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Abstract: South Asia, encompassing many populous countries including India, Pakistan, and Bangladesh, is home
to a wide variety of infectious diseases several of which are disproportionately prevalent, endemic or distinctive to
the region. These result in considerable morbidity and mortality, which can be greatly reduced through public-health
measures, timely diagnosis and treatment. Some of these infectious diseases have neurological manifestations
including movement disorders either due to the pathogen being neuroinvasive or via an immune-mediated
response. For diseases such as Japanese encephalitis, movement disorders are the primary manifestation while for
others, they can be a presenting feature. Thus, recognizing these movement disorders is often crucial to the
diagnosis of the particular infection, and/or to exclude infection as a cause and arrive at the correct alternate
diagnosis. Once diagnosed, the infection-related movement disorders are treated by targeting the infectious agent,
or symptomatically. In this article, we describe and illustrate a variety of movement disorders that are seen in
patients infected by viruses, bacteria and parasites in South Asia. This would be of value to neurologists practicing
in the region and, with the increasing ease in movement of people and pathogens, those practicing elsewhere.

Infectious diseases have afflicted humans since the start of agri-
culture and domestication of animals in ca.12,000 BCE, and are
caused by microbes that once infected other animal hosts. Some
infectious diseases, such as tuberculosis and malaria have existed
for millennia, while others such as those caused by HIV, Zika,
and certain influenza and coronaviruses have emerged within
the last century and led to pandemics. The spread of a patho-
gen in the human population involves a complex interplay
between the pathogen, the host(s) and the environment
(Table 1).!

South Asia, comprising India, Pakistan, Bangladesh, Nepal, Sri
Lanka, Bhutan, and Maldives, is one the most populous regions
of the world. It is home to 1.8 billion people, that is, approxi-
mately 25% of the human population. It has tropical and temper-
ate climate, abundant fresh water, thriving agricultural practices,
rich and diverse flora and fauna, and flourishing urban areas—all
of which facilitate high human and animal population densities,
and close proximity of humans with disease vectors and interme-
diary hosts. These in turn provide a conducive environment for
infections to emerge, spread and persist leading to considerable

disease prevalence, morbidity and mortality (Table 2).

Several infections are associated with movement disorders. These
accounted for 20% of non-neurodegenerative disorders seen by
movement disorder specialists at a center in South Asia; a larger pro-

9 .
4649 Infection-related neu-

portion than reported outside the region.
ronal injury or dysfunction results either from direct neuro-invasion
or release of neuro-toxins by the pathogen, or are induced by the

35,50,51 :
i More than one mechanism can be opera-

immune response.
tive. Movement disorders may develop during the acute phase of the
illness, or be delayed by months or even decades.> Infections also
differ in their propensity for causing movement disorders. For
instance, among the infections common in South Asia, movement
disorders are seen frequently in patients with Japanese encephalitis
and rheumatic chorea, occasionally in patients with herpes simplex
encephalitis, and rarely in patients with influenza or malaria (Table 2).
Knowledge of the spectrum, the timeline, and the frequency of
movement disorders can aid diagnosis and patient management.

In this video anthology we cover viral, bacterial and parasitic
infections based on whether they are common or emergent in
South Asia and their propensity to cause movement disorders.
Infections that are rare in the region (eg, Whipple’s disease™) or

do not often cause movement disorders (eg, leptospirosis”®) are

Movement Disorder Clinic, Department of Neurosciences, Kokilaben Dhirubhai Ambani Hospital and Medical Research Institute, Mumbai, India

*Correspondence to: Prof. Mohit Bhatt, Department of Neurosciences, Kokilaben Dhirubhai Ambani Hospital and Medical Research Institute,

Andheri West, Mumbai, 400053, India; E-mail: drmbhatt@gmail.com
Keywords: infections, movement disorders, tropical, epidemics.

Relevant disclosures and conflicts of interest are listed at the end of this article.

Received 5 March 2021; revised 23 May 2021; accepted 16 June 2021.

Published online 18 July 2021 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/mdc3.13275

MOVEMENT DISORDERS CLINICAL PRACTICE 2021; 8(6): 843-858. doi: 10.1002/mdc3.13275

843

©® 2021 International Parkinson and Movement Disorder Society


mailto:drmbhatt@gmail.com

REVIEW

MOVEMENT DISORDERS DUE TO INFECTIONS

TABLE 1 Terms related to infections (adapted from Dorland’s
medical dictionary and reference (1))

Host: Human or another animal in which the infectious agent
lives. Primary or definitive host is one in which the infectious
agent can multiply sexually, for example, cats for the protozoa
causing toxoplasmosis, humans for the tapeworm taeniasis.
Intermediate host is one in which the infectious agent lives,
and may multiply asexually but not sexually, for example, pigs
for the tapeworm taeniasis. Amplifying host is one in which
the infectious agent can multiply rapidly to high numbers, for
example, pigs, birds and horses for Japanese encephalitis virus;
Dead end or incidental host is one who cannot pass the
infectious agent to another host, for example, humans for
pathogens causing Japanese encephalitis, dengue, West Nile
encephalitis and toxoplasmosis.

Zoonosis: Infections that are naturally transmitted from
vertebrate animals to humans.

Vector: Organism that transmits an infection from person to
person or from animals to humans.

Endemic: Prevalence of human infection in a defined
geographical area.

Epidemic: High incidence of human infection in a
population or geographical area.

Outbreak: High incidence of infection in a small
geographical area.

Pandemic: Spread of infection, usually rapidly, over wide
geographical areas or globally.

(Newly) emerging infections: Appearance of infection in a
new host or increase in its incidence in a population or
geographical area. Remerging infections refers to increase
in incidence of infections that had previously declined, or
appearance of resistant forms of the infection.

not discussed. The included videos of 41 cases show the range
and characteristics of movement disorders associated with each of
the selected infection. And in the text, we outline, for each path-
ogen, the mode of transmission, burden of the disease and the
clinical syndrome with a focus on neurological complications, par-
ticularly movement disorders. In Table 1 we define some of the
infectious disease terminology used in the article; Table 2 presents
an overview of the prevalence of the discussed infectious diseases
and their propensity to cause movement disorders; Figure 1 out-
lines the signs and investigations, while Figure 2 shows the charac-
teristic neuroimaging abnormalities, that can help diagnose a

patient with suspected infection-related movement disorders.

Arthropod-Borne RNA
Viruses

Arthropods (insects, tics etc.) are vectors of transmission for a
number of viruses in the tropical, subtropical and, to an extent,
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temperate zones. Many of the viruses that are of clinical signifi-
cance in South Asia are spread by human-adapted Aedes and Culex
mosquitoes, and belong to the genus Flavivirus. The flaviviruses
include the Japanese encephalitis, Dengue, Zika and West Nile
viruses. All of these except dengue are highly neurotropic, enter-
ing the CNS using a diverse set of pathways, and sometimes

targeting the basal ganglia or the developing brain.>*

Japanese Encephalitis

Japanese encephalitis virus (JEV) is a zoonotic pathogen transmitted
by the Culex and Aedes mosquitoes.®®>” JEV was first described in
Japan in the 1870s but over the last three decades it has become
endemic in South and Southeast Asia, and in the Western Pacific
countries.”® Two billion people in these regions are at risk of JEV
infection. In the endemic regions, there are approximately
50-175,000 cases of Japanese encephalitis (JE) annually, which makes
JEV the commonest cause of viral encephalitis.®® Of these approxi-
mately 20-30% of patients die, while 30-50% suffer long-term
neurological and cognitive disability.>>®

In most patients JEV infection is either asymptomatic or mild,
but in approximately 1:250 it causes severe disease. Symptoms
vary from a brief febrile illness, aseptic meningitis, encephalitis
to flaccid quadriplegia (poliomyelitis). Children under 15 years
are most susceptible to developing encephalitis.>*® In JE the
virus enters the brain likely through a Trojan horse mechanism,
causing extensive neuroinflammation and blood brain barrier
disruption.®® Thalamus, basal ganglia and the brainstem are par-
ticularly affected, possibly due to JEV’s affinity to dopaminergic
cells.>>>’

Movement disorders, usually associated with brainstem signs,
are observed in approximately 50-70% of patients with Japanese
encephalitis.>* These are seen early in the illness or develop con-
currently as coma abates.>**° Some patients have a biphasic clini-
cal course, of initial encephalitis and recovery, followed by
movement disorders, behavioral changes and brainstem signs after
2-3 weeks.*®! Painful dystonia, often generalized, is common.
Oromandibular dystonia with mutism and dysphagia is a useful

4,62,63 . .
2202 Parkinsonism has been

diagnostic clinical feature in children.
reported early in the illness and is usually self-remitting. However,
in some cases with severe nigral necrosis, it is persistent and some-
times responsive to levodopa (Video 1; Video 2).%#6%:62:64
Movement disorders such as tremor, perioral dyskinesias, cho-
rea, myoclonus, stereotypies, tics and catatonia have also been
described. Brainstem signs are frequent and include pupillary
changes, oculogyric crisis, opsoclonus, oculomotor paresis, decer-
ebrate posturing, cardiac arrhythmias and disordered breathing
patterns. Cognitive problems, hypothalamic dysfunction, pyrami-
dal signs and anterior horn cell degeneration have been reported

(Video 1; Video 2).3*57:00-63

Dengue

Dengue is the most rapidly expanding communicable disease
with a 400% increase between 2000 and 2013. It is caused
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TABLE 2 Common and emerging infections in South Asia associated with movement disorders

Propensity to

Anatomical
predilection
of the infection®

Global cause movement  Basal Accompanying
Disease incidence (year) disorders® ganglia Brainstem video
Arthropod-borne  Japanese 68,000 (2019)* AL Yes Yes Video 1, Video 2
viruses encephalitis
Dengue 400 million (2019)° = No No Video 3
Zika 270,000 (2019)"! + No No Video 4
Congenital = 444120
Zika syndrome
Neuroinvasive >25,000 (1999— S Yes Yes =
West Nile disease 2019)° *
Chikungunya 250,000 (2018)"7 +18 No No =
Other RNA Measles 10 million (2018)"° + No No Video 5, Video 6
vies SSPE Few 1000s-10,000s ++++2
/ yeard
MIBE <100 (up to 2020)° +22
21
Nipah 650 (1998-2018)° 4452 No Yes =
23
Rabies 59,000 (2015)% 444826 No Yes Video 7
COVID-19 >100 million +7 No No Video 8
(2019-2021)¢ ¥’
DNA viruses Herpes simplex h +% No No Video 9
encephalitis
Postinfection = 4+
autoimmune
encephalitis
Varicella zoster 84 million (2019)"! +0 No No Video 9
Human HIV 1.7 million (2019)*! + ()32 Yes No
retroviruses
Bacterial Rheumatic chorea — S No No Video 10
el Tetanus 74,000 (2019)"" 4483 No No Video 11
Tuberculosis 10 million (2020)*° 45 No No Video 12
Syphilis 14 million (2019)"! 4 No No =
Parasitic infections ~ Malaria 230 million +40 No No Video 13
(2019)*
Toxoplasma = +41:42 Yes Yes Video 13
encephalitis
Neurocysticercosis 2.5-8 million 44 No No Video 13

43
prevalence

“Fraction of symptomatic patients with movement disorders. +4++: >75%; +++: 50-75%; +-+: 25%—50%; +: <25%.
"Based on autopsy and neuroimaging studies.

“Cumulatively about 25,000 cases were reported between 1999-2019 in the US alone.

9Order of magnitude estimate based on a few tens of million annual cases of measles during this century'® with roughly one in 1000-10,000 developing SSPE.*®

“Cumulative case numbers for the given range of years.

fAs seen in the Malaysia outbreak in 1998-99.

fIncluding spasms.

"Over 90% of adults over 50 years have been infected.

'HIV-related movement disorders are more frequent in advanced AIDS.
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| -
|
: Infection risk Infection markers I
| |
: Exposure o Febrile illness :
| o Visit to an endemic area or local outbreak ® Rashes or skin lesions (dengue, WNV, measles, |
: o Close contact with animals (pigs for JE and herpes, HIV) :
I Nipah; bats for Nipah and rabies; birds for JE e Enlarged lymph nodes (HIV, tuberculosis, |
: and WNV) syphilis) :
I e Animal bite (rabies) e Enlarged liver or spleen (tuberculosis, malaria) |
: e Mosquito bite (JE, dengue, WNV, Zika) e Multisystemic dysfunction: :
| e External wound or injury (tetanus) = Coagulation and liver (dengue, malaria) |
: Host factors = Cardiovascular (Dengue, rheumatic chorea) :
| Vaccination stat = Pulmonary (COVID-19) |
L]
: Hf\jcma.t{on status = Arthritis (Chikungunya) :
L]

| positive . e Unexpected weight loss (HIV, tuberculosis) |
I e Immunocompromised state . ) |
- . e Increase in serum inflammatory markers such |
: o Unsafe sexual behaviors (HIV, syphilis) as CRP |
| e Newborns (Zika, tetanus) |
|
- .1
F__"______"_____"__"__"_____"""""""""""":
: Neurological signs Movement disorders |
| |
I | e Meningeal signs (JE, malaria) Onset (relative to acute infection) :
: o Papilledema (CNS tuberculosis, toxoplasmosis) e Concurrent (JE, WNV) |
: o Encephalopathy (JE, WNV, Nipah, tuberculosis, e Delayed :
| malaria) = By weeks (rheumatic chorea, post-herpes |
: ® Seizures (JE, SSPE, neurocysticercosis) autoimmune encephalitis, COVID-19) :
| | ® Multiaxial neurological dysfunction = By years (SSPE, HIV) |
| [ ] q |
| Cortex and.optlc r.1erves (SSPE) . Phenomenology |
: Basal ganglia, brainstem and spinal cord (JE, « Mixed movement disorders (JE, WNV, SSPE, :
' \Q/Nvl) lia, brainstem (toxoplasmosi HIV) '
| as.a ganglia, ra!ns em ( °X9p asmos'ls) e Prominent axial involvement (JE, Zika, SSPE, :

| = Brainstem and spinal cord (Nipah, rabies ; .
| herpes-related autoimmune encephalitis, |
| and tetanus) ) |
X . rheumatic chorea) |

| = Basal ganglia, spinal cord, nerves (HIV) ) . )
| . . e Unilateral or asymmetrical (rheumatic chorea, |
I = Nerves (WNV, varicella zoster and Zika) . R |
| Neurodevelopmental delay, microcephaly (Zika) varicella zoster, HIV, toxoplasmosis), |
L]

| P v phaly e Spontaneous remission (JE, WNV) :
: e Persistent movement disorders (JE, SSPE, HIV) |
| |

Investigations

e Neuroimaging (CT, MRI, PET scans) ® Biopsy of brain or other tissue for pathogen-
e Pathogen-specific tests of serum, CSF specific tests, cultures and histopathology
= Cultures e Electroencephalography (periodic complexes
= Antigen testing in SSPE)
= Antibody profiling assays e Autoimmune anti-neuronal antibody panel

= Genome sequencing

FIG 1. Diagnostic evaluation of patients with suspected infection-related movement disorders. Infection susceptibility and signs (current or
in patient-history) are combined with neurological and movement disorders evaluations to reach a diagnosis, which is confirmed through
imaging and laboratory studies. Examples of diagnoses to consider are given in parenthesis. Abbreviations: CRP, C-reactive protein; CSF,
cerebrospinal fluid; CT, computed tomography; JE, Japanese encephalitis; MRI, Magnetic resonance imaging; PCR, polymerase chain
reaction; PET, positron emission tomography; SSPE, subacute sclerosing panencephalitis; WNV, West Nile virus or related encephalitis.

by the dengue virus and transmitted by the Aedes mosquito. South Asia and other tropical and subtropical regions, where
Approximately 400 million people are afflicted every year, the Aedes mosquito is common, are at risk of acquiring the
75% of whom are in Asia.®> Three billion people residing in infection.>*
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FIG 2. Neuroimaging abnormalities seen in infections common in South Asia. (1) and (2) Japanese encephalitis; (3) dengue; (4) SSPE;
(5) COVID-19; (6) rabies (7) HIV-associated-dementia; (8) post-varicella arteriopathy; (9) and (10) CNS tuberculosis; (11) toxoplasmosis; and,

(12) Neurocysticercosis (see Supplementary Material S1 for details).

Video 1. Movement disorders and brainstem signs in children
with acute Japanese encephalitis.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

Dengue virus infection is asymptomatic in 75% of cases.
Among those with symptoms, the clinical spectrum ranges from
a self-remitting febrile illness, often with a rash, to a potentially
fatal dengue shock syndrome. Dengue virus leads to a mul-
tisystemic disease but rarely infects the brain. Neurological
complications are reported in 0.5-20% of cases.**® They
include encephalopathy due to multiorgan failure, brain

hemorrhage due to coagulopathy, and postinfection neurologi-
5,6,58,66
cal syndromes.

Movement disorders are rare but postinfection (immune
mediated) disorders, such as opsoclonus-myoclonus-ataxia syn-
drome, parkinsonism, dystonia and tremor have been reported
(Video 3).°° Recently a rapidly progressive dementia with
PSP-like phenocopy was reported in a patient with chronic den-

gue encephalitis.®”

Zika

Zika is a viral disease transmitted by the Aedes aegypti mosquito,
person-to-person contact (infected mother to fetus and through
sexual intercourse) or via blood transfusion. The Zika virus was
originally described in rhesus monkeys in Uganda in 1947, and
later was serologically detected among humans in Africa
and Asia. Significant Zika outbreaks with febrile illness and high
infection rates were seen in the Pacific Islands in 2007—16; cases
of postinfection Guillain-Barre syndrome were recorded. In
2015-17, a mutated Zika virus emerged and caused a pandemic
in South America, the Caribbean and Africa. In addition to
febrile illness, it now led to microcephaly in infants born

68,69

to infected mothers. Infection clusters have been detected in

MOVEMENT DISORDERS CLINICAL PRACTICE 2021; 8(6): 843-858. doi: 10.1002/mdc3.13275 847


https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275

REVIEW

MOVEMENT DISORDERS DUE TO INFECTIONS

Video 2. Persistent and delayed-onset movement disorders in
children with Japanese encephalitis. Also shown are
dopamine-responsive parkinsonism and dystonia.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

Video 3. Movement disorders in patients with dengue.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

India and Southeast Asia recently, and Zika is an emerging threat
in all Aedes-infested areas.®®”"

A majority of patients with Zika infection are asymptomatic
(50-80%) while others experience a self-remitting febrile illness;
case fatality rate is <0.01%.%

rotropic in fetal brains where it destroys the neural progenitor

However, Zika virus is highly neu-

cells. Zika infection during pregnancy results in intrauterine

death, congenital Zika syndrome, or neurodevelopmental

impairments in 20-30% of fetuses and neonates.®®*’

848 MOVEMENT DISORDERS CLINICAL PRACTICE 2021; 8(6): 843-858. doi: 10.1002/mdc3.13275

Video 4. Movement disorders in patients with congenital Zika
syndrome.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

Congenital Zika syndrome is characterized by severe micro-
cephaly, complex brain malformations, cortical-subcortical and
basal ganglia calcifications, ophthalmic abnormalities, contrac-
tures and intrauterine growth restriction. Movement disorders
(dystonia, chorea) have been reported in 40 to 95% of these
infants.'>'>7>77* They include dystonic postures of fingers (eg,
“one-two-five” and “swan neck”) and toes, extensor axial hyper-
tonia, internal rotation of the shoulder, and dyskinesia of mouth
and tongue (Video 4)."*' Also described are retained primitive
reflexes and persistence of patterned movements of arms, legs
and tongue that are normally seen only in fetal and early postna-
tal period.'*”*

West Nile Virus

West Nile virus is a zoonotic virus transmitted by Culex mosqui-
toes. First identified in Uganda in 1937, the virus is now
endemic in North America, parts of Europe, Russia, Venezuela
and Australia. Over the last two decades, small outbreaks have
been identified in India and it is an emerging threat in South
Asia.'*7®

West Nile virus infection is asymptomatic in 75% of patients
and causes a brief febrile illness in most of the others. Only 1%
of patients, particularly those above 50 years of age and those
who are immunocompromised, develop a neuroinvasive dis-
ease.'® The virus enters the brain possibly using the Trojan horse,
transcellular, paracellular and axonal transport routes.” Clinically,
West Nile virus related neuroinfection manifests with meningitis,



https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275

AGGARWAL A. ET AL.

REVIEW

encephalitis or acute flaccid paralysis (poliomyelitis)."> Mortality
of up to 18% has been reported.'®

Movement disorders are common in patients with encephali-
tis. Tremor is reported in as much as 80-100% of patients. It is
usually coarse, postural, asymmetric and seen in the upper

16 . . . .
’ Parkinsonism has been observed in two-thirds and

limbs.
myoclonus (usually involving the face and upper limbs) in one-
third of patients. Cognitive problems, cerebellar signs, cranial
nerve palsies, and, rarely, chorea have also been described.!>1673
Approximately 40-80% of patients with West Nile virus infec-
tion, particularly those with neuroinvasive syndromes, experience
symptoms that persist for months and years after the initial ill-
ness.>1%7® Residual symptoms include tremor, parkinsonism,

impaired  concentration, insomnia, fatigue. Postinfection

opsoclonus-myoclonus, ataxia, and Guillain Barré syndrome have

15,16
been reported. >°

Chikungunya

Chikungunya is an emerging viral zoonotic disease that is spread
by the Aedes aegypti mosquito. First identified in humans in Tan-
zania in 1952, it subsequently caused epidemics in Africa, South
and Southeast Asia, and, more recently, the Americas.” Co-
infections with other Aedes-borne arboviruses, Zika and dengue,
have been reported.'®

In most instances, the chikungunya virus leads to self-
remitting fever. Neurological complications are reported in 5—
10% of patients, and include encephalitis, myelopathy and neu-
ropathies. In a systematic review of patients with chikungunya
encephalitis, 50% showed good recovery, 20% had residual neu-
rological deficits and 30% died.'®

Movement disorders, however, are uncommon. Tremor, dys-
tonia, opsoclonus, stimulus-sensitive myoclonus, oromandibular
and limb dyskinesia, parkinsonism, behavioral changes, cerebellar
ataxia and worsening of pre-existing neurological disability have
been reported during the acute phase of the disease, or a few

18,77
weeks or months later.

Other RNA Viruses
Measles

Measles (rubeola) is a highly contagious viral disease that spreads
through respiratory droplets and small-particle aerosols. Before
the introduction of widespread vaccination in 1963, it resulted in
over 2.6 million deaths every year.”® In 2018 there were
140,000 measles-related deaths.!® Most of these were in children
under 5 years in sub-Saharan Africa and in South and Southeast
Agia 1111978

Classically, measles leads to a self-remitting fever with rash.
Usually the measles virus is efficiently cleared by the immune
system after the rash and patients develop lifelong immunity to
reinfection. However, if measles infection is acquired at a young
age, there is risk of persistence of the virus and subsequent devel-
opment of fatal subacute sclerosing  panencephalitis  (SSPE)

characterized by widespread encephalitis, neurodegeneration and
45,79,80

high anti-measles antibody response. This happens in
1:10,000 people infected with measles, 6-10 years (range: 2 to
30 years) after the primary infection. Measles infection at a youn-
ger age (<5 years) is associated with increased risk of SSPE and a
shorter latency period.*>*°

Patients usually present with SSPE in childhood though
adult-onset disease has also been reported.®' Early symptoms are
innocuous and include drop in scholastic performance, irritabil-
ity, behavioral changes, vision problems and subtle myoclonus.
Overt myoclonus and other movement disorders develop later in
the illness, followed by progressive encephalopathy, coma and
death. Average survival is 4 years from disease onset though
instances of longer-term survival with natural remissions are

20,80 . .
*°" Fulminant course, leading to

reported in 10% of patients.
death within a few months, has been reported in up to 10% of
patients. This is often associated with measles infection at an early
age (<2 years), concurrent HIV, or other conditions that com-
promise the immune system (Video 5; Video 6).5%52

Myoclonic jerks (positive and/or negative) are seen in almost
all patients with SSPE. They manifest as clumsiness, head drops,
near-falls and falls. The frequency and intensity of the myoclonus
increase with excitement and disease progression.”’%*8! Slow
myoclonus and characteristic periodic complexes on EEG are
diagnostic markers for SSPE.>* Other movement disorders, such
as tremors, dystonia, generalized choreoathetosis, parkinsonism,
Pisa syndrome, and acute neuroleptic malignant syndrome, are
often seen in mid-to-late stages of the disease though they can

52,80,81,83,84

sometimes be the presenting feature. In the terminal

stage, myoclonic jerks abate and most patients develop mutism
80,85

and an akinetic rigid syndrome (Video 5; Video 6).

Video 5. Movement disorders in patients with subacute
sclerosing panencephalitis (SSPE).

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275
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Video 6. Clinical course of fulminant SSPE. Movement
disorders in a child with measles inclusion body encephalitis
(MIBE).

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

Brainstem signs, cognitive and behavioral problems include
periodic catatonia, stereotypic repetitive behaviors (hand clap-
ping, pelvic thrusting, foot-tapping, muttering), self-mutilation,
obsessive cleanliness, and visual and auditory hallucinations.?**’

Recently, measles inclusion-body encephalitis (MIBE) has been
identified as a rare fatal complication of measles infection. Fewer
than 100 cases have been reported mainly among people with
congenital immunodeficiency syndromes, HIV, hematological
malignancies or among transplant recipients.>"”® Akin to SSPE,
MIBE is associated with persistence of the measles virus in the
brain. However, unlike SSPE, MIBE develops within weeks of
the measles infection, is associated with minimal brain inflamma-
tion, and does not raise measles antibodies in CSF and serum.””
MIBE manifests with intractable seizures, movement disorders,
focal neurological signs and ultimately leads to coma and death.
Myoclonus, tremor, chorea, dystonia and akathisia have been

reported (Video 6, segment 2) 2277

Nipah

Nipah is a viral zoonotic disease that is emergent in South Asia.
Outbreaks of Nipah encephalitis have been reported in Malaysia,
Singapore, Bangladesh, India and the Philippines. Humans are
infected by consuming food contaminated with secretions of fruit

850 MOVEMENT DISORDERS CLINICAL PRACTICE 2021; 8(6): 843-858. doi: 10.1002/mdc3.13275

bat, the natural host for the virus; through close and prolonged
contact with infected pigs; or, through person-to-person transmis-
sion. The average case fatality rate for Nipah has been estimated
to be 60% though with wide variation across outbreaks. >

Most patients infected with the Nipah virus develop encepha-
litis with prominent brainstem and spinal cord dysfunction char-
acterized by segmental myoclonus or rhythmic jerking of
muscles (reported in 30% of cases), autonomic failure, oculomo-
tor signs and flaccid areflexic quadriplegia.®* Most survivors
report protracted fatigue, cognitive problems, cranial nerve
palsies, ataxia, focal weakness, myoclonus, cervical dystonia and
bradykinesia. New-onset cervical dystonia, oculomotor dysfunc-
tion, cerebellar signs, and myoclonus have been observed months

after the acute illness.>*%

Rabies

Rabies is a viral disease transmitted to humans through a bite of
an infected animal. It is endemic in Asia and Africa where the
main animal reservoir is dogs. Elsewhere, canine rabies has been
well controlled and the diseases are acquired only infrequently,
primarily through bites of wild animals, such as bats, foxes, and
racoons.”>”” Rabies leads to over 59,000 deaths annually.?>*’
Following an animal bite, the rabies virus spreads from the
wound to the spinal cord and brain along neuroanatomical path-
ways.?® After a brief febrile prodrome, a majority of patients
develop brainstem encephalitis (also called “encephalitic” or “furi-
ous rabies,” as opposed to “paralytic rabies” that results from spinal
cord dystunction). These patients exhibit a fluctuating sensorium
with delirium alternating with lucid periods. Soon painful and dis-
tressing inspiratory spasms involving the oro-pharyngeal, neck and
respiratory muscles emerge. Initially, the spasms are triggered by
blowing air (aerophobia), drinking water or even the sight of water
(hydrophobia), but later occur spontaneously (Video 7). Auto-
nomic failure, coma and death usually occur within days.>*""%
The rare survivors are left with severe disability. Cerebellar signs,
severe dystonia-parkinsonism, generalized choreoathetosis, ballism
and mutism have been reported among these (Video 7).”
Bat-related rabies has been associated with chorea in the bitten
limb during the prodrome, and focal brainstem signs, myoclonus,
opsoclonus, tremors, hemichorea, hemiparesis and seizures during

the later stages.”""?

Coronaviruses

Within the last 20 years, three novel human coronaviruses have
caused significant outbreaks:

o The severe acute respiratory syndrome coronavirus (SARS-CoV)
that emerged in 200203, likely from the civet cat, and caused
a near-pandemic with about 8000 reported cases and
800 deaths.

* The Middle East respiratory syndrome coronavirus (MERS-CoV)
that emerged in 2012 from dromedary camels, and led to
about 2500 cases and 800 deaths; and



https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275
https://onlinelibrary.wiley.com/doi/10.1002/mdc3.13275

AGGARWAL A. ET AL.

REVIEW

Video 7. Rabies-related phobic inspiratory spasms. Movement
disorders in a long-term survivor of rabies.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

* SARS-CoV2 that emerged in 2019 and led to an ongoing
global pandemic of COVID-19 with about 200 million
reported cases and over 4 million deaths by June 2021."%7%*

All these coronaviruses typically lead to respiratory illness and

spread from person-to-person mainly through droplets and aero-

sols. However, SARS-CoV-2, and to a certain extent MERS,

1,94 . .
In particular, neurological

can affect a variety of systems.
symptoms develop in 20-80% of patients infected with SARS-
CoV-2 and in isolated cases of SARS and MERS.”>%¢

Movement disorders are uncommon and, to date, only in a few
dozen cases have been reported in patients with COVID-19. The
most frequent being myoclonus, ataxia and opsoclonus due to sys-
temic complications, structural lesions or as part of a postinfection
syndrome (Video 8).%% Also reported are tremors, parkinsonism and
hyperekplexia.?*>*7% Given the recency of the COVID-19 pan-
demic, the potential for delayed-onset movement disorders remains
but current evidence indicates that they are relatively rare.

DNA Viruses
Herpes Simplex Viruses

Herpes simplex virus (HSV) causes mucocutaneous infections,
and less commonly CNS and visceral infections in humans.
Infection is usually acquired in childhood through direct contact
with lesions or fluids, or during birth through infected mothers.

Video 8. Movement disorders in patients with COVID-19.
Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

Once acquired, the virus persists lifelong in sensory ganglia. HSV
is highly contagious and more than 90% of the adults have been
infected by the fifth decade of life.”’

The incidence of HSV encephalitis is 2—4 cases/million popu-
lation/year and it is associated with 10-25% mortality.>"*’ In
South Asia, it is one of the commonest acute encephalitis (fol-
lowing Japanese encephalitis).'” HSV encephalitis has a bimodal
age distribution and usually affects children under 3 years and
adults over 50 years of age.”” In 15-25% children and 7-15%
adults there is neurological relapse within 3 months of HSV
encephalitis.?” Though some of these relapses are due to
HSV reinfection, a majority result from immune-mediated
encephalitis.>”>"??

There are only isolated reports of movement disorders or basal
ganglia involvement in patients with HSV encephalitis. However,
in patients with autoimmune encephalitis following HSV enceph-
alitis, movement disorders are common and often the initial fea-
ture (Video 9, segment 1). Most of these patients develop chorea,
choreoathetosis and ballism, usually with oro-facial involvement.
Myoclonus, dystonia, tremor, stereotypies, Kluver-Bucy-like syn-
drome, have also been described. Psychosis and behavioral prob-

. . 29,51
lems are common in older children and adults.”””

Varicella Zoster Virus

Varicella zoster virus is a highly contagious virus spread through
the respiratory route that causes chickenpox (varicella), a self-
remitting febrile illness with characteristic rash in children. It is
seen worldwide, mainly in tropical and temperate regions, in
nearly all people by late-childhood to mid-adulthood if they
have not been vaccinated.'®!

After an initial viremia during varicella, the virus remains dor-
mant in the dorsal root ganglia and on reactivation causes herpes
zoster (also called shingles).'” Neurological symptoms are rare, and
seen during primary infection or following viral reactivation.'®
They include cerebellitis, aseptic meningitis, encephalitis, transverse
myelitis, neuritis, and vasculopathy that commonly affects the small
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Video 9. Movement disorders related to herpes simplex and
varicella zoster viruses.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

penetrating lenticulo-striatal arteries.'”*'** Movement disorders
such as hemichorea or hemidystonia due to contralateral basal
ganglia infarcts (due to focal cerebral arteriopathy) have been
described (Video 9, segment 2)30.104

Human Retroviruses
HIV

Human immunodeficiency virus (HIV), causes acquired immu-
nodeficiency syndrome (AIDS). The virus is transmitted primar-
ily through sexual contact, and also via blood, blood products
and from mother to infants (intrapartum, perinatally and through
breast milk). Since the identification of the first patient with HIV
infection in 1981, the global AIDS epidemic has affected about
75 million people and led to about 33 million deaths. As of
2019, 38 million people are living with AIDS of whom two-
thirds are in Africa and 12% in South and Southeast Asia.>'

HIV infection is associated with a wide spectrum of neurolog-
ical symptoms, which are seen in 20-60% of patients.”> Multiple
mechanisms contribute to the neurological problems, including
the HIV infection itself, opportunistic infections, neoplasms and
treatment-related adverse effects. In the CNS, the basal ganglia
and the substantia nigra are particularly affected by HIV.>
Neuroleptic-sensitivity is also seen.>>>

Movement disorders are reported in 4-50% of patients
infected with HIV, with the higher incidence observed in
cohorts of patients with advanced AIDS.** Movement disorders
develop both early in the disease course, or later as a

852 MOVEMENT DISORDERS CLINICAL PRACTICE 2021; 8(6): 843-858. doi: 10.1002/mdc3.13275

complication of opportunistic infections or HIV-associated-demen-
tia (HADS; also called AIDS-dementia-complex or HIV enceph-
alopathy).>>%>  Before the
antiretroviral therapy (cART), the onset of movement disorders

introduction of combination
such as tremor, parkinsonism or myoclonus were poor prognostic
signs.33 Tremor (postural or rest) and parkinsonism are the most
common movement disorders and are almost invariably present
in patients with late-stages of HAD. Isolated tremor, rest or pos-
tural, can herald HAD. Also described are rubral tremors follow-
ing tubercular or toxoplasma lesions in the midbrain.>*3%!%
Other movement disorders including hemichorea, hemiballism,
generalized chorea, dystonia, and myoclonus are rare and
observed with structural lesions (including herpes zoster

radiculitis causing segmental myoclonus) and HADS **3?

Dopa-
mine receptor blocker induced tremor, dystonia and parkinson-
ism; trimethoprim-sulfamethoxazole induced tremors; and,

. . . 33
protease induced parkinsonism have been reported.

Bacterial Infections
Rheumatic Chorea

Acute rheumatic fever is an immune-mediated multisystemic dis-
ease caused by group A streptococcus bacteria. It usually affects
children aged 5-15 years. Globally, 3-6% of the population is
susceptible to acute rheumatic fever, 95% of whom reside in
sub-Saharan Africa, Pacific nations, Australasia, and Central and
South Asia.'*”1%®

Rheumatic or Sydenham chorea develops in 10-30% of
patients with rheumatic fever, 6 weeks to 6 months after the
acute group A streptococcal pharyngitis.** It is the commonest
cause of chorea in the endemic regions. The chorea is of jerky or
tic-tac character; may be unilateral or generalized; and, is often
associated with emotional lability and obsessive—compulsive

. 109
behaviors.>*

Dysarthria (due to lingual and oromandibular
chorea) and imbalance are common. Ballism, tics, dystonia, other
movement disorders and executive dysfunction may also occur
(Video 10).'"” Symptoms usually remit over few weeks to

34,109
6 months. Recurrences are uncommon.

Tetanus

Tetanus is caused by the bacteria Clostridium tetani. It is vaccine-
preventable but due to under-vaccination approximately 75,000
people develop tetanus and 35,000 deaths are reported annually,
primarily in low- to middle-income countries."'

Tetanus spores enter the body through wounds or deep abra-
sions, germinate and release the tetanus toxin, which is a potent
neurotoxin. The toxin blocks presynaptic inhibition of the motor
neurons in the spinal cord and brainstem leading to skeletal mus-
cle spasms, rigidity and autonomic dysfunction.*

Cranial muscle involvement in tetanus results in trismus (lock
jaw), or laryngeal spasms (affected neonates may experience diffi-
culty in sucking milk).>> Painful axial muscle spasms leading to
opisthotonus posturing and abdominal wall rigidity are typical
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Video 10. Phenomenology of chorea in patients with rheumatic
chorea.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

Video 11. Tetanus-related lockjaw and muscle spasms. And
demonstration of spatula test.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

(Video 11). Laryngeal spasms or cardiovascular instability (due to
autonomic failure) can be fatal 33110

Tuberculosis

Tuberculosis is a respiratory disease caused (most commonly) by
the bacteria Mycobacterium tuberculosis and the foremost cause of
death among infectious diseases. About one-fourth of the world
population is thought to be infected, of which 5-10% develop
active disease. South Asia accounts for 40% of the cases. In 2019

Video 12. Movement disorders and neurological signs due to
CNS tuberculosis.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

there were 10 million new cases and 1.4 million deaths attribut-
able to tuberculosis (these have reduced by 9% and 14% respec-
tively since 2015).%

Tuberculosis is spread through droplet infection. The bacteria
seeds the lung during the primary infection. Spread to CNS is
hematogenous and occurs in 1-5% of the infected patients. The
risk is higher in children under five (particularly in the endemic
areas), those with HIV, and those who are otherwise immuno-
compromised. Clinically, CNS tuberculosis presents most fre-
quently with meningitis (often complicated by cranial nerve
palsies, vasculitis, and hydrocephalous) and space-occupying
lesions (tuberculomas and tubercular abscesses); and, less com-
monly, as a spinal disorder. Untreated CNS tuberculosis is
fatal.''!

Movement disorders are reported in 0.5-20% of patients with
CNS tuberculosis, either early or later in the course of the dis-
ease.””'"? A wide spectrum of movement disorders including
chorea, ballism, tremor, dystonia (including status dystonicus),
parkinsonism, opsoclonus-myoclonus, bobble-head syndrome,
cerebellar ataxia and behavioral problems have been described
(Video 12) 371127115

Syphilis

Syphilis is a sexually-transmitted disease that can also be trans-
ferred from mother to child. It is caused by the bacteria Trepo-
nema pallidum. Globally, there are about 14 million new
infections every year, mainly in sub-Saharan Africa, and South
East Asia and South America. The incidence of syphilis decreased
dramatically after the introduction of penicillin in the 1940s;
however, the number of cases has been increasing since 2000."!

Syphilis is a chronic multisystemic disease, characterized by
periods of activity interspersed with periods of latency lasting
months or years. CNS invasion generally occurs in the first few
weeks of infection. Neurosyphilis is more common among
patients with HIV coinfection.
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Movement disorders are rare. Most reports predate penicillin
and two-thirds of the cases reported are in men. Over half had
associated Argyll Robertson pupils (bilateral small pupils that
constrict when focusing on a near object but do not constrict
when exposed to light).*® Orolingual dyskinesias were frequent
and of varied phenomenology. One such dyskinesia, the “Candy
sign” that resembles the natural movement of sucking a candy, is
considered diagnostic of syphilis. Tremor, chorea, athetosis,
ballism, myoclonus (cortical and/or subcortical), dystonia, tremu-
lous parkinsonism, PSP-like and CBS-like phenocopies, and cer-
ebellar ataxia have been reported.®!°

Parasitic Infections
Malaria

Malaria is the most important human protozoal infection. It is
caused by the protozoa Plasmodium (particularly, P. vivax and
P. falciparum) and transmitted by Anopheles mosquitoes. Malaria is
endemic in tropical and subtropical regions, with half the world
population at risk. In 2019 there were 230 million cases and
410,000 deaths attributed to the disease. Two-thirds of the cases
and deaths were in children under 5 years. Cases in South Asia
reduced by 70% between 2000 and 2019, and now account for
only 3% of the worldwide incidence. The largest absolute reduc-
tion was in India, while Sri Lanka was declared malaria-free in
2015.%

Malaria is often clinically indistinguishable from other febrile
illnesses. Cerebral malaria is a complication of severe falciparum
malaria that manifests with diffuse encephalopathy, generally
without focal neurological signs.

Movement disorders are rare in malaria. Decorticate, decere-
brate and opisthotonus posturing related to increased intracranial
pressure have been described in children with cerebral malaria
and are associated with high mortality.""” Psychosis, rigidity,
opsoclonus-myoclonus, cerebellar ataxia, and brainstem signs
have also been reported during the acute illness and can per-
sist. ** 1811 Movement disorders may also occur as part of an
immune-mediated post-malaria neurological syndrome, a self-
remitting illness reported after recovery from severe cerebral
malaria in around 1:1000 of survivors. Features of the neurologi-
rigidity,

choreoathetosis, catatonia, cerebellar dysfunction (mainly mid-

cal  syndrome include tremors,  myoclonus,

line), visual or auditory hallucinations, psychosis, hemiparesis and

. . 119,12
seizures (Video 13, segment 1)." 0

Toxoplasmosis

Toxoplasmosis is a food borne disease caused by the protozoa
Toxoplasma gondii. One-third of the world population is esti-
mated to be infected, mainly by consumption of undercooked

121
Infec-

meat or shellfish, or food contaminated with cat feces.
tion can also spread from mother to fetus, which is seen in

1:1000-10,000 live births.'??
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Video 13. Movement disorders related to parasitic infections:
malaria, toxoplasmosis, and neurocysticercosis.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13275

Coinfection with HIV, or other immunocompromised states,
can result in reactivation of the latent toxoplasma infection and
lead to foxoplasma encephalitis (TE). TE is the most common
opportunistic infection-related disorder among patients with
HIV. It developed in 30-40% of these patients before the intro-
duction of cART; the risk has halved since then.'? In patients
without HIV, TE is rare."”'

TE in patients with HIV leads to focal or multifocal abscesses,
primarily in the brain stem and basal ganglia. Clinical features
include fever, headache, altered sensorium, seizures, cranial nerve
paresis, hemiparesis, cerebellar signs, psychosis, dementia and, in

121 Chorea, athetosis, ballism

some, unilateral movement disorders.
are the commonest movement disorders. Tremor (rest, kinetic
and rubral), rigidity, parkinsonism, dystonia, akasthisia, tics and
facial dyskinesia have also been reported (Video 13, segments
2, 3). These usually remit with treatment of TE 42121124125 1)
patients without HIV, TE usually presents with diffuse meningo-

.. . . . 12
encephalitis. Movement disorders are rare in these patients.'*

Taeniasis

Taenia solium is a cestode (tapeworm) for which humans are the
definitive host and pigs, the intermediary host. The adult form is
present in the intestines of infected humans. The larval forms
(cysticerci) is usually found in pigs but can also infect various tis-
sues in humans and in other animals (cysticercosis). It is estimated
that neurocysticercosis (cysticerci infection of the CNS) affects
about 2.5-8 million people worldwide. The disease is highly
prevalent in Asia, Africa and South America.*?

Cysticerci can be present in the brain, spinal cord, ventricles

and meninges. They can also be present within skeletal muscles,
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where they may be palpable. Disseminated neurocysticerci,
described as “Van Gogh’s starry sky” on brain scans, may be
asymptomatic or manifest as uncontrolled seizures, dementia, and
signs of raised intracranial pressure.'?” Cysticerci are often present
in basal ganglia but because of their small size, chronicity, slow
growth and the limited inflammatory response to intact cysts,
movement disorders are rare.'*® There are only isolated reports of
movement disorders such as parkinsonism, dystonia, tremor, PSP-
like syndrome, hemichorea, hemiballism, myoclonus, lingual dys-

kinesia or hemifacial spasm (Video 13, segment 4).**1257132

Conclusion

This article has focused on infectious diseases in South Asia. Such
regional focus is useful since, as discussed earlier, the set of preva-
lent pathogens and diseases can differ widely by population and
geography. Furthermore, even the constellation of symptoms,
including movement disorders, can differ between regions and
outbreaks. This was the case, for example, with Zika, where the
recent outbreaks in South America were highly neurotropic in
neonates and associated with congenital Zika syndrome, which
earlier outbreaks in Asia, Africa and the Pacific Islands were not
known to be. The mortality rate of an infectious disease can also
differ significantly between regions, as has been observed with
Nipah and, arguably, COVID-19. Factors that may explain such
regional differences in disease syndrome and mortality are not
well understood but may include genetic variations of the patho-
gen; differences in the age, demographics, comorbidities, vacci-
nation and immunological status, etc. of the population; along
with various environmental, societal, economic and health-
system differences.

Knowledge of the locally prevalent infectious diseases and the
associated neurological syndrome can help a movement disorder
specialist correctly diagnose and treat a patient. Some of the
infection-related movement disorders can mimic those induced
by strokes, drugs, neurodegeneration or autoimmune disorders
and, therefore, looking at the complete set of symptoms, test-
results, and patient-history is crucial to differential diagnosis.
Since the onset of the movement disorders can be significantly
delayed from the time of exposure to the infectious pathogen
(for example, SSPE may develop decades after a measles infec-
tion), the original infection may be discovered only by directed
inquiry and testing motivated, in part, by the regional epidemiol-
ogy. Finally, it is sometimes necessary to eliminate infection as a
possibility cause before settling on an alternate diagnosis.

While region-based considerations can be useful, it is impor-
tant not to regard them too rigidly. Pathogens, their hosts and
carriers, and hence infectious diseases are constantly crossing
national and regional borders. And, as has been amply illustrated
through recent outbreaks of chikungunya, Ebola, and various
influenza and coronavirus pandemics, new pathogens are con-
stantly emerging and can spread globally within months. Popula-
tion growth, globalization and climate change are expected to
increase human and animal migration and interaction, and thus

hasten the emergence of new infectious diseases. Along with
faster vaccine and treatment development and deployment, path-
ogen testing and genomic surveillance, and other therapeutic and
public-health measures, improved and interdisciplinary clinical
knowledge, practices and communication can help us mitigate
these risks.
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