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Chapter 4. Neurological manifestations: an
overview

Chiara Manfredi, Emma Scelzo, Vincenzo Silani, Carlo Ferrarese,
Alberto Priori

Introduction

Coronaviruses are enveloped, positive stranded RNA viruses which repre-
sent important human and animal pathogens, predominantly causing respirato-
ry and gastrointestinal tract infections'. However, neurological symptoms have
been reported in COVID-19 patients from all over the world (Table 4.1)>*.

Mao et al’, in the first retrospective study on neurological manifestations,
estimated that more than one-third (36.4%) of patients with COVID-19 devel-
op neuropsychiatric symptoms, out of which the most common were central
nervous system (CNS) manifestations followed by peripheral nervous system
(PNS) involvement’.

Table 4.1: Summary of the neurological manifestations of COVID-19

Non-specific CNS manifestations PNS manifestations
Headache Encephalitis Smell and taste disturbances
Dizziness Encephalopathy GBS
Myalgia Ischemic stroke/TTA MEFS
Lightheadness Hemorragic stroke Cranial neuropathy
Syncope Subaracnoid Hemorrage Optic neuritis
Cerebral venous thrombosis Posterior ischemic optic
Seizures neuropathy
Myelitis Myositis
ADEM Rhabdomyolysis
CNS vasculitis

Movement disorders

CNS: Central Nervous System; PNS: Peripheral Nervous System; TIA: Transient
Ischemic Aattack; ADEM: Acute Disseminated Encephalomyelitis; GBS: Guillain-
Barré Syndrome; MFS: Miller-Fisher Syndrome.

Neurological complications appear to be even more common in hospitalized
patients. It has been reported that over 80% of COVID-19 patients who re-
quire hospitalization may develop neurological symptoms at some point during
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their disease course®. Moreover, it seems that patients with a severe course of
COVID-19 are more likely to develop neurological complications®.

Rates of symptoms vary by geographical location and patient characteris-
tics. Overall, the most common neurological manifestations reported in Asia,
Europe and the US were smell and taste disturbances, myalgia, headache, en-
cephalopathy, and dizziness. Cerebrovascular events, movement disorders, mo-
tor and sensory deficits, ataxia, and seizutes are not common>>®,

The EAN survey and the Global Consortium Study of Neurological
Dysfunction in COVID-19

In April 2020, the European Academy of Neurology (EAN) core COVID-19
Task Force conducted a survey on neurological symptoms observed in patients
with SARS-CoV-2 infection to assess their incidence and characteristics. They
distributed a 17-question online survey to EAN members and other physicians
worldwide, collecting data from a total of 2,343 responders (82% neurologists),
mostly from Europe. According to the survey, the most frequent neurological
symptoms were headache (61.9%), myalgia (50.4%), smell and taste disturbanc-
es (particularly anosmia, 49.2%, and ageusia, 39.8%), impaired consciousness
(29.3%), and psychomotor agitation (26.7%). Other reported neurological
symptoms were encephalopathy and acute cerebrovascular disorders (21%).

The results of the survey, in agreement with the data available in the liter-
ature, showed that neurological symptoms occurred predominantly in hospi-
talized patients and appeared at various times during the infection course. As
expected, the most severe neurological features were reported by physicians in
the Intensive Care Units (ICUs). Moreover, despite some observed differences,
which could be attributable to the setting and the degree of involvement of the
responders during the outbreak, there was no great difference in neurological
manifestations between countties or continents’.

From March to October 2020, the Global Consortium Study of Neurologic
Dysfunction in COVID-19 (GCS-NeuroCOVID) and the EAN Neuro-COVID
Registry (ENERGY) performed a multicohort study including COVID-19 pa-
tients from 13 countries and 4 continents. The study aimed to determine neu-
rological phenotypes, incidence, and outcomes among hospitalized patients.
This study showed that approximately 80% of the patients had neurological
manifestations (both self-reported symptoms and/or neurological signs or
syndrome). In particular, the most common self-reported symptoms included
headache (37%) and smell or taste disturbances (26%), while the most prevalent
neurological signs and/or syndromes wete acute encephalopathy (49%), coma
(17%), and stroke (6%). Moreover, the presence of any neurological sign was
associated with higher in-hospital mortality, even after adjusting for age, sex,
race, and ethnicity'.
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Neurological manifestations of COVID-19

Non-specific symptoms

SARS-CoV-2 can potentially present with several non-specific neurological
symptoms. In the case series of Mao et al., the most common neurological
symptoms were dizziness (16.8%), headache (13.1%), myalgia (10.7%), and al-
tered mental status (14.8%)°.

These data appear also to be in line with the results of the EAN survey.
Interestingly, Favas et al. found that, in health care workers, the incidence of
non-specific symptoms was higher compared with the general population®.

Smell and taste disturbances

Smell and taste disturbances have been reported as common early symp-
toms in patients with COVID-19, and were rarely the only manifestation.
Interestingly, they can be a sign of a milder form of infection and can occur
both during and after presentation of general symptoms''. Fatly data suggested
that smell and taste disturbances are due to the direct effects of the virus on the
olfactory system and gustatory receptors'?, since the SARS-CoV-2 could enter
the brain through the olfactory epithelium and the neural-mucosal interface®.
Magnetic resonance imaging (MRI) signal abnormalities in one or both olfacto-
ry bulbs have been described in patients with COVID-19, sometimes resolved
on follow-up imaging'*". In an autoptic study, pathologic findings demonstrat-
ed severe and widespread tissue damage involving the olfactory nerve, the gyrus
rectus, and the brainstem, along with numerous particles referable to virions of
SARS-CoV-2". According to a systematic review of 212 studies conducted by
Favas et al., the most common smell disturbance was anosmia; other symptoms
reported were hyposmia, phantosmia and parosmia. Among taste disturbances,
the most commonly reported were dysgeusia and ageusia. Overall, the incidence
of smell disturbances ranged from 4.9% to 85.6%, while incidence of taste dis-
turbances varied from 0.3% to 88.8%0°. Nevertheless, further data on long-term
prognosis are needed. In one series, 72.6% of affected patients recovered their
olfactory function within the first week after resolution of the disease'!, while
in a survey of non-hospitalized patients with olfactory or gustatory dysfunction
from Northern Italy, resolution rates after nearly a month from symptom onset
were 87% and 82%, respectively'”.

CNS manifestations

Cerebrovascular diseases (CVD) were reported in 0.5-5.9% of COVID-19
patients and, of these, the most common type was acute ischemic stroke
(0.4-4.9%) followed by hemorrhagic stroke (0.2-0.9%) and cerebral venous
thrombosis®.
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These rates of cerebrovascular events associated with COVID-19 are mostly
based on observational cohort studies on hospitalized COVID-19 patients from
different epicenters around the wotld, mainly in China, Europe, and the US>'#2!,
These reports reflect a wide variety of populations in terms of disease severity,
comorbidities, and follow-up, all of which are likely to contribute to the rate of
cerebrovascular events. Overall, the mean age of patients with COVID-19 and
stroke appears to be similar to those without COVID-19. But the relative risk of
CVD may vary according to the severity of the disease. In particular, early case
series suggest that patients with a more severe illness could have a higher risk of
developing an acute CVD*. These data are also supported by evidence that the
incidence of acute CVD was higher in ICU patients (0.8-9.8%)".

Several cases of meningoencephalitis (both viral and apparently autoimmune)
wete reported in COVID-19 patients*. Moriguchi et al. described the first case
of viral encephalitis with COVID-19, confirmed by cerebrospinal fluid (CSF)
analysis®. Other cases of meningoencephalitis have been reported in patients in
whom CSF was either negative for SARS-CoV-2 or not tested. Isolated menin-
goencephalitis without any respiratory involvement has also been reported*.

Incidence of disturbances of consciousness and delirium ranged from
3.3% to 19.6% in retrospective studies*. Eartly studies indicate that 20-30%
of COVID-19 patients will present with/or develop delirium or mental status
changes during their hospitalization, with rates of 60-70% in cases of severe
illness at all ages®. Encephalopathy is more common in critically ill patients
with COVID-19. In a cohort study of 2,088 patients with COVID-19 admitted
to an ICU, 55% presented delitium?’ .

A few retrospective studies have reported seizures, with an incidence ranging
from 0.5% to 1.4%".

Posterior reversible encephalopathy syndrome (PRES) has also been reported
and may be due to hypertension and renal failure in some patients®”. In one case
series, neuroradiological findings consistent with PRES were seen in over 1%".

A few case reports have described patients with clinical and neuroimaging
findings consistent with acute disseminated encephalomyelitis (ADEM)*. Some
patients had myelitis with or without brain involvement. An additional case
report describes a case of acute necrotizing encephalopathy in a patient with
COVID-19*.

Three cases of generalized myoclonus were reported from Spain, with nor-
mal CSF and imaging findings. In all these patients, myoclonus could not be ex-
plained by hypoxia, metabolic cause, or drug effect, and the EEG showed mild
diffuse slowing without any epileptic activity. Patients were treated symptomat-
ically with antiepileptic drugs (AEDs) and/or propofol sedation and appeared
to recover gradually with immunotherapy™.



4. Neurological manifestations: an overview 49

PNS manifestations

All variants of Guillain-Barré syndrome (GBS) such as AIDP, AMAN,
AMSAN have been reported in COVID-19 patients®. Cases of Miller Fisher
syndrome (MFS) were also described, one of these being associated with serum
GD1b-IgG antibodies™. Both para- and post-infectious patterns are described.
GBS was a presenting feature in one case report by Zhao et al.”>. However,
while Toscano et al. reported a series of five patients with GBS, with an interval
between COVID-19 onset and symptoms of GBS ranging from 5 to 10 days™,
a cohort study from the UK failed to show any specific association between
GBS and COVID-19 infection®. Therefore, it is still not certain if there is a
potential causal association of COVID-19 with the risk of GBS.

Several peripheral nerve and plexus syndromes have been reported in pa-
tients with COVID-19 including cranial neuropathies (facial nerve palsy, ocular
motor neuropathies, Tapia syndrome), peripheral motor neuropathy, and neu-
ralgic amyotrophy™**.

Since myalgia and fatigue are common symptoms in COVID-19, some spec-
ulate that COVID-19 may be associated with a viral myositis, although there is
still no conclusive evidence for this*. Different studies have reported the inci-
dence of rhabdomyolysis to be 0.2-2.6%*.

Long-term effects

The issue of the long-term effects of the SARS-CoV-2 infection is much
more complex. These have been described in various ways, including “Long
COVID” and “post-COVID syndrome”. In particular, there is some evidence
to suggest that both patients recovering from a severe illness and patients
with milder symptoms who never required hospitalization may report pro-
longed neurological symptoms that persist for weeks to months after the acute
infection**,

In a survey of 180 non-hospitalized COVID-19 patients, over 50% reported
having at least one persistent symptom (most frequently fatigue and anosmia)
approximately 4 months after the onset of symptoms®. Moreover, preliminary

data related to extrapyramidal disorders*

and cognitive disturbances* are still
coming in, but the whole picture of the consequences of the pandemic will

only be clarified after longitudinal studies are completed.
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Take-home message

— Over one-third of patients with COVID-19 develop neuropsychiatric
symptoms.

— Central nervous system manifestations are more common than peripheral
nervous system symptoms.

— The most common neurological manifestations are smell and taste distur-
bances, myalgia, headache, encephalopathy, and dizziness.

— Patients may report long-lasting neurological symptoms that persist for
weeks to months after the acute infection.



4. Neurological manifestations: an overview 51

References

1.

10.

11.

12.

13.

14.

Chen X, Yu B. First two months of the 2019 coronavirus disease (COVID-19)
epidemic in China: real-time surveillance and evaluation with a second derivative
model. Glob Health Res Policy. 2020. doi: 10.1186/s41256-020-00137-4. [Preprint|

Chen N, Zhou M, Dong X, et al. Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study.

Lancet. 2020:395(10223):507-513.

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized patients
with 2019 novel coronavirus—infected pneumonia in Wuhan, China. [AM.A.
2020;323(11):1061-10069.

Favas TT, Dev P, Chaurasia RN, et al. Neurological manifestations of COVID-19:
a systematic review and meta-analysis of proportions. Newurol Scz. 2020;41(12):3437-
3470.

Mao L, Jin H, Wang M, Hu Y, et al. Neurologic Manifestations of Hospital-
ized Patients With Coronavirus Disease 2019 in Wuhan, China. [AM.A Neurol.
2020;77(6):683-690.

Liotta EM, Batra A, Clark JR, et al. Frequent neurologic manifestations and en-
cephalopathy-associated morbidity in Covid-19 patients. Ann Clin Trans/ Neurol.
2020;7(11):2221-2230.

Pezzini A, Padovani A. Lifting the mask on neurological manifestations of
COVID-19. Nat Rev Neurol. 2020;16(11):636-644.

Romero-Sanchez CM, Diaz-Maroto I, Fernandez-Diaz, et al. Neurologic mani-
festations in hospitalized patients with COVID-19: The ALBACOVID registry.
Neurology; 2020;95(8):e1060-¢1070.

Moro E, Priori A, Beghi E, et al. EAN core COVID-19 Task Force. The inter-
national European Academy of Neurology survey on neurological symptoms in

patients with COVID-19 infection. Eur | Neurol. 2020;27(9):1727-1737.

Chou SH, Beghi E, Helbok R, et al. Global Incidence of Neurological Manifesta-
tions Among Patients Hospitalized With COVID-19-A Report for the GCS-Neu-
roCOVID Consortium and the ENERGY Consortium. LAM.A Netw Open. 2021.
doi: 10.1001/jamanetworkopen.2021.12131. [Preprint]

Lechien JR, Chiesa-Estomba CM, De Siati DR, et al. Olfactory and gustatory dys-
functions as a clinical presentation of mild-to-moderate forms of the coronavi-
rus disease (COVID-19): a multicenter European study. Eur Arch Otorbinolaryngol.
2020;277(8):2251-2261.

Vaira LA, Salzano G, Fois AG, et al. Potential pathogenesis of ageusia and anos-
mia in COVID-19 patients. Int Forum Allergy Rhinol. 2020;10(9):1103-1104.

Meinhardt |, Radke |, Dittmayer C, 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(2):168-175.

Aragio MFVYV, Leal MC, Cartaxo Filho OQ, et al. Anosmia in COVID-19 Associ-
ated with Injury to the Olfactory Bulbs Evident on MRI. AJNR A | Neuroradiol.



52

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

20.

27.

28.

29.

Neurology of COVID-19

2020;41(9):1703-1706.

Laurendon T, Radulesco T, Mugnier ], et al. Bilateral transient olfactory bulb ede-
ma during COVID-19-related anosmia. Newrology. 2020;95(5):224-225.

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):678-679.

Paderno A, Mattavelli D, Rampinelli V, et al. Olfactory and Gustatory Outcomes
in COVID-19: A Prospective Evaluation in Nonhospitalized Subjects. Ozolaryngol
Head Neck Surg. 2020;163(6):1144-1149.

Klok FA, Kruip MJHA, Van der Meer NJM, et al. Confirmation of the high cu-
mulative incidence of thrombotic complications in critically ill ICU patients with
COVID-19: An updated analysis. Thromb Res. 2020;191:148-150.

Lodigiani C, Iapichino G, Carenzo L, et al. Humanitas COVID-19 Task Force. Ve-
nous and arterial thromboembolic complications in COVID-19 patients admitted
to an academic hospital in Milan, Italy. Thromb Res. 2020;191:9-14.

Requena M, Olivé-Gadea M, Muchada M, et al. COVID-19 and Stroke: Incidence
and Etiological Description in a High-Volume Center. | Stroke Cerebrovasc Dis.
2020. doi: 10.1016/j.jstrokecerebrovasdis.2020.105225. [Preprint]

Yaghi S, Ishida K, Torres J, et al. SARS-CoV-2 and Stroke in a New York Health-
care System. [ S#roke. 2020;51(7):2002-2011.

LiY, Man L, Wang M, et al. Acute cerebrovascular disease following COVID-19: a
single center, retrospective, observational study. S#oke 1asc Neurol. 2020;5(3):279-
284.

Moriguchi T, Harii N, Goto J, et al. A first case of meningitis/encephalitis associ-
ated with SARS-Coronavirus-2. Int | Infect Dis. 2020;94:55-58.

Huang YH, Jiang D, Huang JT. SARS-CoV-2 detected in cerebrospinal fluid by
PCR in a case of COVID-19 encephalitis. Brain Behav Inmmun. 2020. doi: 10.1016/.
bbi.2020.05.012. [Preprint]

Duong L, Xu P, Liu A. Meningoencephalitis without respiratory failure in a young
female patient with COVID-19 infection in Downtown Los Angeles, early April
2020. Brain Behav Immun. 2020. doi: 10.1016/j.bbi.2020.04.024. [Preprint]

Helms J, Kremer S, Merdji H, et al. Neurologic features in severe SARS-CoV-2
infection. N Eng/ | Med. 2020.382(23):2268-2270.

Pun BT, Badenes R, Heras ILa Calle G, et al. Prevalence and risk factors for de-
lirium in critically ill patients with COVID-19 (COVID-D): a multicentre cohort
study. Lancet Respir Med. 2021;9:239-250.

Franceschi AM, Ahmed O, Giliberto L, et al. Hemorrhagic Posterior Reversible
Encephalopathy Syndrome as a Manifestation of COVID-19 Infection. .A/NR
Am | Neuroradiol. 2020;41(7):1173-1176.

Kishty I, Casasola M, Banankhah P, et al. Posterior reversible encephalopathy
syndrome (PRES) as a neurological association in severe Covid-19. | Neurol Sci.
2020. doi: 10.1016/j.jns.2020.116943. [Preprint]



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

40.

4. Neurological manifestations: an overview 53

Princiotta Cariddi L, Tabaece Damavandi P, Carimati F, et al. Reversible Enceph-
alopathy Syndrome (PRES) in a COVID-19 patient. | Newurol. 2020;267(11):3157-
3160.

Lin E, Lantos JE, Strauss SB, et al. Brain Imaging of Patients with COVID-19:
Findings at an Academic Institution during the Height of the Outbreak in New
York City. AINR Am | Nenroradiol. 2020;41(11):2001-2008.

Delamarre I, Gollion C, Grouteau G, et al. COVID-19-associated acute necro-
tising encephalopathy successfully treated with steroids and polyvalent immuno-

globulin with unusual IgG targeting the cerebral fibre network. | Neuro/ Neurosurg
Psychiatry. 2020;91(9):1004-1006.

Rabano-Suarez P, Bermejo-Guerrero L, Méndez-Guerrero A, et al. Generalized
myoclonus in COVID-19. Nexurology. 2020;95(6):€767-¢772.

Gutiérrez-Ortiz C, Méndez-Guerrero A, Rodrigo-Rey S, et al. Miller Fisher syn-
drome and polyneuritis cranialis in COVID-19. | Nexrology. 2020;95(5):¢601-e605.

Zhao H, Shen D, Zhou H, et al. Guillain-Barré syndrome associated with SARS-
CoV-2 infection: causality or coincidence?r Lancet Neurol. 2020;19(5):383-384.

Toscano G, Palmerini F, Ravaglia S, et al. Guillain-Barré Syndrome Associated
with SARS-CoV-2. N Eng/ | Med. 2020;382(26):2574-2576.

Keddie S, Pakpoor ], Mousele C, et al. Epidemiological and cohort study
finds no association between COVID-19 and Guillain-Barré syndrome. Brain.
2021;144(2):682-693.

Dinkin M, Gao V, Kahan |, et al. COVID-19 presenting with ophthalmoparesis
from cranial nerve palsy. Neurology. 2020;95(5):221-223.

Decavel P, Petit C, Tatu L. Tapia syndrome at the time of the COVID-19 pan-
demic: Lower cranial neuropathy following prolonged intubation. Newurolgy.
2020;95(7):312-313.

Siepmann T, Kitzler HH, Lueck C, et al. Neuralgic amyotrophy following infection
with SARS-CoV-2. Muscle Nerve. 2020;62(4):E68-E70.

42. Guidon AC, Amato AA. COVID-19 and neuromuscular disorders. Newurolygy.
2020;94(22):959-969.

Goértz YM]J, Van Herck M, Delbressine JM, et al. Persistent symptoms 3 months
after a SARS-CoV-2 infection: the post-COVID-19 syndrome? ER] Open Res.
2020;6(4):00542-2020.

Huang C, Huang L, Wang Y, et al. 6-month consequences of COVID-19 in pa-
tients discharged from hospital: a cohort study. Lancer. 2021;397(10270):220-232.
Graham EL, Clark JR, Orban ZS, et al. Persistent neurologic symptoms and cog-
nitive dysfunction in non-hospitalized Covid-19 “long haulers”. _Awun Clin Trans/
Neurol. 2021;8(5):1073-1085.

Petersen MS, Kristiansen MF, Hanusson KD, et al. Long COVID in the Faroe Is-
lands - a longitudinal study among non-hospitalized patients. Clin Infect Dis. 2020.
doi: 10.1093/cid/ciaal792. [Preprint]

Sulzer D, Antonini A, Leta V, et al. COVID-19 and possible links with Parkinson’s



54

47.

Neurology of COVID-19

disease and parkinsonism: from bench to bedside. NP Parkinsons Dis. 2020. doi:
10.1038/541531-020-00123-0. [Preprint]

Ferrucci R, Dini M, Groppo E, et al. Long-Lasting Cognitive Abnormalities after
COVID-19.  Brain Sci. 2021;11(2):235.



