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The current coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has led to a serious global health crisis. Increasing evidence suggests that elderly individuals with underlying chronic
diseases, including Parkinson’s disease (PD), are particularly vulnerable to this infection. Changes in the routine care of PD pa-
tients should be implemented carefully without affecting the quality provided. The utilization of telemedicine for clinical consulta-
tion, assessment and rehabilitation has also been widely recommended. Therefore, the aim of this review is to provide recom-
mendations in the management of PD during the pandemic as well as in the early phase of vaccination programs to highlight the
potential sequelae and future perspectives of vaccination and further research in PD. Even though a year has passed since COV-
ID-19 emerged, most of us are still facing great challenges in providing a continuum of care to patients with chronic neurological
disorders. However, we should regard this health crisis as an opportunity to change our routine approach in managing PD pa-
tients and learn more about the impact of SARS-CoV-2. Hopefully, PD patients can be vaccinated promptly, and more detailed
research related to PD in COVID-19 can still be carried out.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has pro-
gressed rapidly into a pandemic, since its emergence in Wuhan,
China, in December 2019." In March 2020, the World Health Or-
ganization (WHO) officially declared COVID-19 a pandemic, a
public health emergency of international concern.”

The coronaviruses, of which SARS-CoV-2 is a member, are
enveloped, positive-sense single-stranded RNA viruses with a
nucleocapsid of helical symmetry.* SARS-CoV-2 has a spike pro-
tein, S1, that allows the virion to attach to the cell membrane by
interacting with the host angiotensin-converting enzyme 2 (ACE2)
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receptor and assists viral entry into the brain through the olfac-
tory bulb, which is one plausible route for SARS-CoV-2 infec-
tion, especially given the anosmia in COVID-19.** It is also pos-
tulated that SARS-CoV-2 infection may cause protein misfolding
and aggregation.’ Recent studies have suggested that the aggre-
gation-prone protein, alpha-synuclein, plays a role in the innate
immune response to viral infections among Parkinson’s disease
(PD) patients.®”

The typical clinical presentations of COVID-19 resemble those
of viral pneumonia, with fever, sore throat, cough, fatigue, short-
ness of breath and gastrointestinal symptoms.® However, neuro-
logical manifestations have been increasingly reported and ap-
pear to be a combination of complications of systemic disease,
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the effects of direct viral infection, or the inflammation of the
nervous system and vasculature, which can be parainfectious or
postinfectious.” It is estimated that, given the 4.8 million COV-
ID-19 cases worldwide, the prevalence of neurological complica-
tions will encompass a total of 1,805-9,671 patients with central
nervous complications and 2,407-7,737 with peripheral nervous
system complications.* Therefore, the number of COVID-19 pa-
tients with neurological sequelae will increase as the pandemic
continues.*

As of March 12, 2021, a total of 118 million confirmed cases
were documented by the WHO, causing more than 2.6 million
deaths worldwide, with an overall mortality rate of 0.2%, involv-
ing at least 219 countries.” Older patients, especially those with
medical comorbidities, were reported to have a higher risk of fa-
tality.* Hence, elderly patients with chronic neurodegenerative
diseases such as PD remain vulnerable to infection. Since the prev-
alence of PD is high among older age individuals, especially in
those older than 80 years of age, an individualized approach in
the management of PD patients affected by COVID-19 based on
clinical and scientific evidence is crucial.’

PARKINSON’S DISEASE AND COVID-19

The Global Burden of Parkinson’s disease 2016 reported that
6.1 million individuals had Parkinsons disease globally in 2016,
compared with 2.5 million in 1990."° The report also stated that
the aging of populations contributed to much of that growth, as
crude prevalence rates increased by approximately 74% from
1990 to 2016 and age-standardized prevalence rates increased
by approximately 22%."°

PD is a chronic and progressive neurodegenerative disease that
causes movement difficulties due to bradykinesia, rigidity and
tremors. Patients with PD warrant special consideration during
this pandemic due to increased vulnerability. Older and advanced-
stage PD patients develop progressive rigidity of respiratory mus-
cles and the thoracic cavity, in addition to a weakened abnormal
posture and cough reflex, making them particularly susceptible
to developing severe COVID-19." Moreover, fever and delirium
are the main contributors to motor deterioration and respiratory
tract infection among PD patients.'>"

Nonmotor symptoms such as fatigue, orthostatic hypotension,
cognitive impairment, anxiety and psychosis also worsened with
SARS-CoV-2 infection, along with limited access to healthcare
resources, restrictions of mobility and reduced social interac-
tion."""* Up to 22.8% of patients with PD experienced a worsen-
ing of their psychiatric clinical condition during this pandemic,
and depression was the most frequent nonmotor clinical feature
reported.'® Depression has been indicated as a specific risk fac-
tor for developing PD and has been shown to be the most com-
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mon psychiatric symptom in patients with PD."”

Pneumonia was the most common cause of inpatient admis-
sions, and the main cause of death among PD patients.”® An Ital-
ian study reported that older PD patients (mean age of 78.3 years)
with a long disease duration (mean duration of 12.7 years) were
susceptible to SARS-CoV-2 infection, with a high mortality rate
of 40%."* Similarly, PD patients on advanced therapies, includ-
ing deep brain stimulation and levodopa infusion therapy, were
highly vulnerable, with a 50% mortality rate."*

As PD advances, motor fluctuations such as the wearing-oft
phenomenon, dyskinesia and gait freezing become more prom-
inent, which affects mobility and the quality of life. The presence
of gait freezing, motor fluctuations with ON and OFF phenom-
ena and/or dyskinesia may make the long wait during entry-
point screening more cumbersome for PD patients. Moreover,
those requiring wheelchairs may require a caregiver to accom-
pany them, leading to an influx of more hospital visitors.

During the outbreak of COVID-19, neurologists face challeng-
es with the management of COVID-19 patients and the existing
tasks in providing care towards PD patients. Undoubtedly, ad-
justments for PD management should be implemented so that
the continuum of care will not be affected. Although there is no
robust evidence to suggest the causal association of SARS-CoV-2
infection with the development of Parkinson’s disease, many ar-
ticles on COVID-19 and PD regarding the etiology, risks and con-
sequences have been reported.”"

Here, we outline practical recommendations for managing PD
patients during the COVID-19 pandemic and the early phase of
vaccination (Table 1, Fig. 1).

RECOMMENDATIONS FOR THE
MANAGEMENT OF PD IN THE COVID ERA

General recommendations

Changes in the routine care of PD patients must be implement-
ed carefully without affecting the quality provided. There are sev-
eral published recommendations for the management of PD pa-
tients during this pandemic.”

PD patients should avoid unnecessary hospital visits and vis-
its to public places. Hospital visits should be reserved for emer-
gency reasons to reduce the risk of infection.
been implemented by various governments in an attempt to curb
the spread of COVID-19, and this could disrupt access to PD

medication by delaying clinic appointments, interrupting de-
20,21

¥ “Lockdowns” have

livery systems and making it difficult to access dispensaries.
Hence, adaptive strategies must be adopted to ensure an adequate
supply of PD medications to the patients.

It is also expected that there will be an influx of patients to the
hospital once there is an easing of movement restrictions. It is



thus suggested that a screening telephone call be conducted by
trained medical personnel to determine if hospital review is re-
quired. Stable PD patients should maintain their current medi-
cation regimen unless new complications arise. New referrals to
establish diagnoses should be seen as priorities, so that investi-
gations and treatment can be initiated early. Patients should ad-
here to strict guidelines to prevent the risk of contracting SARS-
CoV-2 infection. Patients are also encouraged to carry out daily
home exercises, according to their ability to prevent inactive life-
styles that could exacerbate motor and mood symptoms."

Outpatient management-the use of telemedicine and
telerehabilitation

The Centers for Disease Control and Prevention (CDC) rec-
ommends delaying elective ambulatory provider visits and the
use alternatives that do not need face-to face consultation, such
as telemedicine.”*” Telemedicine should be used for outpatient
clinic visits if possible, as the validity of telemedicine in the assess-
ment of PD patients has been shown in many studies."**' Most
studies also emphasized that reliable motor examinations, such
as the Motor section of the Unified Parkinson’s Disease Rating
Scale (UPDRS-III), should be performed via telemedicine.* The
Movement Disorder Society-Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS) is recommended, but there are limitations
in assessing rigidity and postural instability.”® A previous study
suggested a modified version of the motor UPDRS without ri-
gidity and retropulsion pull to be used in remote assessments of
patients.’>*

The optimization of motor and nonmotor symptoms, and ad-
justments for medication-related side effects could be easily per-
formed through telemedicine."” This could reduce the risk of CO-
VID-19 transmission while maintaining adequate care for PD
patients. In addition, physiotherapy and rehabilitation services
could also be delivered online. Patients may also benefit from
virtual reality exercise games or home exercise instruments, as
recommended by rehabilitation experts.

Since these facilities are still lacking in less developed countries,
online videoconferencing platforms that ensure patient confiden-
tiality should be urgently developed in line with the guidelines
by local health authorities. Wearable devices and smartphone ap-
plications can be used to monitor symptoms at home, which also
allows more continuous data-driven management of PD.*** Al-
ternatively, phone calls or patient-recorded videos, sent via text
messaging applications or text messaging with patient videos
could be used on a case-to-case basis, when teleconferencing fa-
cilities are limited.

Online rehabilitation services should be offered. If not avail-
able, patients should be guided to online programs that have been
established for PD. A study among PD patients showed that ef-
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fective speech therapy could be delivered via online consultation
using a smartphone.” These teleconsultations and telerehabili-
tation services could still be maintained even in the post-COV-
ID era, and would reduce unnecessary hospital visits, especially
in those with mobility issues. Patients could also continue with
their guided- rehabilitation programs from the comfort and safe-
ty of their homes. Additionally, patients should also be guided to
establish online resources to facilitate home exercises and reha-
bilitation.

Elective deep brain stimulation surgery (DBS) and
patients on DBS therapy

With the uncertainty of the pandemic, it was suggested that
deep brain stimulation surgeries should be postponed.'” How-
ever, we propose that elective DBS for PD should be continued,
albeit with tight selection criteria, with priority given to patients
who are most debilitated. Postoperative follow-up for suture re-
moval and stimulation settings should be timed appropriately
to prevent multiple clinic visits.

Stable patients already on DBS therapy may not require regu-
lar follow-up unless they encounter acute problems. For instance,
patients may unexpectedly experience the end-of-battery life of
the implantable pulse generator. As abrupt withdrawal of sub-
thalamic nucleus stimulation may lead to a life-threatening aki-
netic crisis similar to neuroleptic malignant syndrome, urgent
battery replacement is required.”*' Similarly; infections related
to lead implantation and lead fractures will require immediate

intervention.>>*

Recognizing and managing PD patients with
COVID-19

In cases of mild to moderate COVID-19, patients have been
advised to manage their symptoms at home and for hospitaliza-
tion if clinically indicated, particularly if respiratory symptoms
significantly worsen.”” It is recommended that all previous PD
medications should be continued to prevent rigidity and respi-
ratory distress.”” For PD patients who wish to self-medicate with
over-the-counter (OTC) products, it is imperative to consult a
neurologist or pharmacists, as some OTC products can interfere
with their Parkinson’s symptoms and medications.”

Antihistamines such as diphenhydramine and dimenhydrinate
have anticholinergic properties that can worsen constipation,
confusion and urinary symptoms. Anticholinergic side effects
can be further enhanced, such as dry mouth, blurred vision, and
urinary retention, if PD medications, such as benztropine or tri-
hexyphenidyl, are taken together with antihistamines.” Caution
should be taken to prevent the possibility of drug interaction with
monoamine oxidase inhibitor (MAQI), which could lead to se-
vere sympathomimetic crisis, particularly cough syrups contain-
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ing dextromethorphan or nasal decongestants containing pseu-
doephedrine, phenylephrine or phenylpropanolamine, as MAOIs
can enhance the serotonergic effects of dextromethorphan, which
can lead to serotonin syndrome.*>**

Amantadine, which is commonly used in PD, has been repur-
posed to treat COVID-19, as it plays a potential role as an anti-
viral agent against SARS-CoV-2 by blocking the matrix-2 (M2)
protein ion channel and disrupting lysosomal gene expression to
reduce viral replication.’**** Antivirals, such as favipiravir, ata-
zanavir, and lopinavir/ritonavir, and antimalarial agents, such as
chloroquine and hydroxychloroquine, are being tested for CO-
VID-19, and thus far, no specific interactions with dopaminer-
gic medications have been reported.”

A high index of suspicion is necessary, especially if patients
present with acute deterioration in their motor symptoms. A re-
cent article highlighted two cases of advanced PD patients with
severe COVID-19 who presented initially with acute and unex-
plained worsening of motor symptoms a few days prior to the on-
set of fever. Both cases deteriorated rapidly, with eventual death,
highlighting that PD patients are prone to severe COVID-19."
The overlapping of nonmotor symptoms of PD, such as anosmia

and fatigue, with COVID-19 symptoms may somewhat contrib-
ute to a delay in the diagnosis of COVID-19.

With regard to the care strategy for PD patients admitted to
the ICU, effort should be made to ensure that PD patients con-
tinue to receive anti-PD therapy.”" Abrupt cessation of PD med-
ications should be avoided to prevent deterioration in parkin-
sonism and dopamine agonist withdrawal syndrome.” Highly
fractionated doses of levodopa solution via a nasogastric tube, at
2-hour to 3-hourly intervals could be given to PD patients with
severe infection, akinesia and dysphagia.” For patients who are
on apomorphine pump therapy and levodopa/carbidopa intes-
tinal gel (LCIG), continuous infusion may be continued. There
is no evidence that LCIG therapy would be less beneficial than
oral treatment, even though patients have other underlying se-
vere illnesses. The initiation of an apomorphine pump in the ICU
is generally not advised, however, it can be considered only if ma-
lignant akinesia occurs.” If apomorphine vials are not available
or if the situation does not permit the establishment of an extra
infusion system, oral levodopa should be given. Intravenous aman-
tadine is much less efficacious and carries risks, including QTc
prolongation and agitation.”" For psychosis and delirium related

General recommendations
» Reduce hospital visits
« Follow strict health guidelines
» Encourage home-based exercise

Future perspectives
* Vaccination: recommended
* Research: follow safety protocol,
application of Al

J

Outpatient management
New referrals
« Give earlier appointments
« Establish diagnosis
Existing patients

PD medication

Urgent/early appointment and admission if indicated.

« Clinically stable: postpone appointment & continue current

« Clinically worsening: consult via telemedicine/alternatives.

)’

COVID-19 infection

Mild to moderate
« Self-monitor at home
* Seek consultations if symptoms worsen
» Maintain PD medication

Severe
« Hospitalization
* Adjust or continue PD medication as required

Figure 1. The overview of the management of Parkinson’s disease (PD) during the COVID-19 pandemic. A schematic diagram illustrating
the recommendations for management of coronavirus disease 2019 (COVID-19) in PD. In general, it is recommended that PD patients
should reduce Vvisits to the hospital and to follow strict health guidelines. They are also encouraged to perform home-based exercise. As for
outpatient management of PD, it is recommended to give earlier appointments to establish a diagnosis for the new referrals in clinics. How-
ever, it is advised to postpone appointments and to continue PD medication for the stable existing patients. The use of telemedicine and al-
ternatives for consultation is important when the PD patients experience clinical deterioration, to facilitate urgent re-appointment and admis-
sion to hospitals if indicated. If PD patients have mild to moderate COVID-19 clinical symptoms, it is advised to go through self-monitoring
at home, to seek consultations if symptoms worsen and most importantly, to continue maintain the PD medication. For PD patients who de-
veloped severe COVID-19, hospitalization is required and to continue PD medication or to adjust the regime if indicated. The diagram also
reflects how COVID-19 related to future perspective with regards to PD, ranging from vaccination towards COVID-19, which is recommend-
ed among PD patients. As for research in future, it is necessary to follow safety protocol and the application of artificial intelligence (Al)
should be encouraged.
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to infection, sequential withdrawal of anticholinergics, mono-
amine oxidase B inhibitors and catechol-O-methyltransferase
inhibitors (COMT-Is) is recommended.

FUTURE PERSPECTIVES

Sequelae of parkinsonism in COVID-19

Postviral parkinsonism, which has been described historically
as encephalitis lethargica, can occur either immediately or much
later following an acute episode of viral illness.”***” Clinical pre-
sentations typically involve upper limb bradykinesia and stiffness
associated with frequent episodes of kinesia paradoxica, oculo-
gyric crisis, and psychiatric symptoms. Encephalitis lethargica
could be just a contributing factor rather than a prerequisite to
developing postencephalitic parkinsonism.” According to recent
estimates of the incidence of PD and documented global burden
of SARS-CoV-2 infection, it is expected that approximately 10,000
newly-diagnosed cases of PD among those infected above the
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age of 40 will occur.>***

While it is possible that the COVID-19 pandemic could lead
to a rise in the incidence of parkinsonism globally, the role of the
virus in causing or exacerbating Parkinson’s disease appears un-
likely at this time.” However, the aggravation of specific motor
and nonmotor symptoms secondary to the SARS-CoV-2 pan-
demic has been reported.’

The best way to identify populations that are likely to develop
parkinsonism will be to create a health registry of COVID-19 pa-
tients who undergo regular long-term neurological follow-up for
the signs of prodromal PD/parkinsonism, as well as blood tests
for neurofilament light chain for signs of neurodegeneration.*

Vaccination

A total of 289 experimental COVID-19 vaccines are in devel-
opment as of February 3, 2021. Sixty-six of which were in differ-
ent phases of clinical testing, including 20 in phase III currently.*'
To date, 5 out of these 66 vaccines, which were developed by

Table 1. Key recommendations in the management of Parkinson’s disease (PD) patients

Use of telemedicine
Optimization of motor and non-motor symptoms'®

Adjustments for medication-related side effects'

Reliable to assess Motor section of the Unified Parkinson’s Disease Rating Scale (UPDRS-II1)?®

Speech therapy, physiotherapy and rehabilitation services®

Alternatives: Wearable devices and smartphone applications, or Phone calls or patient-recorded videos, sent via text messaging

Deep brain stimulation surgery (DBS)/therapy
Selective DBS for PD patients with urgent indication

Post-operative follow-up for suture removal and stimulation settings should be timed appropriately

Urgent intervention for end of battery life of the implantable pulse generator, leads fracture and infection related to lead implantation?253'32

Medications
Caution of drug interaction with PD medication®*
Avoid abrupt cessation of PD medications®"

Highly fractionated doses of levodopa solution can be given via a nasogastric tube®!

Apomorphine pump therapy and levodopa/carbidopa intestinal gel (LCIG) continuous infusion can be continued®'

Intravenous amantadine is less efficacious®

Sequential withdrawal of anticholinergics, MAO-B inhibitors and COMT-I is recommended for psychosis and delirium related to infection

Sequelae of Parkinsonism in COVID-19
The need of proper registry for prevalence/ incidence

The use of biomarker (e.g., neurofilament light chain for signs of neurodegeneration’)

Vaccination

Recommended in PD patients*

Do not interfere with the current PD medication*?

Not known to interact with the neurodegenerative process in PD*
Research

Non-clinical or clinical studies without direct contact with patients should be prioritized*®

Encourage studies related to preventive, diagnostic and interventional measures*’

Enhance the international collaboration in PD research*”

Application of artificial Intelligence with an integrated-omics approach*®

MAO-B inhibitors: monoamine oxidase B inhibitors, COMT-I: catechol-O-methyltransferase inhibitor.
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BioNTech in collaboration with Pfizer; AstraZeneca in partner-
ship with Oxford University; and Gamaleya, Moderna, and Sin-
opharm, working together with the Beijing Institute, have been
authorised by the WHO.*' The approved COVID-19 vaccines
have been proven to be effective in preventing the severe and mild
forms of the disease. It is evident that high efficacy (> 90%) has
been proven regardless of race, sex, age, and or comorbidities.***
To date, a total of 300 million vaccine doses have been adminis-
tered worldwide.

The International Parkinson’s Disease and Movement Disor-
der Society (MDS) has released a COVID-19 vaccine statement
to address aspects of COVID-19 vaccination among PD patients.*
PD patients are encouraged to receive COVID-19 vaccination un-
less there is a specific contraindication for the vaccination. The
MDS also recommended vaccination because the benefits and
risks are similar to those in the general (age-matched) population
so that PD patients can be protected against the disease and its
complications. Moreover, the administration of COVID-19 vac-
cination is not expected to interfere with current PD medications
and is not known to interact with the neurodegenerative process
in PD:** Many countries have initiated the vaccination programs
for their citizens, and clearly, the priority has been given to the
elderly age group, especially those with comorbidities, including
Parkinson’s disease.

It has been reported that even though vaccines seem safe for
older adults, it is important to remain cautious when adminis-
tering the vaccine to very frail and terminally ill elderly persons
with PD.** Vaccinated persons with PD have to strictly adhere to
the national health guidelines to reduce exposure to and the trans-
mission of COVID-19.

Research

The COVID-19 pandemic has had a significant impact on PD
research and educational activities. It is important to justify con-
ducting any clinical and preclinical studies on PD in the midst of
the pandemic.* Priority should be aimed at clinical studies with-
out direct contact with patients and studies that can be conducted
in nonclinical fields.* The prioritization of preventive, diagnos-
tic and interventional measures is also of paramount importance.”
Principles in maintaining trial integrity during the COVID-19
pandemic have been proposed.*

Stringent efforts should be adopted to comply with new safe-
ty protocols regarding physical distancing, protective personal
equipment, and the reduction of site visits as well as minimizing
the number of researchers physically present at times.* Interna-
tional collaboration among all countries is particularly essential
in addressing public health crises, including the management of
PD.*” The application of artificial intelligence with an integrated-
omics approach can better define disease models and discover
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new therapeutic targets in the field of PD.*** Finally, a coordinat-
ed effort and dedicated databases of PD cohorts with and with-
out COVID-19 should be available for future studies.*®

CONCLUSION

Embracing the new norm with a practical and careful approach
towards the care of PD is of utmost importance to ensure that pa-
tients are not unnecessarily exposed to SARS-CoV-2 and that the
management of PD is optimized. The utilization of telemedicine
for clinical consultation and assessment could lead to a paradigm
shift in the care of PD patients. Future research related to PD is
crucial in the long pandemic, and outreach programs for vacci-
nation in the PD patient population should be initiated promptly.
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