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To the Editor:
With interest we read the review article by Valiuddin 

et al. about the neurological implications of coronavirus 
disease 2019 (COVID-19) (neuro-COVID).1 The authors 
listed ischemic stroke, transverse myelitis, seizures, acute 
hemorrhaghic necrotising encephalopathy (AHNE), acute 
disseminated encephalo-myelitis (ADEM), posterior 
reversible encephalopathy syndrome (PRES), myasthenia, 
and sinus venous thrombosis as central nervous system (CNS) 
manifestations, and hyposmia/hypogeusia, Guillain-Barré 
syndrome, facial palsy, ophthalmoparesis, and neuropathy, 
as peripheral nervous system (PNS) manifestations of 
COVID-19.1 We have the following comments and concerns.

The review is comprehensive but does not include the 
entire spectrum of neuro-COVID-19. Several neurological 
manifestations of COVID-19 in the CNS and PNS were not 
discussed. CNS disorders not included in the review were 
intracerebral bleeding,2 cerebral vasculitis,3 acute cerebral 
demyelination,4 headache,5 myoclonus-ataxia syndrome,6 
limbic encephalitis,7 cytokine release syndrome,8 delirium,9 
and psychosis.10 Peripheral nervous system disorders 
not included in the review were isolated oculomotor, 
trochlear, facial, or hypoglossal nerve palsy,11 myositis/ 
dermatomyositis,12 myopathy,13 and rhabdomyolysis.14 

There was no discussion about the putative delineation 
between neurological disorders due to direct attack of the virus 
(primary manifestations), secondary CNS/PNS disorders due 
to the immune response (secondary manifestations), and those 
occurring as a side effect of the treatment or involvement of 
other organs than the CNS (tertiary manifestations). Whether 
such a distinction is truly permissible is under debate. Limited 
data from animal and basic science research are currently 
available. Disregarding this debate, there are indications that 
the virus enters the CNS via the blood brain barrier (BBB) or 
via retrograde invasion along peripheral nerves, as mentioned 
in the review.1,15 There are even indications that the virus 
disrupts the BBB.16 Interestingly, in most of the CNS disorders 
claimed to have been triggered by direct contact of the virus 
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with CNS structures, investigations of the cerebro-spinal fluid 
(CSF) did not confirm the presence of the virus in the CSF. 
Absence of the virus in the CSF has been explained by rapid 
entering of the virus intra-cellularly, thus being present in the 
CSF only temporarily for a short time. Accordingly, virus-
RNA has been found inside neurons and glial cells.17

Since the infection triggers an immense immune reaction, 
it has been speculated that the immune reaction is responsible 
for many or most of the neurological comorbidities in 
COVID-19 patients. This is even the case for encephalitis, 
which is often characterised by a negative polymerase chain 
reaction test for the virus in the CSF and thus interpreted as 
immune encephalitis. Other immune-mediated CNS/PNS 
disorders in COVID-19 include limbic encephalitis, cerebral 
vasculitis, AHNE, cytokine-release syndrome, myoclonus-
ataxia syndrome, ADEM, delirium, psychosis, transverse 
myelitis, isolated cranial nerve palsy, myositis, or myasthenia. 

Side effects of treatment have to be clearly delineated 
from primary or secondary neurological manifestations of the 
viral infection. Adverse reactions to treatment particularly 
manifest in the PNS. CNS/PNS diseases due to adverse 
reactions include cerebral hypoxia, critical ill neuropathy, 
critical ill myopathy, myasthenic syndrome, myopathy, and 
toxic neuropathy. Agents with a neurotoxic potential include 
hydro-chloroquine, which may trigger toxic myopathy, 
steroids, which may induce mitochondrial myopathy, 
tocilizumab, which may trigger myositis, and azithromycin, 
which may cause rhabdomyolysis. 

Though the authors state that myasthenia gravis (MG) can 
be a complication of COVID-19, they cite the paper by Anand 
et al. who only described five patients with pre-existing MG 
(four due to antibodies against the acetyl-choline receptor, and 
one due to antibodies against tyrosine-kinase) who experienced 
an infection with severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Thus, this article cannot be 
taken as an example of SARS-CoV-2 triggered MG. More 
appropriate for documenting MG triggered by SARS-CoV-2 
is the study by Restivo et al. who described three previously 
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neurologically normal patients who developed confirmed MG 
after onset of the classical manifestations of COVID-19.18 

Finally, we do not agree with the listing of MG among 
the CNS disorders triggered by SARS-CoV-2 in Table 1.1 
Myasthenia gravis is a prototypic PNS disorder and should not 
be mentioned among the CNS but the PNS disorders.
Overall, the interesting review has a number of limitations, 
which need to be accomplished before drawing final 
conclusions. The spectrum of neurological disease triggered 
by SARS-CoV-2 is broader than anticipated. Neurological 
disease possibly results from a direct virus attack, from the 
immune response, or from side effects of the treatment of 
pulmonary manifestations.

Address for Correspondence: Josef Finsterer, Messerli 
Institute, Department of Neuology, Postfach 20, 1180 Vienna, 
Austria. Email: fifigs1@yahoo.de.

Conflicts of Interest: By the WestJEM article submission agreement, 
all authors are required to disclose all affiliations, funding sources 
and financial or management relationships that could be perceived 
as potential sources of bias. No author has professional or financial 
relationships with any companies that are relevant to this study. 
There are no conflicts of interest or sources of funding to declare.

Copyright: © 2021 Finsterer. This is an open access article 
distributed in accordance with the terms of the Creative Commons 
Attribution (CC BY 4.0) License. See: http://creativecommons.org/
licenses/by/4.0/

Neuropsiquiatr. 2020;78(10):666. 
5. Peng KP. Association between COVID-19 and headache: What 

evidence and history tell us. Cephalalgia. 2020;40(13):1403-5. 
6. Schellekens MMI, Bleeker-Rovers CP, Keurlings PAJ, et al. 

Reversible myoclonus-ataxia as a postinfectious manifestation of 
COVID-19. Mov Disord Clin Pract. 2020;7:977-9.

7. Guilmot A, Maldonado Slootjes S, Sellimi A, et al. Immune-mediated 
neurological syndromes in SARS-CoV-2-infected patients. J Neurol. 
2020;1-7. In press.

8. Perrin P, Collongues N, Baloglu S, et al. Cytokine release syndrome-
associated encephalopathy in patients with COVID-19. Eur J Neurol. 
2021;28(1):248-58.

9. Poloni TE, Carlos AF, Cairati M, et al. Prevalence and prognostic 
value of delirium as the initial presentation of COVID-19 in the elderly 
with dementia: an Italian retrospective study. EclinicalMedicine. 
2020;26:100490.

10. Parra A, Juanes A, Losada CP, et al. Psychotic symptoms in 
COVID-19 patients. A retrospective descriptive study. Psychiatry Res. 
2020;291:113254.

11. Costa Martins D, Branco Ribeiro S, Jesus Pereira I, et al. Unilateral 
hypoglossal nerve palsy as a Covid-19 sequel: a case report. Am J 
Phys Med Rehabil. 2020;99(12):1096-8.

12. Gupta L, Lilleker JB, Agarwal V, et al. COVID-19 and myositis 
- unique challenges for patients. Rheumatology (Oxford). 
2021;60(2):907-10.

13. Cabañes-Martínez L, Villadóniga M, González-Rodríguez L, et al. 
Neuromuscular involvement in COVID-19 critically ill patients. Clin 
Neurophysiol. 2020;131(12):2809-16.

14. Singh B, Kaur P, Mechineni A, et al. Rhabdomyolysis in COVID-19: 
report of four cases. Cureus. 2020;12(9):e10686.

15. Yavarpour-Bali H, Ghasemi-Kasman M. Update on neurological 
manifestations of COVID-19. Life Sci. 2020;257:118063.

16. Pellegrini L, Albecka A, Mallery DL, et al. SARS-CoV-2 Infects the 
brain choroid plexus and disrupts the blood-CSF barrier in human 
brain organoids. Cell Stem Cell. 2020;27(6):951-61.e5.

17. Bulfamante G, Chiumello D, Canevini MP, et al. First ultrastructural 
autoptic findings of SARS-Cov-2 in olfactory pathways and 
brainstem. Minerva Anestesiol 2020;86(6):678-9.

18. Restivo DA, Centonze D, Alesina A, et al. Myasthenia gravis 
associated with SARS-CoV-2 infection. Ann Intern Med. 
2020;173(12):1027-8.

REFERENCES
1. Valiuddin HM, Kalajdzic A, Rosati J, et al. Update on neurological 

manifestations of SARS-CoV-2. West J Emerg Med. 2020;21(6):45-51.
2. Pavlov V, Beylerli O, Gareev I, et al. COVID-19-related intracerebral 

hemorrhage. Front Aging Neurosci. 2020;12:600172.
3. Varatharaj A, Thomas N, Ellul MA, et al. Neurological and 

neuropsychiatric complications of COVID-19 in 153 patients: a UK-
wide surveillance study. Lancet Psychiatry. 2020;7(10):875-82.

4. Pessoa Neto AD, Alves MDM, Brito PSM, et al. Possible acute 
multifocal demyelinating lesions in a COVID-19 patient. Arq 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/



