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Neurocysticercosis detected by targeted next-generation sequencing of cerebrospinal fluid: a case report
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The patient, a middle-aged male with a long history of the disease, had experienced recurrent headaches for 26 years and episodic shaking of the right limb with slurred speech for the past month. He was previously diagnosed with cerebral cysticercosis and had shown improvement after anthelmintic treatment. In recent years, he noted a resurgence of headaches. One month prior, he developed right limb shaking and occasional slurred speech. A clinical neurological examination was unremarkable, but cranial MRI and cerebrospinal fluid sequencing confirmed a diagnosis of cerebral cysticercosis. Anthelmintic treatment was administered, resulting in symptom improvement.
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Introduction

Cerebral cysticercosis is the most prevalent helminthic infection affecting the central nervous system and poses a significant public health burden in many countries. Seizures and headaches are the most common clinical manifestations. Cerebrospinal fluid (CSF) examination in patients with neurocysticercosis (NCC) is helpful for diagnosing the disease. In the setting of parenchymal lesions, CSF typically shows a mildly elevated white cell count with normal glucose and protein levels, while in the setting of arachnoiditis or ventriculitis, pleocytosis with markedly elevated protein concentrations and decreased glucose concentrations may be observed. Cell counts typically show a predominance of mononuclear cells, although neutrophils or eosinophils may also be present.

In contrast, tNGS technology can analyse DNA sequences of target pathogens from samples to help determine the presence of DNA sequences of T. solium for more accurate diagnosis.

Certain atypical symptoms and clinical presentations can complicate early diagnosis. The common differential diagnoses for NCC include tuberculosis, toxoplasmosis, malignancy, or pyogenic cerebral abscess. The targeted metagenomic next-generation sequencing (tNGS) not only diagnoses CNS infections caused by a range of common pathogens, but also facilitates the simultaneous measurement of resistance and virulence genes.

This article describes the first case in which tNGS technology was applied to monitor the efficacy of treatment for cerebral cysticercosis. In this case, the patient had been diagnosed with cerebral cysticercosis 20 years ago and was treated with regular anticysticercosis medication. tNGS technology was used to dynamically monitor the RPM of the pig tapeworm, which was no longer detected in the cerebrospinal fluid, which may mean that the treatment has been successful and the worms have been effectively removed.



Case presentation

The patient is a 58-year-old male with a 26-year history of recurrent headaches, which have worsened over the past 2 years. He also reports episodic tremor in the right limb and slurred speech for the past month.

Twenty-six years ago, the patient experienced severe headaches without any apparent cause, describing the pain as intolerable. He was confined to bed all day, and when the pain intensified, he also experienced blurred vision in both eyes. However, he did not report any dizziness, nausea, vomiting, numbness in the limbs, or convulsions. His headaches were persistent, and he was diagnosed with “neurological headaches” on several occasions. The symptoms did not improve significantly with symptomatic oral medication and continued to recur. Twenty-four years ago, he was readmitted to the local hospital due to a headache. A cranial magnetic resonance imaging (MRI) scan revealed the presence of cysticercosis, and he was prescribed albendazole along with other medications to help alleviate his symptoms. The patient did not experience a recurrence of the headache for 20 years. However, 2 years ago, he presented with a recurrent headache similar to previous episodes, characterized by a comparable degree of severity. The local hospital considered the possibility of hydrocephalus and initiated a course of symptomatic treatment, which resulted in a notable improvement in the patient’s condition.

One month ago, the patient suddenly developed a right lower limb drag while walking, which caused difficulty in ambulation. He also experienced involuntary shaking of his right hand, lasting for about 5 s, with relief following the shaking episodes. One to 2 days after the onset of the right lower limb drag, the patient experienced episodes of shaking in the right side of the body. These episodes were accompanied by right-sided facial drooping and slurred speech, lasting about 1–5 min. After the shaking subsided, there was weakness in the right limbs; however, the patient was still able to hold objects and walk normally. He experienced one or two episodes per day. Local hospitals diagnosed him with a “cerebral infarction” and prescribed aspirin, atorvastatin, butylphthalide, and edaravone. Following this treatment, the symptoms slightly improved, with a decrease in the amplitude of the shaking and a reduction in the duration of each episode to 2–3 min. However, after discharge from the hospital, the patient continued to experience recurrent seizures, occurring once a day. He was subsequently diagnosed with ‘epilepsy’ and prescribed oxcarbazepine at a dosage of 0.15 g twice daily, which led to an improvement in his symptoms. His medical history also includes hypertension and diabetes (Figure 1).
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FIGURE 1
 Timeline.


Upon admission, the physical examination revealed the following findings: the patient was right-handed, with clear speech and normal arithmetic abilities. He exhibited hypomnesia (five words memorize zero, three words memorize zero). There were decreased visuospatial and executive abilities observed. The cranial nerve examination was negative, and limb muscle strength was graded as V, with normal muscle tone. Tendon reflexes in the extremities were ++, and there was symmetrical presence of pain and touch sensation. Coordination of movements was stable and accurate, and pathological reflexes were negative.

After admission, the patient underwent a lumbar puncture followed by corresponding CSF tests. The lumbar puncture measured an initial pressure of 330 mmH20. The routine analysis of the CSF revealed the following findings white blood cell count:70 × 106/L, monocyte percentage: 75.8%, CSF protein: 94.1 mg/dL, CSF tNGS (Figure 2): Taenia solium, CSF immunoglobulin M: 0.69 mg/dL, CSF immunoglobulin A: 3.33 mg/dL, CSF immunoglobulin G: 34.70 mg/dL. Cerebrospinal fluid cytology revealed a large number of lymphocytes, monocytes, and neutrophils observed microscopically in the smear prepared from CSF. Cerebrospinal fluid glucose, chloride, ink stain, demyelinating antibody, autoimmune encephalitis antibody, cerebrospinal fluid smear, and cerebrospinal fluid TORCH 10 items were not abnormal. Stool routine, blood routine, biochemistry of the whole item showed no obvious abnormalities. Head-enhanced magnetic resonance imaging (MRI) showed that the left temporal lobe was markedly strengthened by a line, and the left temporal lobe sulcus appeared to be strengthened by a ring. Bilateral tibiofibular radiographs revealed small areas of increased density within the soft tissues surrounding the tibiofibular bones, which could indicate calcifications. This finding raises the possibility of a previous Taenia solium infection. However, it does not conclusively determine the current diagnosis.
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FIGURE 2
 Genome mapping. T. solium was detected using the tNGS with coverage of 0.0441%.


The diagnosis were cerebral cysticercosis, symptomatic epilepsy and encephalatrophy. The patient had a history of cerebral cysticercosis and had been considered to have a ‘Herxheimer reaction’ after a significant worsening of headache symptoms at the beginning of treatment. T. solium was detected by CSF tNGS, and the diagnosis of cerebral cysticercosis was clear. According to the American Journal of Heat Disease (New Year’s Edition 48), Albendazole (15 mg/kg/d), praziquantel (50 mg/kg/d), and dexamethasone (0.1 mg/kg/d) were administered for 10 days, with glucocorticosteroids initiated 1 day prior to antiparasite treatment (1). The patient was administered oral albendazole at a dose of 0.2 g once daily for 3 days. Throughout the treatment, the patient experienced no exacerbation of headache, no rash, and no fever. Hence the patient was treated with albendazole at a dosage of 0.4 g three times a day orally, in combination with prednisone acetate at 50 mg once a day for a duration of 10 days. Following this period, prednisone acetate was gradually tapered off, while albendazole at 0.4 g three times a day continued for an additional 7 days. To control seizures, the patient was administered oxcarbazepine at a dosage of 0.15 g twice daily orally. Following the treatment, the patient’s condition stabilized, with no reported headaches, seizure-related limb shaking, slurred speech, or facial drooping.

In order to develop a treatment plan after discharge from the hospital, the patient underwent a repeat lumbar puncture, followed by the appropriate cerebrospinal fluid (CSF) tests. The initial pressure measured by lumbar puncture was 160 mmH20. Routine analysis of the CSF showed the following results: white blood cell count: 6 × 106/L, protein: 40 mg/dL, cerebrospinal fluid immunoglobulin M: 0.10 mg/dL, cerebrospinal fluid immunoglobulin A: 0.2 mg/dL, and cerebrospinal fluid immunoglobulin G: 4.60 mg/dL. The patient’s symptoms were relieved and the cerebrospinal fluid parameters returned to normal, and the patient was discharged from the hospital. After discharge, the patient continued to take oral medication under the original regimen, and was advised to undergo an outpatient review in 1 month.

After discharge, the patient continued to take oral oxcarbazepine.And prednisone acetate was tapered by 5 mg every 3 days until it was discontinued. The patient was not experiencing seizures of headache, right limb shaking and slurred speech, and discontinued oxcarbazepine on his own without further headache or seizures. The patient has not returned to the hospital for follow-up as he is asymptomatic.



Discussion

Neurocysticercosis is a central nervous system (CNS) infection caused by the larvae (cysticerci) of the pork tapeworm, T. solium. It is the most prevalent helminthic CNS infection. The infection is primarily acquired through the consumption of undercooked pork containing the larvae of T. solium. Once ingested, the larvae can invade the digestive tract and may migrate to the brain or other tissues, where they form cysts (2). Due to its close association with the pork tapeworm, neurocysticercosis presents a significant public health challenge, particularly in regions that lack adequate meat inspection systems and effective water and food safety measures (3).

The pathogenesis of neurocysticercosis primarily involves the compression and destruction of surrounding brain tissue by cysticerci, allergic reactions and inflammation induced by antigenic proteins, and increased intracranial pressure due to the obstruction of CSF circulation pathways (4). Epilepsy and headaches are the most common clinical manifestations of neurocysticercosis. These symptoms may result from the compression or inflammation of brain tissue caused by cysticerci. The emergence of epilepsy and headaches often signifies potential neurological damage, highlighting the need for timely medical intervention to prevent further complications (5).

Diagnosing neurocysticercosis generally involves a combination of clinical symptoms, imaging examinations, and laboratory tests. Early clinical symptoms can mimic those of other neurological disorders, making the diagnosis challenging. The atypical symptoms and varied clinical presentations can further complicate early identification of the condition, underscoring the importance of a thorough diagnostic approach (6). Neuroimaging techniques, such as CT and MRI, are crucial in identifying the presence and distribution of cystic lesions in the brain associated with neurocysticercosis (7). Additionally, serological testing can identify the immune response to cysticerci in the patient, thereby confirming an active infection (8, 9). CSF examination is an important tool in diagnosing cerebral cysticercosis. In cases involving parenchymal lesions, CSF typically shows a mildly elevated white cell count with normal glucose and protein levels. Conversely, in cases of arachnoiditis or ventriculitis, pleocytosis may be present, characterized by significantly elevated protein concentrations and decreased glucose levels (10). The cell count usually reflects a predominance of mononuclear cells, although neutrophils or eosinophils may also be observed (11).

Advancements in molecular diagnostic technologies, particularly the introduction of pathogen gene sequencing, have transformed the diagnostic landscape for infectious diseases (12). The tNGS plays an important role in the diagnosis of neurocysticercosis. tNGS technology focuses on specific pathogen genes or genomic regions for deep sequencing, significantly enhancing the sensitivity and accuracy of pathogen detection, especially in cases where pathogen content is low. In the diagnosis of neurocysticercosis, tNGS can effectively detect the pathogen’s DNA (15). Compared to traditional serological tests, tNGS offers more direct evidence of the pathogen’s presence, facilitating a more reliable confirmation of the diagnosis (13). In addition, the application of tNGS technology can minimize the risk of misdiagnosis or missed diagnoses resulting from factors such as background bacterial interference and aerosol contamination. This capability enhances the accuracy and reliability of test results, making tNGS a valuable tool in the diagnostic process (1).

Del Brutto OH tapered antiepileptic drugs in 40 patients with epilepsy due to neurocysticercosis who had been free of seizures for 2 years (10). All patients previously received a course of albendazole that resulted in complete destruction of brain cysts. Multivariate analysis of the his study showed that patients who had both recurrent seizures and multiple brain cysts also had a higher risk of relapse than those with single seizures or single cysts (p = 0.05). This study suggests that the prognosis of epilepsy due to neurocysticercosis is not as benign as previously thought. Patients with residual calcifications and those with both recurrent seizures and multiple cysts before albendazole therapy have the highest rate of relapse after withdrawal of antiepileptic drugs. This patient was treated with albendazole 0.4 g orally three times a day plus prednisone acetate 50 mg once a day for 10 days, after which the prednisone acetate was tapered off and albendazole 0.4 g three times a day was continued for 7 days. Abraham A’s research shows that Anti-inflammatory treatment with corticosteroids in patients treated with anti-seizure medication compared to patients treated with anti-seizure medication only showed a statistically significant beneficial effect on seizure reduction (CIR 0.44, 95% CI 0.23, 0.85) and cyst resolution (CIR 1.37, 95%CI: 1.07, 1.75) (14). The results indicate that anti-seizure medication in patients with Single brain enhancing lesions neurocysticercosis whose cysts resolved can be withdrawn, while patients whose cysts calcified seem to benefit from prolonged anti-seizure medication. Additional corticosteroid treatment was found to have a beneficial effect both on seizure reduction and cyst resolution. To reduce the inflammatory response and reduce seizures, corticosteroids are used in combination during antiparasitic treatment, with specific regimens: common regimens include prednisone [1 mg/(kg·d)] or dexamethasone [0.1 mg/(kg·d)] starting at least 1 day before antiparasitic treatment.

We reported a case of a patient with neurocysticercosis who has a 20-year medical history. Utilizing the tNGS method, a substantial number of specific sequences from T. solium were detected. After administering standardized anti-cysticercosis treatment, the CSF was reanalyzed using the tNGS method, and no specific sequences of T. solium were detected. This result may indicate the success of the anti-cysticercosis treatment, suggesting effective eradication of the parasites, as no specific DNA fragments were detected to indicate their presence.

In summary, leveraging its exceptional detection capabilities, tNGS technology enables precise identification and efficacious management of patients suffering from CNS infections.
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