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Abstract

Background: Cerebral toxoplasmosis (CTx) is a CNS opportunistic infection with variable
neurological manifestations. While tropism of Toxoplasma gondii for the basal ganglia is well
known, movement disorders (MDs) represent only a small percentage of CTx-related
neurological complications. CTx-associated MDs are usually hyperkinetic, whereas parkinsonism
associated with evidence of presynaptic dopaminergic deficit has never been described.

Case: We report an HIV-positive patient who developed a complex MD featuring unilateral
tremor combined with parkinsonism and dystonia following an acute episode of disseminated
CTx. Her DaTscan documented contralateral presynaptic dopaminergic deficit. Levodopa
initiation improved both tremor and parkinsonism after ineffective trials of several other
medications over the years.

Literature review: A total of 64 patients presenting with CTx-related MDs have been described.
The most common MD was chorea (44%), followed by ataxia (20%), parkinsonism (16%), tremor
(14%), dystonia (14%), myoclonus (3%) and akathisia (2%). DaTscan was performed only in one
case, of Holmes tremor, that demonstrated reduced presynaptic dopaminergic uptake. Positive
response to dopaminergic treatment was reported in three cases of Holmes tremor and two of
parkinsonism.

Conclusions: Presynaptic dopaminergic deficit may occur in CTx-related tremor combined with
parkinsonism. Its identification should prompt initiation of levodopa, thus avoiding unnecessary

trials of other drugs.
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Toxoplasmosis is the most common CNS opportunistic infection, particularly in the setting of
HIV co-infection, and more rarely in hematologic malignancies and organs transplantation.' Its
neurological manifestations are variable, depending not only on the size, number and localization
of the encephalitic lesions, but also on the presence of meningitis, edema, vasculitis and
hemorrhage.? While it is well known that Toxoplasma gondii-associated lesions have predilection
for the basal ganglia (BG), movement disorders (MDs) usually constitute a small percentage (6-
7%) of the neurological manifestations.>* Notwithstanding, MDs can be the presenting feature of
cerebral toxoplasmosis (CTx), and early clinical suspicion can prompt initiation of specific
treatment(s).> Hyperkinetic MDs, especially hemi-chorea/ballismus, are the most common MDs
in CTx,> whereas hemiparkinsonism associated with evidence of presynaptic dopaminergic deficit
has never been described. MDs secondary to focal brain lesions, as in the case of CTx, are usually
difficult to treat, and levodopa initiation in those conditions where nigrostriatal system

involvement is documented might be the best therapeutic choice.®

We herein report the case of an HIV-positive patient who developed a complex MD featuring
unilateral tremor combined with parkinsonism, and dystonia following resolution of an acute
episode of CTx. Contralateral presynaptic dopaminergic deficit was documented on DaTscan. We
additionally reviewed all cases of MDs in CTx reported so far and summarized their

phenomenology and natural history.

Case report

A 4l-year-old Black African female presented with an acute episode of disseminated
toxoplasmosis in the context of previously undiagnosed HIV infection at the age of 27 years. She
was profoundly immunosuppressed, with a baseline CD4 cell count of 20/mm?® and an RNA-HIV
viral load of 2.2 million copies/ml. T. gondii was isolated from blood, CSF, lymph nodes, and
bronchial washing, and her brain MRI at onset showed multiple infra- and supratentorial ring-
enhancing lesions consistent with cerebral abscesses, two of which involving the left anterior
midbrain and left thalamus. After a long ITU admission during which she was treated for
toxoplasmosis and started on anti-retroviral therapy, she eventually recovered with a right spastic
hemiparesis. Around five months later, she developed right sided combined rest and action
tremor, which has remained stable for nine years. Trials of levetiracetam, gabapentin,
clonazepam, and botulinum toxin resulted in modest or no effect. There was no history of

exposure to dopamine receptor antagonists, and HIV infection was well controlled at the time of
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MD onset. Her first neurological examination in the MD clinic at age 36 (Video, segment 1)
revealed supranuclear horizontal gaze palsy to the right, right central facial palsy and right
hemiparesis with brisk reflexes. She had a rest tremor in the right hand, associated with mild
postural and kinetic tremor, and intermittent rest tremor in the leg. Muscle tone was increased in
her right limbs due to a combination of moderate spasticity and mild cogwheel rigidity. There
was decreased right side shoulder shrug and slowness of ipsilateral limbs, but true bradykinesia
was difficulty to access due to the pyramidal syndrome overlap. She had an additional dystonic
posture in the right hand. Her gait was mainly spastic with circumduction of the right lower limb.
While right limb spasticity and dystonia dominated the clinical picture, tremor, which was
associated with mild parkinsonian features and minimal response to previous treatments, was the
patient’s main complaint. In view of that, she underwent a DaTscan, which showed unilateral
dopaminergic deficit with absent uptake on the left side and normal uptake on the right BG
(Figure 1). Follow-up brain MRI showed partial involution of the toxoplasmosis lesions, without
evidence of any active, acute process; small, round T2-hyperintensity lesions persisted in the
cerebellum hemispheres and supra-tentorial compartment, namely one involving the left anterior
midbrain and adjacent thalamus (Figure 2). She was therefore started on levodopa (Video 1,
segment 2), with mild improvement in her tremor and slowness of movements, having developed

right foot dyskinesia when daily dose was increased to 800 mg.

Literature review

To further investigate the relationship between CTx and MDs we conducted a systematic review.
We searched PubMed on DATE for English language articles using the following search strategy:
“cerebral toxoplasmosis” AND “chorea” (8 results), “cerebral toxoplasmosis” AND “ballismus”
(1 result), “cerebral toxoplasmosis” AND “dystonia” (6 results), “cerebral toxoplasmosis” AND
“myoclonus” (2 results), “cerebral toxoplasmosis” AND “tremor” (12 results), “cerebral
toxoplasmosis” AND “parkinsonism” (11 results), “cerebral toxoplasmosis” AND “movement
disorders” (14 results), “cerebral toxoplasmosis” AND ‘“ataxia” (8 results) and “cerebral
toxoplasmosis” AND “tics” (1 result). After result deduplication, a total of 38 articles were
obtained.

All articles were screened by reviewing the title and/or abstract, and we performed full-text
review of all case reports or studies describing MDs in patients with CTx. Seven articles were
excluded due to lack of relevance (not related with CTx, not describing patients with MDs and
CTx, or MD best attributed to neuroleptic treatment). Additionally, seven articles were included
via screening of the references of articles. Clinical cases were reported in 38 articles, for a total

of 64 patients presenting with CTx-related MDs.
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Results are presented in Table 1. Chorea was the most common MD in CTx, affecting 28 (44%)
patients; in most cases, chorea involved one hemibody and was associated with ballistic
movements, in the presence of contralateral subthalamic nucleus lesion. Other MDs observed
were ataxia (n=13, 20%), parkinsonism (n=10, 16%), tremor (n=9, 14%), dystonia (n=9, 14%),
myoclonus (n=2, 3%) and akathisia (n=1, 2%). Ataxia was more frequently axial, and
appendicular dysmetria was identified in four patients. Unilateral Holmes tremor (HT) was the
predominant form of tremor (n=5/9) and was related to midbrain lesions, ipsi- (n=2/5) or
contralaterally (n=3/5) to the tremor side. Parkinsonism was poorly detailed, being generally
correlated with bilateral BG lesions. Dystonia affected one hemibody in six patients, the cervical
region in one case, and was focal to a limb in three patients (concurrent with chorea in two). MDs
were rarely observed as isolated neurological manifestations since the majority of cases had a
complex neurologic syndrome comprising other MDs, lethargy, cognitive deterioration, cranial
nerve palsy and/or pyramidal syndrome, which is in accordance with the diffuse supra- and
infratentorial involvement verified in CTx. MD presentation can be acute or subacute, emerging
simultaneously with other clinical manifestations of CTx (mainly in the cases of chorea-ballismus
and ataxia) or afterwards, with a time interval varying between few days and six months. As for
treatment response, HT was reported to improve with different types of symptomatic medication
(clonazepam, trihexyphenidyl, primidone, levodopa, pramipexol, isoniazid) and to various
degrees (complete resolution in only two cases). The response to levodopa was only mentioned
in 3/10 patients with parkinsonism (mild in two and absent in one), and in two cases, improvement
was linked to initiation of specific therapy for CTx. Chorea was the MD with the best prognosis,
as almost all cases had significant improvement, which was attributed to initiation of CTx therapy
and successful infection control. Notably, radiological improvement was frequent, but did not
correlate with the evolution of the MD, since the latter could persist, despite size reduction of the
brain lesions. In one case of CTx with acute ataxia, follow-up MRI showed bilateral T2-
hyperintensity at the level of the ventral medulla, compatible with hypertrophic olivary
degeneration.” DaTscan was performed only in one case of HT, that demonstrated reduced
presynaptic dopaminergic uptake in the putamen contralateral to the side of the tremor.® CTx was
associated with HIV infection in the majority of cases (n=58, 91%); other immunosuppressive
conditions (n=4) were observed in HIV-negative patients, including liver transplantation (due to
Wilson disease, in a patient without neurological manifestations prior to the transplantation),’

diffuse large B cell lymphoma,'® stem cell transplantation,'! and X-linked hyper IgM syndrome.!?

Discussion

We reported a case of HIV-related CTx in which (1) three types of MDs developed subacutely

after successful infection control (i.e., right upper limb tremor combined with right sided
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hemiparkinsonism, and right hand dystonia), (2) the strictly unilateral MDs were topographically
related to the sequelae of CTx brain MRI lesions [i.e., contralateral (left) anterior midbrain,
involving the substantia nigra (SN), and contralateral (left) thalamus], (3) DaTscan demonstrated
absent dopaminergic uptake in the left BG (a finding at times observed in presence of ipsilateral
midbrain lesions),® and (4) the introduction of levodopa mildly improved tremor combined with
parkinsonism and led to development of dyskinesia, in accordance with documentation of
presynaptic dopaminergic deficit.

Although MDs in CTx are more frequently of the choreic type, other forms have been described
and the clinical picture of our patient is in line with those reports. Reduced putaminal uptake in
the DaTscan was previously reported in one case of HT® and none of parkinsonism, and L-dopa

efficacy was shown in three cases of HT®**!3 and two of parkinsonism.!!4

While one could consider call the patient’s tremor HT, we think that according to the consensus

15 “tremor combined

statement on the classification of tremors of the Movement Disorder Society,
with parkinsonism” is the most accurate syndromic classification, because (i) both postural and
kinetic tremor may coexist with rest tremor in patients with parkinsonism, (ii) although the
frequency of the tremor was not confirmed by EMG, in naked-eye observation it was superior to
the 5 Hz cutoff set for HT, and (iii) the anterior midbrain lesion in MRI did not involve the red
nucleus (RN). Moreover, the MRI of the patient exhibits multiple CTx lesions in the bilateral
hemispheres of the cerebellum, and albeit mild cerebellar features, such as limb dysmetria and
intentional tremor, cannot be completely excluded, due to spasticity and dystonia overlaps, we do
not think that these lesions are causing the tremor, as they not involve the nuclei or pedunculi.
HT is a clinical syndrome, but pathophysiology heterogenous, requiring the disruption of at least
two of the following systems: cerebello-thalamo-cortical, dentate-rubro-olivary and

dopaminergic nigrostriatal.'® In this last one, the proximity of the RN and SN in midbrain may

explain the improvement observed with L-dopa in three reported cases of CTx-related HT. 313

Regarding the pathophysiology of CTx-related parkinsonism, the first report, from Carrazana et
al.'” postulated that parkinsonism can be caused by direct (by toxoplasma abscesses) or indirect
(through edematous mechanical pressure) destruction of the pre- or post-synaptic dopaminergic
cells, at the level of the SN or striatum, respectively; interruption of the nigrostriatal dopaminergic
pathways travelling through the internal capsule; and transient vascular disturbances of the
anterior choroidal artery. Later on, other studies provided additional evidence on the interplay
between 7. gondii and parkinsonism, although this probably accounts for the perpetuation of MD
rather than its emergence in the setting of acute CTx: (1) one study of animal models infected
with T. gondii discovered tyrosine hydroxylase, the rate limiting enzyme for dopamine synthesis,

in intracellular tissue of brain cysts, and increased dopamine metabolism in neuronal cells,'® and
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(2) higher prevalence of toxoplasmosis seropositivity was demonstrated in Parkinson’s disease
patients, but this was an inconsistent finding across studies."

In view of that, our study reinforces that CTx-related parkinsonism can be cause by direct SN
damage, rather than BG (which would cause a post-synaptic dopaminergic deficit), as it was
demonstrated by brain MRI (T2 hyperintensity of left midbrain, involving partially the SN) and
DaTscan (absent dopaminergic uptake in left BG). Of note, we cannot exclude that a previously
involuted toxoplasmosis abscess, or even residual tissue necrosis at the level of left caudate or

putamen might contribute to the absence of tracer uptake in the left BG.

Notably, not all patients with parkinsonism and HT have improved with levodopa (two cases),!”-*
and other therapeutic options have been effective (treatment of the CTx itself, and for Holmes

),13:17.20-22 emphasizing that other

tremor, clonazepam, trihexyphenidyl, primidone, and isoniazid
mechanisms also interfere in the pathophysiology of these MDs (as stated above by Carrazana et

al).”

Similarly to CTx, cysticercosis, tuberculosis and cryptococcosis have also been associated with
parkinsonism either as a consequence of lesions (granulomas or abscesses) involving the BG or
SN, or secondarily to direct pressure of SN from ventriculitis and obstructive hydrocephalus.
Although positive response to levodopa and post mortem neuropathological evidence of
nigrostriatal damage were described in some cases, findings from presynaptic dopaminergic

imaging have never been reported.* >

The persistence or appearance of a MD, despite improvement of MRI/CT lesions, as in our case
and others in the literature, does not mean toxoplasmosis treatment failure, but it is probably due
to residual injury from coagulative necrosis.?® Alternatively, HIV co-infection may contribute to
perpetuate the MD.> Neuropathological studies have shown damage to the BG and reduce levels
of dopamine in HIV encephalopathy, which, in turn, is clinically supported by the observations
of greater neuroleptic sensitivity in HIV patients and higher proportion of MDs in patients with
CTx/HIV co-infections, than in patients with CTx without HIV.?” Moreover, in one study of
simian immunodeficiency virus (SIV)-infected monkeys, dopamine was reduced by 44% at two
months of infection,?® and another one demonstrated 25% of nigral neuronal loss in HIV-positive
patients, even if asymptomatic.?’ Importantly, HIV-induced parkinsonism was shown to be

successfully treat with levodopa.*®

In conclusion, our case provides evidence that SN damage and hence presynaptic dopaminergic
deficit may occur in CTx-related parkinsonism. Its presence should be search in MDs (specially

in “tremor combined parkinsonism” syndromes) related to CTx or to other causes of structural
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lesions affecting the midbrain, allowing prompt initiation of levodopa, and thus avoiding
unnecessary trials of other drugs. Practically all types of MD can be observed in CTx and although
the latter is expected to decrease in the era of HIV anti-retroviral therapies, it remains an important

cause of acquired MDs.

Acknowledgment

Francesca Magrinelli would like to thank the Michael J. Fox Foundation and Edmond J. Safra

Foundation.

Author Roles

1. Research project: A. Conception, B. Organization, C. Execution;
2. Data Analysis: A. Design, B. Execution, C. Review and Critique;
3. Manuscript Preparation: A. Writing of the first draft, B. Review and Critique.

Maria Jodo Malaquias: 1B, 1C, 3A
Francesca Magrinelli: 1B, 1C, 3B
Andrea Quattrone: 1A, 3B

Ray Jen Neo: 1A, 3B

Anna Latorre: 1A, 3B

Eoin Mulroy: 1A, 3B

Kailash P. Bhatia: 1A, 3B

Disclosures

Funding Sources and Conflict of Interest:

No specific funding was received for this work. The authors declare that there are no conflicts of
interest relevant to this work.

Financial Disclosures for the previous 12 months:

I have nothing to declare. FM is supported by the Michael J. Fox Foundation Edmond J. Safra
fellowhip in movement disorders. AL has received honoraria for speaking at meetings from the
International Parkinson’s Disease and Movement Disorders Society. KPB has received grant
support from Welcome/MRC, NIHR, Parkinsons’s UK and EU Horizon 2020. He receives
royalties from publication of the Oxford Specialist Handbook Parkinson’s Disease and Other

Movement Disorders (Oxford University Press, 2008), of Marsden’s Book of Movement

35U80 SUOWILIOD A TER.D @ et dke B3 Ad PaULBAE 2.2 SBILIE WO ‘88N JO S3INJ J0y ARIqI1T 2UIIUO ABIA LD (SUOIIPUOD-PUR-SULBYWIOY" 8|1 RIG 1PUIJUO//'SAL) SUOTIPUOD PUB UL | 8U) 385 *[2202/2T/2T] U0 AReiq 1 8UIIUO 3|1V 'S001ARS AReiq I TON UopuoT 861100 AISIRAIUN AQ TEOET EOPWI/Z00T OT/I0p/LLI0D /3 1A ARRAc)1[oU UO'S BP.IOS PILBLLBAOWY/'SANY WOJJ papeojumod el ‘6TITOSEZ



Video is part of the ms

Disorders (Oxford University Press, 2012), and of Case Studies in Movement Disorders—
Common and uncommon presentations (Cambridge University Press, 2017). He has received
honoraria/personal compensation for participating as consultant/scientific board member from
Ipsen, Allergan, Merz and honoraria for speaking at meetings and from Allergan, Ipsen, Merz,
Sun Pharma, Teva, UCB Pharmaceuticals and from the American Academy of Neurology and the

International Parkinson’s Disease and Movement Disorders Society.

Ethical Compliance Statement

We confirm that we have read the Journal’s position on issues involved in ethical publication and
affirm that this work is consistent with those guidelines. The authors confirm that the approvoal
of an institutional review board was not required for this work. Patient consent was obtained for

video recording and publication.

85UBD 17 SUOWILLIOD dAIER.D a|ged!|dde sy Ag peusenod are sapie YO ‘8sn Jo Sani Joj Arid 1T 8uluO A8|IM UO (SUONIPUOI-pUR-SWLIB)W0D A3 | 1M Aeuq 1 puluo//:SdNy) SUONIPUOD pue SWwe | Y1 88S *[2202/2T/2T] Uo ARiqiauliuo A3|IM ‘seainies Akeiqi oM uopuoefe|joD AseAlun AQ TEIET EIPW/Z00T OT/IOP/W0D 4B | 1M Aleid1[BU1|UO'S BPIOS IPJUBLUBAOW//SANY Wo. ) papeojumoq ‘el ‘6TITOEEZ



Table 1. Literature review

Video is part of the ms

Nr of . Age in the Latency . .
Author, year | patients, Type of MD Other Fleurol})glcal article between CTx Related CTX cause Brain MRI/CT Evolution of the MD® ~Radlologlcal
manifestations 4 | (other CNS infections) improvement
gender (years, y) | onset and MD'
Tremor
Tremor progressed to involve the
. . . . P jaw in 1 month; no response to . .
Koppel BS, Holmes tremor (L Lethargy, dysarthria, L CT: Ring-enhancing mass lesions in L J . P .| Partial resolution (3
1990% Ipt, M hemibody) Weber syndrome 35y 0 Drug user frontal lobe and L midbrain clonazepfamr levodopa or pr_lmldone, weeks)
mild improvement with
trihexyphenidyl and isoniazid (died)
Coelho JCU, Lot M Intentional and rest Dysarthria, dysphagia, 16 0 Liver transplantation in CT: Hypodensity of the thalamus, Moderate improvement with NA
1996’ L tremor, 4 limbs rigidity spasticity Y Wilson Disease* (CMV) BG, and external capsule levodopa and trihexyphenidyl (died)
s Action and postural . MRI: Enhancing lesions in L Unchanged at 2 months, residual at .

MIChelé(,F‘ Ipt, M tremor (4 Hz, R R hemi-sensory motor 39y 1 month HIV posterior thalamus and posterior arm | 11 months follow-up; medication not Marked improvement
1997 - syndrome . . (2 weeks)
hemibody) of internal capsule specified

CT: Multiple supratentorial nodular Rest tremor 1mprove(_1 wil h
Prrzini A lesi including R thal 4R levodopa; postural/kinetic Reduction in size (2
Zml:i 4 1pt, M Holmes tremor (L UL) L hemiparesis 46y 4 months HIV cesions, nciuding alamus an component improved with isoniazid; cduction In size
2002 midbrain with edema and weeks)
h h no response to clonazepam and
omogenous enhancement . .
I trihexyphenidyl
Mattos JP, CT: Lesions in L midbrain and L . . . .
PORCTS 1pt, M Holmes tremor (L UL) HIC 36y NA HIV (cerebral TB) cerebellar hemisphere Disappeared with anti-TxT Disappeared
|
MRI: Ring-enhancing lesion in .
. . Tremor slowly evolved during 5
recker K midbrain (L red nucleus and CP); R R
2007 Ipt, M Holmes tremor (R UL) L Weber syndrome 5ly 5 months HIV DaTSCAN: Reduce uptake in L momhs, slgnlﬁcant improvement NA
after introduction of pramipexole
| putamen
Lekoubou A Holmes tremor (L Confusion, cerebellar CT: Ring-enhancing lesion in R Improvement with anti-TxT,
Ania2t Ipt M hemibody) dysarthria, L hemi-sensory 35y 18 days HIV internal capsule, R thalamus, with clonazepam and trihexyphenidyl; NA
Y motor syndrome edema extending to upper midbrain resolution in 8 days
Dystonia
. MRI: Enhancing lesions in R . X
. 1pt, M . L Ulf dystonia, - 29y 0 HIV thalamus, R LN and L temporal lobe, Perslsteq at 6 months fo!low-up, Marked improvement
L 1991 intentional tremor . medication not specified
with edema
iinazasoto G, | 3 p‘fF()ZM' R hemi-dystonia NA 2512527y NA HIV CT: Lesions in GPi, thalamus and NA NA
No response to trihexyphenidyl;
Micheli R, R hemi-dystonia, R improvement with anti-TxT;
1994* IptF hemi-chorea-balllismus - 1y 0 - CTand MRI normal complete resolution at 2 months -
| follow-up
Lattos JP, . . — - No improvement; medication not
20022 Ipt, M R hemi-dystonia NA 28y NA HIV CT: Hypodense lesion in L BG specified Improvement
Stupor, R NCIII palsy,
Factor SA. R torcicollis, R hemi- papilledema, increased CT: Non-enhancing mass lesions in R
20037 i Ipt, M dystonia, head and UL muscle tonus, bilateral 44y 14 days HIV caudate, L thalamus, L frontal lobe, No improvement with anti-TxT NA
rest tremor, myoclonus Babinski sign, R with midline shift
hemiparesis
i Ataxia
F - -
. . . CT: Single to multiple enhanced . .
R
Navia 6 pts, NA 6 ataxia (2 v_v/ limb Headache, lethar_gY, NCVI NA 3 days -3 HIV cortical lesions (1 cerebellum Improvement m_entloned in 3, death NA
dysmetria) palsy, aphasia, HH weeks . in 1
involvement)
Seizures, dysarthria, L P
O crod LD, . 5 Y o MRI: Lesions in R frontal and
1996 1pt, M Ataxia hemlpare_sls, HH, cognitive 42y NA HIV bilateral parietal lobes NA NA
declaine, nystagmus
MRI: Multiple ring-enhancing lesions Marked improvement
'20023? Ipt, M Ataxia Headache, nausea 26y 0 HIV in the cerebellum. BG and L occipital | Clinically well at 1 year follow-up | (2 weeks); resolution
lobe (1 year)
POt i1, 2013% 1pt, M Ataxia, limbs dysmetria Headache, confusion 50y 0 HIV MRI: ng»enhancm_g lesion in R Resolution after 2 weeks of anti-TxT | Reduction (2 weeks)
cerebellar hemisphere
Reduction, with
Savsek L, P . Cognitive decline, HH, R Diffuse large B cell MRI: Ring-enhancing lesions in . . hemorrhagic
2016" LptF Ataxia, limbs dysmetria UL paresis 62y 0 lymphoma cortical and cerebellar hemispheres Improvement with anti-TxT inclusions in some
lesions (6 weeks)
Primary MRI: Ring-enhancing lesions in
Liu. 2017'"" 1pt, M Ataxia Lethargy 2y 0 immunodeficiency bilateral cerebral hemispheres, BG Died NA
disease (XHIGM) and thalamus
. . . . . Improvement,
Belizadi . MRI: Ring-enhancing lesions in R . ?
1pt, F Ataxia Headache 54y 0 HIV caudate, R thalamus, bilateral SCP NA bilateral HOD (6
weeks)
Myoclonus
No Mot
’ Ipt, M Myoclonus NA NA NA HIV NA NA NA
Akathisisa
CT: Enhancing nodular lesions in L
- - 1 ptM R akathisia R hyperreflexia 54y 0 HIV STN, L LN, L parietal lobe, with ‘Worsened with haloperidol (died) NA
e edema
Parkinsonism
Lifczana, Bilateral parkinsonism, | Lethargia, R hyperreflexia, CT: Enhancing lesions in bilateral .
1959"7 IptF w/ severe dysarthria spastic tetraparesis 66y 0 HIV internal capsules with edema No response to levodopa (died) NA
Noel, 1992 Ipt, M R parkinsonism R pyramidal syndrome 28y NA HIV CT: Enhancing lesion in L LN NA NA
Linazasoro G, Parkinsonism (postural e .
19947 Ipt, M and rest tremor) NA 30y NA HIV CT: Bilateral BG lesions NA NA
. Bilateral parkinsonism, . MRI: Abscesses involving L LN and . Slight regression (2
Maggi P,2000| 1pt,M w/ moderate dysarthria Abulia, R NCVII palsy 31y 30 days HIV (cerebral TB) Died months)
. . MRI: Multiple lesions with edema in | Partially improvement with anti-TxT
Murakami T, AS)’.‘“‘““'?““” L>I.{ Con_fuslon, downward and MD 3 m(inths subcortical WH of bilateral parietal and levodopa (300mg/day); .
14 Ipt, M parkinsonism, w/ pill horizontal gaze palsy, LL 49y before CTx HIV L . Reduction (2 months)
2000 . . . . lobes and R LN, some with ring- resolution of downward gaze
rolling tremor hyperreflexia diagnosis PP
enhancement limitation
De Matlgs % 2 pts, NA Parkinsonism -/Benedikt syndrome NA NA HIV CT: Hypodense mass in R BG/.MRI: NA/ Improvement with anti-TxT NA
2002 Enhanced lesion in midbrain
. . MRI: Multiple nodular enhancing - .
Arbune ‘,AA’ 1pt, F Parkmsomsrq, Coma, R convergent 58y 6 months HIV lesions in frontoparietal region, Mild improvement with levodopa Improvement (1 year)
2016 choreoathetosis strabismus, tetraparesis cerebellum and BG and clonazepam
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Nr of . Age in the Latency . .
Author, year | patients, Type of MD Other Pcurol.oglcal article between CTx Related CTX cal.lsc Brain MRI/CT Evolution of the MD* .Radlologlcal
gender manifestations (vears, y) | onset and MD* (other CNS infections) improvement
Tateno T MRI: Diffuse T2-hyperintensities in
2017" ’ 1pt, M Parkinsonism Seizure 53y 0 Stem cell transplantation bilateral BG, without ring Died NA
enhancement
De Almondes . . Seizure, aphasia, R MRI: Bilateral BG and cortico-
K, 2020 Ipt M Parkinsonism hemiparesis 63y NA HIV subcortical frontal lesions with edema NA NA
Chorea
. L CT: Hypodense lesions in bilateral
Nf;;;AB’ 2 pts, NA (él;:)‘z:a:;lg; 5: 2;/ Lﬂhﬁ;ﬁf{ I:::a:ilfche, NA 4-5 weeks HIV BG/ Ring-enhancing lesion in L No response (died) NA
o paresis internal capsule, R occipital lobe
. CT: Contrast-enhancing lesions in L . .
Nath % 3 pts, 3R heml-chorea- 1 Headache/ -/ - 26/56/47y NA HIV (1 cfyp.tqcoccal frontal lobe and L BG/ L STN Improvement with anti-TxT/ NA/ NA
1987 F/M/M ballismus meningitis) . NA
abscess/ multiple abscesses, 1 L BG
Sanchez- CT: Ring-enhancing lesions in L Dramatic improvement after 4 days Marked improvement
Ramos J, 1pt, F L hemi-chorea-ballismus Headache, nausea 33y 0 HIV caudate, R thalamus, R STN, R of anti-TxT, with resolution in day IProv:
10 N (2 weeks)
1989 cerebellum, with edema 20
MRI: Ring-enhancing lesions in L
. . STN/ MRI: TR-hyperintensities in - .
; R hemi-ballismus/ . . Resolution in 2 months after .
I ) -
pitea 2 pts, M Generalized chorea, -/L hemiparesis 27yl 35y 0 HIV midbrain, R CP, R BG, L thalamus initiation of anti-TxT /Chorea Resolution (1 monthy/
. capsule, L frontal operculum, L X NA
ataxia . 5 present till death
occipital lobe, with contrast
enhancement
L hemi-chorea- facl\i/gl)c(l?s:le]:) 1 CT: Ring-enhancing lesion in R GPi, Some response to TxT and Considerable
Noth A, 1993°|  1pt, M | ballismus, involving the L brisk reflexes 32y HIV R parietotemporal and L temporal P . improvement (10
hemi month before X haloperidol
emi-face CTx diagnosis regions days)
i) R hemic-chorea- P . s . . Resolution within few weeks after .
19932 Ipt M ballismus Disinhibited behaviour 65y 0 HIV MRI: Ring-enhancing mass in L STN initiation of anti-TXT Reduction
1 2 pts, M/F 2 R]})‘:ﬁ‘i‘:ﬁgrea' NA 25y/25y NA HIV CT: lesions in LN and STN NA NA
sy MRI: Enhancing lesions with edema, No response to pharmacological
|. 1995™ Ipt, M R hemi-ballismus NA 32y NA HIV onein L STN therapy; resolution with chordotomy NA
. . . . . CT: Low density lesions in bilateral - .
Manji H, R choreoathetosis, R |Headache, R hemiparesis, R 0 (dystonia 5 . Significant improvement 5 weeks Almost complete
19054 Ipt hand dystonia brisk reflexes, dysphagia 28y months) HIV thalamus, LN, Rlirbo(:al and L parictal after initiation of anti-TxT resolution
. . . . . . . . . . . | NA/Reduction (4
Maggl}P, 3pts, M L hemi-coreoathetosis Aphasia, R hen_uparesls/ -/ 27y/ 31y 32y 0 HIV MRI: Mul_tlple sgpratemonal lesions, |Resolution within 10-30 days of anti- months/Resolution (3
1996 confusion including R STN TxT
months)
e o5, . . CT: Ring-enhancing lesions in BG
20027 6 pts, M | 6 hemi-chorea-ballismus 2 HIC 27-40y NA HIV and frontal lobe NA NA
Kabhi S, . . Headache, nausea, L MRI: Ring-enhancing lesion in R Resolution within 2 weeks of anti- .
2011 1pt,F L hemi-chorea-ballismus hemiparesis 59y 0 HIV capsule-thalamus with edema TXT Resolution
. . MRI: T2-hyperintensities in bilateral . P
Reyes QJ, 1pt, M R heml—coreomhe_tosls, Cognitive decline 2y 0 HIV BG, thalamus and frontal lobe, R Resolungn 10 days after initiation of Improvement (2
2016 R foot dystonia . anti-TxT and haloperidol months
parietal and temporal lobes
o ML T2 i o ST, | Dt D0
20214 1pt, M [L hemi-chorea-ballismus L hemiparesis 24y 0 HIV (cerebral TB) R CP and ring-enhancing lesion in L complete resolution at 9 months Resolution (4 months)

frontal lobe

follow-up

v means MD was simultaneous with other CTx-related manifestations;

* deatl is indicated, when it happens as a direct result of the acute CTx infection;

PEN

eurological manifestations prior to the transplantation.

Anti-TxT, anti-toxoplasmosis treatment; BG, basal ganglia; CMV, cytomegalovirus; CP, cerebellar peduncles; CTx, cerebral toxoplasmosis; F, female; GPi, globus pallidus internus; HH, homonymous

1opsia; HIC, intracranial hypertension; HOD, hypertrophic olivary degeneration; L, left; LL, lower limbs; LN, lenticular nucleus; M, male; MD, movement disorder; R, right; SPC, superior

cerebellar peduncles; STN, subthalamic nucleus; TB, tuberculosis; UL upper limb; XHIGM, X-linked hyper IgM syndrome.
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Legends

Figure 1. DaTscan performed in 2016, 9 years after the episode of CTx, showing complete absent

tracer uptake in the left basal ganglia, and normal tracer activity in the right basal ganglia.

Figure 2. Brain MRI performed in 2018, showing T2-hyperintensity in cerebellum hemispheres
(upper left panel), and in anterior left midbrain (upper middle panel, arrow), extending superiorly
towards the medial left thalamus (upper right panel, arrow). Caudate or putaminal lesions were

not observed in T1, T2 and gadolinium-enhanced sequences at the striatum level (lower panels).

Video. Segment 1. Patient at first neurological observation (2016, 36 years old). She has right
sided rest, postural and kinetic tremor. Evaluation of the intentional component is limited by the
ipsilateral hemiparesis. There is slowness of movements on the right limbs and ipsilateral hand
dystonia. Gait is spastic with circumduction of the right lower limb. Segment 2. Patient observed
6 weeks later, on 300 mg of levodopa. She reported a slight improvement of the rest tremor and

the gait.

Table 1. Literature review.
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