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ABSTRACT

While many infectious disorders are unknown to most neurologists, COVID-19 is very different. It has impacted neurologists
and other health care workers, not only in our professional lives but also through the fear and panic within our own families,
colleagues, patients and their families, and even in the wider public. COVID-19 affects all sorts of individuals, but the elderly
with underlying chronic conditions are particularly at risk of severe disease, or even death. Parkinson’s disease (PD) shares a
common profile as an age-dependent degenerative disorder, frequently associated with comorbidities, particularly cardiovascu-
lar diseases, so PD patients will almost certainly fall into the high-risk group. Therefore, the aim of this review is to explore the
risk of COVID-19 in PD based on the susceptibility to severe disease, its impact on PD disease severity, potential long-term se-
quelae, and difficulties of PD management during this outbreak, where neurologists face various challenges on how we can main-
tain effective care for PD patients without exposing them, or ourselves, to the risk of infection. It is less than six months since the
identification of the original COVID-19 case on New Year’s Eve 2019, so it is still too early to fully understand the natural history
of COVID-19 and the evidence on COVID-19-related PD is scant. Though the possibilities presented are speculative, they are
theory-based, and supported by prior evidence from other neurotrophic viruses closely related to SARS-CoV-2. Neurologists
should be on high alert and vigilant for potential acute and chronic complications when encountering PD patients who are sus-
pected of having COVID-19.
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By the time this article is published, the global community
will be facing an unprecedented number of more than 2.4 mil-
lion patients (April 22, 2020) who are infected with a novel
zoonotic virus belonging to the coronavirus family, namely,
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2)."? From an epidemic of cases with unexplained lower
respiratory infections detected in Wuhan, China at the begin-

ning of December 2019, SARS-CoV-2 infection quickly spread
to 213 countries and territories in less than six months (April
22, 2020)." Specifically, in Asia, there are already 48 countries
with over 400,000 confirmed cases, mostly residing in China,
Iran, Turkey, South Korea, India, and Japan (April 22, 2020)
(Figure 1). The World Health Organization (WHO) has offi-
cially called it ‘coronavirus disease 2019° (COVID-19), de-
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Figure 1. World map showing how COVID-19, first identified in Wuhan city, Hubei province, China, has spread over time to the rest of the
world. On December 31, 2019, China reported a cluster of pneumonia in people associated with the Huanan seafood wholesale market in
Wuhan, Hubei Province. On January 7, 2020, Chinese health authorities confirmed that this cluster was associated with a novel coronavi-
rus (2019-nCoV). On January 13, 2020, Thailand reported the first imported case of 2019-nCoV infection in a 61-year-old Chinese woman
from Wuhan who did not report visiting Huanan seafood market before her trip to Thailand. On January 15, 2020, Japan confirmed the first
imported case of 2019-nCoV infection in a 30-year-old Chinese man who was hospitalized four days previously because of lower respirato-
ry tract pneumonia, but did not report traveling to the Huanan seafood market. On January 20, 2020, South Korea and Taiwan confirmed
the first imported cases of 2019-nCoV infection. Both cases were travelers from Wuhan, but they did not visit the Huanan seafood market.
On January 20, 2020, the Centers for Disease Control and Prevention (CDC) confirmed the first case of 2019-nCoV infection in a 35-year-
old man who returned to Washington State after traveling to visit his family in Wuhan. Again, he did not visit Huanan seafood market. On
January 21, 2020, WHO confirmed human-to-human transmission of 2019-nCoV. On January 24, 2020, the first 2019-nCoV case was con-
firmed in France, representing the first confirmed case in continental Europe. On January 28, 2020, a Chinese tourist with 2019-nCoV was
admitted to the hospital in Paris and died on February 14, 2020, the first mortality case outside Asia. On January 25, 2020, the first 2019-
nCoV case was confirmed in Australia. On February 14, 2020, the first 2019-nCoV case was confirmed in Egypt, the first case on the Afri-
can continent. On February 25, 2020, the first 2019-nCoV case was confirmed in Brazil, a 61-year-old Brazilian man who returned from

Lombardy, Italy, the first case on the South American continent.

clared it a public health emergency of international concern
and finally a pandemic on March 11, 2020.!

COVID-19 is primarily a respiratory disorder with symp-
toms ranging from no symptoms (asymptomatic) to severe
pneumonia and death (Figure 2).” The median age of patients
is 47-51 years with the majority of cases aged between 30-69
years; 51.1-58.9% of patients are male.>* After an incubation
period of an average of 5-6 days (range 1-14 days), most pa-
tients with COVID-19 (80%) develop mild-to-moderate dis-
ease with typical common signs and symptoms including fever
(87.9%), dry cough (67.7%), fatigue (38.1%), sputum produc-
tion (33.4%), shortness of breath (18.6%), sore throat (13.9%),
myalgia and arthralgia (14.8%), headache (13.6%), and chills
(11.4%).* Approximately 13.8% go on to develop severe dis-
ease, which is defined by dyspnea, respiratory frequency > 30/
min, blood oxygen saturation < 93%, PaO,/FiO, < 300, and/or
lung infiltrates >50% of the lung field within 24-48 hours. An
estimated 6.1% of cases are critical, characterized by respirato-
ry failure, septic shock, and/or multiple organ failure. A minor-

ity of patients (<5%) are either asymptomatic or die (crude fa-
tality ratio, CFR 3.8%). Using available preliminary data from
WHO, the median time from onset to clinical recovery for
mild cases is approximately two weeks, and there is a three-to-
six weeks recovery period for patients with severe or critical
disease.* The time from onset to the development of severe dis-
ease is one week. So far, over 100,000 confirmed deaths have
been reported by WHO, with the CFR varying by location, pe-
riod, and intensity of transmission (April 13, 2020).

What does this mean for neurologists? Neurologists may be
involved in the care or management of COVID-19 patients in
different situations. 1) COVID-19 is a pandemic, which means
that neurologists in any part of the world are not excluded
from the risk of exposure to the disease, either by encountering
COVID-19 patients or infection from other modes of trans-
mission. COVID-19 is transmitted via droplets and fomites
during close unprotected contact between an infector and an
infectee. Even though most infections were reported to occur
within households rather than in health care settings, figures
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Figure 2. A schematic diagram demonstrating the evolution of the four stages of COVID-19 symptoms. The first stage is asymptomatic, but
the majority of the relatively rare cases who are asymptomatic on the date of identification went on to develop disease. Approximately 80%
of laboratory confirmed patients had mild-to-moderate disease (Second stage) with typical signs and symptoms including fever, dry cough,
fatigue, sputum production, shortness of breath, sore throat, and headache. Approximately 15% have severe disease (Third stage), mani-
fested as severe pneumonia and acute respiratory distress syndrome. Approximately 5-6% are critical (Fourth stage), characterized by re-

spiratory failure, septic shock and/or multiorgan failure.

from China’s National Health Commission show that more
than 3,300 health care workers had been infected as of early
March 2020 and that 22 had died.** In Italy, 20% of responding
health-care workers were infected, and some have died. As short-
ages of personal protective equipment (PPE) remain an impor-
tant issue, health care workers, including neurologists, should
be aware of various protective measures when confronting pa-
tients with suspected infection so they can protect themselves
and avoid passing the infection to their families.° 2) Neurolo-
gists may encounter individuals who are unaware they are in-
fected, such as those who present with headache, which is ob-
served in 13.6% of patients. Presymptomatic patients may also
seek neurological or rhinological advice for the symptoms of hy-
posmia and hypogeusia, recognized in over 80% of COVID-19
patients, which can occur before the onset of other symptoms.”
3) Neurologists may be involved in the care of patients with
the highest risk for severe disease, including people aged over
60 years and those with underlying conditions, such as hyper-
tension, diabetes, cardiovascular disease, chronic respiratory
disease and cancer, when neurological presentations consist of
alterations of consciousness and respiratory failure due to brain-
stem involvement.** The Centers for Disease Control and Pre-
vention (CDC) has also included people who live in a nursing
home or long-term care facility as another risk factor for severe
illness.” Although neurological disorders are not included in
the highest risk category in the WHO report, the evidence is
mounting that patients with chronic neurological disorders may
be at risk for severe COVID-19. In addition to respiratory, fecal,
and blood specimens, SAR-CoV-2 has recently been detected

in the CSF of two patients with meningitis/encephalitis.'®!" Ac-
cording to a mortality report from South Korea, patients with
underlying neurological disorders of mainly dementia and stroke
with an age of over 70 years represented 18.5% of all cases (10
out of 54 cases)."?

4) For those who survive, a spectrum of neurological mani-
festations associated with COVID-19 have been reported in
36.4% of cases, ranging from dizziness, headache, hyposmia,
hypogeusia, dysphagia, muscle pain, seizures, loss of conscious-
ness, and nerve pain with the list continuing to grow.'*'»*">
Another series involving 58 patients with severe SARS-CoV-2
infection reported a much higher prevalence of neurological
impairment in 49 patients (84%), consisting of encephalopathy,
prominent agitation, confusion and corticospinal tract signs.*®
Neurological presentations were commonly observed in those
with severe infection, with stroke being the most common eti-
ology, but cases with encephalitis are also increasingly recog-
nized."”"” Two cases of documented CSF invasion presenting
with encephalitis and one possible case of acute necrotizing en-
cephalopathy from cytokine storm syndrome following COV-
ID-19 have been reported.'*'"'* Evidence is also emerging that
SARS-CoV-2 may enter the CNS through hematogenous or an
upper nasal trancribial route that enables SARS-CoV-2 to reach
the brain, or potentially peripheral terminals.'® Another intrigu-
ing hypothesis is related to the use of angiotensin-converting
enzyme (ACE) inhibitors to treat hypertension and diabetes.”
As ACE2 is the receptor for SARS-CoV-2, the use of ACE in-
hibitors could potentially lead to increased expression of ACE2,
making the brain cells (e.g., endothelial cells in the brain, neu-
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rons, etc.) even more vulnerable to this viral infection. Clinical
studies are currently underway to test this hypothesis.

5) Finally, since the best preventative measure is to avoid be-
ing exposed to the virus, neurologists should strictly follow pre-
ventive and control measures, which may have significant impact
on how they manage their patients either as in- or out-patients.
Moreover, neurologists should be ready to prepare and adopt cer-
tain initiatives to ensure that they are safe, but, at the same time,
patients’ neurological care is not neglected or ignored during
this challenging period.***!

As PD patients share common characteristics with reported
COVID-19 patients in terms of age, comorbidities, and a risk
of respiratory dysfunction, it is plausible that PD patients or at
least certain PD populations (e.g., advanced stage) may be at po-
tential risk for severe COVID-19. The aim of this review is to ex-
plore the risk of COVID-19 in PD based on the susceptibility to
severe disease, its impact on PD disease severity, potential long-
term sequelae, and challenges of PD management during this
outbreak, where neurologists need to balance how we can main-
tain effective care for PD patients without exposing them, or
ourselves, to the risk of COVID-19.

ARE PARKINSON’S DISEASE PATIENTS
SUSCEPTIBLE TO SEVERE COVID-19?

Clinical vignette

A 77-year-old Korean man with Parkinson’s disease demen-
tia was admitted to the emergency room with alteration of
consciousness on February 23, 2020. His past medical history
was significant for coronary artery disease (CAD). At admission,
he was minimally responsive and hypotensive (61/35, PR = 79/
min) with a body temperature of 36°C. He had tachypnea (RR
= 26/min) with oxygen saturation of 90% on room air. A diag-
nosis of septicemia with acute respiratory distress syndrome
(ARDS) was suspected and he was treated with inotropes, anti-
biotics, and respiratory support.

Chest computed tomography revealed diffuse bilateral
ground glass opacities and RT-PCR assays of the throat and
nasal swab samples were reported two days later as positive for
SARS-CoV-2, confirming the diagnosis of COVID-19. The fam-
ily decided against resuscitation and he was given supportive
treatment, without a ventilator, in a negative pressure isolation
room. He died six days after admission from respiratory failure
(Personal communication with Prof. Ho-Won Lee, Kyungpook
National University Chilgok Hospital, South Korea).

Presence of comorbidities, especially cardiovascular
disease
This case illustrates an example of a critical COVID-19 pa-

tient who fulfilled the risk criteria for severe disease, including
old age and cardiovascular disease. This case also provides per-
spectives that we can all learn from in terms of the understand-
ing and treatment of this disease, as well as preventive precautions
for family members and wider society. From the underlying dis-
ease perspective, a cardiovascular disorder comorbidity is con-
sidered a high risk for severe disease, with the prevalence of car-
diovascular disease reported as between 2.5-12.1% of patients
with COVID-19.** Compared to the overall CFR of 3.8%, the
presence of comorbid conditions significantly increases the CFR,
with the highest for cardiovascular disease (13.2%), followed by
diabetes (9.2%), hypertension (8.4%), chronic respiratory dis-
order (8.0%), and cancer (7.6%).* CFR can also increase with
age, with the highest mortality observed among people over 80
years (CFR 21.9%) as well as male sex (CFR 4.7%) and retirees
(CFR 8.9%).* Although PD is not included as a risk factor for
severe disease, PD was mentioned as an underlying disorder as-
sociated with mortality in some case series, such as in our case
vignette.”’

Whether PD itself poses a risk for severe disease is not en-
tirely clear. Based on published literature since the identifica-
tion of COVID-19, there is no conclusive evidence of such a risk
in PD. The experience from the three most heavily affected re-
gions in Italy does not show an apparent increased risk, al-
though there are no systematic data available.” While the risk
cannot be confirmed for the whole PD population, there are
several theoretical possibilities that a risk for severe disease may
still occur in certain PD subgroups. Indirect risk can be esti-
mated through the strong link between PD and a number of
comorbidities, particularly cardiovascular disease. Several cardi-
ac abnormalities have been observed in PD patients, including
cardiac autonomic dysfunction, cardiomyopathy, CAD, arrhyth-
mias, and sudden cardiac death.”> While the associations be-
tween cardiovascular risk factors and PD are not straightfor-
ward, the link between cardiovascular disease and PD may be
related to a shared sedentary lifestyle in both conditions.” In ad-
dition, diabetes and cerebrovascular disease are also identified as
frequent comorbidities in PD patients and are recognized risk
factors for severe disease with COVID-19.7%

Subgroups of Parkinson’s disease patients with
underlying respiratory dysfunction and increased risk
for aspiration pneumonia

Direct risk for a severe disease with COVID-19 is likely to
occur in a subgroup of PD patients, particularly those with re-
spiratory dysfunction. Indeed, dyspnea is a common symptom
in PD, observed in 39.2% of patients without a history of lung
or heart disease.”” With frequent cardio-pulmonary comorbid-
ities among PD patients, the number of PD patients with dys-



pnea is likely to be higher in clinical practice than that observed
in clinical trials. When comorbidities are excluded, dyspnea in
PD is primarily associated with advanced disease with contrib-
uting factors from respiratory muscle weakness, axial manifes-
tations, and abnormal posture (e.g., camptocormia, stoop),
causing respiratory muscle rigidity and poor respiratory excur-
sions, finally resulting in ventilatory failure.** In PD, dyspnea
may also occur as part of nonmotor fluctuations, frequently
associated with anxiety and depression.”’ Furthermore, the
presence of restrictive or obstructive respiratory dysfunction
can potentially predispose PD patients to sleep apnea, further
compromising these patients’ night-time breathing function.”
While inspiratory muscle weakness may be clinically evident in
advanced stage patients, it has recently been found to be present
at a subclinical level in early stage patients whose pulmonary
function tests did not disclose any restrictive or obstructive
disorders.” Central effects of respiratory dysfunction in PD
cannot be discounted as an early stage of neurodegeneration in
PD also involving brainstem nuclei, affecting the respiratory
center in the medulla, which is also targeted by SARS-CoV-2
infection.® Therefore, PD patients with underlying respiratory
dysfunction could be at significant risk of respiratory failure if
infected by SARS-CoV-2.

Pneumonia was identified as the foremost reason for hospi-
tal admissions and the most common cause of death among PD
patients.*** The inverse association also demonstrates that PD
by itself confers a higher probability of dying from pneumonia®
As PD progresses, mastication is affected and swallowing is im-
paired by bradykinesia, rigidity, and dyskinesia, causing pooling
of saliva in the mouth, leading to drooling or aspiration of secre-
tions.”*® This is important as aspiration of saliva may also occur
in between meals. In advanced patients who are weak and frail,
their cough becomes weaker because of chest wall rigidity and
decreases in the sensory component of the cough reflex. This
combination represents a perfect scenario for aspiration pneu-
monia. As COVID-19 is mainly transmitted through respira-
tory droplets from coughing and sneezing ultimately infecting
alveolar epithelial cells, PD patients may predispose themselves
to severe pneumonia by aspirating infected secretions into the
lower respiratory tract. However, while this mechanism may
seem plausible, there is no published literature supporting this
association in PD patients with COVID-19.

Possible altered immune responses in Parkinson’s
disease patients

Relative to viruses that cause human upper respiratory tract
infection, viruses that cause lower respiratory tract infection
are smaller and their infections are mostly limited to tracheo-
bronchitis in healthy individuals but can cause viral pneumo-
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nias in immunocompromised patients. Before the outbreak of
COVID-19, the most frequent virus that caused acute lower re-
spiratory infections in China was respiratory syncytial virus
(RSV), but influenza viruses were the main cause in adults and
the elderly”” Human coronavirus represented only a minority
(1.4%) within this Chinese cohort. If we assume that PD repre-
sents a risk for severe disease consisting of pneumonia and ARDS
with COVID-19, it is important to determine the immune status
responses in general PD populations or certain PD subgroups
to identify if they are immunocompromised. Indeed, the con-
cern whether PD can lower immunity in affected patients, mak-
ing them more susceptible to COVID-19, was recently shared
by PD patients and caregivers.” Importantly, evidence of dys-
regulation of immune responses in patients with severe COV-
ID-19 infection is emerging, characterized by elevated levels of
infection-related biomarkers and inflammatory cytokines, in-
cluding a low number of T cells in more debilitating and severe
cases." Both helper T cells and suppressor T cells in patients
with COVID-19 were found to be below normal levels, with the
lowest level of helper T cells in the severe group. In severe cas-
es, the percentage of memory helper and regulatory T cells was
also decreased. As PD typically affects people from the sixth de-
cade of life, it is also important to determine a state of immu-
nosenescence, which is associated with dramatic changes in the
distribution and competence of immune cells, leading to the
loss of adaptive immunity and the gain of nonspecific innate
immunity, leaving older individuals susceptible to infection and
cancer and unprotected from chronic tissue inflammation.*?
The cooccurrence of weakened adaptive immunity with a bias
toward nonspecific tissue inflammation (‘inflammaging’) prob-
ably explains why the elderly, particularly those above 80 years,
are highly susceptible to severe COVID-19.

DO PARKINSON’S DISEASE PATIENTS
DETERIORATE DUE TO THE COVID-19
PANDEMIC?

To adequately address this question, we need to determine
various aspects of how COVID-19 by itself and by environ-
mental and social factors could have an effect on PD patients
(Figure 3). At this moment, there are no available data that
provide sufficient information on how COVID-19 itself has an
effect on parkinsonian symptoms except for scattered mortali-
ty case reports, which include PD among many other underly-
ing disorders. While this lack of information may be interpreted
as there being no significant effect of COVID-19 on the overall
symptoms of PD patients, it is probably too early to estimate this
association and neurologists should be on high alert to evaluate
parkinsonian symptoms comprehensively with a particular em-
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Figure 3. A schematic diagram depicting the disease triangle of COVID-19 in Parkinson’s disease (PD), showing possible interactions be-
tween PD patients, the environment, and the pathogen (SARS-CoV-2). Diagram reflecting how COVID-19 may affect Parkinson’s disease
patients, ranging from respiratory complications, gastrointestinal symptoms, worsening motor symptoms due to systemic infection, and mul-
tiorgan failure when the disease becomes critical. PD patients may also have drug interactions between monoamine oxidase inhibitors
(MAOI) and cough syrup or nasal decongestants. The impact of COVID-19 on the social and environment of PD patients may contribute to
psychological stress and worsening outcomes. The pathogen, SARS-CoV-2, has been shown to cause primarily lower respiratory tract in-
fections, but potentially can lead to immune dysregulation, neuronal cell death and altered dopamine metabolism. The disease triangle is a
conceptual model that shows the interaction between the environment, the host, and the infectious agent 71. This model can be used to

predict the epidemiological outcomes in public health.

phasis on respiratory function for those infected with SARS-
CoV-2.

Possible direct impact of COVID-19 on Parkinson’s
disease patients with COVID-19

Despite a lack of specific data on COVID-19, the available
evidence indicates that PD patients can deteriorate following
systemic infections.” The clinical spectrum of this phenomenon
is wide, ranging from mild worsening to akinetic crisis.* Fever
and delirium are two of the most important factors found to be
associated with motor deterioration and respiratory tract infec-
tion found to be the most common contributor.*** As fever is
the most common symptom of COVID-19, observed in 87.9%
of affected patients and up to 12.3% experience a high fever of
more than 39.0°C, there is a strong possibility of subacute wors-
ening of parkinsonism for PD patients with COVID-19.** The
prevalence of this phenomenon was found to be between 25—
32.5% with advanced disease, characterized by long disease
duration, high Hoehn & Yahr (HY) stage, cognitive dysfunction,
and high dopaminergic medication dosages as potential risk
factors.** The combination of fever and altered dopaminergic

medication intake can potentially predispose PD patients to Par-
kinsonism-hyperpyrexia syndrome, which is a movement dis-
order emergency, requiring immediate and aggressive manage-

ment.*

Despite improvement of the underlying infection, not
all PD patients with this phenomenon fully recover, and some
are left with significant disability. Fatal cases have also been re-
ported.” The mechanisms underlying this motor deterioration
are likely to be complex with variable contributions from indi-
vidual cases, but include altered medication intake during sys-
temic illnesses, changes in the pharmacodynamics of dopami-
nergic medications, altered dopamine metabolism in the brain,
peripheral inflammatory processes or circulating toxins or cyto-
kines.* Therefore, PD patients who possess these risks should be
carefully observed and monitored for motor deterioration during
a period of active SARS-CoV-2 infection, which should also be

extended into the convalescence period.

Possible indirect impact of COVID-19 on Parkinson’s
disease patients without COVID-19

The impact of universal preventative measures for COVID-19
exposure on symptoms, functions, activities and stress of PD pa-



tients should not be ignored.”” Advice for everybody to ‘stay-at-
home’ can limit patient’s outdoor physical activities and mobili-
ty, resulting in a sedentary lifestyle for some patients, potentially
leading to worsening outcomes. Social distancing limits face-
to-face family visits to patients who live alone, and may result
in feelings of loneliness and depression. When patients stay at
home, they are more likely to spend more time watching the tele-
vision, listening to the radio and using social media with their
24-hour broadcasting of COVID-19 situations, potentially in-
creasing psychological stress, worsening anxiety and depression
that are already common nonmotor symptoms in PD patients.
With high levels of fear, PD patients and their families may not
think clearly and rationally when reacting to COVID-19, po-
tentially leading to other psychosocial challenges, including stig-
matization and discrimination.*® Psychological stress can affect
various motor symptoms, such as tremor, gait, and dyskinesia,
as well as reduce the efficacy of dopaminergic medications.*>*

ARE THERE POTENTIAL CONCERNS FOR
POSTENCEPHALITIC PARKINSONISM
WITH COVID-19?

So far, no reports of acute parkinsonism following COVID-19
have been reported in the literature. It remains to be seen if
SARS-CoV-2 can induce parkinsonism following an episode of
encephalitis. The issue of a viral etiology of encephalitis lethargi-
ca and postencephalitic parkinsonism continues to be a matter
of debate. Much of the linkage of parkinsonism with influenza
and many other viruses stem from an outbreak of encephalitis
lethargica (EL), also known as von Economos disease, and post-
encephalitic parkinsonism that occurred subsequent to the 1918
pandemic influenza outbreak caused by a type A HIN1 influ-
enza virus.”' The cause of EL and the link to subsequent post-
encephalitic parkinsonism remains controversial with clinical
features showing both similarities and distinct symptomatology
to PD. Following an acute episode, the chronic phase of posten-
cephalitic parkinsonism developed one to five years later, but it
could also follow immediately, or more than a decade later, with
typical clinical presentations involving upper limb bradykinesia
and stiffness associated with frequent episodes of kinesia para-
doxica, oculogyric crisis, and psychiatric disturbances.”® Perhaps,
EL is not necessarily a prerequisite to developing postencephalitic
parkinsonism, but merely a contributing factor.> Although di-
rect evidence for influenza virus has never been substantiated in
these cases, proving a negative is also difficult. Despite the etio-
logical controversy, people born during the time of the pan-
demic influenza outbreak of 1918 have a two-to-three fold-in-
creased risk of PD than those born prior to 1888 or after 1924 .7
While EL and COVID-19 involve different primary organs for
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their clinical manifestations, they are both pandemics affecting
more than one million people with a link to neurotrophic vi-
ruses. In addition to parkinsonism, there is a theoretical possi-
bility that SARS-CoV-2 may contribute to accelerated CNS ag-
ing in survivors, which could manifest months or years after the
infection.” Therefore, the medical community should be cau-
tious of neurological comorbidities of COVID-19 that may oc-
cur following an outbreak.

MANAGEMENT OF PARKINSON’S DIS-
EASE DURING THE COVID-19
OUTBREAK

As the outbreak of COVID-19 continues globally, neurolo-
gists face challenges with new tasks related to the care of COV-
ID-19 patients and existing tasks in providing a continuum of
care for their neurological patients, but in a very different situa-
tion from their usual clinical practice. Most of the adjustments
were not planned in advance and involve maximizing and reallo-
cating human, clinical, and research resources to the priority list of
taking care of COVID-19 patients. Undoubtedly, these changes
not only affect the routine care of PD patients but also highlight
anumber of important issues that neurologists should be aware
of or consider implementing during this outbreak.

Concerns on dopaminergic medications and
device-aided therapies

As mentioned above, PD patients may experience a subacute
worsening of their condition, especially motor symptoms, dur-
ing systemic infections, potentially as a result of altered medica-
tion intake and changes in the pharmacodynamics of dopami-
nergic medications. For those with mild symptoms of COVID-19,
patients should be advised to observe their symptoms closely
and to seek consultation if their condition, particularly respira-
tory symptoms, significantly worsen. While most dopaminer-
gic medications can be continued during a period of systemic
infections without any absolute contraindications, caution
should be noted with the use of cough syrup containing dextro-
methorphan and cyclobenzaprine or nasal decongestants con-
taining pseudoephedrine, phenylephrine, and phenylpropanol-
amine with a monoamine oxidase inhibitor (e.g., selegiline and
rasagiline) for potential drug interactions that can intensify sym-
pathomimetic activities.”

Antiviral (e.g., favipiravir, atazanavir, iopinavir/ritonavir) and
anti-malarial (chloroquine and hydroxychloroquine) drugs are
being tested for COVID-19 without any specific interactions
with dopaminergic medications reported. Therapeutic impli-
cations of amantadine, an agent that can block a pore in the en-
velope protein of SARS-CoV and is no longer used as an anti-
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influenza agent due to its high resistance, remain unexplored as
a potential treatment of COVID-19.**

Patients with device-aided therapies, including deep brain
stimulation (DBS), apomorphine and levodopa-carbidopa in-
testinal gel infusions may encounter problems related to hard-
ware, acute adverse events, or severe symptom fluctuations
during this outbreak.”*" While the recommendations are to
postpone device-aided therapies for all new cases, acute problems
may arise among those who are already on one of these treat-
ments where immediate interventions may be necessary. For ex-
ample, if the battery for a DBS system stops working completely
and the DBS is no longer effective, patients may experience a sig-
nificant return of PD symptoms. Although most DBS proce-
dures are considered elective, it is not an elective procedure if it
is the end of battery life. In these situations, decisions should be
made individually by taking into consideration the risk of com-
plications, exposure risk to COVID-19 for both patients and
health care workers, and the availability of all resources to treat
that particular complication during this outbreak. In places where
there are no limitations of resources, elective procedures can be
resumed but full consultations with various experts and appro-
priate health authorities should be undertaken to ensure that it
is safe to do so.

Concerns on outpatient and ambulatory care settings
of PD: emerging roles of telemedicine

Another challenge for us as neurologists is how to maintain
effective care for PD patients without exposing them to the risk
of COVID-19 in the hospital. CDC recommends healthcare
facilities delay elective ambulatory provider visits and adjust
the way they triage, assess, and care for patients by using meth-
ods that do not rely on face-to-face care, such as the use of tele-
medicine.”” Telemedicine encompasses a broad range of health
care tools, including real-time interactive or synchronous audio
and video communications between a patient and a provider
(e.g., video conferencing, smartphone health care applications),
and other telehealth services, such as simple telephone commu-
nication, email and text messages, and remote monitoring of pa-
tient data from wearables.” Previous studies have suggested that
telemedicine for PD is feasible when delivered either in the home
or in an off-site clinic or nursing home setting.”” Most studies
have also reported that an adequate and reliable motor examina-
tion can be performed via telemedicine with the motor section
of the Unified Parkinson's Disease Rating Scale (UPDRS-IIT).5*%
However, limitations remain for the examination of rigidity,
postural instability, and cognitive dysfunction.” Benefits with
telemedicine are also extended to cost savings, reduction in trav-
el distance, and a reduction in time spent attending appoint-
ments.” Moreover, rehabilitation and allied health services can

be delivered remotely with success stories demonstrated on the
Lee Silverman Voice Treatment and physical therapy assess-
ments.®*® In general, patient’s views on telemedicine have been
favorable for the main advantages, including access to special-
ists and convenience, but tempered by the concern of loss of
hands on care.”” However, issues with laws, regulations, policies
and patients confidentiality with telemedicine need to be ad-
dressed by the parties involved.

CONCLUSION

While many infectious disorders are unknown to most neu-
rologists, COVID-19 is very different. It has made itself known
to neurologists and other health care workers not only in their
professions but also because of the fear and panic caused with-
in our own families, colleagues, patients and their families, and
the wider public. Since the identification of SARS-CoV-2 on New
Year’s Eve 2019, it has spread to 213 countries on almost all conti-
nents in less than six months and was declared by WHO as a
global pandemic. During this time period, COVID-19 has shown
that it is not just a respiratory disorder as neurological compli-
cations start to emerge, ranging from mild headache and dizzi-
ness to acute encephalitis and loss of consciousness. COVID-19
affects all individuals, but it causes high mortality among the el-
derly and those with various underlying chronic medical condi-
tions. PD patients are probably included in this at-risk group and
the whole PD community should act together to understand,
prevent, and protect themselves from COVID-19. If prevention
is not possible and PD patients get infected, they should be
closely monitored for worsening of their parkinsonian symp-
toms and signs of severe disease, especially with respect to respi-
ratory function. It is likely that advanced PD patients with exist-
ing underlying respiratory dysfunction are particularly at-risk
for severe disease and eventually respiratory and multiorgan fail-
ure. Those elderly PD patients with comorbidities (e.g., cardio-
vascular disease, diabetes) will have a mortality risk that is even
higher. While no specific treatments are yet available, prompt
supportive management of respiratory function is likely to in-
fluence outcomes. Based on its nature of neurotropism, sequelae
may start to reveal themselves with time. Some early evidence of
hyposmia and encephalitis are important clues that neurologists
should continue to follow COVID-19 patients even though
they are seronegative and discharged home since long-term
complications, including parkinsonism, are all possible.
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