinal lesions may occur in cryptococcosis, 
therefore clinicians must identify the cause of these lumbar vertebral masses early to ensure accurate diagnosis.

Our patient’s final diagnosis was disseminated vertebral cryptococcosis. Disseminated skeletal cryptococcosis is 
defined as concurrent infection with two or more non-contiguous bone sites or one bone site associated with extra- 
skeletal sites.6 Most skeletal infections arise from a lung focus via the bloodstream; other possible sources include bony 
trauma, embolic phenomenon, contiguous skin infection, or contiguous neural infection.7 In our case, the solitary 
pulmonary nodule was the primary lesion, and Cryptococcus involved the L4 through blood. Disseminated skeletal 
cryptococcosis is a rare disease. Interrelated examination for disseminated cryptococcosis includes chest imaging; lumbar 
puncture for India ink staining, antigen testing, and culture; blood and urine culture; and sputum stain and culture.7 Our 
diagnosis is based on clinical, laboratory, imaging, biopsy findings, and NGS, particularly the histopathological analysis 
of lesion specimens from punch biopsy and surgical biopsy and the data of NGS. Our patient’s Cryptococcus capsular 

Figure 3 Next-generation sequencing (NGS) data.
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polysaccharide antigen was positive. The result of histopathological analysis of lesion specimens matched cryptococcal 
infection. But twice microbial cultures were negative. Negative blood culture upon admission may be associated with the 
sample collection and the culture conditions. Negative pus culture could be related to the specimen which was taken from 
the patient after the commencement of antifungal therapy. C.neoformans var.grubii was finally confirmed using NGS.

The identification of pathogenic microorganisms is a prerequisite and critical step in establishing appropriate treatment for 
cryptococcosis. Culture is the gold standard diagnosis, but often it is negative limited by culture conditions and techniques. 
The application of NGS technology allows for the detection and identification of microorganisms using a culture-independent 
approach. Most culture-independent methods such as PCR involve numerous individual tests for specifically targeted 
organisms which might enable unexpected microorganisms to evade detection, or use primers containing mismatches to the 
microbial strain involved thus causing false results. A main advantage of NGS is to enable broad identification of potentially 
known, unexpected or even the discovery of new pathogens from patient samples.8 In addition, the role of sequencing data 
provided by NGS includes infection classification on the basis of host response, characterization of antimicrobial resistance, 
and genotyping of pathogens.9 Our case is a reflection of the aid of NGS in a final diagnosis. However, NGS has not been in 
routine clinical microbiological diagnostics. There exist significant concerns about the lack of studies regarding the clinical 
utility and cost-effectiveness of NGS assays for pathogen detection, and this area requires further investigation. In summary, 
NGS has significant implications for diagnosis of cryptococcosis in clinical practice.

The most common symptoms of skeletal cryptococcosis were soft tissue swelling and pain, and fever was not a primary 
described clinical presentation,10 as was the case in our patient. These clinical presentations were not typical. In addition, the 
imaging test findings of vertebral cryptococcosis also resemble those of spinal tuberculosis and bone metastatic tumor; we 
need to combine the results of hematology examination, histopathological analysis, and microbial culture for diagnosis.11,12 A 
study revealed 20 of the 88 (22.7%) evaluable patients delayed in diagnosis. Misdiagnosis occurred among 13 (of 20, 65.0%) 
patients, and the most common diagnosis was tuberculosis (6 of 13, 46.2%) primarily in the vertebrae (5 of 6, 83.4%).6 

Because of abscess formation in our case, we also need to differentiate from bacterial abscess by biopsy. Previous reports have 
indicated that fungal osteomyelitis presents a rare phenomenon in spinal infections, and is mostly caused by Candida and 
Aspergillus. General examinations are usually insufficient to distinguish these atypical vertebral infections, and an early 
biopsy should be performed at the site of the lesion to identify the causative fungus.13,14 Beyond that, high-demand state of 
biopsy techniques and low positivity rate of the pathogen test in ordinary hospitals are common reasons for missed diagnosis 
and misdiagnosis of skeletal cryptococcosis. We present a case which illustrates that cryptococcosis should be included in the 
differential diagnosis of tuberculosis and a bony lesion even in a normal host.

Disseminated cryptococcosis has previously been linked to HIV/AIDS and cell-mediated immunological disorders.15 

However, the patient that we describe was an immunocompetent man, and his CD4 count was in the normal range. Based on 
the completed inspections, we had not found an underlying cause for impaired immunity, including diabetes mellitus, solid- 
organ transplantation, malignancy, sarcoidosis, systemic lupus erythematosus, and cirrhosis.16,17 This is a reminder that 
clinicians should also consider disseminated cryptococcosis in patients with normal immune functions. A retrospective 
analysis showed dissemination was a risk factor with an overall mortality rate (P = 0.041) in cryptococcosis.6 But 
disseminated cryptococcosis is still treatable. The guidelines of the Infectious Diseases Society of America (IDSA) 
recommend AmB combined with flucytosine as induction therapy for disseminated cryptococcosis, and fluconazole as 
consolidation and maintenance therapy.18 However, surgical treatment was performed due to the ineffectiveness of medical 
treatment alone in our patient. Then he was treated with fluconazole at the dose of 400 mg per day after surgery. It is 
noteworthy that surgery may be an important treatment for refractory skeletal cryptococcosis. Our patient’s lesion did not 
obviously improve due to poor compliance.

C. neoformans is predominantly reported in the immunocompromised, and C. gattii is more often found in the 
immunocompetent.4 The data collected by Dou et al showed that C. neoformans var. grubii (81 of 83, 97.6%) was the 
most common genotype in China.19 The previous study reported that most cryptococcosis patients in China were 
immunocompetent.

This is different in other countries.20 We consider the possibility that immunocompetent Chinese cryptococcosis patients 
may have genetic variation in immune function that may have predisposed them to cryptococcosis. A previous study provided 
evidence that the low-affinity Fc gamma receptor genes could be associated with risk for C. neoformans infection in 
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individuals with no immunodeficiency.21 A recent study indicated that the AA genotype of PTX3 rs2305619 increased the risk 
of cryptococcosis in immunocompetent patients.22 But these results were based on a small size study and used historical 
controls. Therefore, we need some larger, prospective studies to more precisely confirm these conclusions.

Conclusion
Disseminated vertebral cryptococcosis is a rare disease, which behaves similarly to spinal tuberculosis and bone 
metastatic tumor. Simultaneously, dissemination is a risk factor of overall mortality rate. Clinicians need to be aware 
of the rare probability. In this case, surgery combined with antifungal treatment result in particularly good therapeutic 
effect. When a clinician suspects cryptococcosis, histopathological analysis and microbial culture must be performed 
immediately to facilitate prompt and appropriate therapy. Moreover, NGS has significant implications for diagnosis of 
cryptococcosis in clinical practice.
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