
Vol.:(0123456789)1 3

Journal of Neurology (2021) 268:409–419 
https://doi.org/10.1007/s00415-020-10070-8

REVIEW

COVID‑19 and neurological disorders: are neurodegenerative 
or neuroimmunological diseases more vulnerable?

Luigi Ferini‑Strambi1,2   · Maria Salsone2,3

Received: 6 July 2020 / Revised: 9 July 2020 / Accepted: 10 July 2020 / Published online: 21 July 2020 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Neurological disorders and coronavirus 2019 (COVID-19) pandemic are two conditions with a recent well-documented 
association. Intriguing evidences showed that COVID-19 infection can modify clinical spectrum of manifested neurological 
disorders but also it plays a crucial role in the development of future diseases as long-tem consequences. In this viewpoint 
review, we aimed to assess the vulnerability to SARS-CoV-2 infection and development of COVID-19 among neurologi-
cal disorders. With this in mind, we tested the hypothesis that age rather than neuropathology itself could be decisive in 
neurodegenerative diseases such as Parkinson’s disease, whereas neuropathology rather than age may be critical in neuroim-
munological diseases such as Multiple Sclerosis. Highlighting the role of potential susceptibility or protection factors from 
this disastrous infection, we also stratify the risk for future neurodegeneration.
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Introduction

Recent evidence links neurological disorders to coronavi-
rus 2019 (COVID-19) pandemic, a condition which from 
December 2019 to today has upset our lives, becoming our 
world a different place. It is a novel form of human coro-
navirus reported for the first time in Wuhan, China which 
recognizes as causative agent SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus 2) [1, 2]. SARS-CoV-2 
is a nonsegmented positive-sense RNA virus belonging to 
the family of Coronaviridae and is the seventh coronavirus 
known to infect human [3, 4]. In the context of emerging 
research, COVID-19 infection can exacerbate the clinical 
spectrum of manifested neurological diseases. On the other 
hand, recent findings have been thrust into the spotlight the 
potential role of this novel coronavirus in the future develop-
ment of neurological diseases making the neurobiological 

link between these two conditions even more interesting. 
This interaction, however, should not be unexpected. It is 
well-known that coronaviruses can be detected in the Central 
Nervous System (CNS) of patients with Parkinson’s Dis-
ease (PD), Alzheimer Disease (AD) and multiple sclerosis 
(MS) [5]. Human and animal models demonstrated that also 
SARS-CoV-2 is able to infect the brain including the brain-
stem [6] entering directly through the olfactory nerves and 
interestingly without an initial lung involvement [7]. A pos-
sible explanation is that the infection develops as the virus 
glycoprotein spike binds to ACE2 (angiotensin-converting 
enzyme 2) receptors. These receptors are widespread in the 
brain, not only cardiorespiratory centers in the medulla, but 
also in the dopamine neurons of striatum [8, 9].

The existence of a close relationship between COVID-
19 and neurological disorders brings up some fundamental 
questions: first, whether the relationship is causal, specifi-
cally does one condition itself increases the incidence or 
morbidity/mortality of the other; second, whether and in 
what way COVID-19 infection modifies the clinical course 
of pre-existing neurological disease. Thus, it is crucial to 
consider not only the perspectives from which we analyze 
these questions but also the field of neurology in which 
we move, for instance neurodegenerative versus neuroim-
mune diseases. Considering that neurodegenerative disor-
ders may commonly occur in elderly patients whereas that 
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neuroimmune in young people, this comparison might be 
intriguing. From a pathogenetic perspective, it is need to 
investigate whether the age rather than the neuropathology 
itself might be a potential risk factor and vice versa. From 
a clinical perspective it is important to investigate whether 
clinical features related to the pathology, for instance rigid-
ity respiratory system in chronic neurodegenerative diseases 
as Parkinson’s disease (PD) may be a risk factor for the 
development of complications and long-term neurological 
sequelae. From a therapeutic perspective, it might be cru-
cial to know whether antiviral agents such as amantadine 
commonly used for PD-treatment, could prevent the clinical 
manifestations of COVID-19 infection.

Despite significant progress made from neurologists and 
researchers worldwide in a very short time, several issues 
remain still unsolved. The main goal of this viewpoint 
review is to assess the vulnerability to SARS-CoV-2 infec-
tion and development of COVID-19 among neurological 
disorders with different pathogenesis and age-related targets 
such as neurodegenerative vs neuroimmunological diseases. 
We also highlight potential susceptibility or neuroprotective 
factors from this disastrous infection.

COVID‑19 and neurodegenerative disorders

In this section, we will discuss the impact of SARS-CoV-2 
viral infection for patients with neurodegenerative condi-
tions with a magnifying glass on patients with movement 
disorders and dementias. Since SARS-CoV-2 effects on 
neurodegenerative, as well as neuroimmune diseases, might 
vary across the different pathogenesis and clinical features, 
we consider the evidence within three sections: (i) vulnera-
bility to the infection; (ii) modification of the clinical course 
of disease, in relation to clinical neurological manifestations, 
disease progression and innovative strategies, to support cli-
nicians in the management of the disease; (iii) trigger for 
future neurodegeneration.

COVID‑19 and Parkinson’s disease

There are at least two well-consolidated evidence linking 
COVID-19 to movement disorders, especially for PD. First, 
the presence of antibodies against coronavirus in the cer-
ebrospinal fluid of patients with PD revealed more than 2 
decades ago [10]. Second, the ability of coronaviruses to 
enter the brain through the nasal cavity causing anosmia/
hyposmia [11]. The facts that hyposmia is a common premo-
tor feature of PD and that olfactory bulb is a selective target 
of the deposition of alpha-synuclein pathology [12], might 
to be more than just a coincidence.

Vulnerability to the infection

In a recent editorial focused on movement disorders in the 
world at the time of COVID-19, Jon Stoessl et al. report that 
to date there is no evidence that patients with movement 
disorders are at increased risk of coronavirus infection, com-
pared to individuals with similar age and comorbidities [13]. 
To answer emerging questions on this topic Fasano et al., 
conducted a single-centre case-controlled survey describ-
ing clinical features/predictors of COVID-19 infection and 
outcome in a relatively unselected and homogeneous large 
cohort of PD patients from one of the largest tertiary centers 
of Milan, Italy [14]. They identified 105 PD patients, 32 con-
firmed and 73 probable cases of COVID-19. Basing on their 
results, COVID-19 risk, morbidity and mortality in patients 
with mild to moderate PD do not differ from the general 
population [14]. In line with these evidences, a retrospective 
cohort study conducted in Japan showed that, patients with 
Parkinsonism hospitalized for pneumonia had a lower rate of 
in-hospital mortality as compared to age- and sex-matched 
patients [15, 16]. Contrasting results has been reported by 
Antonini et al., in a small simple size as PD patients of older 
age with longer disease duration were particularly suscep-
tible to COVID-19 with a substantially high mortality rate 
[17]. Taken together, these findings suggest that although PD 
patients may represent a particularly vulnerable population 
for age-related target, respiratory muscle rigidity related to 
the disease, and presence of several comorbidities, PD by 
itself do not appears increase the risk of being infected by 
SARS-CoV-2 and developing COVID-19 (Fig. 1).

Modification of the neurological disease and care strategies

Eleopra et  al. performed the first community-based 
case–control study describing the effects of symptomatic 
COVID-19 on motor and non-motor symptoms [17]. In their 
cohort consisting of 141 patients with PD resident in Lom-
bardy, twelve COVID-19 cases had mean age and disease 
duration similar to the controls. Their PD patients experi-
enced substantial worsening of both motor and non-motor 
symptoms (especially urinary issues and fatigue), during 
mild-to-moderate COVID-19 illness independently of age 
and disease duration. Fatigue as dominant non-motor symp-
tom has been also reported during the SARSCoV-2 infection 
in PD cases described by Antonini et al., [11]. By contrast, 
cognitive functions were marginally involved, while none 
experienced autonomic failure [17]. Clinical deterioration 
observed in PD patients might be explained by both infec-
tion-related mechanisms and impaired pharmacokinetics of 
dopaminergic therapy and required therapy adjustment in 
one-third of cases [17].

The impact of COVID-19 on PD patients, however, can-
not be restricted only to motor symptoms since indirect 
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effects related to the prolonged immobility under lockdown, 
as the impact of stress, self-isolation, social distancing and 
anxiety should be considered. In this context, a recent Ira-
nian cross-sectional, case–control survey evaluated the level 
of anxiety among PD patients compared with caregivers and 
the general population [18]. Highest frequency of anxiety 
has been found in the PD subgroup followed by their car-
egivers. In addition, a strong correlation between severity 
of anxiety in PD patients and fear of getting COVID19 has 
also been reported by the authors [18]. Another consequence 
of COVID-19 pandemic concerns the marked reduction in 
physical activity [19]. This aspect should be not remiss since 
physical exercise may attenuate clinical symptom progres-
sion in PD patients [19–21]. In line with these evidences, 
Shalash et al. investigated the impact of the COVID-19 
pandemic on the mental health, physical activities, and 
quality of life of PD patients [22]. Compared with controls, 
PD patients complained a negative impact on their mental 
health, physical activity, and health care and an interest in 
virtual visits [22]. In addition, Pall K et al., reporting the 
perceptions and implications of COVID-19 in 100 Indian 
PD patients and their caregivers, confirmed the impaired 
mental health, physical activity, and quality of these patients 
[23]. The study also highlights the importance of managing 
these issues and continuing care of PD patients, particularly 
by adopting telemedicine [23]. The fact that PD patients 
shows a negative impact on their mental health during 
lockdown period is not surprising. Sudden changes usually 
require a flexible adaptation to new circumstances, a condi-
tion strongly related to normal dopaminergic functioning. 
Indeed, PD patients may experience cognitive inflexibility, 
as a result of nigrostriatal dopamine depletion that forms the 
pathophysiological substrate of PD [24, 25].

To further complicate the precarious situation of coexist-
ence with COVID-19 infection, there was the limited access 
to the routine-visits to the hospital to preserve PD patients 
from becoming infected. Thus, in this “new world” in which 
the care for our patients is significantly changed, the most 
important challenge for clinicians has been to reinvent their 
work and the greater opportunity, the telemedicine with dig-
ital-visits, e-mails or text messages, and simple telephone 
consultations. In this context, the Movement Disorders Soci-
ety (MDS) Telemedicine Study Group has created a “step-by 
step” guide for assisting the movement disorders neurolo-
gists worldwide [26]. A further step forward in this direc-
tion, has been made thanks to the work of Goetz CG et al., 
in assessing reliability and validity of video-based MDS-
Unified Parkinson’s Disease Rating Scale examinations com-
pared with in-office visits [27]. Finally, digital rehabilitation 
(E-Rehabilitation) strategies including virtual rehabilitation 
platform as an alternative mode to deliver rehabilitation ser-
vices at the community level [28] should be encouraged. 
Although the telemedicine is not superior to the quality of 
care with regular in-person visits, and is not yet established 
universally for virtual management of patients, a growing 
body of evidence suggests that it is associated with compa-
rable outcomes, and offers greater efficiency and service for 
PD patients [29].

In summary, COVID-19 complicates the clinical course 
of PD resulting in a worsening of motor and non-motor 
symptoms, increased anxiety with severe complications on 
the quality of the life and mental health. In the COVID-
19 era, telemedicine has had a special role. Finally, several 
cross-sectional and longitudinal studies are, however, needed 
to better clarify the causal links between clinical and the 
severity of COVID-19, systemic inflammatory response with 

Fig. 1   Key learning points on the interaction between COVID-19 infection and Parkinson’s disease (a), Alzheimer’s disease (b) and multiple 
sclerosis (c)
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cytokine levels and virus detection in the cerebrospinal fluid 
of PD patients.

Trigger for future neurodegeneration

The fact that cortex and substantia nigra, the brain regions 
with higher possibilities of SARSCoV-2 penetration by 
ACE2 are the same associated with the most frequent neuro-
degenerative diseases [30] is not a simple coincidence. Lippi 
et al. investigated the potential role of SARS-CoV2 in the 
future development of neurodegenerative diseases, specifi-
cally PD [31]. A new model of neurodegeneration as SARS-
CoV2 promoting the accumulation of the alpha-synuclein 
(aSyn), the major protein component of Lewy bodies in the 
brain, has been proposed. To explain this phenomenon, the 
authors put the spotlight cellular pathways affected by the 
viral infection such as proteostasis precious in contribut-
ing to a dynamic equilibrium and activating stress response 
mechanisms that appear to be the same targets involved in 
neurodegenerative process [31]. In line with these evidences, 
the H1N1 infection of dopaminergic cells resulted in the 
formation of aSyn aggregates and not of other proteins sug-
gesting am highly specific nature of this process [32]. In 
addition, in vitro models indicate that triggers alterations in 
proteostasis might lead to the accumulation of toxic insolu-
ble proteins [33]. These suggestive findings indicate that 
SARS-CoV2 infection might trigger PD-neurodegeneration 
by accelerating aging in brain tissues (Fig. 2).

COVID‑19 and Alzheimer’s disease

In our ageing society, Dementia itself has emerged as a 
pandemic condition [37]. Thus, the management of a pan-
demic in the pandemic such as the COVID-19, brings up 
some concerns. First, the combination between two poten-
tial risk factors such as age and dementia for mortality 
in patients affected by COVID-19. Second, the complex 
impact of concomitant COVID-19 outbreak and demen-
tia: the impact of confinement and social distancing on 

neurocognitive performance of these fragile patients, need 
to better investigated.

Vulnerability to the infection

It is well-documented that elderly individuals are at a 
higher risk for mortality after SARS-CoV-2 infection. 
Indeed, the estimated median age for all COVID-19 related 
death is 81  years, and the case fatality rate in patients 
aged ≥ 80 years is > 20% [38]. Limited data are, however, 
available for COVID-19 in older patients, and few reports 
have focused on patients aged ≥ 80 years [39–41]. All this 
has been reported in older patients without dementia. What 
happened when two potential risk factors (age and dementia) 
are coexisting? Covino et al. provided a risk stratification in 
this population [42]. Results from this single-center, retro-
spective, observational study, carried out in a referral center 
for COVID-19 in central Italy, showed that the risk of death 
could be not age dependent whereas severe dementia itself 
may be a relevant risk factor in these patients [42]. In line 
with these evidences, Bianchetti et al. assessed prevalence, 
clinical presentation and outcomes of dementia among sub-
jects hospitalized for COVID19 infection. Data from 627 
subjects admitted to Acute Hospital in Brescia province, 
Northern Italy were retrospectively analyzed. Compared to 
subjects without dementia, patients affected by dementia 
showed a higher mortality about 40% [43]. Taken together, 
these finding suggest dementia, especially in the advanced 
stages of the disease, might represent an important risk fac-
tor for mortality in COVID-19 patients (Fig. 1).

Modification of the neurological disease and care strategies

Patients with AD patients are vulnerable to disasters and 
crisis, because of their neurocognitive impairments and rich 
neuropsychiatric symptomatology. This is especially true 
during a humanitarian crisis such as COVID-19 pandemic. 
About the 80% of AD patients may exhibit at least one neu-
ropsychiatric symptom over the course of their disease [44]. 

Fig. 2   Title: COVID-19 infec-
tion and Neurodegeneration. 
Legend: schematic represen-
tation of main targets and patho-
genetic mechanisms linking 
COVID-19 infection to Parkin-
son’s disease and Alzheimer’s 
disease neurodegeneration
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These features are typically fluctuating, emerging in more 
advanced AD, even if can also manifest in early the prodro-
mal stages [45]. Indeed, among the AD clinical spectrum, 
neuropsychiatric symptoms including depression, anxiety, 
apathy, agitation, and hallucinations appear to be subjected 
to a sudden deterioration. Moreover, it should also be con-
sidered the consequences of these features: (i) increased rate 
of disease progression and institutionalization; (ii) altera-
tion of the treatment responses and prognosis [44]; (iii) 
decrease of the patients’ quality of life [46]. To investigate 
the occurrence and severity of neuropsychiatric symptoms 
during the COVID-19 confinement is need. In line with this, 
Boutoleau-Bretonniere et al. offered the first investigation 
of the effects of confinement during the COVID-19 crisis 
on neuropsychiatric symptoms in AD [45]. Their results 
showed that only about 30% of AD patients demonstrated 
neuropsychiatric changes during the confinement. The dura-
tion of confinement significantly correlated with the sever-
ity of symptoms, as well as with their caregivers’ distress. 
Interestingly, the confinement exacerbated neuropsychiatric 
symptoms in patients with low cognitive function in AD, 
whereas no such symptoms were induced in patients with 
more preserved cognition [45]. In line with these evidences, 
other authors demonstrated the worsening of neuropsychi-
atric symptoms, with agitation, apathy and aberrant motor 
activity being the most affected symptoms, in AD and MCI 
during 5 weeks of lockdown in Spain [47]. Concerning the 
clinical presentation of COVID-19 in subjects with demen-
tia, there is concordance that it may be atypical, especially 
in most advanced and severe diseases thus reducing early 
recognition of symptoms and hospitalization. Indeed, in 
patients with AD the classic symptoms of COVID-19 infec-
tion such as fever, dyspnea and cough were less frequent, 
while they mainly experienced diarrhea or drowsiness [42, 
48]. Finally, delirium caused by hypoxia, a prominent clini-
cal feature of COVID-19, could complicate the presentation 
of dementia thus needing for dementia care and support [49, 
50]. Despite the preliminary nature, these findings confirmed 
the expected worsening of clinical spectrum, especially neu-
ropsychiatric symptoms during COVID-19 pandemic in AD 
patients.

Considering the complex nature of the interaction 
between COVID-19 and dementia, the international rec-
ommendations suggest to provide worldwide support for 
patients with dementia. Multidisciplinary teams, as well as 
a digital revolution are urgent need. Responding to this need, 
the American Academy of Neurology has also developed a 
guidance for clinicians and practices to implement telemedi-
cine services amid the COVID-19 crisis [51, 52]. Cuffaro 
et al. [52] recently suggest that telemedicine and digital tech-
nology devices, including smartphones can be really helpful 
in remote monitoring and care of people with Dementia. 
Moreover, technological devices as videoconference or 

smartphone apps might be used for follow-up visits and 
support to patients and to acquire digital markers of clinical 
progression of the disease [52]. Whether tele-rehabilitation 
platforms for neurorehabilitation care including physical, 
language and cognitive rehabilitation, exergaming, with 
remote supervision will be offered, this emergency will 
produce long-term healthcare positive [53].

In summary, despite the preliminary nature these find-
ings confirmed the expected worsening of clinical spectrum, 
especially neuropsychiatric symptoms during COVID-19 
pandemic in AD patients. A digital revolution to support 
the clinicians in the management of these fragile patients 
is need.

Trigger for future neurodegeneration

Although the long-term implications of SARS-CoV-2 and 
its effects on the brain are not well known, its potential role 
in the future neurodegeneration may be of importance to the 
field of AD research (Fig. 2). Severe outcomes after SARS-
CoV-2 infection are often associated with a “cytokine storm” 
of pronounced inflammation causing an increase of pro-
inflammatory cytokines such interleukin-1 (IL-1), and IL-6 
[54]. In AD patients, this may synergize with amyloid-stimu-
lated Type I interferon (IFN) response thus creating the “per-
fect storm” [54]. This might explain why pre-symptomatic 
people with undiagnosed AD may see an acceleration of 
symptoms due to a bout of systemic inflammation resulting 
from SARS-CoV-2 infection [54]. In addition, other authors 
hypothesized that affected patients may be at higher risk of 
developing cognitive decline after overcoming the primary 
COVID-19 infection [55]. Pathogenetically, this may result 
from direct negative effects of the immune reaction, accel-
eration or aggravation of pre-existing cognitive deficits, or 
de novo induction of a neurodegenerative disease. On the 
basis of these findings, it possible to speculate that there 
may be a population at risk to develop neurodegenerative 
diseases unmasked through silent viral infection in the brain.

COVID‑19 and neuroimmunological 
disorders

In the context of emerging COVID-19 pandemic, an urgent 
attention should be focused on a population of particular 
interest such as that neuroimmunological disorders. In this 
section, we will discuss the impact of the SARS-CoV-2 viral 
infection for patients with these conditions with a magni-
fying glass on patients with Multiple Sclerosis (MS). No 
consistent data are to date available for other neuroimmu-
nological disorders such as neuromyelitis optica spectrum 
disorders, Guillain–Barré syndrome or chronic dysimmune 
neuropathies.
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COVID‑19 and multiple sclerosis

It is not surprising that MS may represent a population of 
particular interest: first, for the immunological nature itself 
of the disease; second, for the clinical management regard-
ing the disease-modifying therapies (DMTs) able to alter 
the immune functions and thus increase the susceptibility 
COVID-19. The early identification of potential risk factors 
becomes crucial to identify an individual strategy concern-
ing the clinical management of these critical patients during 
the COVID-19 pandemic.

Vulnerability to the infection

The relationship between COVID-19 and MS is complex. 
The coronavirus family has been previously investigated 
for a potential association with MS, and more recently has 
been utilised to make a mouse model of the disease [58]. 
It has further been complex the challenge for neurologists 
worldwide to stratify the risk of the viral infection in MS 
patients, especially those receiving immunosuppressant or 
immunomodulatory therapy. Although it has been docu-
mented that MS patients may theoretically have an increased 
risk of the infections compared with the general population, 
it remains until debated whether MS patients are or not at 
high-risk to be infected by SARS-CoV-2 and to develop 
COVID-19. In a recent month’s journal club, Willis MD 
et al. considered three papers relevant to answer these ques-
tions [58]. The first study aimed to characterize the infection 
risk of patients with MS compared with a cohort of patients 
without MS, using two large databases with a long follow-
up time [58, 59]. According with the results, MS patients 
were demonstrated to be at an increased risk generally of 
infections, and of infections requiring hospitalization. The 
second study aimed to examine the risk of serious infections 
associated with routinely used MS DMTs as well as rituxi-
mab, which is commonly used in this population [58, 60]. 
MS patients treated with DMTs are at a generally increased 
risk of infections, with rituximab associated with the highest 
rate of serious infections [58]. In addition, a population-
based retrospective cohort study investigated the association 
between MS DMTs and risk of infections [61]. Their main 
results demonstrated that the exposure to a second genera-
tion DMT was associated with an increase in the risk while 
of first generation were not associated. Of note, with IFN-β 
was associated with a lower risk of pneumonia. In line with 
this preliminary evidence, Fan M et al. reported no increased 
risk of COVID-19 infection was MS or NMOSD, irrespec-
tive of whether these patients received DMDs. A possible 
explanation for this phenomenon is that stringent preven-
tive measures adopted by neurologists to reduce COVID-19 
infection in these patients may have contributed to low risk 
of COVID-19 infection [62]. Finally, data from the World 

Health Organization, has not yet been translated in relation 
to this cohort of COVID-19 patients who are on DMT [63]. 
Louapre et al. very recently also reported that age, EDSS, 
progressive course of MS, male sex and comorbidities 
including cardiovascular and pulmonary diseases, diabetes, 
and obesity, were identified as risk factors [64]. The pres-
ence of DMT, however, was not associated with severity of 
COVID-19 infection having a lower risk of hospitalization 
in their univariate analysis [64]. Taken together, these find-
ings suggest that, although it has initially been reported an 
increased risk to COVID-19 infection in MS patients, to date 
the risk estimate for the MS patients remains until debated.

Modification of the neurological disease and care strategies

Results from a pilot phase of an investigation of COVID-19 
among people with MS, based on a core set of data collected 
on 232 patients from 38 centers, indicated that the severity 
of COVID-19 infection classified as mild (no pneumonia 
or mild pneumonia) was present in about 96% of the MS 
patients [65]. Louapre et al. also described the clinical pro-
file and outcomes in patients with MS and COVID-19. These 
authors performed a multicenter, retrospective observational 
cohort study in 347 MS patients presenting with a confirmed 
or highly suspected diagnosis of COVID-19 between March 
1, 2020, and May 21, 2020 [64]. Their main outcome was 
COVID-19 severity assessed on a 7-point ordinal scale 
[ranging from 1 (not hospitalized with no limitations on 
activities) to 7 (death)] with a cut off at 3 (hospitalized and 
not requiring supplemental oxygen). Seventy-three patients 
had a COVID-19 severity score of 3 or more. As occurring 
in general population, fever and dyspnea were more com-
mon in MS patients hospitalized for COVID-19 while anos-
mia/ageusia and headache were more common in patients 
who were not hospitalized [64]. Considering that cognitive 
dysfunction usually affects up to 70% of MS patients, it is 
not surprising that these patients are vulnerable to develop 
neuropsychiatric symptoms during COVID-19 pandemic 
[66]. Thus, MS specialists should adapt a strategy to moni-
tor MS patients for neuropsychiatric complications and also 
opt for applicable treatment options [66]. Acute and long 
term effects of COVID-19 on disease course of MS popula-
tion should a subject for future research. Now, it is also the 
time of resilience: this disastrous pandemic may be a great 
opportunity for databases promoting MS research and col-
laboration [67].

Considering the clinical relevance of this issue and that, 
Italy was the first European country involved in a COVID-19 
pandemic, the Italian Multiple Sclerosis Society (AISM), 
the Italian Multiple Sclerosis Foundation (FISM), and the 
Multiple Sclerosis Study Group of the Italian Neurologi-
cal Society have set up a program to help with these cru-
cial elements in the response to COVID-19 in patients MS 
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[65]. Regarding the clinical management of these critical 
patients, the risks and benefits of immunoactive treatments 
and adjustments to these treatments must be assessed [68]. 
In this suggestive picture the protective role of the first-gen-
eration DMTs such as interferon-beta (IFN-β) is emerging 
[69]. Future studies, however, to examine the efficacy of 
interferon IFN-β alone or in combination with other drugs to 
treat severe or critically ill patients with confirmed COVID-
19 compared with placebo are warranted [69]. An interesting 
window in COVID-19 era is opened on the teriflunomide 
in MS. Recent observations suggest that teriflunomide may 
not need to be discontinued in MS patients who develop an 
active COVID-19 infection [70]. Finally, the special role of 
telemedicine in COVID-19 pandemic emerged especially in 
the management of MS patients. Bonavita S et al. proposed 
a possible approach for the remote monitoring of infection 
risk in people with MS, especially those on immunosuppres-
sant drugs, during the pandemic. This tool will also limit 
unnecessary accesses to the MS centers reducing the risk of 
spreading the infection [71].

Trigger for future neurodegeneration

Despite the existence of a close relation between neuroin-
flammation and neurodegeneration in MS brains [72], to date 
no enough evidence is available regarding the long-term 
implications of SARS-CoV-2 as potential role in the future 
neurodegeneration in these patients.

Discussion

The COVID-19 pandemic, a novel condition that in this few 
months has been completely storming the planet, brings with 
it an intense trail of mysteries. First of all, the reason why 
some subjects are completely asymptomatic while others 
develop deadly consequences. Second, the reason why some 
neurological diseases are more vulnerable than others to con-
tracting the virus and developing nefarious complications. 
There necessarily is something that protects and similarly 
something that damages. With this in mind, we identified 
among neurological conditions with different pathogenesis 
and age-related targets, the protection and susceptibility risk 
factors against this global pandemic.

It is singular that COVID-19 risk, morbidity and mortality 
in PD, a population with an intrinsically increased vulner-
ability for many risk factors, such as age, respiratory muscle 
rigidity and comorbidities, do not differ from the general 
population. Whether this is true, we can speculate that PD 
neuropathology itself might exercise a neuroprotective effect 
against COVID-19 infection for some reasons. Firstly, the 
modality of brain penetration of SARS-CoV-2 could be con-
sidered. It is well-known that the infection develops as the 

virus spike binds to ACE2 receptors, highly expressed in 
the dopamine neurons of striatum [8, 9, 30]. It is equally 
well-documented that PD patients show reduced nigrostri-
atal dopamine neurons of substantia nigra as result of the 
Lewy-body neurodegeneration. It is likely that the SARS-
CoV2 neuroinvasion may be reduced in these patients. Sec-
ondly, the protective role of α-synuclein against the SARS-
CoV-2 infections can be considered [34]. It has been recently 
reported that α-synuclein plays a crucial role in the COVID-
19 infection: by exercising inhibiting the viral neuroinvasion, 
by offering protection against proinflammatory responses, by 
facilitating immune reactions against infections being impli-
cated in microglia process [3, 34]. Thirdly, the neurobiology 
of SARS-CoV-2 infection in PD can be considered. Gomez-
Pinedo et al. reviewed some pathological cases COVID-19 
reporting no gliosis, microgliosis, and markers of inflamma-
tory signs in brain tissue while the virus was observed inside 
vacuoles and/or inclusions [30]. Vacuoles containing virus 
have been reported in MERS-CoV and SARS-CoV infec-
tion [35]. Finally, PD patients may potentially protected by 
the specific treatment such as amantadine, a drug for years 
used for the treatment of influenza. It able to inhibit the 
viral replication by blockade of the influenza M2 ion chan-
nel required to deliver viral ribonucleoprotein into the host 
cytoplasm [13]. Although the therapeutic implications of 
amantadine are unknown, it also appears block a pore in the 
envelope protein of SARS-CoV [36].

Differently from PD patients, that with AD show a higher 
mortality compared to subjects without dementia. This 
phenomenon, however, could be not age dependent and 
identifies other causes: first, the AD neuropathology itself. 
Amyloid fibrils may entrap viral particles, pathogens and 
subsequently leading to further activation of the “microglial 
neurodegenerative phenotype” [54]. This subset of microglia 
causes an increased expression of IFN pathway, a crucial 
component both in AD and COVID-19 infection. Indeed, 
IFN was found to stimulate complement cascade activation 
and promote synapse elimination with an enhancement of 
the immune response [54]. In this viewpoint, the suppression 
of IFN response in both AD and COVID-19 (or comorbid-
ity of the two) might a potential strategy for controlling the 
excessive immune response [54]. Second possible cause is 
the presence of comorbidities. Individuals with dementia 
are more likely to have cardiovascular disease, diabetes, and 
pneumonia compared to individuals of the same age with-
out dementia [55]. In particular, the co-occurrence of obe-
sity and type 2 diabetes could place these populations at an 
increased risk for severe COVID-19 pathology and mortality 
[56]. To corroborate this hypothesis, a consumption of a diet 
rich in fat and refined carbohydrates and sugars, and low lev-
els of fibers activate the innate immune system and impairs 
adaptive immunity, leading to chronic inflammation and 
impaired host defense against viruses [56]. Third possible 
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cause is the social behavior of AD patients. Indeed, individu-
als with dementia are unable to follow the recommendations 
from public health authorities to reduce the transmission of 
COVID-19: hand hygiene, wearing masks, covering one’s 
mouth and nose when coughing, maintaining physical dis-
tance from others, ignoring the warnings and lacking suffi-
cient, could expose them to higher chance of infection [50, 
57]. Thus, it is early to know whether dementia itself may 
be considered a potential risk factor for COVID-19 infection 
because the presence of confounding factors linked to the 
inconsistent social behaviors and comorbidities.

From a theoretical perspective, it is believable that COVI-
D 19 pandemic virus may exacerbate MS disease. With the 
aim to discuss recent data indicating a strict correlation 
especially between EDSS and age and COVID-19 severity 
and no association with DMTs exposure, some reflections 
are due. First, the immunological nature of MS disease and 
COVID-19 infection. In the context of emerging litera-
ture, EDSS has been reported associated with the highest 
variability of COVID-19 severe outcome [64]. A possible 
explanation is that morbidity and mortality in COVID-19 
can result from an overlapping between immune response 
caused by the virus and the immunological state of the sub-
jects. To block the viral infection, both innate and adap-
tive immune responses are really crucial. Viral infection is 
prevented through innate immunity with type I interferons 
inhibit and natural killer (NK) cells while is combatting 
through the adaptive immune response with immunity gen-
erated by antibodies and cytotoxic T lymphocytes (CTL), 
especially CD8+T [73]. Thus, it is possible to speculate that 
in patients with pre-existing impaired regulation of immune 
responses such as MS, COVID-19 infection may trigger a 
further amplification of immune pathways. Second, age and 
COVID-19 infection. Age has been reported to be associate 
with the highest variability of COVID-19 severe outcome 
[64]. Age, however, was identified as a major risk factor for 
the severity of COVID-19 infection. Thus it is not surpris-
ing that also in MS population consisting of a substantial 
number of individuals with MS are older than 60 years, it 
is independent risk factors for COVID-19 severity [64]. 
Third, DMTs and COVID-19 infection. Do these drugs 
have a harmful or protective effect? DMTs limit the immune 
response, in theory, thus allow for greater viral replication 
and potentially worse infection. On the other hand, limit-
ing cytokine storm and the exaggerated immune response 
induced by SARS-CoV-2 infection, these drugs may have 
some protective and beneficial effects against this novel 
virus. In addition, most DMTs do not particularly target the 
innate immune system and few have any major long-term 
impact on CD8+ T cells to limit protection against COVID-
19 [74]. There are not, however, enough data on DMT to 
indicate about susceptibility or protection from CIVOD-
infection of these drugs in MS. Other important point to 

consider in future, is whether/how DMT affect responses 
to vaccination, as the ultimate measure to contain the pan-
demic. Overall, we can summarize that despite the risk esti-
mate of COVID-19 complications on young people with MS 
patients remains until debated, attention should be placed in 
older MS patients with a progressive course of the disease.

The second outcome of our investigation has been to 
stratify the risk for future neurodegeneration as long-term 
sequelae of COVID-19 infection. PD and AD patients 
showed salient differences concerning the brain neuroinva-
sion (reduced ACE receptors in PD) and neurobiology of 
the virus (amyloid fibrils able to capture viral particles), but 
also on the pathogenic mechanisms leading to future neu-
rodegeneration. While SARS-CoV2 infection triggers PD-
neurodegeneration by accelerating aging and accumulation 
of abnormal proteins in brain tissues, the amyloid-stimulated 
IFN response resulting in neuroinflammation would be the 
basis of AD-neurodegeneration. This is not surprising since 
the association between pathological levels of neuroinflam-
mation and AD and other forms of dementia is well-known. 
These findings represent an important advantage in the 
future, opening a novel therapeutic window: AD treatments 
increasing acetylcholine levels has been proposed in con-
trolling inflammation and preventing a “cytokine storm” 
after SARS-CoV-2 infection [54], thus reducing the risk of 
development AD-neuropathology over the time. Finally, no 
enough evidence is available regarding the COVID-19 impli-
cations in MS related-neurodegeneration.

In this review, we asked whether age rather than neu-
ropathology itself might make more vulnerable a specific 
neurological disease to COVID-19 infection, especially neu-
rodegenerative versus neuroimmunological disorders. Thus, 
we entered in an intriguing but select research window and 
this might represent a limitation of the study. However, we 
are confident that most of the existing literature concerning 
the COVID-19 impact on neurological disorders has been 
examined.

Concluding remarks

The most important clinical lesson we have learned from 
COVID-19 in neurological disorders is that COVID-19 is 
really a completely unpredictable condition. We found that 
PD neuropathology itself may be a protective factor against 
the SARS-CoV-2 infection, whereas age and progressive 
course of the disease are potential risk factors in MS dis-
ease. Thus the final answer to our initial question is that 
MS population might more vulnerable to COVID-19 severe 
outcome rather that neurodegenerative. Conversely, future 
neurodegeneration as long-term complications of COVID-19 
infections may like occur in neurodegenerative population. 
A large cohort of neurological patients experiencing a severe 
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acute respiratory syndrome is need to confirm our suggestive 
conclusions.
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