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Abstract
BACKGROUND
Guillain-Barré syndrome (GBS) is an acute autoimmune-mediated polyneuropathy. Studies have increasingly reported the presence of anti-sulfatide antibody positivity with varying clinical symptoms in patients with GBS. However, spinal cord involvement is relatively rare in these cases.

CASE SUMMARY
A 68-year-old woman was admitted to the hospital with weakness of the limb for more than 3 d. Additional symptoms included neck pain, progressive numbness in the distal extremities, urinary and fecal retention, and reduced perception of temperature. She was diagnosed with an anti-sulfatide antibody-positive GBS variant and discharged after treatment with methylprednisolone and intravenous human immunoglobulin pulse therapy. Unlike common cases of anti-sulfatide antibody-positive GBS, this patient had atypical clinical symptoms of spinal cord involvement. No similar cases have previously been reported in China.

CONCLUSION
Although GBS is associated with a poor prognosis, a prompt diagnosis allows early administration of combined intravenous human immunoglobulin and methylprednisolone pulse therapy.
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Core Tip: Guillain-Barré syndrome (GBS) is an autoimmune-mediated acute polyneurogenic neuropathy. The clinical presentation of GBS is characterized by an acute onset, symmetric limb weakness, sensory disturbances, extraocular muscle paralysis, ataxia, diminished tendon reflexes, hypotonia, abdominal distention, constipation, and urinary retention following autonomic nerve damage. In recent years, anti-sulfatide antibody positivity has been increasingly noted in GBS cases, with varying clinical symptoms; thus, these antibodies have become crucial for the diagnosis of GBS. Here, we report the case of a patient who presented with signs and symptoms of spinal cord involvement and was diagnosed with anti-sulfatide antibody-positive GBS combined with spinal cord involvement, which is relatively rare in clinical practice; the symptoms improved after receiving combined treatment with intravenous human immunoglobulin and methylprednisolone pulse therapy.

INTRODUCTION
Guillain-Barré syndrome (GBS) is an acute autoimmune-mediated polyneuropathy manifested by motor axonal neuropathy, motor sensory axonal neuropathy, Miller-Fisher syndrome, pan-autonomic neuropathy, and sensory neuropathy[1]. It is usually caused by an immune response after infection by Campylobacter jejuni, cytomegalovirus, Epstein-Barr virus, Mycoplasma pneumoniae, Haemophilus influenzae, or the Influenza A virus. The antibodies from infection can cross-react with gangliosides on the surface of nerve cell membranes, leading to nerve damage and blocking of nerve conduction[1]. Recent evidence has revealed that infection with severe acute respiratory syndrome coronavirus 2 can also cause GBS[2]. Patients with GBS often present with acute onset of symmetric limb weakness, sensory disturbances, extraocular muscle paralysis, ataxia, weak tendon reflexes, low muscle tone, abdominal distention, constipation and urinary retention caused by autonomic nerve damage. Lesions are commonly observed in nerve roots, ganglia, peripheral nerves, and occasionally in the spinal cord. The main pathological changes include edema, congestion, varying degrees of lymphocyte and mononuclear macrophage infiltration, segmental demyelination, and axonal degeneration[3].
Anti-sulfatide antibodies may be associated with the pathogenesis of GBS and can be used for the early diagnosis of polyneuropathy[4,5]. Pestronk et al[6] first suggested in 1991 that anti-sulfatide antibodies were associated with polyneuropathy and inflammation. An increased level of anti-sulfatide antibodies can cause demyelination, possibly because they bind to myelin on the surface of Schwann cells and activate the complement cascade, which may be responsible for peripheral nerve injury[7]. A case report of a man with GBS and end-stage AIDS found with a high level of anti-thiolipid immunoglobulin G (IgG) antibodies and a reduced level of CD4+ T lymphocytes suggested that autoantibody abnormalities may contribute to the pathogenesis of GBS[8]. A retrospective analysis of 25 neuropathy patients showed that an elevated level of anti-sulfatide antibodies was associated with specific subtypes or variants of peripheral neuropathy, primarily due to damage to the sensory or sensorimotor axons and, to a lesser extent, damage to small or mixed fibers of the sensory component[9]. These findings provide a theoretical basis for the interpretation that the combination of spinal cord involvement and anti-sulfatide antibodies can contribute to the pathogenesis of GBS.
Anti-sulfatide antibodies can occur in many patients with GBS and other diseases[10]. The purpose of this case report was to present the co-occurrence of anti-sulfatide antibody positivity with spinal cord involvement in patients with GBS. Specifically, we describe a patient who presented with signs and symptoms of spinal cord pathology and was ultimately diagnosed with anti-sulfatide antibody-positive GBS. This clinical finding is relatively rare, and the case demonstrates the resolution of symptoms after treatment.

CASE PRESENTATION
Chief complaints
A 68-year-old woman was admitted to our hospital for weakness for more than 3 d. 

History of present illness
Three days before admission, she first experienced weakness of the limb weakness with posterior neck pain, numbness in the distal extremities, and a feeling of electric shock when touched.  On the day of admission, these symptoms were aggravated, and she could not stably hold things in either hand.  She also had cold-related pain in the upper extremities, weakness in the lower extremities, an inability to ambulate, urinary and fecal retention, and increased posterior neck pain. A cranial computed tomography (CT) showed no obvious signs of hemorrhage. The patient did not experience chills or fever, cough or sputum production, headache, visual hallucination, choking and coughing when eating, dysarthria, chest pain, palpitations, abdominal distension, or diarrhea. 

History of past illness
She had a history of hypertension for more than one year and was taking daily amlodipine tablets.  She denied any history of upper respiratory tract infection, diarrhea, or abdominal pain before the onset of symptoms and reported no recent vaccinations.  She had no history of diabetes mellitus or allergy to foods or drugs.

Personal and family history
She had no history of diabetes mellitus or allergy to foods or drugs. Denial of family history.

Physical examination
Physical examination: At admission, her body temperature was 36.8 ℃, her pulse rate was 76 beats/min and rhythmical, and there were no pathological murmurs in the auscultation area of each heart valve. Her respiratory rate was 20 breaths/min, her blood pressure was 145/78 mmHg, and there was no neck stiffness or breathing resistance. There were clear breath sounds in both lungs and no dry rales. Her abdomen was soft, and she had no varices in the veins of the abdominal wall. No pressure tenderness or rebound pain was observed at McBurney's point. There was no shifting dullness to percussion, but slightly reduced bowel sounds (2–3/min) were observed. Her lower limbs had no edema.

Neurological examination: The patient had clear consciousness and no dysarthria. Her pupils were round, had the same diameter (3.0 mm), and were light-sensitive. She had adequate eye movement in all directions, no nystagmus, and symmetrical bilateral frontal lines. The muscle strength of both upper limbs was grade 4; the muscle strength of both lower limbs was grade 3; the muscle tone of the limbs was low; and the tendon reflexes had bilateral weakness. The Babinski sign was positive on both sides. Her sensations of bilateral distal pain and temperature were slightly reduced; the two-handed finger-nose test was stable and accurate; the bilateral heel-knee-shin test was unstable and inaccurate; and she had normal bilateral vibration sensation and joint position sensation. The meningeal stimulation sign was negative, and she exhibited no involuntary movements.

Laboratory examinations
The complete blood count, liver and renal function tests, coagulation indicators, and tumor indicators indicated no significant abnormalities and cranial magnetic resonance imaging (MRI) also did not show significant abnormalities. A lumbar puncture indicated an elevated cerebrospinal fluid (CSF) pressure of 116 mmH20 and the presence of cytoalbuminologic dissociation. A peripheral neuropathy immunoblotting test (ganglioside antibody profile) was positive for anti-sulfatide antibody IgG. The markers of central nervous system demyelinating diseases, including oligoclonal bands, aquaporin 4, and anti-MOG antibodies, were all negative

Imaging examinations
Electromyography revealed some motor nerves with conduction block but normal sensory nerve conduction velocity and wave amplitude, suggesting damage to multiple peripheral nerves. A cervical MRI revealed a high signal in the cervical spinal cord, suggesting inflammatory changes.However, a thoracic MRI revealed degeneration of certain thoracic discs, and a lumbar MRI revealed bulges of the L3/4, L4/5, and L5/S1 discs. A chest CT revealed two foci of lung fibrosis, but a whole abdominal CT did not reveal significant abnormalities

FINAL DIAGNOSIS
The final diagnosis was Variant of GBS with anti-sulfatide antibody positivity and spinal cord involvement.

TREATMENT
The patient had a self-retaining urinary catheter to treat urinary retention, anal irrigation with glycerol to treat fecal retention, and mecobalamin tablets (0.5 mg, thrice daily) for treatment of GBS symptoms. She also received intravenous infusion therapy with human immunoglobulin (0.4 g/kg body weight/d) and methylprednisolone (500 mg/d dissolved in 500 mL of sodium chloride after static dosing). After three days, the methylprednisolone dose was reduced to 240 mg, and after another three days, it was reduced to 120 mg. Then, prednisone acetate tablets (60 mg/d) were administered, and the daily dose was reduced by 10 mg per week. Prednisone acetate was discontinued after one month, when potassium, calcium, and gastric protection were provided. 

OUTCOME AND FOLLOW-UP
At the time of discharge, she was able to hold objects in each hand securely and could support herself while walking. The pain behind her neck and the numbness of her limbs had resolved significantly, her stool was normal, and she had no urinary incontinence. Two weeks later, the patient was stable (Figure 1).

DISCUSSION
Anti-sulfatide antibodies have been observed in 5.2% of all GBS cases, mainly in those without a history of prior or occult infection, suggesting that these antibodies may be related to a specific variant or variants of GBS[11]. In this case report, we present a patient with GBS positive for anti-sulfatide antibodies. The CSF showed cytoalbuminologic dissociation. Electromyography suggested multiple peripheral nerve damage. Immunoblotting of the CSF showed positivity for anti-sulfatide antibody. The patient also had symptoms of diaphoresis, positive bilateral pathological signs, normal bilateral deep sensation, and joint position sense. A cervical MRI showed a lamellar and slightly long T2 signal in the medulla at the level of the C2–C3 vertebrae, which we interpreted as evidence of spinal cord involvement (Figure 2).

Differences between GBS and autoimmune demyelinating diseases
GBS differs from multiple sclerosis (MS) and neuromyelitis optica spectrum disorder (NMOSD). MS lesions mainly involve the intracranial region and spinal cord and are characterized by temporal and spatial diversity[12]; GBS patients have no significant abnormalities in cranial MRI. NMOSD is characterized by transverse myelitis and acute optic neuritis, spinal cord lesions that are often larger than three spinal cord segments, and specific antibodies against aquaporin 4[13]; GBS patients usually have a limited extent of spinal cord lesions, and these patients do not have loss of vision or profound or superficial sensory impairment below the plane of a spinal cord injury. Furthermore, evidence of central nervous system demyelinating diseases and CSF-related antibody tests were negative in our patient, although clinical symptoms indicated spinal cord involvement. Our final diagnosis was anti-sulfatide antibody-positive GBS with spinal cord involvement, a novel variant of GBS.

Unique features of anti-sulfatide antibody-positive GBS with spinal cord involvement
Patients with anti-sulfatide antibody-positive GBS have more significant sensory impairment and less motor impairment than patients with classical GBS. Our patient's symmetrical limb weakness and distal limb sensory disturbances were similar to those of patients with classical GBS. In contrast to Miller-Fisher syndrome, GBS is not characterized by extraocular muscle palsy, although GBS patients often have bilateral hypotonic reflexes and bilateral heel-knee-tibial instability. 
Patients with acute panautonomic neuropathy have symptoms of bladder dysfunction and constipation but no symptoms of symmetrical limb weakness. Our patient presented with urinary and fecal retention, bilateral positivity for Babinski’s sign, and MRI findings of intramedullary inflammatory changes at the C2–C3 vertebral body level. Spinal cord involvement is an atypical manifestation of GBS. Patients with atypical variants of anti-sulfatide antibody-positive GBS presenting with multiple cranial nerve involvement, acute bulbar palsy, and myocardial injury leading to transient cardiac insufficiency have previously been reported in China and other countries[10,14]. Spinal cord involvement is the feature unique to our case.

Treatment approaches for GBS
Intravenous immunoglobulin (IVIg) and plasma replacement are effective therapeutic approaches for treating GBS[1]. IVIg inhibits the toxic effects of CD8+ T lymphocytes on the nerve myelin sheath in acute inflammatory demyelinating polyradiculoneuropathy, decreases the number of B lymphocytes, increases the number of T lymphocytes, and reduces inflammatory cell infiltration. IVIg, therefore, plays a vital role in treatment, especially by restoring the CD4+ T lymphocyte subpopulation[15]. Intravenous methylprednisolone or oral steroids alone are ineffective for treating GBS[16], although IVIg combined with methylprednisolone therapy can provide short-term benefits[17]. Our patient was discharged from the hospital after receiving IVIg with methylprednisolone pulse therapy.

CONCLUSION
Our report of this unique patient and a thorough literature review highlight the importance of conducting electromyography, analyzing spinal antibodies, and carefully assessing clinical symptoms when encountering atypical presentations of GBS involving spinal cord manifestations to minimize the risk of misdiagnosis. This case report provides a reference for the clinical diagnosis of GBS and its variants. Further studies involving more patients with this GBS variant will contribute to a better understanding of the clinical characteristics of anti-sulfatide antibody-positive GBS and offer valuable insights for diagnosing and treating this syndrome.
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Figure 1 Information from this case report is organized into a timeline. IVIg: Intravenous immunoglobulin.
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