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Abstract —

The aim of this work is to clarify the incidence of
meningitis/encephalitis in SARS-CoV-2 patients.
We conducted an initial search in PubMed using the
Medical Subject Headings (MeSH)
terms “meningitis,” and  “encephalitis,”, and
“COVID-19” to affirm the need for a review on the
topic of the relationship between
meningitis/encephalitis and SARS-CoV-2 infection.
We included case series, case reports and review
articles of COVID-19 patients with these
neurological symptoms.
Through PubMed database we identified 110
records. After removal of duplicates , we screened 70
record, and 43 were excluded because they focused
on different SARS-CoV-2 neurological
complications. For eligibility, we assessed 27 full-
text articles which met inclusion criteria. Seven
articles were excluded, and twenty studies were
included in the narrative review, in which
encephalitis and/or meningitis case reports/case
series were reported.
Neurological manifestations of COVID-19 are not
rare, especially meningoencephalitis; the
hypoxic/metabolic changes produced by the
inflammatory response against the virus cytokine
storm can lead to encephalopathy, and the presence
of comorbidities and other neurological diseases,
such as Alzheimer’s disease, predispose to these
metabolic changes. Further study are needed to
investigate  the  biological mechanisms  of
neurological complications of COVID-19.

Keywords: Meningitis; Encephalitis; COVID-19; Sars-
Coronavirus-2; neurological complications

I. INTRODUCTION

The Severe Acute Respiratory Syndrome-CoronaVirus-2
(SARS-CoV-2) was firstly and officially identified on
January 2020 in Wuhan, China, from a patient with
atypical pneumonia®; the COVID-19 global pandemic was
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declared two months later, affecting millions of people
and engaged clinicians around the world in an
unprecedented effort to limit the viral spread and treat
affected patients®. As of August 18, 2020, the COVID-19
pandemic has resulted in more than 22 million confirmed
cases worldwide and more than 780.000 deaths.
SARS-CoV-2 primarily affects the respiratory tract; the
most common clinical symptoms are fatigue, cough,
shortness of breath, and mainly respiratory tract
symptoms®.

Coronaviruses are respiratory viruses with neurotropic
capacities, which allow them to avoid the immune
response; viral RNA has been found in the cerebrospinal
fluid, after SARS-CoV exposure, in patients with
encephalitis, ischemic stroke and polyneuropathy*®.
Neurological SARS-CoV-2 virus-associated symptoms
are not uncommon, and an increasing number of cases
have presented with neurologic manifestations (such as
headache, anosmia, taste disorders, Guillan-Barré
syndrome, and meningoencephalitis) and can be
devastating complications’®; the common neurological
symptoms included olfactory (60.6%) and gustatory
(61%) disorders, especially in mild cases’. In one of most
representative case series from Wuhan, China, 36.4% of
patients had neurological complications®.

The pathophysiological mechanisms have not been
completely established, but the hypoxic/metabolic
changes, produced by the inflammatory response against
the virus cytokine storm, can lead to encephalopathy™™*2.
The SARS-CoV-2 infection involves the central nervous
system due to the direct neuroinvasion and, mainly, the
neurological sequelae due to the systemic innate-mediated
hyper-inflammation. The possible routes of
neuroinvasiveness of SARS-CoV-2 are well summarized
by Khan and Gomes™; the hematogenous route, through
which the virus infects endothelial cells of the blood-brain
barrier and invades neuronal tissue, and the neuronal
retrograde spread, via olfactory nerves from the nasal
cavity through cribriform plate, the virus reaching the
central nervous systems, are the most accepted theories™.
Besides, a recent theory suggested that neuroinvasion via
the enteric pathway can be possible, due to the enteric
nervous system invasion or reaching the central nervous
system via intestinal vagal afferents™

Low levels of Angiotensin-converting enzyme 2 (ACE2),
a functional receptor for the SARS-CoV-2, has been
detected in the human brain®; moreover, a recent study
demonstrated that the brain is the principal target organ
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for SARS-CoV in transgenic mice for human ACE2
receptor"’.

Moreover, a potential role of the spike glycoprotein (S1)-
S1 1gG antibody complex was hypotized to facilitate the
entry of the virus into the host immune cells®.

The purpose of this brief review is to clarify the incidence
of meningitis/encephalitis SARS-CoV-2 associated.

Il. METHODOLOGY

2.1 Search Strategy and Study Selection

We conducted an initial search in PubMed using the
Medical Subject Headings (MeSH) terms

“meningitis,” and “encephalitis,”, and “COVID-19” to
affirm the need for a review on the topic of the
relationship between meningitis/encephalitis and SARS-
CoV-2 infection.

The research protocol was designed to define the objective
and the methodology of the study; the protocol was
neither registered nor published.

The search strategy was chosen in consultation with a
senior librarian at the University of Salerno (Salerno,
Italy). A comprehensive review of the English-language
literature was performed by using the following databases:
the National Library of Medicine’s version of PubMed
(1988 to June 2020). The last search was performed on
August 16, 2020.

We included case series, case reports and review articles
of COVID-19 patients affected by neurological symptoms.
After exclusion of duplicates, all articles were evaluated
through title and abstract screening by two independent
reviewers (Pietro De Luca and Giorgio laconetta). The
same two reviewers performed an accurate reading of all
full-text articles assessed for eligibility, and performed a
collection of data to minimize the risk of bias.
Inconsistencies regarding inclusion of a given study were
adjudicated by a third reviewer (Ettore Cassandro).

I1l. RESULTS

Through PubMed database we identified 110 records.
After removal of duplicates , we screened 70 record, and
43 were excluded because they focused on different
SARS-CoV-2 neurological complications. For eligibility,
we assessed 27 full-text articles which met inclusion
criteria. Seven articles were excluded for the following
reasons: a) Articles in Polish (n= 1), b) Article in Chinese
(n= 6). Twenty studies were included in the narrative
review, in which encephalitis and/or meningitis case
reports/case series were reported.

IV. DISCUSSION

The SARS-CoV-2 infection is not only a respiratory
disease; neurological involvement is not rare. This has
been clear from the first analysis of 214 cases of COVID-
19 in Wuhan (China), where 36.4% (78) patients
presented with neurological complications®®.
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Several cases of meningoencephalitis have been reported
since February 2020, as shown in Tab. 1.

Table 1. Clinical
meningoencephalitis case-report

characteristics of
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Author, Country Number of meningoencephalitis Clinical presentation Outcome
observed
Efe et al, Germany 1 A 35-year-old woman with headache and seizure. The MRI No postoperative deficits, and her symptoms

was suggestive of high-grade glioma. A left anterior temporal | completely improved

lobe was performed. histologic examination revealed

encephalitis

Abdi etal, Iran 1 A 58-year-old woman presented with decreased level of After 10 days, status epileptics developed and

consciousness and the inability to walk. Brain MRI indicated | the patient died one day later

differ confluent white matter hyperintensity on FLAIR-

weighted-MRI at the left side

Bernard-Valnet et al, 2 1. A 64-year-old woman presented a tonico-clonic 1. The patient markedly improved 96 h after
Switzerland seizure; MRI was normal, but lumbar puncture was admission with resolution of her

compatible with viral meningoencephalitis and SARS- symptoms
CoV-2 was detected in her nasopharyngeal swab 2. Neurological symptoms resolved within

2. A67-year-old woman, already diagnosed with SARS- 24 h, except for a mild headache. The
CoV-2 infection for 17 days with mild respiratory patient was discharged 72 h after
symptoms, presented an intense wake-up headache, admission with no symptoms
bilateral grasping, aggressiveness and left hemianopia
and sensory hemineglect.

McAbee et al, United 1 A 11-year-old child presented with status epileptics; he had a | Recovery without treatment was complete in six
States two-day history of generalized weakness without respiratory | days
symptoms. Electroencephalography revealed frontal
intermittent delta activity.
Ye et al, China 1 A Wuhan male, who previously had fever, shortness of The patient was discharged 17 days after

breath and myalgia, presented with his consciousness admission

progressed to confusion. Meningeal irritation signs and

extensor plantar response were present.

El Otmani et al, Morocco 1 69-yr-old man with a 7-day history of fever and cough, was | At discharged on day 10, mild neuropsychiatric
admitted for confusion and severe headache; brain MR1 was | features were still present with an alteration of
normal. executive functions
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The first case of encephalitis with SARS-CoV-2 isolated
in cerebrospinal fluid was reported by Moriguchi and
colleagues on February 2020; this was the case of a 24-
year-old man who was found lying on the floor with
consciousness disturbance (GCS 6) nine days after he felt
headache and generalised fatigue. This was the first case
report in which the Authors highlighted the possibility of a
neuroinvasive potential of COVID-19%.

Bernard-Valnet et al. reported the clinical evolution of two
patients, a 64-year-old woman and a 67 year-old man,
who developed meningoencephalitis after several days of
mild respiratory symptoms; both patients showed a
significant improvement 24 hours after admission®’.

A combination of altered consciousness, focal
neurological defects, fever, and cerebrospinal fluid
abnormalities in a 69-year-old man one week after the
onset of COVID-19 was described by EI Otmani et al®.
They reported that the detection of SARS-CoV-2 in
bronchoalveolar lavage as the time of lumbar puncture
was in favour of a direct infection mechanism.

In addition, Pilotto et al*® described the case of a 64-year-
old man with a mild respiratory impairment who
developed a Kinetic mutism due to an encephalitis that
highly improved after an high-dose steroid treatment. A
case of SARS-CoV-2 infection who presented with
isolated encephalitis was reported by Ye et al?*.

Moreover, the first pediatric case was described by
McAbee et al®, after two days of generalized weakness,
without respiratory symptoms, he presented with epileptic
seizures requiring four anticonvulsant medications.

Also atypical presentations of neurological involvement
are reported. A COVID-19 associated encephalitis
mimicking glial tumor was described by Efe et al.; the
Authors suggested that severe neurologic manifestations
of COVID-19 could mimic this brain tumors®. A mild
encephalitis, in a 75-year-old man with a history of mild
Alzheimer’s disease, was observed with a reversible
splenial lesion*’. A unique case of neurological symptoms
developed before clinical and pulmonary manifestations,
has been described by Abdi et al*®.

Kremer et al retrospectively reviewed the characteristics
of 64 confirmed COVID-19 patients with neurological
complications, who underwent a brain MRI; encephalitis
was one of the most common neuroimaging finding
(17%); moreover, patients with encephalitis were younger.
In this work, the Authors were incline to accept the
autoimmune/inflammatory theory, due to the absence of
the virus in cerebrospinal fluid and the presence of signs
of inflammation in both neuroimaging and cerebrospinal
fluid®. We found 4 systematic review aiming to
investigate the evidence of neurological impairment in
COVID-19. Ghannam et al. reported that 19 patients
(23%) had encephalitis or encephalopathy®®; on the
contrary, Tsai et al. reviewed only 4 case reports about
meningoencephalitis in COVID-19 patients®.

Romoli et al. reported a similar rate, and they suggested to
perform, in case of suspected neuroinvasion, PCR testing
for SARS-CoV-2 in cerebrospinal fluid and anti-SARS-
CoV-2 IgM-IgG testing in serum, and cerebrospinal fluid
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to check for intrathecal humoral immune reaction®.
Moreover, recently the presence of SARS-CoV-2 RNA in
the cerebrospinal fluid has been detected by genome
sequencing in a patient with clinically proved
meningoencephalitis in Japan®.

The direct invasion, via hematogenous pathways, is
considered by Wang et al. to be responsible for the rapid
progression of neurological symptoms in patients with
encephalitis [6]. In Agarwal et al. opinion’s, the
encephalitis could be due to the direct effect of the virus
on the brain, or secondary to immune-mediated changes as
seen with HIN1*.

It is actually unknown if the COVID-19 infection could
per se represent an independent risk factor for the
developing of neurological complications®. Pre-existing
disorders of the central nervous system may play a role in
exacerbating the disease, and may be an important risk
factor for increased pulmonary complications. This
question is supported by Arg et al®*, who suggested that
the presence of neurological disease predisposes to
hypoxic/metabolic changes and to encephalopathy; in
addition they found that encephalitis is common in older
patients (>50-year-old), in patients critically ill, and most
of these patients presented lung abnormalities and many
of them were already on mechanical ventilation, or in the
intensive care unit when encephalopathy developed.
Besides, cortical and subcortical T2/FLAIR signal
changes are common neuroimaging abnormalities.
Moreover, several Authors confirmed that, in some cases,
the neurological symptoms can even precede the
respiratory ones or can be the only symptoms in COVID-
19 patients®’.

An earlier recognition of a neurological impairment in
patients with a mild or asymptomatic respiratory infection
can be challenging, also to prevent the long-term
neurological sequelae and to contain social and economic
costs®®

V. CONCLUSION

Neurological manifestations of COVID-19 are
not rare, especially meningoencephalitis, which could be a
devastating SARS-CoV-2 associated Central Nervous
System complications, especially in older and critical
patients, in which can cause lifelong disability and death.
The hypoxic/metabolic changes produced by the
inflammatory response against the virus cytokine storm
can lead to encephalopathy, and the presence of
comorbidities and other neurological diseases (as
Alzheimer’s disease) predispose to these metabolic
changes. Also the autoimmune response can play a role in
the pathogenesis of brain damage related to SARS-CoV-2.
Further studies are needed to investigate the biological
mechanisms of neurological complications of COVID-19.

REFERENCES

45



Translational Medicine @ UniSa - ISSN 2239-9747

10.

11.

12.

13.

14.

De Luca P, Colacurcio V, De Bonis E et al.
Impact of the COVID-19 pandemic on
otolaryngology residency: a real-life experience.
Ear Nose Throat J, 2020 May 18.

De Luca P, Petrosino M, Calvanese M et al.
COVID-19 Pandemic and Head and Neck
surgery residency program: proposals for the
“Phase 2”. Ear Nose Throat J. 2020 Jul 7.

De Luca P, Scarpa A, Ralli M et al. Nasal,
pharyngeal and laryngeal endoscopy procedures
during COVID-19  pandemic:  available
recommendations from national and international
societies. Eur  Arch Otorhinolaryngol.
277(7):2151-53. 2020.

Maiuri F, laconetta G, Gallicchio B et al.
Spondylodiscitis.  Clinical and  magnetic
resonance diagnosis. Spine. 1997.

1;22815):1741-1746

laconetta G, Fusco M, Cavallo LM et al. The
abducens nerve: microanatomic and endoscopic
study. Neurosurgery. 2007. 61(3 suppl):7-14
laconetta g, Solari D, Villa A et al. The
Hypoglossal Nerve: Anatomical Study of Its

Entire  Course. World Neurosurg. 2018.
109:e486-492
Wang L, Shen Y, Li M et al. Clinical

manifestations and evidence of neurological
involvement in 2019 novel coronavirus SARS -
CoV - 2: a systematic review and meta -
analysis. J Neurol. 11;1-13. 2020.

De Luca P, Scarpa A, De Bonis E et al.
Chloroquine and Hydroxychloroquine
Ototoxicity; Potential Implications for SARS-
CoV-2 Treatment. A Brief Review of the
Literature. Am J Otorhinlaryngol. 2020. In press
Wang L, Shen Y, Li M et al. Clinical
manifestations and evidence of neurological
involvement in 2019 novel coronavirus SARS -

CoV - 2. a systematic review and meta -
analysis. J Neurol. 11:1-13. 2020

Mao L, Jin H, Wang M et al. Neurologic
manifestations of hospitalised patients with
coronavirus disease 2019 in Wuhan, China.
JAMA Neurol. 2020. 201127

.Dell’Aversana Orabona G, Bonavolonta P,
Maglitto F et al. Neck dissection versus
"watchful-waiting™ in early squamous cell
carcinoma of the tongue our experience on 127
cases. Surg Oncol. 2016 Dec;25(4):401-404
Maiuri F, laconetta G and Esposito M.
Neurological picture. Recurrent episodes of
sudden tetraplegia caused by an anterior cervical
arachnoid cyst. J Neurol Neurosurg Psychiatry.
2006 Oct;77(10):1185-6

Khan S and Gomes J. Neuropathogenesis of
SARS-CoV-2 infection. Elife. 30;9:e59136. 2020
Netland J, Meyerholz DK, Moore S et al. Severe
acute respiratory syndrome coronavirus infection

Universita degli Studi di Salerno

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

2020, on line first(9): 42-47

causes neuronal death in the absence of
encephalitis in mice transgenic for human ACE2
J Virol. 82(15):7264-75. 2008

Esposito G, Pesce M, Seguella L. Can the enteric
nervous system be an alternative entrance door in
SARS-CoV2 neuroinvasion? Brain Behav
Immun. 87:93-94. 2020

Harmer D, Gilbert M, Borman R et al.
Quantitative mRNA expression profiling of ACE
2, a novel homologue of angiotensin converting
enzyme. FEBS Lett. 532(1-2):107-10. 2002
McCray PB, Pewe L, Wohlford-Lenane C, et al.
Lethal infection of K18-hACE2 mice infected
with  severe acute respiratory syndrome
coronavirus. J Virol. 81(2):813-821. 2007

Najjar S, Najjar A, Chong DJ et al. Central
nervous system complications associated with
SARS-CoV-2 infection: integrative concepts of
pathophysiology and  case  reports. J
Neuroinflammation. 6;17(1):231. 2020

Ghannam M, Alshaer Q, Al-Chalabi M et al.
Neurological involvement of coronavirus disease
2019: a systematic review. J Neurol. 19:1-19.
2020

Moriguchi T, Harii N, Goto J et al. A first case of
meningitis/encephalitis associated with SARS-
Coronavirus-2. Int J Inf Dis. 94:55-58. 2020
Bernard-Valnet R, Pizzatorri B, Anichini A et al.
Two patients with acute meningoencephalitis
concomitant with SARS-CoV-2 infection. Eur J
Neurol. 7;10-1111/ene.14298. 2020

El Otmani H, EI Moutawakil B, Rafai AM et al.
Acute meningoencephalitis in a patient with
COVID-19. J Neurol. 19:1-19. 2020

Pilotto A, Odoloni S, Masciocchi S et al. Steroid-
responsive encephalitis in Covid-19 disease. Ann
Neurol. 17;10.1002/ana.25783. 2020

Ye M, Res Y and Lv Tangfeng. Encephalitis as a
clinical manifestation of COVID-19. Brain
Behave Imm. 88:945-946. 2020

McAbee GN, Brosgol Y, Pavlakis S et al.
Encephalitis  Associated with  COVID-19
Infection in an 11-Year-Old Child. paediatric
neurol 109:94. 2020

Efe IE, Aydin, OU, Alabulut A et al. COVID-19
Associated Encephalitis Mimicking Glial Tumor.
Work Neurosurg. 140:46-48. 2020

Hayashi M, Sahashi Y, Baba Y et al. COVID-19-
associated mild encephalitis/encephalopathy with
a reversible splenial lesion. J Neurol Sciences.
415:116941. 2020

Abdi S, Ghorbani A, Fatehi F et al. The
association of SARS-CoV-2 infection and acute
disseminated encephalomyelitis without
prominent clinical pulmonary symptoms. J
Neurol Sci. 416: 117001. 2020

Kremer S, Lersy F, Anheim M et al. Neurologic
and neuroimaging finding in COVID-19 patients:

46



Translational Medicine @ UniSa - ISSN 2239-9747

30.

31.

32.

33.

34.

35.

36.

37.

38.

a retrospective multicenter study. Neurology.
17;10.1212/WNL.0000000000010112. 2020
Ghannam M, Alshaer Q, Al-Chalabi M et al.
Neurological involvement of coronavirus disease
2019: a systematic review. J Neurol. 19:1-19.
2020

Tsai TS, Lu MK, San S et al. The neurologic
manifestations of coronavirus disease 2019
pandemic: a systemic review. Font Neurol.
11:498. 2020

Romoli M, Jelcic I, Bernard-Valnet R et al. A
systematic review of neurological manifestation
of SARS-CoV-2 infection: the devil is hidden in
the details. Eur J Neurol. 5;10.1111/ene.14382.
2020

Ahmed MU, Hanif M, Ali MJ et al. Neurological
manifestations of COVID-19 (SARS-CoV-2): a
review. Front Neurol. 11:518. 2020

Agarwal A, Pinho M, Raj K et al. Neurological
emergencies associated with COVID-19: stroke
and beyond. Emerg Radiol. 11;1-8

Tsivgoulis G, Palaiodimou L, Katsanos AH et al.
Neurological manifestations and implications of
COVID-19 pandemic. There Adv Neurol Disord.
13:1-14. 2020

Garg RK, Paliwal VK and Gupta A.
Encephalopathy in patients with COVID-19: A
review. J Med Virol. 2020 Jun 19

Ahmad | and Rathore FA. Neurological
manifestations and complications of COVID-19:
A literature review. J Clin Neurosci. 77:8-12.
2020

Ellul MA, Benjamin L, Singh Bhagteshwar et al.
Neurological associations of COVID-19. Lancet
Neurol. 19(9):767-783. 2020

Universita degli Studi di Salerno

2020, on line first(9): 42-47

47



	MENINGOENCEPHALITIS ASSOCIATED WITH SARS-COV-2
	Recommended Citation

	MENINGOENCEPHALITIS ASSOCIATED WITH SARSCORONAVIRUS-2

