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Abstract
BACKGROUND
Tuberculous myelitis is a rare manifestation of tuberculosis (TB) that is usually caused by hematogenous spread of Mycobacterium tuberculosis (MTB). Neurosyphilis is a neurological disease that occurs when Treponema pallidum invades the brain or the spinal cord. Individually, these two diseases involving the spinal cord are rare and cases of concurrent tuberculous transverse myelitis and asymptomatic neurosyphilis have seldom been reported.

CASE SUMMARY
A 56-year-old man presented with numbness and pain of both lower limbs for 2 wk and dysuria for 1 wk. Syphilis serology and cerebrospinal fluid (CSF) analysis supported the diagnosis of neurosyphilis and the patient was treated with intravenous ceftriaxone at first, but symptoms still progressed. Then, magnetic resonance images revealed multiple lesions along the cervicothoracic junction, and chest computed tomography showed a typical TB lesion. MTB DNA was detected in the CSF sample by metagenomic next-generation sequencing. Eventually the patient was diagnosed with tuberculous myelitis combined with asymptomatic neurosyphilis. Subsequently, quadruple anti-TB drug standardized therapy was empirically used and his neurological symptoms improved gradually. 

CONCLUSION
Patients can have coinfection with tuberculous transverse myelitis and asymptomatic neurosyphilis. Patients with neurosyphilis should be examined for other pathogens.
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Core Tip: The present case indicates that possibility of coinfection with tuberculous transverse myelitis and asymptomatic neurosyphilis. We need to identify which infection is the main cause of the disease.


INTRODUCTION
Tuberculosis (TB) is now the leading cause of death and disability among adults worldwide[1]. TB can invariably invade any bodily system, including the central nervous system (CNS). The manifestation of CNS TB includes meningitis, tuberculoma, abscesses, pachymeningitis, calvarial TB, and tuberculous myelitis[2]. TB involvement of the spinal cord is usually due to hematogenous spread[3] and compression via spinal TB[4]. The most common clinical symptoms reported are bladder and bowel symptoms (90%), fever (70%) and paraplegia (60%). On magnetic resonance imaging (MRI), the involvement of the cervical/thoracic segment of the spinal cord was most commonly observed (90%). The most consistent finding was hyperintense signals on T2 and iso- or hypointense signals on T1-weighted images, and in some cases, it even presented as longitudinally extensive transverse myelitis[5,6]. Cerebrospinal fluid (CSF) findings are also of note as most patients have increased white blood cell (WBC) count and protein levels, while their glucose levels are either normal or low[7]. In recent years, the development of metagenomic next-generation sequencing (mNGS) has been valuable as it can provide detailed sequencing of the total DNA content of a microorganism, including Mycobacterium tuberculosis (MTB)[8]. This tool has emerged as a sensitive technology capable of detecting pathological organisms. Several studies have proven that CSF mNGS confers high sensitivity, specificity, and positive predictive values in the diagnosis of CNS TB[9,10]. 
Syphilis is a sexually transmitted disease caused by Treponema pallidum, which can invade the brain and spinal cord, resulting in neurosyphilis[11]. The diagnosis of symptomatic neurosyphilis requires meeting clinical, serological and CSF criteria, while asymptomatic neurosyphilis relies on serological and CSF criteria alone[12]. The clinical manifestation of neurosyphilis include meningitis, dementia, stroke, tabes dorsalis and syphilitic myelitis[13,14]. In general, syphilitic myelitis is a rare manifestation of syphilis and a rare cause of myelopathic syndromes. According to previous cases, the typical MRI appearance of syphilitic myelitis is abnormal enhancement in the superficial parts of the spinal cord parenchyma (candle guttering appearance) and reversed signal intensities on T2-weighted images and gadolinium-enhanced T1-weighted images (flip-flop sign)[15-17]. It is now widely accepted that neurosyphilis can coexist with many diseases, including human immunodeficiency virus (HIV) infection, cryptococcal meningitis, tuberculous meningitis, neuromyelitis optica (NMO), and N-methyl-D-aspartate-receptor encephalitis[18-21].
Here, we report a case in which neurosyphilis coexisted with tuberculous myelitis. The speciﬁc mechanism might be that T. pallidum destroys the blood–brain barrier and the patient is more likely to have other CNS infections[18]. Additionally, the potential association between neurosyphilis and tuberculous myelitis will be discussed in detail. 

CASE PRESENTATION
Chief complaints
A 56-year-old man presented with numbness and pain in both lower limbs for 2 wk and dysuria for 1 wk.

History of present illness
Two weeks previously, the patient developed numbness and pain in both lower limbs with no obvious origin and dysuria for 1 wk. Gradually, the symptoms of both lower limbs extended upward to the root of the thigh and the hips. There was no fecal incontinence at that time. The patient was referred to a local hospital, where he tested positive for serum syphilis antibody, but enhanced lumbosacral magnetic resonance imaging (MRI) as well as brain MRI showed no obvious abnormalities. The patient was first considered to have neurosyphilis and received 2 d of anti-syphilis therapy (ceftriaxone 2 g b.i.d and dexamethasone 5 mg b.i.d, combined with long-acting penicillin 2.4 MU, intramuscular injection). However, the patient’s symptoms did not improve; thus, he came to our hospital to seek further diagnosis and treatment.

History of past illness
The patient previously had TB, chest computed tomography (CT) found similar lesions 7 years ago, but the patient had no symptoms and no standardized treatment was added. 

Personal and family history
The patient had no relevant personal history and denied a family history of TB or myelitis.

Physical examination
The muscle strength of the patient’s bilateral lower limbs was graded as level 3 using the muscle strength grading scale (maximum score 5). The examination also revealed impaired pinprick sensation (bilateral) below the T10 dermatomes and hyporeﬂexia in both legs. The patient had a neurogenic bladder, and his temperature ranged between 37.5 and 38.8C since the disease onset. Other physical examination showed no abnormality.

Laboratory examinations
The patient’s results indicated positive serum syphilis and tuberculous serology [Toluidine red unheated serum test (TRUST) 1:8 and Treponema pallidum particle agglutination assay (TPPA)+, Mycobacterium tuberculosis specific T lymphocyte (T-SPOT)+, respectively]. The rapid HIV test and other blood tests revealed no obvious abnormalities. Lumbar puncture was performed, and the pressure was 185 mmH2O (June 4, 2020). CSF analysis revealed high WBC count (310 × 106/L) with lymphocytic predominance (90%), high protein level (159.2 mg/dL; normal range, 8–43 mg/dL), low glucose (0.99 mmol/L, normal range 2.2–3.9 mmol/L), and low chloride levels (118.3 mmol/L; normal range, 120–130 mmol/L). CSF TRUST and TPPA were also reactive with a titer of 1:1 for the TRUST. Subsequently, tuberculous-infected T cells indicated a positive T-SPOT result. For making a definitive diagnosis, mNGS was conducted and MTB DNA was detected in the CSF sample. Routine urine/fecal test and urinary ultrasound were normal.

Imaging examinations
MRI of the thoracic cord showed multiple lesions along the cervicothoracic junction on T2-weighted imaging (Figure 1A, B). Chest CT also showed patchy cord shadows in the apical posterior segment of the left upper lobe and the dorsal segment of the lower lobe (Figure 2A, B). Re-examination of brain MRI did not reveal any abnormalities.

FINAL DIAGNOSIS
The patient was diagnosed with tuberculous transverse myelitis combined with asymptomatic neurosyphilis and previous pulmonary TB.

TREATMENT
Anti-syphilis therapy (ceftriaxone 3 g q.d.) was added at first because the patient was initially diagnosed with neurosyphilis, but the patient complained about progression of symptoms as fecal incontinence appeared. Numbness and pain in both lower limbs was still present, and dysuria and fever did not improve as well. After 1 wk, the results of MRI, mNGS and CSF successively came out. Eventually, tuberculous myelitis was considered and quadruple anti-TB drug therapy was initiated empirically at the first 2 mo (isoniazid 600 mg, pyrazinamide 20 mg/kg, rifampin 600 mg, and ethambutol 15 mg/kg daily), then duplex anti-TB treatment (isoniazid 300 mg and pyrazinamide 500 mg t.i.d.) was used from last September as the symptoms gradually improved. 

OUTCOME AND FOLLOW-UP
Some of the clinical symptoms gradually improved, including temperature returning to normal, significant relief of pain in the lower limbs and recovery of muscle strength (grade 4) after 4 mo of anti-TB treatment. However, dysuria, fecal incontinence and numbness of lower limbs were not significantly improved. The CSF results at that time (October 30, 2020) were better than before: CSF pressure, 160 mmH2O; protein, 72.1 mg/dL; glucose, 2.41 mmol/L; leukocyte count, 6 cells/mm3; TPPA+ and TRUST. During 1-year follow-up, the patient still had dysuria, fecal incontinence and numbness below the waist. The latest results of CSF analysis (March 26, 2021) indicated: protein, 59.8 mg/dL; glucose, 2.04 mmol/L; leukocyte count, 4.0/L, suggesting the disease still fluctuated and was not completely cured.

DISCUSSION
Here, we describe a rare case of concurrent transverse tuberculous myelitis and asymptomatic neurosyphilis. To the best of our knowledge, this is the first case report about the coexistence of these two diseases. Based on the positive serum (TRUST and TPPA) and CSF results, the patient was definitively diagnosed with neurosyphilis at first, which was caused by infection with T. pallidum. Neurosyphilis can also stimulate immune response and delayed-type hypersensitivity participates in the immunopathology of syphilis[22]. In an animal model, opsonization, activated macrophages and pathogen-specific IgG were involved in the immune process of infection with T. pallidum[12]. So, we hypothesized that the state of neurosyphilis was not the same as the immunocompromised state of HIV patients. Additionally, T. pallidum can cause chronic inflammation and invade the CNS via the blood, leading to destruction of the blood–CSF barrier, disintegration of myelin, and loss of nerve fibers[18]. The most common forms of neurosyphilis involving the spinal cord are tabes dorsalis and syphilitic myelitis[14]. However, according to the CSF analysis and MRI, neither tabes dorsalis nor syphilitic myelitis could be diagnosed. The CSF analysis showed increased protein levels, low glucose levels, low chloride levels, and significant lymphocytosis, which supports the diagnosis of tuberculous myelitis. This was confirmed by the detection of MTB DNA in the CSF. The multiple lesions along the cervicothoracic junction on T2-weighted imaging are characteristic manifestations of tuberculous myelitis[6]. Both detection of MTB DNA in the CSF and the observed clinical improvement after treatment with anti-TB drugs confirmed the diagnosis. So, we believe that the patient presented with asymptomatic neurosyphilis.
It has been reported that CNS TB comprises 1% of all TB infections, with 95% of these in the form of TB meningitis and half of them involving the spine[23,24]. Tuberculous myelitis is usually due to hematogenous spread or compression via spinal TB[3]. In our case, the patient’s chest CT showed typical pulmonary TB lesions and he did not receive treatment before. Thus, we hypothesized that the patient was in a possible hypersensitivity state after infection with syphilis, leading to generation of chronic inflammation and destruction of the blood–CSF barrier. Thus, activated MTB is more likely to invade the spinal cord or meninges in patients with neurosyphilis. It is widely accepted that TB can coexist with other immune or infectious diseases such as HIV infection, neurosyphilis, cryptococcal meningitis, and NMO[19-21]. Gonzales Zamora et al[21] have reported a case of neurosyphilis with concomitant cryptococcal and tuberculous meningitis in a patient with AIDS. Zayet et al[19] also found a case of concurrent Devic’s neuromyelitis optica associated with active pulmonary TB. However, there are no reports of tuberculous myelitis in patients with neurosyphilis. 
Tuberculous myelitis is predominantly a disease of the thoracic spinal cord. Most spinal cord lesions appear as hyperintense signals on T2 and iso- or hypointense signals on T1-weighted images; the cervical/thoracic segment of the spinal cord was the most commonly observed (90%)[6]. In most patients, tuberculous myelitis affects more than one spinal segment (> 80%)[25]. The typical neuroimaging characteristics of syphilitic myelitis include “candle guttering appearance” and “flip-flop sign”[14-16]. The spinal cord MRI alterations in our patient showed multiple lesions along the cervicothoracic junction on T2-weighted imaging, which is more consistent with tuberculous myelitis lesions. CSF analysis is also the preferred method for diagnosis. As TB is a bacterial infection, increased proteins (> 100 mg/dL), moderate decrease in glucose concentration (< 40 mg/dL), moderate increase in lactate concentration, and increased adenosine deaminase (> 6.0) can be observed in most cases. CSF mNGS has high sensitivity (84.44%), specificity (100%), and positive predictive value (46.15%) in the diagnosis of CNS TB[9]. The CSF results of the current patient are consistent with the above characteristics, and MTB DNA was detected in the CSF sample by mNGS, which supports the diagnosis of tuberculous myelitis.
TB and syphilis are common in the clinical setting; however, the involvement of CNS is rare. T. pallidum can invade the CNS via the blood and cause chronic inflammation, leading to the destruction of the blood–brain barrier[18]. The breakdown of the blood–brain barrier makes it easier for other pathogens, such as MTB and Cryptococcus, to enter the CNS. Therefore, we speculate that the specific cause might be the direct destruction of the blood–brain barrier by T. pallidum, which make the patient susceptible to tuberculous myelitis.

CONCLUSION
This article describes a rare case of concurrent tuberculous transverse myelitis and asymptomatic neurosyphilis, indicating the possibility of coinfection with the two diseases. Neurosyphilis can sometimes present as asymptomatic. So, in future studies, patients with neurosyphilis should be examined for other pathogens, like MTB.
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Figure Legends
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Figure 1 Thoracic spinal magnetic resonance imaging (MRI) on June 5, 2020. MRI showed multiple lesions along the cervicothoracic junction (arrow). A: T1-weighted sequence; B: T2-weighted sequence. 
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Figure 2 Chest computed tomography conducted on June 5, 2020. The images showed patchy TB lesions in the left lung (arrows). A: Apical posterior segment of the upper lobe; B: Dorsal segment of the lower lobe.
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