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a b s t r a c t 

Severe neurological disorders and vascular events during COVID-19 have been described. Here, we de- 

scribe the first case of a female patient infected with the SARS-CoV-2 BA.2 Omicron variant of concern 

with meningitis with newly diagnosed central demyelinating disease. 

© 2022 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Neurological symptoms of COVID-19 are highly frequent and 

isabling ( Wan et al. , 2021 ). Severe neurological disorders such 

s encephalitis, meningitis, Guillain-Barré syndrome, and vascular 

vents have been described in anecdotal reports or in case series. 

ere, we describe the first case of a female patient infected with 

he SARS-CoV-2 BA.2 Omicron variant of concern (VoC) meningitis 

ith newly diagnosed central demyelinating disease. 

aterials and methods 

Clinical specimens, including nasopharyngeal swabs (NPSs), 

erebral spinal fluid (CSF), and blood specimens, were collected 

or SARS-CoV-2 diagnostic testing in accordance with World Health 

rganization guidelines. Clinical information was obtained from 

ospital data records, including demographic and medical his- 

ory, underlying comorbidities, symptoms, signs, laboratory find- 

ngs, chest computed tomography scans, cerebral magnetic reso- 

ance imaging, treatment regimens, and clinical outcomes. A com- 

ercial real-time reverse transcription-polymerase chain reaction 
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as used to detect the presence of SARS-CoV-2 RNA in NPS, CSF, 

nd blood. The characterization of viral VoCs was performed using 

anger sequencing of the spike (S) gene. Inflammatory cytokines 

interleukins [ILs]: IL-1 β , IL-6, and IL-8; tumor necrosis factor 

TNF]- α) were detected in liquor and plasma samples by enzyme- 

inked immunosorbent assay; two-step automated chemilumines- 

ence microparticle assays were performed to measure antinucle- 

protein immunoglobulin (Ig) G and anti-S/receptor binding do- 

ain IgG in serum, whereas anti-SARS-CoV-2 antibodies (IgG, IgM, 

nd IgA) in CSF and in matched serum samples were evaluated 

y home-made indirect immunofluorescence assays, as described 

lsewhere ( Colavita et al. , 2020 ). 

ase presentation 

On March 12, 2022, a female patient aged 47 years was in- 

ected with SARS-CoV-2 and was admitted to the Lazzaro Spallan- 

ani National Institute for Infectious Diseases in Rome, Italy. The 

atient did not receive the SARS-CoV-2 vaccination. On March 2, 

he patient was diagnosed with left optic neuritis and underwent 

igh-dose intravenous corticosteroid therapy. One week later, she 

omplained of back pain, tingling and numbness in lower limbs, 

nd gait instability. On March 11, for the worsening neurological 

ymptoms, she presented to the emergency department. The pa- 

ient’s NPS was positive for SARS-CoV-2. She underwent a full body 
us Diseases. This is an open access article under the CC BY-NC-ND license 
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Figure 1. The T2-weighted images shows two hyperintense lesions in the right corona radiata (a, b) and left trigone of the lateral ventricle (c). 
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omputed tomography scan, the result of which was normal with 

o lung involvement. A magnetic resonance imaging of the brain 

nd spinal cord showed the presence of a 7-mm non-enhancing 

2-hyperintense lesion in the right capsular nucleus region. Other 

ub-centimetric lesions were observed in the white matter of the 

eft superior parietal gyrus, the right angular gyrus, and the infe- 

ior frontal gyrus ( Figure 1 ). A single lesion with slight enhance- 

ent at the cone level was observed, consistent with the clinical 

resentation. A lumbar puncture was performed and CSF analysis 

evealed 122 cells/mm 

3 (75% lymphocytes), and an increased level 

f protein (183 mg/dl), with normal glucose. Empiric treatment 

ith intravenous (IV) acyclovir (10 mg/kg every 8 hours) and ampi- 

illin (2 grams every 6 hours) was started. Simultaneous testing by 

olymerase chain reaction on CSF (Film Array by Biomerieux) was 

egative for neurotropic pathogens as gram and fungal stains and 

acterial cultures. On March 12, she was referred to the Lazzaro 

pallanzani National Institute for Infectious Diseases isolation unit. 

onsidering the patient’s neurological symptoms and the previous 

reatment with high-dose steroids, a SARS-CoV-2 molecular test 

n the patient’s CSF was requested, which resulted positive (cy- 

le threshold [CT]: 39). Moreover, SARS-CoV-2 RNA was detected 

n plasma (CT: 30.6). Viral S gene sequencing on plasma and NPS 

esulted in an Omicron BA.2 VoC. Common serology against anti- 

/receptor binding domain and antinucleoprotein were all nega- 

ive, as in the case of anti-SARS-CoV-2 IgG, IgM, and IgA serology 

n plasma and CSF. Results of inflammatory cytokines showed a 

igher level of IL-8 in CSF than in the plasma sample (1722 pg/ml 

s 4.57 pg/ml, respectively), whereas no differences were observed 

n IL-1 β , IL-6, and TNF- α production in the CSF and plasma (IL- 

 β: 0.3 vs 0 pg/ml; IL-6: 7.3 vs 3.5 pg/ml; TNF- α: 1.5 vs 4.2 pg/ml,

espectively) ( Table 1 ). On March 15, SARS-CoV-2 RNA was still 

etected in the patient’s plasma sample (CT: 34). Protein param- 

ters in CSF and serum (IgG, albumin, albumin CSF/serum ratio, 

gG index, IgG/CSF albumin) suggested a blood-brain barrier (BBB) 

amage, and the isoelectric focusing revealed a single supernumer- 

ry band. Peripheral T and B lymphocyte count and natural killer 

ells were within normal ranges. Antibodies against acquaporin- 

, myelin oligodendrocyte glycoprotein, and myeloperoxidase and 
Table 1 

Patient’s laboratory findings. 

Plasma Cerebral spinal fluid 

IL-8 (pg/ml) 4.57 1722 

IL-1 β (pg/ml) 0 0.3 

IL-6 (pg/ml) 3.5 7.3 

TNF- α (pg/ml) 4.2 1.5 

SARS-CoV-2 RNA CT March 12 30.6 39 

March 15 34 NA 

March 28 negative NA 

CT, cycle threshold; IL, interleukin; NA: not available; TNF, tumor necro- 

sis factor. 
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39 
roteinase 3 antineutrophil cytoplasmic extractable nuclear anti- 

ens were all negative. After admission, the patient was immedi- 

tely started on a 5-day course of IV remdesevir, IV single dose of 

otrovimab, and oral steroids (prednisolone 1 mg/kg for 5 days, fol- 

owed by a 5-day course of tapering steroid dose). A clear and pro- 

ressive improvement of the neurological symptoms was observed. 

n March 21, she was discharged and referred as an outpatient to 

he multiple sclerosis center. On March 28, the patient’s NPS for 

ARS-CoV-2 was negative. 

iscussion 

Neurological syndromes due to SARS-CoV-2 infection have been 

arely reported ( Wan et al. , 2021 ). The first case of meningi-

is associated with SARS-CoV-2 detection was described in a 24- 

ear-old man in March 2020, with a positive real-time reverse 

ranscription-polymerase chain reaction for SARS-CoV-2 in the pa- 

ient’s CSF sample ( Moriguchi et al. , 2020 ). A recent review de- 

cribed 11 cases of SARS-CoV-2 central nervous system (CNS) in- 

olvement from the start of the pandemic until September 2021, 

ut only three cases tested positive for SARS-CoV-2 in the CSF. All 

eported cases were identified during Alpha and Delta SARS-CoV-2 

ariants circulation, but no sequencing data were given ( da Silva 

t al. , 2022 ). Here, we describe the first case of meningitis in a

oung adult woman with a recent diagnosis of CNS demyelinat- 

ng disease associated with SARS-CoV-2 BA.2 Omicron VoC infec- 

ion. Higher transmissibility, decreased vaccination effectiveness, 

nd an increased risk of reinfection are all characteristics related 

o the new Omicron variant of SARS-CoV-2. The Omicron variant 

s less dependent on the viral entry mediated by transmembrane 

rotein serine protease 2 and replicates well in the upper respira- 

ory tract but poorly in the lower respiratory tract ( Dhawan and 

riyanka, 2022 ; Shuai et al. , 2022 ). There are several underlying 

onditions associated with greater severity of COVID-19; however, 

o specific risk factors have been described for brain involvement 

y SARS-CoV-2 infection. The neurological findings related to SARS- 

oV-2 infection and the pathogenesis of CNS diseases are not com- 

letely understood. In our case, immunosuppression induced by 

ecent high-dose steroid therapy contributed to the presence and 

ersistence of plasma viremia in the absence of any specific serol- 

gy. The blood barrier damage sustained by the recent demyeli- 

ating disease might contribute to the low-level viral detection in 

he CNS, with high levels of inflammation markers, as supported 

y the relevant increase of IL-8 levels. SARS-CoV-2 enters into cells 

hrough the angiotensin-converting enzyme 2 (ACE2) receptors and 

ransmembrane protein serine protease 2 serine protease, which 

re highly expressed in the lung and at lower suppressed levels 

n the brain ( Hamming et al. , 2004 ; Hoffmann et al. , 2020 ). More-

ver, SARS-CoV-2 could invade cells through the alternative acces- 

ory receptors including neuropilin-1, basigin, cathepsin L, and fu- 

in proteins. All these proteins are highly expressed in the human 
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rain ( Cantuti-Castelvetri et al. , 2020 ; Chen et al. , 2020 ; Coutard

t al. , 2020 ; Huang et al. , 2006 ). Different mechanisms of SARS-

oV-2 neuroinvasion were described: through the olfactory nerve 

hrough the angiotensin-converting enzyme 2 receptor expressed 

n horizontal basal cells ( Wan et al. , 2021 ) and the hematogenous

ay through the infection of vascular endothelial cells to cross 

he BBB and the induction of inflammatory responses to disrupt 

he BBB ( Kempuraj et al. , 2020 ; Varga et al. , 2020 ). In our case,

arly combined antiviral therapy, including remdesevir and sotro- 

imab, was successfully administered immediately after hospital- 

zation, considering that remdesevir use is associated with a good 

rain diffusion until 25% of the paired plasma therapeutic level 

 Tempestilli et al. , 2020 ). Although no data are available, we as-

umed there was a good sotrovimab CSF penetration of the BBB. In 

he setting of patients who are immunocompromised who are at 

 higher risk for persistent plasma viremia with no specific SARS- 

oV-2 serology, detection of SARS-CoV-2 in the CNS during a likely 

BB injury should be suspected even in the absence of lung in- 

olvement. 
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