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Case report: A case of acute disseminated encephalomyelitis after SARS-CoV-2 infection in pediatric patients
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Introduction: Since the beginning, there has been enough evidence about the multi-systematic involvement of the coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Recent observations have revealed that, together with others, typical neurological manifestations are also associated with COVID-19 infection. In the first 2 years, children accounted for a few percent of cases, but with the emergence of the Omicron variant, the number of cases in the pediatric population has increased. It has been described that ~5% of the affected population suffered from severe neurological complications, such as seizure, coma, encephalitis, demyelinating disorders, and aseptic meningitis. Acute disseminated encephalomyelitis (ADEM) is an inflammatory demyelinating disease of the central nervous system. Typically, it presents in childhood and occurs 1 or 2 weeks after infection or vaccination.

Case presentation: We present the case of a 12-year-old boy who developed ADEM, 10 days after an asymptomatic SARS-CoV-2 infection. Neurological symptoms began with headache, fever, irritability, paraplegia, and loss of sensitivity from the T1 level. The diagnosis of ADEM was confirmed by the typical signs found on brain MRI, whereas spinal cord MRI showed signs of transverse myelitis. The cerebrospinal fluid (CSF) testing excluded infections and did not reveal oligoclonal antibody bands (anti-MOG-negative and anti-AQP-negative). High-dose steroids (30 mg/kg/day) and IVIG (2 g/kg) were administered to the patient without any clinical improvement. The patient received a cycle of plasma exchange therapy, followed by rituximab infusion, with partial improvement. After 3 months, the magnetic resonance imaging (MRI) results demonstrated radiological improvement in accordance with the ADEM diagnosis.

Conclusion: This clinical case confirms that SARS-CoV-2 infections are increasingly implicated in severe neurological consequences in both adult and pediatric patients. While the most frequent complications that were reported in children included headache, altered mental status, and encephalopathy, ~5% of the individuals suffered from severe neurological complications, leading to lifelong sequelae. All physicians must be aware of these data and detect neurological signs of severe (or not) complications that require a specific follow-up and treatment.
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Introduction

Severe acute respiratory coronavirus 2 (SARS-CoV-2), which caused the coronavirus disease (COVID-19) pandemic, continues to spread worldwide. As of 7 October 2022, more than 621 million confirmed cases have been reported in the general population. In the first 2 years of the pandemic, children accounted for a small percentage of cases (<5%) (1). However, with the diffusion of the Omicron variant, a higher percentage of cases have been reported in children, with more than 59 million confirmed cases in the age group 0–19 years (2). Although infection in the pediatric population is associated with asymptomatic cases or less severe manifestations (fever, dry cough, flu, and fatigue) than that in adults, it was reported that up to 6% of patients have been reported to have severe manifestations (3). Moreover, it has been shown that patients who were hospitalized with severe disease and/or multi-systemic inflammatory syndrome in children (MIS-C) develop distinct neurological symptoms (acute or not) in 22% of the cases (4). Among these, ~5%−12% of the individuals developed life-threatening neurological diseases such as severe encephalopathy, ischemic or hemorrhagic stroke, acute central nervous system infection, acute disseminated encephalomyelitis (ADEM), acute fulminant cerebral edema, and Guillain–Barré syndrome (GBS). Approximately one-fourth of these patients were at risk of death, and one-third displayed some disability at the time of discharge from the hospital (4, 5). ADEM, also known as post-infectious encephalomyelitis and immune-mediated encephalomyelitis, is a multifocal and monophasic inflammatory demyelinating disease of the central nervous system (CNS). This involves multiple areas of the white matter and rarely involves gray matter and the spinal cord. This pathology typically affects children under 10 years of age, mostly boys with a medical history of viral or bacterial infections. On rare occasions, such pathology was witnessed in individuals who developed symptoms within 2–40 days of vaccination (6), with some cases of ADEM also after COVID-19 vaccination (7). Interestingly, during the COVID-19 pandemic, several cases of ADEM related to SARS-CoV-2 infection have been reported in adults, with a higher incidence than usual (9). Here, we present a case of a 12-year-old boy who developed ADEM after an asymptomatic SARS-CoV-2 infection and was referred to Bambino Gesù Children's Hospital (Rome, Italy) for definitive diagnosis and treatment.



Case description


Patient information

Our case is a 12-year-old boy who was transferred to the Bambino Gesù Children's Hospital from another hospital in March 2022, for the management and treatment of severe neurological symptoms. The symptoms began 10 days after asymptomatic SARS-CoV-2 infection. SARS-CoV-2 infection was diagnosed by a nasopharyngeal swab polymerase chain reaction (PCR) test, which was performed after exposition to the virus. Notable neurological symptoms included irritability, headache, and difficulty in urinating. At 2 days after the onset of symptoms, the patient presented with fever, paraplegia, and loss of sensitivity from the T1 level.

His medical history included growth retardation, genetic disorder, community-acquired pneumonia, and angioedema. The individual had been administered all the mandatory vaccines in Italy. However, the SARS-CoV-2 vaccine was not administered.



Clinical findings

Upon admission to the hospital, the child was alert and interactive. There was no cranial nerve dysfunction. Lower tendon reflexes and superficial abdominal reflexes were absent. Loss of sensitivity from the T1 level and paraplegia was observed. Dysmetria of the extremities was not present. The patient presented with bladder overdistention and fever.

The cardiorespiratory system was not involved, and O2 saturation was 100% in room air, with stable and autonomous hemodynamics.



Timeline
 
Diagnostic assessment

At the onset of symptoms, a computed tomography (CT) scan of the brain was performed to exclude neurosurgical emergencies. Brain and spinal cord MRI with contrast revealed “signal alterations corresponding to the pons, the right middle cerebellar peduncle, and the subcortical white substance of the frontal lobes; the alterations at the right middle cerebellar peduncle and pons enhanced after gadolinium” (Figures 1, 2); and “signal alterations from C4 to the conus medullaris, with contrast impregnation at D1 and conus medullaris level” (Figure 3). These images were compatible with that of ADEM with spinal cord involvement. The CSF testing excluded infections, and the result was compatible with an immune-mediated disease (51 mg/dl proteins, 59/mm3 white blood cells, and 6/mm3 red blood cells). CSF and blood cultures were negative.


[image: Figure 1]
FIGURE 1
 Three-dimensional (3D) brain MRI, brain sagittal image with signal alteration corresponding to the subcortical white substance.
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FIGURE 2
 T1-weighted brain MRI, brain axial image with signal alteration in the subcortical white substance.



[image: Figure 3]
FIGURE 3
 T2-weighted (T2W) turbo spin echo (TSE) magnetic resonance imaging (MRI), spinal cord sagittal image with signal alterations from C4 to the conus medullaris.


Band autoantibodies were not detected in the CSF liquor and blood samples, which were anti-MOG-negative and anti-AQP4-negative (measured by enzyme-linked immunosorbent assay). Laboratory tests of blood samples excluded autoimmunity, infections, and immune deficiencies.

In particular, antinuclear antibodies (ANA), extractable nuclear antigens (ENA), anti-smooth muscle antibodies (ASMA), anti-parietal cell antibodies (APCA), endomysial antibodies (EMA IgA), anti-liver-kidney microsome antibodies (LKM), antibodies to double-stranded DNA (Anti Ds-DNA), anti-neutrophil cytoplasmic antibodies (c-ANCA and p-ANCA), anti-cardiolipin antibodies, anti-beta-2-glycoprotein antibodies, and anti-citrullinated protein antibodies (anti-CCP) were negative.

Mycobacterium tuberculosis DNA was not isolated; the nasopharyngeal swab was negative for respiratory viruses. Laboratory tests of blood samples were negative for other infections; in particular, cytomegalovirus (CMV), hepatitis B (antibodies positive for vaccination), hepatitis A (antibodies positive for vaccination), hepatitis C, Treponema pallidum, human immunodeficiency virus (HIV), and saccharomyces cerevisiae, were tested.

Lymphocyte subpopulations were normal.

Electroencephalography (EEG) was normal. The cardiological evaluation did not reveal any problems. Neurophysiological studies revealed normal visual evoked potentials (VEPs), whereas somatosensory evoked potentials (SSEPs) and motor evoked potentials (MEPs) were altered.




Therapeutic intervention

High-dose steroids (30 mg/kg/day for 3 days) and intravenous immunoglobulin (IVIG; 2 g/kg/day) were administered to the patient without any clinical improvement. The patient received five cycles of plasma exchange therapy, after the parental declaration of informed consent, followed by off-label rituximab infusion (weekly infusion for 4 weeks) as reported in recent pediatric severe cases of ADEM (8). The patient showed partial clinical improvement along with important radiological improvement.



Follow-up and outcomes

After the initial therapy with steroids and IVIG, no improvement was observed. Subsequently, plasma exchange therapy and rituximab infusion led to an important improvement that was documented in the brain and spinal cord MRI without contrast, performed 3 months later. At the spinal cord level, a reduction in alteration was observed (Figure 4), and no alterations were observed in the brain (Figures 5, 6). Clinically, the patient reported urinary complications of the neurogenic bladder. Unfortunately, paraplegia persisted, and the patient continued motor physiotherapy.


[image: Figure 4]
FIGURE 4
 T2 MRI, spinal cord sagittal image without alterations.
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FIGURE 5
 T2 MRI, brain coronal image without alterations.
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FIGURE 6
 T2 MRI, brain axial image without alterations.





Discussion

From the beginning of the COVID-19 pandemic, it was clear that even if the majority of symptoms involved the airway and pulmonary system, the disease would affect individuals at a multi-systemic level. In the first period, the cases among the pediatric population were not significant and seemed to have a milder effect globally, with minor cases of sequelae. With time and the increase in the number of children and adolescents affected by SARS-CoV-2, an opposite trend was observed. In particular, neurological manifestations, during or after the infection, are frequently diagnosed across all ages. This was evident even with differences in type and prevalence with respect to age, sex, and preexisting condition (10).

Neurological complications related to SARS-CoV-2 infection can involve the central nervous system (CNS) or the peripheral nervous system (PNS). These can be divided into specific complications (encephalopathy, seizures, stroke, meningitis, ataxia, ADEM, and Guillain–Barré syndrome) or non-specific complications (headache, myalgia, fatigue, and dizziness). From the time of infection onset to the beginning of neurological symptoms, we can differentiate between neurological involvement during COVID-19, after recovery from COVID-19, and during MIS-C (11). The different time with which complications can appear is probably linked to different pathogenetic mechanisms. The possibility of direct damage by the virus to nerve cells, probably through the invasion of the olfactory nerve and passage through the CNS, would explain the complications during the acute phase of COVID-19 infection. Damage to the vascular endothelia, and the interference with the ACE 2 enzyme, would seem responsible for a pro-inflammatory and pro-coagulant state that can cause complications even after acute COVID-19 infection. Furthermore, there are additional mechanisms such as an inflammatory and autoimmune injury that are responsible for the manifestations that appear days or weeks after the infection during convalescence (post-infectious inflammation) (1, 12, 13).

Risk factors and neurological complications in children and adolescents hospitalized with COVID-19 or MIS-C in the United States are described by La Rovere et al. Among them, 22% had neurological involvement. Although most of the cases displayed transient neurological signs, 12% of the patients developed a range of life-threatening conditions (severe encephalopathy, stroke, ADEM, acute fulminant cerebral edema, and GBS). Another 66% of these patients had unfavorable outcomes (death or persistent disability). The related risk factors were severe COVID-19 symptoms, underlying medical conditions (neurological, metabolic, congenital or genetic defects, malignancy, and premature transplantation), and MIS-C (4, 14). Sa et al. (15) reported that 12% of patients diagnosed with MIS-C presented neurological manifestations as altered consciousness, behavioral changes, focal neurological signs, persistent headache, hallucinations, and new onset of seizures, with the severity of symptoms, and their persistence in time associated with high levels of inflammatory blood index.

ADEM, also known as post-infectious encephalomyelitis and immune-mediated encephalomyelitis, is a multifocal and monophasic inflammatory demyelinating disease of the central nervous system (CNS) that involves multiple areas of the white matter of the brain and spinal cord and rarely the gray matter (6). It is mainly a pediatric disease and affects children, more often male children under 10 years, with a history of viral infection or vaccinations within 2–40 days or earlier (16). It is characterized by the acute onset of different neurological signs and symptoms, a prodromal phase (malaise, headache, nausea, vomiting), shortly followed by encephalopathy and meningeal signs, and rapidly progressive neurological deficits. There is a wide spectrum of severity from non-specific irritability, headache, and somnolence to rapid progression of symptoms and signs to coma, decerebrate rigidity, respiratory failure secondary to brainstem involvement, or severely impaired consciousness, which occurs in 11%−16% of cases (17).

In our patient, the ADEM diagnosis was formulated according to the consensus criteria of the International Pediatric Multiple Sclerosis Study Group in 2013: a polyfocal, clinical central nervous system (CNS) event with a presumed inflammatory demyelinating cause, an encephalopathy that cannot be explained by fever, no new clinical and MRI findings emerging 3 months or more after the onset, and abnormal brain MRI during the acute phase (18).

With regard to the fact that symptoms of neurological involvement appeared 12 days after SARS-CoV-2 infection, it is possible to presume that infection is the triggering cause of the immune-mediated response against CNS (12). The immune hyperactivity after COVID-19, as seen also during MIS-C, with high levels of inflammatory markers, imbalance in types, and the number of lymphocytes pro-inflammatory cytokines can disrupt the blood–brain barrier and activate glial cells, leading to neuronal functional disturbance, encephalopathy, loss of synapses, and even neuronal death (12), which can explain the severe course and the negative outcome of our patient.

Is important to note that anti-MOG antibodies can be present in 40%−68% of children with ADEM diagnosis (19). Myelin oligodendrocyte glycoprotein (MOG)-associated disorder (MOGAD) is a nervous system demyelination disease with various phenotypes including ADEM presentation (20, 21) with the presence of anti-MOG antibodies. The detection of MOG-IgG has been greatly improved by the cell-based assay test method (CBA) (20, 22). One limit of our case is that anti-MOG antibodies were measured by enzyme-linked immunosorbent assay, not considered the gold standard; it means that there is the possibility that also in our patients, anti-MOG was positive.

In addition, SARS-CoV-2 infection can be a possible trigger of MOGAD. The most common clinical presentations of MOGAD SARS-CoV-2-seropositive patients include optic neuritis and myelitis (23–25).



Conclusion

As observed, the development of neurological symptoms during or after SARS-CoV-2 infection is common and may display a large spectrum of severity according to different risk factors. An interesting facet of the current study was that the patient acquired the COVID-19 infection without any symptoms. He did not have any underlying medical condition. However, his neurological signs and symptoms were dramatically severe and persistent that continued to persist. After almost months of the infection, the patient continued to have severe impairments.

This case invites us not to consider COVID-19 as a self-limiting mild infection. It strongly encourages us to be aware of the severe consequences that can occur during and after COVID-19 infection.



Patient perspective

The patient was not aware of the gravity of the illness. He describes it as exhausting; the long hospitalization and the different treatments. Illness has changed his life with severe disability.
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