The Annals of Internal Medicine

Infection with COVID-19 and Neuropathological

Features.

Leodrdo Freire-de-Lima"*, Aline Mdviranda
Scovino?3, Leonardo Maradvques da Fonseca',
Camilla Cristie Barreto Menezes 3.

*Corresponding author

Leodrdo Freire-de-Lima,
Instituto de Biofisica Carlos Chagas Filho, Universidade
Federal do Rio de Janeiro, Brazil.

Received Date : June 11, 2024
Accepted Date : June 13, 2024
Published Date : July 13, 2024

ABSTRACT

The pathophysiology linked to COVID-19 infection is gradually
coming to light. Acute airway inflammation and diffuse
alveolar injury have been found in recent postmortem
examinations; these findings are similar to severe acute
respiratory syndromes caused by both SARS-CoV and MERS-
CoV outbreaks. While various neuropathologies linked to
COVID-19 infection have been noted in recent articles, there
is still a dearth of knowledge on this crucial public health
issue. Here, we go over how direct viral neuroinvasion and/
or cytokine release during the infection could cause COVID-
19-related neuroinflammation.
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The SARS-CoV-2 virus, a beta coronavirus identified in Wuhan,
China towards the end of 2019, is the cause of COVID-19.
Reports from China during the outbreak and from other
nations subsequently made it abundantly evident that the
majority of patients (81%) have Patients with more severe
symptoms include 14% who have severe respiratory distress
and 5% who have respiratory failure, septic shock, and/or
multiple organ failure [1, 2]. moderate symptoms without
pneumonia or moderate pneumonia are also included in
this category. However, as of right now, we are certain that
this virus can infect multiple cell types and organs, resulting
in symptoms ranging from neurological to liver, heart, and
kidney damage to diarrhea and renal damage [1, 3]. Recent
research has demonstrated that the protease TMPRSS2,
necessary for cell infection, and ACE2, expressed by both

neurons and microglia cells.

Using qRT-PCR, they were able to find viral RNA in 13% of the
brain samples from COVID-19-related deaths in the same study
[4]. An additional investigation revealed that the virus can infect
Within two days of exposure, 3D human brain organoids—
or, more accurately, neurons—died [5]. Furthermore, it has
previously been reported that SARS-CoV and Middle East
respiratory syndrome (MERS)-CoV, which are closely linked
to SARS-CoV-2 in terms of evolution, have the potential to
be neuroinvasive [6-8]. Apart from these investigations
that provide conclusive proof of the virus's existence in the
central nervous system, there exist further studies, including
a Numerous epidemiological findings suggest that COVID-19
may be linked to a number of neurological conditions, including
meningitis, cranial polyneuritis, anosmia, encephalopathy,
stroke, Parkinson’s disease, Alzheimer’s disease, and Guillain-
Barré syndrome [9]. According to certain research, COVID-19
and Guillain-Barré syndrome are related. Generally speaking,
they explain that neurological symptoms appear seven to
ten days following the typical respiratory signs of COVID-19.
The SARS-CoV-2 infection linked to autoantibodies is linked to
antigensfoundin certaintissues, such asthe brain, where there
are significant amounts of autoantibodies in the cerebrospinal
fluid that target neural, glial, and endothelial epitopes.
Gangliosides, for example, are one of the antigens linked
to the central nervous system. It is unclear, nevertheless, if
SARS-CoV-2 infection causes the peripheral nervous system
to produce autoantibodies against gangliosides, as is the case
with other infections [11-13]. A recent study examined the
prevalence of Guillain-Barré cases among 71,904 COVID-19
patients seen in 61 emergency rooms in Spain over the course
of the illness’ two-month peak. The incidence of Guillain-Barré
was found to be 9.44/100,000 inhabitants/year among patients
with COVID-19, compared to 0.69/100,000 inhabitants/year
among patients without COVID-19 [14]. However, the authors
of a different study did not discover a meaningful link between
COVID-19 and Guillain-Barré syndrome. In actuality, given that
the incidence did not increase.

A significant astrogliosis and microgliosis in the olfactory bulb,
most likely brought on by the virus, appears to be linked to
the lack of taste (ageusia) and smell (anosmia), which affect
nearly 60% of COVID-19 patients [4]. It's thought Since the
presence of viral RNA and SARS-CoV S proteins was found in
neuroanatomical areas receiving olfactory tract projections,
it can be assumed that one of the viral entry pathways is
via the neural-mucosal interface by transmucosal entry via
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regional nervous structures of the olfactory mucosa, or,
more precisely, from axonal transport. The influenza virus is
another respiratory virus that can enter the body and infect
the central nervous system via this route [16]. Other viral
illnesses that harm the olfactory neuroepithelium and impact
the upper respiratory tract include influenza. Anosmia may
potentially be explained by this [18].

The infection-induced cytokine storm can exacerbate the
virus's neurotropism by the central nervous system by
starting the process of neuroinflammation.

causing the blood-brain barrier's permeability to rise [19].
Consequently, the resulting neuroinflammatory insult could
make people morevulnerabletoneurodegenerativeillnesses.
This injury to brain cells, including astrocytes and microglia,
may enhance the release of inflammatory cytokines and ATP.
This triggers P2X7 receptor activation, which can then trigger
the NLRP3 inflammasome pathway within other pathways
[20]. This can lead to diffuse lung edema, immune cell and
inflammatory cytokine infiltration, disruption of the blood-
brain barrier, and overshooting inflammation with extensive
cytokine release. It can also affect coagulation.

It has also been demonstrated that various viral infections
can alter the blood-brain barrier, which can lead to the long-
term development of neurological disorders like multiple
sclerosis, depression, anxiety, and Alzheimer's disease [20].
Changes in blood caused by infections, particularly those
involving the cerebral endothelium, can have an impact on
the coagulation pathways and may be connected to COVID-
19-related stroke occurrences.

According to other patient reports, severe SARS-CoV-2
infections are frequently linked to markedly reduced platelet
counts and elevated blood levels of D-dimers, which may
help to explain why these patients have an increased risk of
cerebrovascular events [21]. Through computed CT, COVID-
19-related neurological symptoms were also seen.
Necrotizing hemorrhagic encephalopathy symptoms are
evidentin theimaging results. Thisis an uncommon condition
that primarily develops from viral brain malfunction and
causes seizures, liver issues, and mental disorientation
afterward.

infection. The cytokine cascade, particularly IL-6, results
in severe encephalopathy and has the potential to cause
stroke [22]. greater quantities of antibodies against other
The presence of coronaviruses, which cause colds, in the
cerebrospinal fluid of Parkinson’s disease patients raises the
possibility that COVID-19 plays a role in the disease’s etiology.
Furthermore, SARS-CoV-2's stimulation of the angiotensin
system, which is connected to COVID-19 pathophysiology
and potentially significant in the neuroinflammatory and
neurodegenerative processes seen in Parkinson’s disease
Other viral infections, such as influenza A, Epstein-Barr,
Japanese encephalitis, Coxsackie, West Nile, Western horse

encephalomyelitis, and HIV, have also been linked to the
onset of temporary or, less frequently, persistent Parkinson's
disease. This is mostly because these infections induce
neuroinflammation and/or hypoxic brain injury accompanied
by basal ganglia structural and/or functional impairment.
Furthermore, it has been suggested by conflicting data that
prior infections with the herpes simplex 1, Epstein-Barr,
chickenpox, zoster, hepatitis C, and influenza A virus may
raise the long-term risk of developing Parkinson's disease
[23]. Unlike Guillain-Barré, there is currently no substantial
correlation between SARS-CoV-2 infection and parkinsonism;
to date, only three cases of parkinsonism have been recorded
[24-26].

REFERENCES

1. Huang, C.; Wang, Y.; Li, X,; Ren, L.; Zhao, J.; Hu, Y.; Zhang,
L.; Fan, G; Xu, J.; Gu, X,; et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China.
Lancet 2020, 395, 497-506. [CrossRef]

2. Zhang, H.; Penninger, J.M.; Li, Y.; Zhong, N.; Slutsky, A.S.
Angiotensin-converting enzyme 2 (ACE2) as a SARS-
CoV-2 receptor: Molecular mechanisms and potential
therapeutic target. Intensiv. Care Med. 2020, 46, 586-
590. [CrossRef] [PubMed]

3. Pezzini, A.; Padovani, A. Lifting the mask on neurological
manifestations of COVID-19. Nat. Rev. Neurol. 2020, 16,
636-644. [CrossRef] [PubMed]

4. Matschke, J.; Lutgehetmann, M.; Hagel, C.; Sperhake,
J.P.; Schroder, A.S.; Edler, C.; Mushumba, H.; Fitzek, A,;
Allweiss, L.; Dandri, M.; et al. Neuropathology of patients
with COVID-19 in Germany: A post-mortem case series.
Lancet Neurol. 2020, 19, 919-929. [CrossRef]

5. Ramani, A.; Mdller, L.; Ostermann, P.N.; Gabriel, E.;
Abida-Islam, P.; Muller-Schiffmann, A.; Mariappan, A.;
Goureau, O.; Gruell, H.; Walker, A.; et al. SARS -CoV-2
targets neurons of 3D human brain organoids. EMBO J.
2020, 39, e106230. [CrossRef]

6. Glass, W.G. Subbarao, K. Murphy, B.; Murphy,
P.M. Mechanisms of Host Defense following Severe
Acute Respiratory SyndromeCoronavirus (SARS-CoV)
Pulmonary Infection of Mice. J. Immunol. 2004, 173,
4030-4039. [CrossRef]

7. Li, K; Wohlford-Lenane, C.; Perlman, S.; Zhao, J.;
Jewell, AK.; Reznikov, L.; Gibson-Corley, K.; Meyerholz,
D.; McCray, P.B. Middle East Respiratory Syndrome

www.directivepublications.org


https://www.directivepublications.org/

The Annals of Internal Medicine

10.

11.

12.

13.

14.

15.

16.

Coronavirus Causes Multiple Organ Damage and Lethal
Disease in Mice Transgenic for Human Dipeptidyl
Peptidase 4.]. Infect. Dis. 2016, 213, 712-722. [CrossRef]

Netland, J.; Meyerholz, D.K.; Moore, S.; Cassell, M.;
Perlman, S. Severe Acute Respiratory Syndrome
Coronavirus Infection Causes Neuronal Death in the
Absence of Encephalitis in Mice Transgenic for Human
ACE?2. J. Virol. 2008, 82, 7264-7275. [CrossRef]

Jamwal, S.; Gautam, A.; Elsworth, J.; Kumar, M.; Chawla,
R.; Kumar, P. An updated insight into the molecular
pathogenesis, secondary complications and potential
therapeutics of COVID-19 pandemic. Life Sci. 2020, 257,
118105. [CrossRef]

Franke, C.; Ferse, C.; Kreye, J.; Reincke, S.M.; Sanchez-
Sendin, E.; Rocco, A.; Steinbrenner, M.; Angermair,
S.; Treskatsch, S.; Zickler, D.; et al. High frequency
of cerebrospinal fluid autoantibodies in COVID-19
patients with neurological symptoms. Brain Behav.
Immun. 2020, 93, 415-419. [CrossRef]

Sedaghat, Z.; Karimi, N. Guillain Barre syndrome
associated with COVID-19 infection: A case report. J.
Clin. Neurosci. 2020, 76, 233-235. [CrossRef] [PubMed]

Toscano, G.; Palmerini, F.; Ravaglia, S.; Ruiz, L,
Invernizzi, P.; Cuzzoni, M.G.; Franciotta, D.; Baldanti, F.;
Daturi, R.; Postorino, P.; et al. Guillain-Barré Syndrome
Associated with SARS-CoV-2. N. Engl. J. Med. 2020, 382,
2574-2576. [CrossRef] [PubMed]

Dalakas, M.C. Guillain-Barré syndrome: The first
documented COVID-19-triggered autoimmune
neurologic  disease. Neurol. Neuroimmunol.

Neuroinflam. 2020, 7, e781. [CrossRef] [PubMed]

Fragiel, M.; Mir¢, 0.; Llorens, P.; Jiménez, S.; Pifiera, P.;
Burillo, G.; Martin, A.; Martin-Sanchez, F.J.; Lamberechts,
E.J.G.; Jacob, J.; et al. Incidence, clinical, risk factors and
outcomes of Guillain-Barré in Covid-19. Ann. Neurol.
2021, 89, 598-603. [CrossRef]

Keddie, S.; Pakpoor, J.; Mousele, C.; Pipis, M.; Machado,
P.M.; Foster, M.; Record, CJ.; Keh, RY.S.; Fehmi, |;
Paterson, R.W.; et al. Epidemiological and cohort study
finds no association between COVID-19 and Guillain-
Barré syndrome. Brain 2021, 144, 682-693. [CrossRef]

Matsuda, K.; Park, C.H.; Sunden, Y.; Kimura, T.; Ochiai,
K.; Kida, H.; Umemura, T. The Vagus Nerve is One Route

17.

18.

19.

20.

21.

22.

23.

24.

25.

of Transneural Invasion for Intranasally Inoculated
Influenza A Virus in Mice. Vet. Pathol. 2004, 41, 101-107.
[CrossRef]

Bs, M.R.P.; Ba, J.H.C.; Lobban, N.; Doty, R.L. Olfactory
dysfunction from acute upper respiratory infections:
Relationship to season of onset. Int. Forum Allergy
Rhinol. 2020, 10, 706-712. [CrossRef]

Meinhardt, J.; Radke, J.; Dittmayer, C.; Franz, J.; Thomas,
C.; Mothes, R.; Laue, M.; Schneider, |.; Brunink, S.; Greuel,
S.; et al. Olfactory transmucosal SARS-CoV-2 invasion as
a port of central nervous system entry in individuals with
COVID-19. Nat. Neurosci. 2021, 24, 168-175. [CrossRef]

Zubair, AS.; McAlpine, L.S.; Gardin, T.; Farhadian, S,
Kuruvilla, D.E.; Spudich, S. Neuropathogenesis and
Neurologic Manifestations of the Coronaviruses in the
Age of Coronavirus Disease 2019. JAMA Neurol. 2020, 77,
1018-1027. [CrossRef]

Ribeiro, D.E.; Oliveira-Giacomelli, A.; Glaser, T.; Arnaud-
Sampaio, V.F.; Andrejew, R.; Dieckmann, L.; Baranova, J.;
Lameu, C.; Ratajczak, M.Z.; Ulrich, H. Hyperactivation of
P2X7 receptors as a culprit of COVID-19 neuropathology.
Mol. Psychiatry 2020, 26, 1044-1059. [CrossRef]

Mishra, R.; Banerjea, A.C. Neurological Damage by
Coronaviruses: A Catastrophe in the Queue! Front.
Immunol. 2020, 11, 565521. [CrossRef]

Poyiadji, N.; Shahin, G.; Noujaim, D.; Stone, M.; Patel,
S.; Griffith, B. COVID-19-associated Acute Hemorrhagic
Necrotizing  Encephalopathy:  Imaging  Features.
Radiology 2020, 296, E119-E120. [CrossRef] [PubMed]

Sulzer, D.; Antonini, A.; Leta, V.; Nordvig, A.; Smeyne,
R.J.; Goldman, J.E.; Al-Dalahmah, O.; Zecca, L.; Sette,
A.; Bubacco, L.; et al. COVID-19 and possible links with
Parkinson’s disease and parkinsonism: From bench to
bedside. npj Park. Dis. 2020, 6, 18. [CrossRef] [PubMed]

Cohen, M.E.; Eichel, R.; Steiner-Birmanns, B.; Janah, A.;
loshpa, M.; Bar-Shalom, R.; Paul, J.J.; Gaber, H.; Skrahina,
V.; Bornstein, N.M.; et al. A case of probable Parkinson’s
disease after SARS-CoV-2 infection. Lancet Neurol. 2020,
19, 804-805. [CrossRef]

Faber, I.; Branddo, P.R.P.; Menegatti, F.; Bispo, D.D.D.C.;
Maluf, F.B.; Cardoso, F. Coronavirus Disease 2019 and
Parkinsonism: A Non-post-encephalitic Case.
Disord. 2020, 35, 1721-1722. [CrossRef]

Mov.

www.directivepublications.org


https://www.directivepublications.org/

	Title
	Abstract
	Keywords
	References

