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      Abstract


      Multi-system inflammatory syndrome (MIS-C) is a rare but severe complication of Covid-19 infection. The clinical presentation ranges from a mild course of systemic inflammatory response to a life threatening hyper inflammatory shock and multi organ dysfunction. Central nervous system presentation is seen in acute Covid-19 infection in adults but is rarely seen in children. We describe a case of MIS-C in a child who was admitted to our Pediatric Intensive Care Unit with features of hyper inflammatory syndrome and mixed central and peripheral nervous system manifestations.
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      Introduction


      Multi-system inflammatory syndrome in children (MIS-C) is a new life-threatening condition that is temporally associated with SARS Coronavirus (Covid-19). The cases occurr in children who test positive for current or recent infection by SARS-CoV-2, based on reverse-transcriptase polymerase chain reaction (RT-PCR) or serologic assay. Patients present with a persistent fever of > 3 days duration and a constellation of symptoms including rash, bilateral non-purulent conjunctivitis or mucocutaneous inflammation, hypotension or shock, multi organ (e.g., cardiac, gastrointestinal, renal, hematologic, dermatologic and neurologic) involvement and elevated inflammatory markers with an evidence of COVID-19 infection in the absence of other causes of systemic inflammatory response [1]. It has been suggested that the syndrome results from an abnormal immune response to the virus, with clinical similarities to Kawasaki disease (KD), macrophage activation syndrome (MAS), and cytokine release syndrome [2]. However, based on the available studies, MIS-C appears to have an immunophenotype that is distinct from KD and MAS [3,4].


      Over 700 cases in the pediatric population were reported worldwide from March 2020 to date with clinical presentations varying from an uncomplicated Kawasaki like syndrome to life threatening hyper inflammatory shock and multi organ dysfunction. The angiotensin-converting enzyme 2 (ACE2), expressed in both neurons and glial cells is the main host-cell receptor of SARS-CoV-2, responsible for the neurological manifestations in cases of CNS dysfunction in patients affected by COVID-19 infections [5]. We report a 10-years-old girl with MIS-C who presented with a rare neurological manifestation involving both the central and the peripheral nervous system.


      Case Description


      In late August 2020, a previously healthy 10-years-old girl attended the emergency department with a 5 day history of high-grade fever (39 °C), cough, generalized weakness and reduced activity. On clinical examination she was found to have non-purulent bilateral conjunctival injection and generalized erythematous rash. She was inattentive, confused with incomprehensible speech and depressed mood. Cranial nerve examination was normal. She was unable to walk with generalized hypotonia, and grade -3 power in the distal and proximal muscle groups in both upper and lower limbs. Her reflexes were intact initially with equivocal plantar response without signs of in coordination. She had nuchal rigidity with negative Kernig's and Brudzinski signs. She developed persistent tachypnoea of 40/min with reduced air entry more on the left side after 2 days. Abdominal examination showed enlarged soft liver of 2 cm with rounded edge below the costal margin and a span of 11 cm. Cardiac examination was normal. Echocardiography did not reveal any myocardial or coronary involvement.


      In view of evolving encephalopathy, muscle weakness she was admitted to the PICU. She became more irritable and developed visual hallucination with ascending hyporeflexia evolving to areflexia over a period of 72 hours.


      Laboratory investigations (Table 1) showed anemia, thrombocytopenia, normal leukocyte count (with differential neutronphilia, raised pro inflammatory markers (ESR, LDH, Ferritin, IL6), and mildly elevated liver enzymes, hypoalbuminemia with increased Fibrinogen and D-dimer. The Covid serology was strongly positive. CSF biochemistry showed (RBC 50 cells/mm3, WBC 0 cells/mm3, Glucose 3.7 mmol/L, Protein 16.6 mg/dL) which was within normal limits. Meningitis panel was negative for neurotropic viruses and bacteria (E. coli K1, Streptococcus agalactiae, Streptococcus pneumonia, Enterovirus, Herpes simplex virus 1, Herpes simplex virus 2, Human herpes virus 6, Human parechovirus, Varicella zoster virus, Cryptococcus neoformans/gattii, Hemophilus influenza, Listeria monocytogenes, Neisseria meningitidis and cytomegalovirus). CSF culture was negative. Other investigations included negative CSF oligoclonal band, antiganglioside antibody profile in serum including GM1, GM2, GD1a, GD1b and GQ1b (Bioscientia Institute, Germany) were negative. Viral and bacterial panel in the serum (included Epstein - Barr virus, Adenovirus, Cytomegalovirus, Parvovirus, Enterovirus, Herpes simplex virus, Chlamydia and Mycoplasma pneumonia) showed no evidence of recent or past infection.


      Chest X-ray done showed small left sided pleural effusion (Figure 1). MRI brain showed swelling of the splenium of the corpus callosum, with T2 high signal intensity and restricted diffusion (Figure 2A and Figure 2B) and MRI spine showed abnormal contrast enhancement at cauda equina leaflets at conus medullar is level measuring 1.5 cm (Figure 3A) revealing a mixed central and peripheral nervous system involvement. Nerve conduction study (Figure 4A and Figure 4B) showed evidence of demyelination with conduction block at the peroneal nerves, worse in the right side, wherein the right common peroneal nerve showed reduced amplitude (1.3 mV) at the ankle and (1.1 mV) at the fibular head (Figure 4A), while the left common peroneal nerve showed reduced amplitude at the ankle (1.5 mV) and (1.2 mV) at the fibular head (Figure 4B). There was no sensory nerves involvement. Initial EEG showed generalized slowing (Figure 5).


      Treatment plan was initiated as per the current MIS-C guidelines [6-8] with IVIG 2 g/kg, Aspirin and IV Methyl prednisolone 2 mg/kg. She also required noninvasive ventilation for three days due to the respiratory distress. Extensive rehabilitation was started in the PICU.


      Considering the clinical course and supporting investigations, a final diagnosis of MIS-C with mixed central and peripheral nervous system involvement was made. The patient improved clinically from the 4th day of PICU admission and was fully oriented with normal speech and affect. She regained full power and normal deep tendon jerks in all limbs by the 8th day of her PICU stay. She was supported with good nutrition and physiotherapy and was discharged from the PICU on the 9th day after complete neurological recovery. Neuroimaging, NCV and EEG were repeated a month after discharge, MRI brain showed resolution of the abnormal signal intensity seen at the splenium of the corpus callosum (Figure 2C) MRI spine showed total resolution of contrast enhancement pattern of cauda equina leaflets at conus medullar is level (Figure 3B). Repeated nerve conduction study revealed persisting mild left sided peroneal motor neuropathy with amplitude (1.6 mV) at the left ankle and (1.4 mV) at the left fibular head (Figure 4C and Figure 4D), while the right common peroneal nerve showed amplitude (2.2 mV) at the ankle and (2.1 mV) at the fibular head (Figure 4D). EEG was also repeated and it showed normal awake and sleep pattern.


      Discussion


      Our patient presented with a distinct neurological syndrome post Covid-19 associated with lesions confirmed with neuroimaging. Among the 700 reported cases to date, Abdel-Mannan, et al. [9] published a case series of 4 patients from Great Ormond Street Hospital with the similar CNS manifestation. However, the key observation in our case is the changes in the splenial corpus callosum changes along with the cauda equina changes. The former report also showed a similar splenial changes in all patients but MRI spine was not done for those patients. The systemic inflammatory response with neurological and other organ involvement shows a clinical crossway with Kawasaki disease and macrophage activation syndrome [10]. The neurological symptoms may have been part of the hyper inflammatory nature of the disease in keeping with the raised systemic inflammatory markers seen in our case. A plausible mechanism would be exposure of the immune system to new CNS antigens as a result of blood brain barrier damage from SARS-CoV-2, which causes endotheliopathy [11] and leads to an immune directed attack on the CNS. In studies done by Asadi Pooya, et al. and Roman, et al. [12,13] compared to adult patients, children accounted for only 1-5% of COVID-19 (SARS-CoV-2) cases, of which more than 80% were asymptomatic or mild cases. SARS-CoV-2 may have neuroinvasive potential because 36% of adult patients are reported to have a variety of neurological manifestations, including headache, dizziness, acute cerebrovascular events, and changes in mental status. However, another study of 171 Chinese children with Covid-19 infection did not report neurological involvement [14]. Non-specific headaches were the only reported neurological symptoms, accounting for 4-28% of Covid-19 infected children [15].


      Reviewing 187 children from the six latest reports of MIS-C cases, found an unexpectedly high incidence (34%) of neurological involvement [16]. Compared with Kawasaki disease shock syndrome (KDSS), which shares several clinical features and severity with MIS-C, the neurological manifestations of KDSS have been found in as high as 54% of the affected children [17]. In an adult cohort in Wuhan, China [18], 78 of 214 patients (36.4%) had neurological manifestations, which included dizziness (n = 36), headache (n = 28), impaired consciousness (n = 16), acute cerebrovascular disease (n = 6), ataxia (n = 1), and seizures (n = 1). In comparison with patients with active non-severe infection, those with severe infection had more neurological presentations acute cerebrovascular diseases (5 [5.7%] vs. 1 [0.8%]) and impaired consciousness (13 [14.8%] vs. 3 [2.4%]). Neuroimaging, cerebrospinal fluid, and neurophysiology tests were not performed in this cohort.


      A key observation in our patient was the acute splenial lesion seen on brain MRI and cauda equina lesion on spine MRI. Interestingly, a typical, transient, oval-shaped lesion in the median aspect of the splenium of the corpus callosum, either in isolation or with more extensive brain involvement, has also been reported [19] in children with Kawasaki disease. The exact function of the splenium is not completely understood, but a splenial lesion may result in the disconnection of the cerebral hemispheres, with disruption of higher cortical function, loss of conscious processes and delirious behavior [20]. General differential diagnosis of lesions involving the splenium includes ischemia, infections, posterior reversible encephalopathy syndrome, diffuse axonal injury, multiple sclerosis, hydrocephalus, adrenoleukodystrophy, lymphoma, epilepsy etc [21]. The abnormal enhancement in the cauda equine carries a broad differential diagnosis, the commonest being post-infectious inflammatory condition like Guillain Barre syndrome, spinal meningitis and less commonly vasculitis neuropathies [22].


      Considering the course of the illness and full recovery following IVIG and Methylprednisolone, negative antiganglioside antibody profile, with the characteristic MRI spine and Nerve Conduction Velocity test findings, a diagnosis of Multi-system inflammatory syndrome (MIS-C) post Covid-19 infection presenting with encephalomyelitis and Guillain Barre like acute inflammatory demyelinating polyradiculoneuropathy was made. Her neurological symptoms could have been part of the hyper inflammatory syndrome in keeping with the raised systemic inflammatory markers.


      Conclusion


      We report a case of a 10-year-old girl with COVID-19 who had a clinical phenotype involving both the central and the peripheral nervous system. The symptoms developed after 4 weeks of the girl testing positive for Covid RT PCR. The normal CSF study, rapid response to immunosuppression, and the clinical overlap with Kawasaki like and macrophage activation syndrome suggest that this is likely to be an immune mediated. Clinicians should consider SARS-CoV-2 in their differential diagnosis for children presenting with acute onset neurological symptoms particularly with these imaging findings while still exploring other possible causes.


      In conclusion, further investigations on the pediatric COVID-19 population, including the brain MRI examination, CSF study, and children-specific therapies, are encouraged to recognize this emerging neurological complication. Clinician should have a high index of suspicion and close neurological surveillance is required to assess the neurological outcomes in these patients.


      
        Figure 1: Chest X-ray. Showing left sided pleural effusion. View Figure 1

      


      
        Figure 2: MRI brain (A) Axial T2; (B) Axial DWI sections showed Oedematous swollen splenium of corpus callosum showing T2 high signal intensity and restricted diffusion, findings are suggestive of transient lesions of the splenium of the corpus callosum; (C) Resolution of the abnormal signal intensity seen at the splenium of the corpus callosum. View Figure 2

      


      
        Figure 3: MRI spine (A) Abnormal contrast enhancement is noted at cauda equina leaflets at conus medullaris level for 1.5 cm segment; (B) Total resolution of contrast enhancement pattern of cauda equina leaflets at conus medullaris level. View Figure 3

      


      
        Figure 4: (A and B) Nerve conduction study showed evidence of demyelination (A) Right common peroneal nerve reduced amplitude 1.3 mV at the ankle and 1.1mV at the fibular head; (B) Left common peroneal reduced amplitude 1.5 mV noted at the ankle and 1.2 mV at the fibular head; (C and D) Repeated nerve conduction study revealed persisting (C) mild left sided peroneal motor neuropathy with amplitude (1.6 mV) at the left ankle and (1.4 mV) at the left fibular head, while the (D) right common peroneal nerve showed amplitude (2.2 mV) at the ankle and (2.1 mV) at the fibular head. View Figure 4

      


      
        Figure 5: Electroencephalogram. Showing generalized slowing. View Figure 5

      


      
        Table 1: Laboratory investigations. View Table 1
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