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Chapter 16. Impact of  COVID-19 on pre-
existing neurological diseases

Paola Alberti, Simone Beretta, Laura Brighina,  
Valeria Isella, Carlo Ferrarese

Introduction

Neurological sequelae and complications have been reported as being related 
to COVID-191-3

on neurological diseases as well as on patients with an underlying neurological 

study proposed by Members of  the Italian Society for Neurology (Società 
Italiana di Neurologia, SIN)4.

In this chapter we address some potentially highly interesting topics related 
to COVID-19 and neurological patients. 

In this section we discuss issues related to some categories of  frail neuro-

conditions. As a general indication, basic safety rules apply. Social distancing is 
crucial, and given these are mainly chronic patients, appropriate logistic solu-
tions should be put in place by the treating physician/center: minimizing trips 
to pharmacies, relying on telemedicine if  appropriate and switching to home in-
fusion of  selected drugs (e.g., home-base intravenous immunoglobulin subcu-

related to COVID-19 in categories of  fragile patients. 

Multiple sclerosis

Epidemiological studies are addressing the potential effects of  COVID-19 
in multiple sclerosis (MS) patients. A European multicenter trial reported 
21.8% of  399 MS patients suffered from an infection clinically suggestive of  
COVID-19, and reported major symptoms of  COVID-195. MS is a chronic 
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immune-mediated demyelinating disease of  the central nervous system which 
-

phocytes. Its treatment relies on disease-modifying therapies (DMTs) aiming 
at immunomodulation, immunosuppression, or cell depletion and/or altera-

-
ticoids and, occasionally, plasmapheresis cases of  corticosteroid failures, with, 
of  course, only short-term administration. Instead, DMTs are administered 
chronically to help prevent relapse and to slow progression. In basic terms, 
DMTs can be divided into : immunomodulatory drugs, such as interferon-beta-1 

cell 

cell depletion (anti-CD20 antibodies 
anti-CD52 antibodies 

systemic immunosuppressants -
nocompetence status of  patients might play an important role in COVID-19 as-
sociated risks. It has been suggested that MS patients not receiving DMTs have 
the same risk of  suffering from COVID-19 as the general population7 and that 
the greatest risk of  contracting the disease can be related to dosage and med-
ication administered, in particular for second-generation therapies8. However, 
these observations were conducted on a relatively small cohort possibly biasing 
the results8, 9. From case series studies, immunosuppression has emerged as a 
risk factor for severe forms of  COVID-1910. Dimethyl fumarate
could potentially induce lymphopenia, mainly in the early treatment course11, 

-
vere lymphopenia, but it is considered likely to be safe in patients with no or 
mild lymphopenia (absolute lymphocyte count > 800/mm3)12. Another drug, 
natalizumab, is considered to be low risk for severe forms of  COVID-1913 since 
it does not interfere with lymphocyte function. Other drugs with, however, a 
possible moderate risk for COVID-19 are those with a modulatory effect of  
the S1P receptor ( ) and anti-CD20 monoclonal 
antibodies (ocrelizumab and rituximab)13. S1P modulators are capable of  reducing 
peripheral lymphocytes, increasing susceptibility to coronavirus infection, as 
evidenced by the increased predisposition to other viral infections13. Anti-CD20 
monoclonal antibodies could impair the anti-viral long-term immunity and in-
crease the risk of  reinfection13. For the same reasons, the greatest infection risk 
might be suggested for treatments acting on the lymphocyte population, such 
as alemtuzumab or cladribine; moreover, they potentially affect the early and 

and re-infection rate13.

individual patient both for acute relapse treatment, and management of  con-
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evaluated given that corticosteroids are associated with an increased risk of  in-

onset of  relapses11. In patients with a relapsed MS and, at the same time, an 
ongoing COVID-19, the use of  plasmapheresis was suggested13. However, in 

it is generally suggested to continue DMTs if  infection is mild. Suspension is 
to be evaluated in those with greater immunosuppressive effects or in patients 
with other risk factors for development of  a more severe form of  COVID-19. 
Careful risk assessment of  rebound activity should always be considered in case 
of  suspension of  S1P modulators and natalizumab11. However, it should be 
noted that we are still gaining inferences on COVID-19 and MS patients as well 
as DMTs, therefore, it should be strongly encouraged to stay carefully updated 

-

14).

Myasthenia gravis

Myasthenia gravis (MG) is a chronic autoimmune disorder characterized by 
15. 

The onset of  MG has been related to several triggering factors including hepati-

since it can lead to variable symptoms, ranging from mild to severe pneumo-

death in many cases . The risk can be higher in MG patients for many reasons: 
a potential immunocompromised state related to MG therapies and possible 
respiratory muscle weakness . Several reports in literature are available on MG 
patients suffering from COVID-19; Camelo-Filho et al.17 published a large se-
ries of  patients, revealing a rather severe disease course, requiring intensive care 
admission in 87% of  cases, mechanical ventilation in 73%, and with a fatal out-
come in 30%. However, clinical response of  MG patients to COVID-19 repre-
sents a major challenge and outcome predictors are still lacking. Most notably, 
it has been pointed out that Treg/Th17 imbalance in the course of  COVID-19 

-

respiratory failure . Therefore, respiratory muscle function evaluation is crucial 
in deciding the timing of  endotracheal intubation in MG patients affected by 
COVID-19. A non-invasive ventilation trial can be indicated and could avoid 

mechanical ventilation could be required. The current state of  knowledge on 
the interaction between MG and COVID-19 is changing rapidly due to growing 
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greater insight on this matter18, 19. For the moment, the best approach is for 

with and approved by the treating physician; when deciding whether altering or 

might be undergoing an immunomodulatory treatment, raising the same con-
cerns discussed for other diseases so far; on the other hand, COVID-19 itself  
might trigger an immune reaction resulting in potential damage to the peripher-

-
-

immunoglobulin (either intravenous or subcutaneous), complement inhibitor 

concerns related to acute polyradiculoneuritis occurrence. Case reports and 
20,21. 

As pointed out by Sheikh and co-authors22 in a recent systematic review, acute 
polyradiculoneuritis could be considered one of  the many presentations of  

association between COVID-19 and acute polyradiculoneuritis. A recently pub-
lished study by Keddie and collaborators23

2019 and cases reported during the COVID-19 outbreak. Nevertheless, authors 
recognized it is not possible to entirely rule out the possibility of  a link, since 
acute polyradiculoneuritis incidence has fallen during the pandemic, probably 
due to lockdown measures reducing transmission of  other pathogens associat-

highly important not to underestimate a diagnosis of  acute polyradiculoneuritis 

treating physician should be aware of, especially in an intensive care setting. 

Neuro-oncological patients

The COVID-19 pandemic has created major issues for cancer diagnosis and 
-

interventions is often low, although this view is not always correct. As a conse-
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have been posed to health-care providers. In order to reduce risks to patients, 
different responses were evaluated: brain scans intervals were increased and 
radiotherapy schedules were adapted to hypofractionation. Another issue was 
raised by systemic chemotherapy given its immunosuppressive potential, rais-

patients lacking MGMT promoter methylation, given the risk of  lymphopenia 
and repeated access to the hospital facilities (e.g., for blood tests), thus increas-
ing the risk of  developing COVID-1924. For brain cancer patients symptomatic 
for COVID-19, withholding systemic chemotherapy, unless entirely non-im-
munosuppressive, could be suggested until full recovery from COVID-1924. A 

CoV-2, as part of  a screening program, but asymptomatic. In any case, there is 
an urgent need to ensure treatment of  neuro-oncological patients is not signif-
icantly delayed and initiating therapy should not be outweighed by COVID-19. 
Therefore, multidisciplinary initiatives are being undertaken to better navigate 

collaborators25 proposed detailed consensus-based practice recommendations 
-

tion oncologists, and medical physicists. They suggest adapting treatments, pro-
posing hypofractionated radiotherapy, and modifying chemotherapy to mini-
mize immunosuppression. 

Cerebrovascular diseases

COVID-19 patients without cerebrovascular comorbidity (relative risk 2.18) . 
Moreover, patients with previous cerebrovascular disease had higher risk of  
severe COVID-19 than those without (relative risk 2.07) and requiring inten-
sive care (relative risk 2.79). Both pharmacological and non-pharmacological 
therapies used for COVID-19 have increased risks or are less practicable in 

of  bacterial infections,27 28 

motor disability.

an apparent increase in the number of  stroke patients who were younger and 
with a lower vascular risk factor burden, as well as an apparent increase in stroke 

29-34 
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-
able to secondary events as a result of  their poor vascular condition, the risk 
of  recurrent stroke among individuals with COVID-19 remains to be deter-

30% decrease in the volume of  stroke patients accessing hospitals during the 

with transient ischemic attacks (TIA) and mild strokes.35-37 Despite a true decline 
-

es (well-known triggers of  acute cerebrovascular events), during the lockdown 
periods,38

39 
Hospital avoidance may have created a cohort of  untreated stroke patients at 
risk of  poorer outcomes and recurrent events. Notably, an alarming increase in 
lifestyle risk factors for cerebrovascular diseases, such as smoking, alcohol and 

40, 41 
COVID-19 highlighted the long road that still has to be run towards a satis-

factory education of  the population for stroke. The World Stroke Organization 
issued an important campaign highlighting the importance of  not wasting time 

42

In particular, for patients who had already suffered a stroke and were likely to 
have reduced access to secondary prevention clinics and neurological rehabili-
tation therapies, the pandemic has highlighted the enormous potential of  tele-
medicine in stroke care. Although still in their early stages, novel models of  care 
have been implemented for telemedicine neurological consultations of  TIA pa-
tients43 44

Epilepsy

Epilepsy is one of  the most common chronic neurological conditions, with a 

and children45. Various factors surrounding epilepsy and epilepsy care may be 
affected by COVID-19.

A systematic review article showed that the rate of  COVID-19 severity in 
people with epilepsy is lower than other neurological disorders such as demen-
tia, cerebrovascular disease, and multiple sclerosis . However, epilepsy is not 
a single disease; it has many causes and associations, some of  which may de-
bilitate the patient and increase the risk of  respiratory impairment. Notably, 
patients with epilepsy associated with learning and developmental disabilities 

COVID-19 compared to other epilepsy patients47. 
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Current evidence indicates that the incidence of  acute symptomatic seizures 
due to COVID-19 is less than 1%,48 suggesting that acute symptomatic seizures 
caused by COVID-19 are not particularly common compared with other viral 
diseases. However, a change in seizure frequency among patients with chronic 
epilepsy during the COVID-19 crisis has been reported, regardless of  wheth-
er these patients were infected with COVID-1949. The proportion of  patients 

-

to lockdown or reduction in income, increased psychological stress and sleep 
problems. Indeed, the impact of  the COVID-19 pandemic on psychological 

-
iety (38%) and insomnia (29%)50.

The social impact of  COVID-19 has been seen also in epilepsy care facilities. 
Patient access to healthcare facilities has been greatly restricted because of  the 
potential for patient-to-patient or healthcare provider-to-patient transmission 

responding stated that in-person outpatient visits had decreased and use of  
telemedicine had increased51.

The use of  virtual epilepsy appointments became the standard of  care in the 
lockdown periods in most countries and allowed an unprecedented assessment 

Two large studies enrolling over 1,300 patients showed no backlog of  appoint-

clinicians for routing follow-up appointments, including adjustment of  antie-
pileptic drugs and prescriptions of  diagnostic testing52, 53. On the other hand, 
most physicians doubted the suitability of  telemedicine for patients with newly 
diagnosed epilepsy and drug-resistant epilepsy. Up to 75% of  patients reported 

face-to-face encounters. Beyond the pandemic, most patients reported a pref-
erence for continuing telemedicine if  their epilepsy symptoms remained stable, 
while only 44.4% chose telemedicine should their symptoms worsen. 

Dementia and movement disorders

disorders has represented the crossroad of  two pandemics. Neurodegenerative 

of  COVID-19 infection. The impact of  the virus in these clinical populations 
has been massive and diverse: during the quarantine these patients have shown 
a higher risk of  contagion and a worse outcome of  the infection, have suffered 
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to overload or lockdown of  medical and support services.
-

pared with individuals with no dementia, dementia patients were at higher risk 
of  COVID-19 infection, showed a more severe disease course, and had a higher 

. Various elements 
have been indicated as causes of  this increased vulnerability . Some were 
related to age (increased viral shedding, atypical presentations, such as lack of  
fever, that delay the diagnosis, or heavy comorbidity), while others were more 

-
quent in patients with a neurodegenerative disease in the course of  an infection; 
this is a serious, potentially lethal condition. A second element was the fact 
that measures to prevent contagion, like wearing masks, frequent handwashing 

-
tive impairment. Third, potential biological mediators of  major vulnerability 
to COVID-19 in AD were hypothesized . For instance, Apolipoprotein 
E allele 4, a known risk factor for AD, has been associated with increased 

protein for cell entry, has been found to be upregulated in the brain tissues of  
-

mation plays a central role in the pathogenesis of  AD, and COVID-19 is known 

and peripheral nervous system. These observations on biological common links 
between coronavirus and AD, however, are for the moment highly speculative, 

As far as PD is concerned, it remains unclear whether there was a major 

infection varied greatly (according to geographical area, inclusion criteria, etc.), 
, but in most studies it was below 1%, therefore 

-
tion in PD were also similar to those seen in control populations, i.e., age, male 
gender, smoking, cardiovascular and chronic obstructive pulmonary diseases . 

was related to the same predisposition for COVID-19 infection, or to a higher 
level of  attention and self-isolation in PD patients as an at-risk population

. Interestingly, a few studies have actually reported that a subgroup of  PD 
patients were less likely to be infected by COVID-19, namely those receiving 
amantadine70, 71 in vitro drug 

of  replication and degree of  infectivity72.
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With regard to the prognosis, mortality rates were also highly variable (from 

clinical characteristics (e.g., disease stage, involvement of  community-dwelling, 
hospital-based or long-term care facilities series). However, they were gener-
ally higher in PD patients than in age-matched non-PD individuals73, mostly 

74. Interestingly in PD the detrimental interaction between corona-
virus infection and neurodegeneration has appeared to be bi-directional, in the 
sense that the virus also seemed to have a negative impact on the course of  the 
motor disorder, through various mechanisms. Dopamine neurons have in fact 

entry to cells, and immune activation in the olfactory system, targeted by the 

central nervous system, possibly causing the development and/or progression 
of  PD. In support of  this hypothesis, four cases of  parkinsonism have been 

and showed asymmetric decrease of  dopamine uptake in the putamina and 
good response to dopamine replacement therapy . These cases of  new-onset 
parkinsonism might have been related to unmasking subclinical PD. Large co-
hort studies will be needed to determine whether COVID-19 will also increase 
the incidence of  PD in the long term.

The pandemic has had heavy consequences on patients with dementia and 
movement disorders also indirectly, through quarantine and isolation. During 

the coronavirus pandemic, the COVID-19 Study Group of  the Italian Society 
of  Neurology for Dementia (SINdem) carried out a nation-wide survey on the 
impact of  quarantine on cognitive, neuropsychiatric and motor symptoms of  

aspects (mainly irritability and apathy), in one patient in two for cognitive func-
tions (especially memory), and in one patient in three for motor disturbances 
(above all, in walking)77, 78 -

dementia during and after quarantine78

linked to multiple factors: movement restriction, reduced social interaction and 

and behavior, disruption of  daily routine. A negative effect was also observed 
in terms of  greater caregiver burnout, which has been reported repeatedly in 
the pandemic literature79, 80, and quarantine due to the coronavirus disease 2019 

clinical condition. 
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motor and non-motor symptoms has also been described in these patients, 
-

duction in physical activity, and social isolation, besides fear of  being infect-
ed by COVID-1981, 82. A behavioral disturbance very typical of  PD, Impulse 
Control Disorder (ICD), has also been found to increase during the COVID-19 
lockdown82.

-
tance as one of  the main determinants of  caregiver stress, causing a three-fold 
increase in feelings of  isolation and abandonment and a two-fold increase in a 
sense of  being overwhelmed and helpless83. This element has in fact emerged 

patients with dementia83, mostly on patients with PD81, 82. -
pital units and lockdown of  medical and assistance services (outpatient clinics, 
diagnostic departments, cognitive and motor rehabilitation centers, elderly day-
care facilities, social support services) created a real emergency, with problems 
in the supply of  medications and postponement of  appointments for follow 
ups and for new referrals, leading to delays in diagnosis and initiation of  appro-
priate management. PD patients seem to have been the most heavily penalized 
by this situation, due to the fact that, unlike other neurological groups, they 
need routine visits to the hospital for physical assessment and medication ad-
justments by movement disorder specialists. In particular, during the peak phas-

intestinal gel, continuous subcutaneous apomorphine infusion and Deep Brain 
Stimulation (DBS). Patients treated by MCT require regular follow-up visits in 
highly specialized and multidisciplinary clinical settings, which appear to have 
been massively affected by social distancing and lockdown measures84. Beside 
reporting concern about problems of  hospital access and the interruption of  
pharmacological and non-pharmacological treatments, patients treated with 

First of  all, PD patients with implanted DBS systems require replacements of  
the Implantable Pulse Generator (IPG), especially if  not rechargeable, every 

 -
-

quiring surgical intervention to avoid the risk of  life-threatening complications 
such as malignant subthalamic nucleus-DBS withdrawal syndrome (similar to 
a neuroleptic malignant syndrome), acute dystonic crisis, and the reappearance 
of  disabling PD symptoms, which can be refractory to medication. During the 
pandemic, both pre-planned and urgent hospitalizations for interventions on 
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Possible role of  telemedicine

-
plement interventions aimed at providing care in current and future situations 
of  physical distancing. Telehealth must represent a very promising solution, as 
it helps in limiting virus circulation by decreasing person-to-person contact, 
while allowing remote delivery of  a full spectrum of  services to patients and 
caregivers -

-
hood of  participating in future clinical research studies if  some visits could 
be conducted remotely87. Along these lines, the International Parkinson and 
Movement Disorder Society has developed a guide on how to set up telemedi-
cine practice as a valid alternative method for consultations and remote assess-
ments of  PD patients88 -
tion, a brief  cognitive assessment, and medication reviews can be performed 
via videoconferencing. Virtual cognitive and also physical stimulation programs 
may also be arranged, and counseling or psychological support may be pro-
vided to patients, caregivers and family members through telephone or web 

 However, telehealth has 
some limitations: the impossibility of  performing a complete neuropsycholog-

balance-related maneuvers, especially without the supervision/assistance of  
a trained caregiver); the lack of  validation and norms for neuropsychological 

the screen, or to check in with the caregiver without the presence of  the patient; 
the problems in using audio-visual devices for older people and for subjects 

the unavailability of  such devices.

Patient and caregiver education programs

-
ventions might help reduce the overall impact of  coronavirus disease on neuro-
logical disorders, and particularly on dementia and PD populations . Patients 

(e.g., contacts should receive an anti-COVID vaccine, have regular COVID-19 
testing, wear appropriate personal protective equipment, strictly follow rec-
ommended prevention rules). Family members and caregivers should also be 

-
ening or onset of  ICD in PD patients), and be advised on how to organize 
home-based activities like cognitive stimulating tasks (including arts and crafts 

-
jority of  physical rehabilitation programs for PD patients are conducted outside 
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aerobic or functional strength activities, yoga), many activities can be done at 
home90. Most of  them have been shown to effectively reduce off-state motor 
signs even with minimal remote supervision, at least in patients with mild dis-
ease severity91

the pandemic, often initiated or supported by large patient associations.

Pharmacological interactions

On their part, clinicians should keep on the alert for atypical presentations of  
coronavirus infection, to promote timely diagnosis of  the disease, and be able 
to adopt a targeted approach in those patients who do become infected. Special 
efforts should be made to monitor and prevent delirium, given the high preva-
lence and poor outcome of  this condition in patients with a neurodegenerative 
disorder, and close attention should be paid to possible pharmacological inter-
actions. Patients with dementia are often on a cocktail of  cholinesterase inhibi-
tors/memantine, antidepressants and antipsychotics that interact with liver en-
zymes and cause adverse events similar to those of  antirheumatic (chloroquine 

azithromycin) drugs used for treating COVID-19 . Pharmacological choices 

might require adjusting, or replacing with memantine (which has lower hepatic 
interaction) if  used in conjunction with antirheumatics, and ribavirin or favip-
iravir should be preferred to other antivirals as they can be administered more 
safely alongside treatments for AD. As to patients with PD, several case series 
and observational studies have reported a worsening of  motor and non-motor 
symptoms during COVID-19 infection, which may be linked to acute systemic 

reduced absorption due to diarrhea)92. Clinicians should be prepared to increase 
levodopa dose in these circumstances92. For patients treated with MCT, it is 
recommended to gradually reduce stimulation amplitude and increase levodopa 
dosage accordingly to avoid acute cessation when end of  IPG life is approach-

through supplementation of  programming-related follow ups with video tele-
consultations, and with the use of  patient-controlled programmers. Decision 
algorithms for patients with advanced therapies are available in the literature to 

93.
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-
cal patients 

The ultimate defense against coronavirus infection is, of  course, represented 
by vaccines. 

Specialists managing patients with dementia should be aware that vaccination 
against COVID-19 is recommended to these patients above and beyond the gen-
eral elderly population. Participation of  patients with cognitive impairment or 
dementia in clinical trials on anti-COVID vaccines was probably null or negli-

94

ratio favors vaccination of  patients with dementia against coronavirus. This has 
MDS/MDS COVID-19 Vaccine 

Statement for Patients95

vaccinations do not appear to differ in individuals with this disorder from those 
observed in the general population, while the risks of  life-threatening complica-
tions of  the infection do appear to be higher for persons living with advanced PD. 
Moreover, no changes in PD symptoms or responses to PD treatments following 
COVID-19 vaccination have been reported, whereas PD symptoms may worsen 
after COVID-19 infection. Finally, although longitudinal studies are warranted to 

thus far suggesting a direct interaction of  vaccine-induced immune response with 

with the pathogenesis of  PD .

conditions when it comes to COVID-19 vaccines; the fear is that vaccination 
would trigger the immune system and lead to neurological adverse events. One 
of  the main concerns is related to the possible onset of  an acute polyradicu-
loneuritis following vaccination. Weighing the evidence to date, the potential 

-

be encouraged to have the vaccination97

and co-authors98, although an association of  any vaccination to acute polyradic-
uloneuritis cannot be ruled out and we should stay vigilant, it is not necessarily 

receiving an immunosuppressive/immunomodulatory treatment, such as, for 
-

an adequate immune response99, especially for those which interfere with B-cell 
activity and antibody production. This gave rise to some indications by differ-
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the completion of  the whole vaccination cycle before starting drugs such as 
-

antrone100

evidence on COVID-19 and COVID-19 vaccination management (taking into 
account novel vaccines might be soon available), the best course of  action is to 
rely on indications given by regulatory agencies, such as the European Medicine 
Agency (EMA) in Europe and the Food and Drug Administration (FDA) in the 
US, and to keep constantly updated on changes on data reported in the techni-
cal description of  both DMTs and COVID-19 vaccine. 

Take-home message

 – -
pact on neurological patients, highlighting older and new frailties.

 – Careful updates on growing evidence should be recommended for pa-
tients undergoing immunomodulatory/immunosuppressive treatments, 
relying on indications that continue to be released by regulatory agencies 

 – There have been problems in treatment/care/follow up of  frail patients 
(e.g., dementia patients) suggesting a possible role for telemedicine.

 – COVID-19 should be carefully monitored for potential neurological com-
-

 – The ultimate defense against coronavirus infection is represented by vac-

consequences outweigh the risks of  vaccination. Careful planning of  vac-
cine administration should be undertaken for patients undergoing immu-
nomodulant and/or immunosuppressive treatments.
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