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Abstract: Brucellosis is a zoonotic disease caused by Brucella spp., with the highest prevalence found in the northern cities of China. 
In this case report, we present an occurrence of spinal infection caused by B. melitensis in a 67-year-old man residing in a non-endemic 
area of southern China. The patient initially presented with chest and back pain, which was not accurately diagnosed and treated at 
a local hospital. Subsequently, due to worsening pain, he was admitted to our hospital. To determine the cause of the infection, we 
performed CT-guided aspiration biopsy and collected biopsy tissue for metagenomic next-generation sequencing (mNGS) on 
the second day of hospitalization. Imaging investigations revealed involvement of the thoracic vertebrae, specifically thoracic 4–7 
with the main focus on 5–6, accompanied by stenosis of the intervertebral space. The mNGS results indicated that the spine infection 
was caused by B. melitensis. The patient’s history as a shepherd and a positive Rose Bengal plate test (RBPT) further supported the 
diagnosis of brucella spondylitis. In order to alleviate pain and restore spinal function, the patient underwent posterior internal fixation 
of the thoracic spine. Treatment was initiated with cefoperazone/sulbactam, followed by doxycycline. Subsequently, the patient was 
switched to a combination therapy of rifampicin and doxycycline for a duration of six weeks. The patient responded well to treatment, 
and his condition remained stable. In conclusion, brucellosis is a common disease that can be easily misdiagnosed. This case report 
highlights the potential value of mNGS in early and rapid diagnosis. We believe that mNGS can serve as an effective tool to improve 
the diagnosis of spine infections caused by this pathogen. 
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Introduction
Brucellosis is a common zoonotic infection in most of the developing regions of the world, severely affecting livestock 
productivity and human health. It caused by a small, nonmotile gram-negative coccobacillus of the genus Brucella. 
Among reported human brucellosis cases, the pathogenic strain B. melitensis is the most frequently encountered.1,2 

Symptoms of human brucellosis are nonspecific and can include fever, malaise, headache, cough, fatigue, and 
osteoarthritis.3 The presence of these diverse symptoms, combined with the varying sensitivity of conventional laboratory 
tests, often complicates the diagnosis and leads to delays in treatment.4 In China, the northern provinces exhibit a high 
prevalence of human brucellosis, with 95.5% of cases nationally centralized in North China, with an average annual 
incidence rate ranging from 2.8 to 75.7 per 100,000 individuals, while the southern provinces report an incidence rate of 
less than 1.1 per 100,000, and the data in Zhejiang province was 0.28 per 100,000 in 2021.5 Metagenomic next- 
generation sequencing (mNGS), as an emerging pathogen diagnostic tool, have shown robust potential in improving 
clinical diagnosis of infections.6 In this case report, we describe the clinical presentation of a 67-year-old male residing in 
a non-endemic area, who presented with persistent chest and back pain for over three months. Subsequent mNGS 
confirmed the diagnosis of brucella spine infection.
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Case Presentation
A 67-year-old male patient presented with persistent chest and back pain without an obvious cause and sought initial treatment at 
a local hospital. Despite receiving conservative treatment (painkillers were taken and no invasive procedures were performed) for 
three months, his symptoms worsened over time. Seeking further care, he visited our hospital’s outpatient clinic. The patient had 
a medical history of a surgical operation for a left forearm fracture resulting from a traumatic injury the previous year. He denied 
any history of hypertension, infectious diseases, or other medical conditions. In addition, he had no recent history of prolonged 
residence in foreign countries or areas with known infections (such as COVID-19, dengue fever, etc.), and his family medical 
history was unremarkable. His vital signs were normal, and he did not have a fever before or after admission. Physical examination 
revealed a right-sided convexity of the thoracic spine and tenderness in the intervertebral space of thoracic spine 5 and 6. 
Laboratory tests showed a slightly low white-cell count of 3.8×109/L (normal reference range: 4.0–10.0×109/L), an elevated 
erythrocyte sedimentation rate (ESR) of 22 mm/h (normal reference range: <15 mm/h), and an elevated C-reactive protein (CRP) 
level of 14.9 mg/L (normal reference range: <10.0 mg/L). Computed tomography (CT) revealed destruction of the thoracic 5–6 
and cervical 6–7 vertebral bodies, an unclear intervertebral space, and a soft tissue mass surrounding the affected areas 
(Figure 1D). Magnetic resonance imaging (MRI) showed vertebral involvement at thoracic 4–7, predominantly at 5–6, with 
accompanying intervertebral space stenosis (Figure 1A–C), indicative of infectious spondylitis.

Figure 1 MRI and CT findings of the patient. (A–C) The MRI examination showed the destruction of vertebral at thoracic 4–7 (mainly 5–6) on October 11, 2022. (D–F) The CT 
examinations revealed the destruction of the vertebral bodies of thoracic 5–6 and cervical 6–7 at different times. (D–F) represent the CTs on October 11, October 21 and 
November 26, respectively. The destruction of the thoracic 5–6 was well improved when compared to the CT on admission. The red rectangles indicate the region of thoracic 5–6. 
Abbreviations: T2WI, T2 weighted imaging; FS-T2WI, fat saturation-T2 weighted imaging; T1WI, T1 weighted imaging; Oct., October; Nov., November.
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On October 16, 2022, the patient was admitted to the Second Affiliated Hospital of Zhejiang University, School of Medicine 
with no significant symptoms other than chest and back pain. The following day, CT-guided aspiration biopsy and mNGS were 
performed on the biopsy tissue to identify a potential etiology. Pathological examination of the bone marrow tissue revealed 
fibrosis and focal infiltration of lymphatic and plasma cells, suggesting inflammatory lesions. Both the tuberculosis infection 
T-cell test and bacterial culture of his tissue were negative. To relieve pain and restore spinal function, the patient underwent 
posterior internal fixation of the thoracic spine on October 19, 2022. Intravenous administration of cefoperazone/sulbactam 
sodium for injection (2.0g q12h) was initiated as an anti-infective treatment post-operation. Follow-up laboratory tests showed an 
elevation in CRP levels from 68.1 mg/L to 74.2 mg/L, an increase in ESR from 16 mm/h to 36 mm/h, and an interleukin-6 (IL-6) 
level of 19.18 pg/mL. Despite an extended duration of 10 days, both traditional blood and tissue cultures remained negative. 
However, 20 reads of Brucella spp. (out of a total of 247,467,502 sequence reads) were detected by mNGS in the tissue, with only 
one read identical to B. melitensis. No other bacteria, fungi, viruses, or parasites were detected. We further extracted the specie 
specific sequence fragment of B. melitensis (5’-GCTTCAAATCGGAAACAGAGGTACCGACAGCAGTATTGACGGC-3’) 
and found a 100% nucleotide sequence identity with B. melitensis using nucleotide blast (https://blast.ncbi.nlm.nih.gov). In light 
of the mNGS result, we conducted further investigation and confirmed the patient’s history as a shepherd one year prior. We then 
performed the Rose Bengal plate test (RBPT) for brucellosis using the RBPT Brucella antigen (Zhongchuang Biotechnology 
Co., LTD) obtained from the Institute of Infectious Disease of the China Centers for Disease Control and Prevention. As 
expected, the RBPT yielded a positive result (Figure 2). Consequently, a preliminary diagnosis of brucella spondylitis was made 
based on the patient’s medical history and laboratory findings.

During the course of treatment, the patient received doxycycline (0.1g bid) for five days, followed by rifampicin 
(0.45g qd) as an anti-Brucella infection therapy. After six days of treatment, the CRP level decreased from 68.1 mg/L to 
13.5 mg/L, IL-6 decreased from 19.18 pg/mL to 13.34 pg/mL, and ESR returned to a normal range. A follow-up CT scan 
of the thoracic vertebrae revealed no remarkable findings (Figure 1E). The patient experienced significant relief from his 
back pain compared to before. He recovered well and was discharged from the hospital on October 26, 2022, with 
prescriptions for doxycycline (0.1g bid) and rifampicin (0.45g qd) (Figure 3). At the one-month follow-up after 
discharge, the patient reported the elimination of back pain, and both the hemogram and CT scan of the thoracic spine 
were normal, indicating the effectiveness of the initial treatment (Figure 1F). Therefore, the patient continued the oral 
anti-infective regimen for two weeks by adjusting the dosage of doxycycline to 0.1g qd.

Bioinformatics Analysis and Pathogen Identification of mNGS
The raw sequencing data underwent bioinformatics analysis using a pipeline developed by BGI. The main procedure was as 
follows: short reads, duplicates, and human host sequences were removed using the Burrows-Wheeler-Alignment Tool 

Figure 2 Rose-Bengal plate test for brucellosis. (A) Negative for saline control; (B) Positive for agglutination of the patient’s serum.
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(BWA) to obtain high-quality sequencing data.7 Next, the remaining sequences were efficiently aligned to PMDB (PMseq 
metagenomic Database, version 3.1.2, BGI-locally established database) consisting of 1798 whole genome sequences of viral 
taxa, 6350 bacterial genomes or scaffolds, 1064 fungi related to human infection, and 234 parasites associated with human 
diseases, which were downloaded from NCBI (ftp://ftp.ncbi.nlm.nih.gov/genomes/). The obtained results were interpreted 
and utilized for generating the final report. The decision to report mNGS results to the clinic was based on the following 
criteria: (1) Microbial species: Sequencing Depth of the Single-Most-Represented Non-Human Genus (SDSMRNG) ≥ 3; (2) 
Parasite: SDSMRNG ≥ 100; (3) Mycobacterium tuberculosis complex (MTCP): SDSMRNG ≥ 1.8,9

The metagenome raw sequence read generated in this study have been deposited and is available in the Sequence 
Read Archive (SRA) (http://www.ncbi.nlm.nih.gov/sra) under BioProject ID: PRJNA971259 with the specific BioSample 
number: SAMN35054986.

Discussion
Brucellosis is recognized as a significant zoonotic disease, leading to significant public health concerns and economic 
losses. Human infection with Brucella spp. typically occurs through direct contact with infected animals, inhalation of 
aerosolized particles containing the bacteria, or ingestion of contaminated raw meat or unpasteurized dairy products.2 

Among the various species of Brucella, four have the potential to cause human disease: B. melitensis, B. abortus, B. suis, 
and B. canis. Among them, B. melitensis is the most virulent and prevalent in China.10 According to a report from the 
Centers for Disease Control and Preventionin China,5 a total of 117,012 cases of brucellosis were reported during 2020 to 
2021, with an exponential average annual incidence from 3.4/100,000 in 2020 to 5.0/100,000 in 2021. The majority of 
cases were concentrated in northern China, although there has been a rapid increase in incidence in certain areas of 
southern China.11 Occupations such as farming and herding have been identified as high-risk groups for brucellosis, as 
individuals in these occupations are more likely to be exposed to the bacteria.11 In the present case, the patient contracted 
B. melitensis infection, probably related to contact with infected animals, and eventually progressed to brucella 
spondylitis.

Brucella spp. as a facultative bacterium, has the ability to evade the host’s immune response, allowing it to replicate 
and persist within the host’s professional phagocytic cells. Following uptake by local tissue lymphocytes, Brucella can 
disseminate throughout the body via the lymphoreticular system or bloodstream, leading to potential damage to various 
organs or body systems.2,12,13 Traditional culture methods for brucellosis typically require one to four weeks for 
detection.14

Clinical manifestations of brucellosis are characterized by undulant fever, malaise, arthralgias, hepatomegaly, 
splenomegaly, lymphadenopathy, or focal involvement of specific organs such as the epididymis, joints, cardiovascular 

Figure 3 Timeline of the patient’s hospitalization and discharge.
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system, and central nervous system.13,15 Among these, osteoarticular involvement represents the most common focal 
complication of brucellosis, with the spine being a frequently affected site.16,17 Brucella spondylitis, a serious complica
tion of brucellosis, occurs in adults with an incidence rate ranging from 2% to 60%.13,16–18 Initially, spinal infection 
occurs at the endplate due to its rich blood supply, but it can progress to involve the entire vertebral body or adjacent 
vertebral bodies.19 The lumbar spine is the most commonly affected region, followed by the thoracic and cervical 
spine.17,20 Clinical presentation typically includes back pain, sometimes accompanied by fever, fatigue, weakness, 
anorexia, and sweating.21 However, the nonspecific and subtle nature of the initial symptoms often make the diagnosis 
of brucella spondylitis challenging, leading to delays in treatment and potential long-term adverse effects on the patient’s 
overall well-being. In this study, the patient presented with a single symptom of chest and back pain, which was initially 
not accurately diagnosed and treated at the local hospital. Over the subsequent three months, the pain persisted and 
gradually worsened.

The diagnosis of brucella spondylitis poses clinical challenges and requires a comprehensive approach combining 
medical history, clinical manifestations, and various clinical examinations. Clinical manifestations consistent with the 
disease and an epidemiological history can provide important clues for diagnosing brucella spondylitis. Radiological 
techniques, including X-rays, CT scans, and MRI, can also contribute to the diagnosis. However, in the early and acute 
stages of infection, there may be no obvious bone destruction or morphological changes, making X-rays or CT scans less 
sensitive for diagnosis. In contrast, MRI is considered the primary imaging modality for evaluating patients with spinal 
brucellosis due to its high sensitivity in detecting early changes in the vertebral body, intervertebral discs, and 
surrounding soft tissues.18,19,22–24 Laboratory tests are crucial for timely diagnosis of spinal brucellosis. In combination 
with imaging results, general laboratory tests often reveal elevated levels of ESR and CRP, which serve as indicators for 
diagnosing spinal infection and assessing the response to anti-brucellosis therapy.17,21,24–26 Isolation of Brucella spp. 
from blood, bone marrow, or other tissues is considered the gold standard for diagnosis. However, the positive rate of 
bacterial culture is influenced by various factors and decreases as the infection progresses, which may result in missed or 
incomplete diagnoses.2,14,18,24 In the absence of etiologic confirmation, serological tests for antibodies to Brucella 
species play a crucial role in definitive diagnosis. RBPT is a simple and rapid agglutination assay frequently used as 
a screening tool for human brucellosis, and its positive results still need to be confirmed by other tests.27 However, 
indirect diagnosis by serological tests, and direct rapid diagnosis by molecular PCR-based methods are not routinely 
performed in clinical laboratories in Zhejiang province (southern China).

mNGS is a recently developed technique used for diagnosing infectious diseases. It combines high-throughput 
sequencing with bioinformatic analysis to comprehensively detect the genetic sequences of all microorganisms in clinical 
samples, allowing comparison with a pathogen reference database to determine the pathogen in the tested sample.28 

mNGS is increasingly used for diagnosing atypical and rare infectious diseases and has shown significantly higher 
sensitivity than traditional microbial culture for identifying pathogens in spinal infections, thereby improving pathogen 
detection rates.29,30

In the present case, the imaging findings showed infectious lesions of the thoracic spine including destruction of the 
5–6 vertebral bodies, intervertebral space stenosis, and a soft-tissue mass surrounding the affected area. Traditional 
microbial cultures were negative. However, mNGS analysis of the biopsy tissue indicated the presence of B. melitensis. 
To further confirm the diagnosis, RBPT was performed, and the results were in line with the mNGS findings. Despite 
some limitations in this study, as we did not conduct further serological tests and molecular PCR-based methods, the final 
diagnosis of spine infection with B. melitensis was established through a comprehensive analysis, which included 
a detailed medical history and a combination of laboratory and radiographic examinations. Furthermore, it is worth 
noting that the patient exhibited a positive response to the treatment.

Given the high pathogenicity of B. melitensis, early and prompt antimicrobial treatment is required. The most 
commonly antibiotic treatment regimen for brucellosis is doxycycline with either rifampicin or streptomycin. The 
duration of treatment typically spans six weeks, although it may be adjusted based on the patient’s overall health and 
any underlying conditions. Additionally, for patients experiencing severe local pain and spinal deformity, early surgical 
intervention may be necessary to alleviate pain and provide spinal stability.31,32 In this particular case, posterior fusion 
and internal fixation of the spine proved to be effective and safe for the patient.
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Conclusion
In summary, brucellosis is characterized by diverse and atypical manifestations, making its diagnosis particularly 
challenging, especially in non-endemic areas. In this case, mNGS exhibited remarkable efficacy in identifying the 
specific pathogen responsible for the spinal infection. We believe that mNGS would be helpful in guiding clinical 
treatment and enhancing patient outcomes. However, the high cost associated with mNGS might restrict its wide
spread use.
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