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Abstract
BACKGROUND
Mycobacterium paragordonae (M. paragordonae), a slow-growing, acid-resistant mycobacterial species, was first isolated from the sputum of a lung infection patient in South Korea in 2014. Infections caused by M. paragordonae are rare. 

CASE SUMMARY
Herein, we report the case of a 53-year-old patient who presented with fever and low back pain. Lumbar nuclear magnetic resonance imaging revealed the destruction of the lumbar vertebra with peripheral abscess formation. After anti-infective and diagnostic anti-tuberculosis treatment, the patient had no further fever, but the back pain was not relieved. Postoperatively, the necrotic material was sent for pathological examination, and all tests related to tuberculosis were negative, but pus culture suggested nontuberculous mycobacteria. The necrotic tissue specimens were subjected to metagenomic next-generation sequencing, which indicated the presence of M. paragordonae. Finally, the infecting pathogen was identified, and the treatment plan was adjusted. The patient was in good condition during the follow-up period.

CONCLUSION
M. paragordonae, a rare nontuberculous mycobacterium, can also cause spinal infections. In the clinic, it is necessary to identify nontuberculous mycobacteria for spinal infections similar to Mycobacterium tuberculosis. 
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Core Tip: Mycobacterium paragordonae (M. paragordonae) is a slow-growing, acid-resistant mycobacterial species. We present herein a 53-year-old patient who presented with fever and low back pain. Lumbar nuclear magnetic resonance imaging revealed the destruction of the lumbar vertebra with peripheral abscess formation. After anti-infective and diagnostic anti-tuberculosis treatment, the patient had no further fever, but the back pain was not relieved. Postoperatively, the necrotic material was sent for pathological examination, and all tests related to tuberculosis were negative. The necrotic tissue specimens were subjected to metagenomic next-generation sequencing, which indicated the presence of M. paragordonae. Finally, the infecting pathogen was identified, and the treatment plan was adjusted. The patient was in good condition during the follow-up period.


INTRODUCTION
Mycobacterium paragordonae (M. paragordonae), a species of mycobacteria, is a slow-growing, dark colour-producing mycobacterium that has similar growth characteristics and acid resistance to other mycobacteria[1]; this species is usually found in the environment or in colder regions or tissues of the body, such as mucous membranes, and lacks the capacity to infect deeper tissues of the human body[2]. This paper describes a case of lumbar spine infection caused by M. paragordonae, which is a rare nontuberculous mycobacterium with few reported cases.

CASE PRESENTATION
Chief complaints
A 53-year-old male patient presented to a hospital in Zhuzhou, China on February 19, 2021 with a 6-mo history of low back pain that was aggravated for 1 mo. He was a farmer and lived in Zhuzhou, Hunan Province, China. 

History of present illness
The patient developed low back pain with no obvious cause 6 mo ago, with persistent soreness and swelling to a moderate degree, which was tolerable, but he found no position offering obvious relief. Symptoms were obvious when bending and coughing. There were no symptoms of pain or numbness in either lower limb, and no intermittent claudication. However, there was numbness in the perineum, and he had difficulty walking, urinating, and defecating. He went to a local hospital and was diagnosed with "lumbar disc herniation". He was treated for dehydration and swelling with analgesia and anti-inflammation medicines, along with physiotherapy and nerve nutrition. The symptoms improved slightly but occasionally recurred and improved after a few days of bed rest. In the past month, the pain in the lower back worsened and was accompanied by night sweats, but no numbness in the perineum or difficulty urinating and defecating, so he came to our hospital. Lumbar spine X-ray showed L1 and L2 vertebral body localized bone destruction with a narrowing of this vertebral space, which was indicative of tuberculous lesions. X-ray additionally showed L5 sacralization. No obvious abnormal signs were seen in the pelvis (Figure 1). He had no past medical history, no recent fever, and no trauma. In the past month, he had poor sleep, poor diet, normal bowel movements, and weight loss of approximately 5 kg. 

History of past illness
The patient had a free previous medical history.

Personal and family history
The patient's personal and family history was not remarkable.

Physical examination
Physical examination revealed significant pressure pain and percussion pain in the spinous process and interspinous process of the upper lumbar spine; significant bilateral paravertebral pressure pain; no bilateral sciatic nerve stroke pressure pain; and significant limitation of lumbar flexion, extension, and rotation activities. 

Laboratory examinations
The patient's white blood cell count was 11.26 × 109/L, with 80.6% of neutrophils. His albumin level was 31.7 g/L and globulin was 44.4 g/L. Renal function parameters, cardiac enzymes, electrolytes, blood glucose, pre-transfusion examination parameters, routine urine and stool parameters, calcitoninogen, and tuberculosis antibody tests were normal. His C-reactive protein level was 101.9 mg/L, and erythrocyte sedimentation rate was 104 mm/h. The electrocardiogram was normal.

Imaging examinations
[bookmark: OLE_LINK3]The X-ray on February 19, 2021 showed L1 and L2 vertebral body localized bone destruction with a narrowing of this vertebral space (Figure 1). A computed tomography (CT) scan of the lung shown no abnormalities. On February 20, 2021, magnetic resonance imaging (MRI) of the lumbar spine showed obvious bone destruction of the L1 and L2 vertebrae, a narrowing of the L1/2 intervertebral space, the destruction of the intervertebral disc, and obvious swelling of the surrounding soft tissues; thus, lumbar spine tuberculosis with surrounding cold abscess formation was considered (Figure 2). On March 7, 2021, lumbar spine X-ray showed that the L1-L2 interbody internal fixation device was not broken, dislodged, or displaced, and the intervertebral bone graft healed well (Figure 3).

Further diagnostic work-up
The patient was negative for Mycobacterium tuberculosis (M. tuberculosis) ϒ interferon release test, the M. tuberculosis drug resistance gene, and the M. tuberculosis biochip. 

Microbiological identification of the causative agent
On March 2, 2021, the surgeon performed L1 and L2 vertebral body lesion removal via a left oblique approach + canal decompression + GAGE bone graft + percutaneous nail rod system internal fixation (prepared for iliac bone harvesting) under general anaesthesia, cheese-like necrotic material was seen intraoperatively, and specimens were collected for examination. The results of the pathological examination showed L1 and L2 focal tissue in the examined fibrocartilaginous tissue and hyperplastic fibrous tissue. The area showed acute purulent inflammation and inflammatory necrosis, and a large amount of chronic inflammatory cell infiltration was observed (Figure 4). Negative anti-acid staining of pus was performed. Pus culture indicated the present of nontuberculous mycobacteria. The TB-DNA test was negative. Postoperative necrotic tissue specimens were sent for metagenomic next-generation sequencing, which suggested the presence of M. paragordonae, with 11563 reads detected and a coverage of 8.559% (Figure 5).

FINAL DIAGNOSIS
The final diagnosis of the presented case was lumbar spine infection caused by M. paragordonae.

TREATMENT
On February 20, the patient developed a fever, with the highest temperature being 39.1 ºC. Based on the symptoms and the MRI results of the lumbar spine, the possibility of lumbar spine tuberculosis was considered, and he was given isoniazid (300 mg qd) + rifampicin (450 mg qd) + etanercept (0.75 g qd) + pyrazinamide (0.5 g tid) for diagnostic anti-tuberculosis treatment and levofloxacin (0.4 g qd) for anti-infection treatment. The patient had no further fever for 10 d but still had back pain. Therefore, on March 2, 2021, the surgeon performed L1 and L2 vertebral body lesion removal via a left oblique approach + canal decompression + GAGE bone graft + percutaneous nail rod system internal fixation (prepared for iliac bone harvesting) under general anaesthesia. Postoperatively, anti-tuberculosis drugs and levofloxacin were discontinued and adjusted to rifampin (450 mg/d) + ethambutol (0.75 g/d) + azithromycin (500 mg/d) + moxifloxacin (400 mg/d) for anti-infection treatment. 

OUTCOME AND FOLLOW-UP
One month after surgery, the patient’s blood count, C-reactive protein, and erythrocyte sedimentation rate returned to normal, and there was no lumbar pain or fever. Lumbar spine X-ray showed that the L1-L2 interbody internal fixation device was not broken, dislodged, or displaced, and the intervertebral bone graft healed well (Figure 3).

DISCUSSION
Spinal infection can affect both bony tissue, such as the vertebral body, and soft tissue, such as adjacent soft tissue and intervertebral discs[3]. The most common clinical manifestations of spinal infection are fever, back or neck pain, even radiating to the lower limbs, and inguinal hernia, with different manifestations occurring depending on the site of infection[4]; approximately 30% of patients present with neurological symptoms, including sensory abnormalities and muscle weakness[5]. In contrast, 75-95% of patients, during physical examinations, can feel paravertebral muscle spasms, while there is significant pressure pain on percussion over the spinous process of the infected spinal segment[4]. The most frequently involved spinal segments are the lumbar (58%), thoracic (30%), and cervical (11%) spine[6]. The spinal segment involved in this case was the lumbar spine. There are three main routes of spinal infection: (1) Haematogenous infection; (2) direct inoculation infection of adjacent tissues; and (3) postoperative infection[4], which can extend posteriorly and lead to epidural or subdural abscesses and even meningitis, while lateral dissemination can lead to abscesses of the psoas major, retroperitoneum, sub-diaphragm, paravertebral space, retropharynx, and mediastinum[7]. The most common pathogens causing spinal infections are bacteria, fungi and, less commonly, parasites; the most common pathogen was Staphylococcus aureus[8-10], followed by Streptococcus and Enterococcus, while infections caused by M. tuberculosis are significantly less common[11]. In the Mediterranean and the Middle East, Brucella can also lead to spinal infections[12], and in endemic areas, such as countries with warm climates (e.g., South America, Central Asia, and Africa), spinal tapeworm infections can also be seen occasionally[13], but a definite source cannot be identified in nearly 50% of spinal infections[14]. In the present case, the patient was admitted with low back pain, recent night sweats, weight loss, and fever on admission. Lumbar spine MRI suggested lumbar spine tuberculosis with peripheral cold abscess formation, and there was no further fever after anti-tuberculosis treatment was administered. In China, especially in developing regions, there are more cases of M. tuberculosis causing spinal tuberculosis, thus leading to paravertebral abscesses or lumbar major abscesses[15]. Initially, we misdiagnosed this case as lumbar spine infection due to M. tuberculosis, but the tuberculosis antibody test, the smear for the detection of acid-fast bacilli, the pathological molecular biology test, the negative M. tuberculosis ϒ interferon release test, the negative M. tuberculosis drug resistance gene, and the negative M. tuberculosis biochip results did not support the diagnosis of M. tuberculosis infection. Finally, M. paragordonae infection was determined by a macrogenomic test. At present, the diagnosis of spinal infections mainly relies on routine blood tests, infection indicators, the culture of pus secretions, and pathological findings, and imaging modalities mainly include X-rays, MRI, and CT, wherein MRI is the optimal option for the diagnosis of spinal infections and can determine the size and extent of abscesses. Definitive diagnosis still relies on pathological findings and culture of pus secretions[7]. Therefore, it is particularly important to culture specimens from patients with lumbar spine infection combined with paravertebral abscesses in a timely manner, and metagenomic next-generation sequencing plays a role in detecting unknown pathogens of lumbar spine infections. In recent years, mycobacterial infections have been increasing annually both in China and abroad, and the incidence of nontuberculous mycobacteria, types of mycobacteria other than M. tuberculosis, has increased to approximately 39.6 cases per 100000 people per year in the Asian population[16]. Some nontuberculous mycobacteria have a high similarity to M. tuberculosis in lung or extra-pulmonary infections (spine, lymph nodes, intestine, etc.), which can be easily missed or misdiagnosed. Nontuberculous mycobacteria are prevalent in the environment and multiply in soil and water, and it is important to consider nontuberculous mycobacteria when considering M. tuberculosis infections of the lumbar spine. The treatment for spinal infections includes non-surgical and surgical treatments, and non-surgical treatment often involves absolute bed rest, rational and standardized application of antibiotics, and symptomatic supportive treatment, but the treatment period is often long. Commonly used empirical antibiotic regimens include vancomycin and third-generation cephalosporins or fluoroquinolones, but the presence of spinal abscesses and spinal cord or nerve root compression with progressive neurological dysfunction can result in the failure of conservative treatment, leading to the recommendation of surgical treatment[17]. In this case, the patient had already developed vertebral destruction and paravertebral abscesses and was therefore treated medically and surgically.
Specimens of necrotic tissue from the lumbar spine of this patient were sent for metagenomic next-generation sequencing, and M. paragordonae was found. This species is a slow-growing, rare non-tuberculous member of the genus Mycobacterium. Its unique 16S rRNA gene sequence is approximately 99% similar to that of Gordon's Mycobacterium. Generally, M. paragordonae is rod-shaped and acid-resistant, with no spores or mycelium under the microscope, and with an optimal growth temperature of 25-30 ºC[1]. M. paragordonae is generally not pathogenic or is weakly pathogenic, and there was concern that the isolated organism may have been contaminated or colonized; however, the specimen from this patient was a lumbar spine surgery specimen, with no contamination or colonization, and the number of reads detected by metagenomic next-generation sequencing was 11563, with a coverage of 8.559%. Given this information, along with the clinical symptoms of the patient, M. paragordonae was considered to be the cause of infection in this patient. Few cases have been reported on the pathogenicity of M. paragordonae. Cheung et al[18] reported the first case of M. paragordonae peritonitis in a 55-year-old man who received continuous ambulatory peritoneal dialysis for 2 years. In contrast, there are no reports on cases of M. paragordonae causing lumbar spine infections. Because of its temperature sensitivity and its ability to produce strong immune responses to M. tuberculosis and Mycobacterium abscesses in inoculated mice, Kim et al reported that M. paragordonae could be used as a potential live vaccine against Mycobacterium[2], and Lee et al reported that this inactivated strain may be used as a potential immunotherapeutic adjuvant to increase the effectiveness of cancer chemotherapy[19]. The diagnosis and treatment of M. paragordonae are not well documented, although Cheung et al[18] reported a treatment plan for cases of peritonitis due to M. paragordonae based mainly on tissue culture drug sensitivity results. Since no pathogen was detected in the pus culture of this patient and M. paragordonae is a nontuberculous mycobacterium, we treated the patient with appropriate medication according to our experience with nontuberculous mycobacteria. Because of the destruction of the vertebral body and paravertebral abscesses, this patient was treated by surgery. The patient achieved a good outcome, but further follow-up is still required for the treatment of similar patients.
Next-generation sequencing technology, such as metagenomic next-generation sequencing, allows thousands to billions of DNA fragments to be sequenced independently and simultaneously and is now a widely used technique in microbial testing. Because almost all pathogens contain DNA or RNA genomes, metagenomic next-generation sequencing of unidentified pathogens is now becoming an important test for definitive diagnosis[20,21]. As demonstrated by this case, such rare and slow-growing pathogens are easily overlooked by ordinary bacterial culture methods due to their slow growth; therefore, metagenomic next-generation sequencing can be an important test for clinical diagnosis in addition to prolonging the culture time.

CONCLUSION
M. paragordonae is a slow-growing, rare non-tuberculous member of the genus Mycobacterium. There are no reports on cases of M. paragordonae causing lumbar spine infections. Through this case, we need to be alert to the infection with nontuberculous M. paragordonae in patients with spinal infection in future clinical work.
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[bookmark: OLE_LINK6][bookmark: OLE_LINK2]Figure 1 Lumbar spine X-ray showing L1 and L2 vertebral body localized bone destruction with a narrowing of this vertebral space. A: Anteroposterior radiograph of the lumbar spine; B: Lateral radiograph of the lumbar spine.
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Figure 2 Magnetic resonance imaging of the lumbar spine showing bone destruction of the L1 and L2 vertebrae, a narrowing of the L1/2 intervertebral space, the destruction of the intervertebral disc, and obvious swelling of the surrounding soft tissues. A: T1-magnetic resonance imaging (MRI) imaging; B: T2-weighted MRI imaging; C: Lumbar coronal MRI image.
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Figure 3 Lumbar spine X-rays showing that the L1-L2 interbody internal fixation device was not broken, dislodged, or displaced, and the intervertebral bone graft had healed well. A: Anteroposterior radiograph of the lumbar spine; B: Lateral radiograph of the lumbar spine.
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[bookmark: OLE_LINK1]Figure 4 Histological staining of lumbar 1/2 focal tissue. A: Haematoxylin-eosin staining (40 × magnification) showing acute purulent inflammation and inflammatory necrosis; B: Haematoxylin-eosin staining (magnification × 40) showing chronic inflammatory cell infiltration.
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[bookmark: OLE_LINK4]Figure 5 Metagenomic next-generation sequencing suggesting the presence of Mycobacterium paragordonae. The total number of bases in the genome of this species was 7224251, the total length of sequence coverage was 618365 bp, the coverage degree was 8.559572%, and the average depth was 1.30x.
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