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Clinical spectrum of symptoms in cerebral Toxocariasis (Review)

ANY DOCU AXELERAD'"", ALINA ZORINA STROE!, ANCA ELENA GOGU?", AGNETA PUSZTAL,
DRAGOS CATALIN JIANU?, DUTA DANIEL* and DANIEL DOCU AXELERAD*

lDepamnent of Neurology, Faculty of General Medicine, ‘Ovidius’ University of Constanta, 900470 Constanta;

Departments of 2Neurology, 3Anatomy, Faculty of General Medicine, ‘Victor Babes’ University of

Medicine and Pharmacy, Timisoara, 300041 Timisoara; 4Department of Sports, Faculty of Physical

Education and Sports, ‘Ovidius’ University of Constanta, 900470 Constanta, Romania

Received January 8,2021; Accepted February 9, 2021

DOI: 10.3892/etm.2021.9953

Abstract. Human helminth zoonosis is one of the most
encountered helminthiases worldwide. Representative diseases
include Toxocara canis and Toxocara cati, which are common
nematodes prevalent in dogs and cats. The infiltration of these
roundworms in the human body through contaminated food or
nematode eggs could lead to central nervous system injury as the
roundworms can cross the blood-brain barrier leading to neuro-
toxocariasis. Among the neurological and neuropsychological
disturbances produced by Toxocara infection, in humans, the
most representative are meningitis, encephalitis, myelitis and
cerebral vasculitis, but asymptomatic central nervous system
infection is probably the most prevalent. The present review
examines the clinical symptomatology of neurotoxocariasis in
case reports in the literature in the last 7 decades (1950-2020).
The available evidence was retrieved from PubMed and
Medline electronic databases. The present review reports the
most prevalent clinical symptomatology in the cases of detected
and diagnosed Toxocara infection with neuroinvasion. Thus, the
present review aims to raise the awareness of neurological cases
of Toxocara infection with the potential to at least establish
differential diagnosis of neurotoxocariasis.
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1. Introduction

The incidence of parasitic infections remain prevalent
disregarding the advancement in different countries. This
increased incidence is generated partially by a rising number
of travelers abroad and pet owners (1). In some countries, the
food habits and preferences are varied and this factor can
make humans in these countries more prone to this disease (1).
Forms of toxocariasis in literature have been described after
the ingestion of meat from chickens, cows and quails in Japan
in adult patients with pulmonary and liver affections (1).

At the time of intrusion in the host gastro-intestinal system,
the progression continues through the portal vein to the liver,
where it can be cantonated, but also, with the possibility of
by-passing the liver and continuing to migrate through the
circulation in systemic organs, causing the manifest form of
the disease depending on the concerned organ (1).

A categorical diagnosis of Toxocara cati or Toxocara canis
infection can be established after the discovery of the larvae
and eggs originating from the patient, but this situation is
infrequent. Broadly, the diagnosis is determined in the hospital
using the anamnesis of a history of eating uncooked meat,
paraclinical laboratory exams hypereosinophilic syndrome
with the existence of specific antibodies. The severity of
this disease may be directly proportionate to the dose of
inoculation (2). Glickman et al raised the concern about a
high risk of potential infections with parasites from Canis and
Felids in the situations of hunting and possessing hunting dogs
inside human establishments (2).

Toxocara cati (T. cati) and Toxocara canis (T. canis) are
the etiological factors of human toxocariasis. In addition,
these ubiquitary zoonotic nematodes belong to the family
Ascaridae (2). The adult parasites from 7. cati and T. canis
are located in the first part of the small intestine of the
terminal host. T. cati and T. canis can be hosted in various
types of paratenic beings such as humans, mammals, birds and
rodents (3). The natural evolution of the presence of the larva
in these organisms involves migration to certain tissues and
organs of the hosts and long-term survival (3). This fact has
been demonstrated by experimental studies on various animals
such as chickens or mice, which have shown the migration of
the pathogen in certain parts of the organism of the host (3).
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2. Neuroinvasion in animals

Studies and experimental studies on animals have reported the
presence of T. canis larvae in the brain, liver and other organs
of the hosts, confirming migration of the larva in the organism
of the host (3,4). Fenoy et al presented the theory that larvae
are not always prevalent in histopathological lesions because
of the motility of the larvae (5). Studies with animals have
demonstrated that the most prevalent organ preferred by
larvae in migration is the liver of the host, especially in the
case of the chicken as the paratenic host (6,7).

Azizi et al demonstrated for the first time that following
experimental infection with embryonated eggs in chicken with
T. cati, the larvae had the capacity to migrate to other tissues
and organs in the host besides the gastrointestinal tract. In
this study, the migration of the larvae to the brain and liver of
the hosts was reported along with the presence of mild infec-
tion. In addition, the research team recovered larvae from the
brain and the liver of two chickens that were infected. The
authors concluded by projecting an awareness of raw meat
consumption, especially raw chicken brain and liver (8).

Studies involving mice infected with 7. canis, reported
‘congestion, thickening of arterioles, moderate inflammatory
infiltrate and severe gliosis’ (8,9). In addition, similar results
related to the morphological aspects in toxocariasis were
reported by Oryan et al in studies with chickens infected with
T. cati (9).

In a study by Oryan et al with chicken infected with T. cati,
the authors discovered, after 240 days after the inoculation
of the larvae eggs, larvae recovery in 3 chicken brains and
also modifications as hemorrhages and infiltrations (mostly
lymphocytic, less eosinophilic) located in the meninges and
also in the vessels in cerebral parenchyma and in the region
of the cerebellum. The brain infection was mild, without any
impairment of behavioral pattern observed in the infected
chickens. Furthermore, histopathological changes were found
in the organs of all the infected chickens (9).

In addition, Janecek ef al reported similar structural brain
damage in the cerebrum of 7. canis-infected mice with the
presence of activated microglia and focal accumulation of
phagocytic cells (10). Similarly, Othman et al reported many
T. canis larvae scattered in brain tissues of the infected group of
mice inducing vascular congestion but without inflammatory
infiltrate (11).

In a study by Pegg, common flies were infected with eggs of
T. canis and afterwards, Beagle puppies were fed with the flies,
after being treated with antihelminthics. From the puppies in
the group, 80% became infected with 7. canis after ingestion
of the flies. Larvae and eggs were collected from various
tissues of the dogs. This study has enormous importance in
considering flies as sources of infection with 7. canis not only
for dogs, but as well as humans (12).

3. Neuroinvasion in humans

Neurotoxocariasis is a severe disease that has been associated
with a decrease in mental activity, social changes and neuro-
degenerative diseases. The importance of the disease is
determined by its ubiquitous spread as a zoonosis generated
by T. canis or T. cati (9-11).

Toxocariasis in humans is produced by the presence in the
digestive system of eggs in the embryonate stage or the tissues
of hosts that contain the infective larvae. Humans develop the
infectious disease after consumption of embryonated eggs
coming from soil (geophagia, pica) or in the case of contact
with dirty hands, raw vegetables, or larvae from undercooked
or raw meat consumption (9-11). Present in the human body,
the larvae begin their exodus using the blood flow to migrate
to various organs in the body.

Toxocariasis can be categorized into four main stages:
Asymptomatic-the most prevalent phase, visceral, ocular and
neurotoxocariasis. The factors that contribute to the stage of
the disease include: The quantity and quality of the infection,
the patient's immune response and the concerned organs (9-11).

Toxocariasis that is located in the nervous system is a
chronic disease that may recur for a considerable amount
of time and may interfere with the functions of the nervous
system, characterized by a decrease in cognitive capacity,
neuropsychological impairment, depression, behavioral
alteration and neurodegenerative diseases (11-13).

As a consequence of this localization, the treatment of
neurotoxocariasis is difficult and consists of many challenges,
as drugs destined to treat this disease have variable effects.
In addition, effective treatment must take into consideration
the difficulty of penetrating the blood-brain barrier, and on
the other hand, the treatment can sometimes cause more detri-
mental effects than the disease itself due to allergic responses
that may occur during treatment (11). Another challenge in the
treatment of neurotoxocariasis is the fact that the treatment
combines anti-inflammatory drugs to reduce the generalized
inflammatory reaction, which also decreases the effectiveness
of treatment on the pathogenic larvae, especially taking into
consideration the fact that the immune reactions occur in the
brain; thus, it is difficult to eradicate this disease.

The cells mainly involved in the defense process against
the penetration of pathogens and parasites into the brain
are astrocytes, which also modulate neuroinflammation.
Through these processes, astrocytes maintain homeostasis in
the brain (11). Taking into consideration the disruptions that
occur in the neurotoxocariasis pathologys, it is assumed that the
function of astrocytes is impaired (11).

4. Case reports from the literature

The clinical intensity and type of manifestations in neurotoxo-
cariasis are related to the quantity of the larvae that penetrate
the blood-brain barrier and also are related to the severity of
the destruction and inflammatory response (11). The clinical
manifestations of neurotoxocariasis are distributed on a broad
extent, generating varied syndromes: Encephalitis, seizures,
brain vasculitis, extramedullary space-occupying lesion and
meningitis (9-12).

The first case of neurotoxocariasis was reported in 1951 by
Beautyman and Woolf (13), in the case of a child with clinical
and pathological findings of a neurological disorder caused by
an encapsulated larva recovered from serial sections of the
brain at autopsy (the child's death was due to poliomyelitis)
that was firstly wrongly assumed to be Ascaris lumbricoides.
In 1956, Nichols (14) described the morphological features of
Toxocara and Beautyman and Woolf (13) concluded that in
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their case report the child presented with T. canis, rather than
the initial larvae believed. As the response of the infection with
these zoonotic agents, at the molecular level, there appears a
demyelination of the nerve fibers. In observations in mice, it
was demonstrated that 7. canis has a higher prevalent inclina-
tion of migration in the central motor system than 7. catis (10).
The terminology of neurotoxocarosis was first introduced in
the literature in 2007 (15).

In a case report by Marx et al (16), a 2-year-old girl
presented with impairment of gait and ataxic gait, dysarthria,
nystagmus, hyperreflexia of the lower limbs, cutaneous plantar
reflex in extension bilaterally, nuchal rigidity and Brudzinski
sign. Cerebrospinal fluid (CSF) analysis showed pleocytosis
with the predominance of lymphocytes. Magnetic resonance
was suggestive for acute disseminated encephalomyelitis, but
the laboratory analysis tests of the blood and CSF showed
the presence of antibodies against 7. canis. This case report
was the first case reported in an article of neurotoxocariasis
with acute disseminated encephalomyelitis pattern images in
magnetic resonance imaging (MRI).

The systemic symptomatology may be absent in most cases,
but regarding the neurological symptomatology, the most preva-
lent are: Deterioration in the motor area, seizures of the epileptic
type and impairments in the neuropsychological area (17).

The eating patterns of individuals are particularly impor-
tant because of the prevalence of human ingestion of animal
raw organs, especially the liver and brain, a situation reported
by Morimatsu et al in a familial case of ingestion of raw
chicken liver that presented visceral larva migrans caused by
T. canis larvae. Both patients in this family presented with
mainly systemic and pulmonary signs and symptomatology,
but one of the patients also presented neurological symptoms
in anamnesis, before admission to the hospital which included
posterior headache and neurologic abnormality of the front of
the right arm of 3-week duration (18).

In a case report by Goffette et al, a woman presented
with the following neurological findings: Subacute weakness
located in the right leg and dysesthesia located in the right
Th8-Th10 dermatomes; the cerebrospinal fluid findings
showed eosinophilic pleocytosis and also the levels of 7. canis
were more significant in the CSF than in the blood (19).

Mikhael et al presented a case of an 18-month-old male
who was admitted twice to the hospital; firstly with inconclu-
sive diagnosis and laboratory findings, being probable a case
of visceral larva migrans. At the second admission, the child
presented with ataxia and went into status epilepticus repeat-
edly and became comatose. The patient's exitus came after
3 days. The pathological findings showed T. canis larvae in
the brain and other organs. Numerous granulomatous inflam-
matory regions located both in the white and gray matter were
found in both cerebral hemispheres, cerebellum and brain
stem and also, observed parts of the larvae were found in these
regions (20). Table I summarizes the results from the literature
regarding the cases of cerebral toxocariasis in chronological
order (13,16-19,20-51).

5. Conclusions

The specificity of the clinical manifestations of neuro-
toxocariasis has not been clearly determined, but the clinical

manifestations reflect in an insightful way the provenience
of the lesions located in the central nervous system. In the
literature, a prevalence of male gender has been reported
among cases of neurotoxocariasis, with 75% of the cases
cited with a mean age of 42.5+15.5 (52); compared with cases
of visceral larvae migrans that are more prevalent among
children (53).

The cerebral localization was most prevalent in Europe
and subsequently America with reference to the geographical
classification. A few cases of encephalic localization were
reported in Asia, in contrast to the large number of cases of
spinal cord localization reported in this area (54).

The most encountered form of debut in neurotoxocariasis
is the isolated myelitis that is prevalent in approximately
70% of the cases (52,54,55). The symptoms are repre-
sented by sensory and motor impairments, mostly being
located in the lower limbs and usually being followed by
autonomic dysfunction. In a study by Lee et al, 33 patients
that presented with atopic myelitis were positive for the
Toxocara excretory-secretory antigens in immunological
tests, developing a new branch of research and differential
diagnosis for the patients that present with unusual cases of
myelitis (56). In a study by Lee et al in 2010, the authors
investigated retrospectively the MRI findings of visceral
larva migrans of neurotoxocariasis located in the spinal
cord of 8 patients, and the authors found only one patient
that presented a migration of lesion (56). Furthermore, in
a study by Jabbour et al that contained the examination of
17 patients with myelitis due to 7. canis infection, only one
lesion in the spinal cord revealed characteristic MRI spinal
cord imaging (42). These three studies on myelitis caused by
Toxocara infection represent a number of 56 cases, about half
of all cases of neurotoxocariasis reported in the literature.
Moreover, most cases of myelitis due to Toxocara infection
were diagnosed in Korea and Japan and several cases were
reported in Western countries (52,54,55).

The cerebral localization of Toxocara infection is
revealed through presentation of meningitis, encephalitis,
meningoencephalitis, encephalomyelitis, and meningoen-
cephalomyelitis, but cerebral abscesses have been reported in
several cases (56,57). Encephalic and meningeal toxocariasis
implication is correlated with a large area of clinical symptoms
containing headache, seizures, focal deficits, confusional state,
and cognitive impairment, the presence of fever not being
mandatory (56,57).

Another important factor to be taken into consideration as
a symptom of neurotoxocariasis is the presence of epileptic
seizures, as demonstrated in a study by Luna ez al (57).
Another theory targets the implication of neurological
disorders that are evolving in a paraclinical frame of high
Toxocara seropositivity (58,59). Depressive symptoms,
mental confusion, cognitive impairment and even schizo-
phrenia have been reported to be prevalent among patients
with neurotoxocariasis (60,61). Furthermore, in a study by
Hotez, the significance of infections is viewed as a factor
that causes lower academic achievement between students
that come from rural areas, due to the presence of the
effects that infections have on the human brain (62). In light
of all of the cases presented, awareness must be maintained
concerning the implications of Toxocara infection on the



AXELERAD et al: CLINICAL SPECTRUM OF SYMPTOMS IN CEREBRAL TOXOCARIASIS

"SNOTAQO I9M SAUOURIQ AIO)E [BIGRIdD

9[pprut Jo suorsn(ooo ardnnuw ‘Ayder3orsue je

‘os[e pue sueds YA pue [0 I judreaard orom

SUOISI[ JO)JBW AIYM PIUYP pue ISNYJI “SIUDI [ YIIM

pojooyur Sureq 19yje Juowireduwr [eorsojoyoAsdornau

(¥4) pue 10311 ‘erxeie pado[oAadp plo-18aL-8¢ V
"QUOZ [BOTAID

2 QU3 UI PAJeI0] BOPIOUYORIR SIUDD [ JO IS8
‘stsaredupenb onseds pue saInzros

JUQLINOAI ‘SSAUPUI[q [eo1I00 pajuasald Appuanbasqng

*S[[99 JURI3 YIIM UORWUWERJUI snojewo[nuels) :Asdorq

ureiq ayj 3e pamoys os[e pue snifeydoousosuruaw

orniydoursos pamoys Asdoiq [eaguruow ayJ,

*A[eSoWO[NOLNUIA SUISBIIOUT POMOYS SUONBIIISIAUL

1D 'S9INZIas JUAIINOAI PAdO[oAdp pUB SONIWAIIXS

I9MO[ U} Ul eIXdgaLIadAy pue uoneurpIood

J00d ‘pue)s 10 Y[em 0} ANIqeur ‘A3TeYIO] Y

pajuasaid oy ‘spIemlIol)y ‘uondjul Leg-uraysdg

9[1qeqoad e yim pasoudelp 3uraq Apsiy ‘reydsoy oyp

(54 je sown o[dnnuw pajuasaxd £oq pro-yruow-(| v
2AT)ISOd SeM QWIAZUS BILOOX0) WINISS pUB

BAIE []-/1, 9U} UI paJEO0] AWO0JOUIWE] Y} UI PIAOWIDI

pue paynuapt sem adA} snojewonuels Jo ssaosqe

reurds v -ured yoeq jo pouad Suof e 193je ‘sisaredered

(4] INo® YIIM pajuasald uewom plo-I1edk-G¢ v
*sugrs [eaduruow aAnIsod

m pjuasaxd oym ‘[IIS pjo-Ieak-1T UL UT UOTIOJUT

(12 S1up? *J 0} anp sHIuruaW JI[Iydoursod pru Jo ased y
“SIUDO * YIIM UondJJuI 03 anp snieydooud

pamoys Asdoine oy, “spremiaije parp pue snondopide

(02) snJelIs YIIm pojuasaid ofewr plo-yHuow-g] uy
‘Asdojne je sprokworjod

(€1) PO[BIARI SIUDD [ YITA PAIOIJUI PIIYD B JO LI

10dar ase)

y0dar ase)

y0dar ase)

10dar ase)

j10dar 110yg

y0dar ase)

10dar ase)

snireydooud s1uwo °J 3Npy

BoprouyorIe S1upI ' J JO 3Sed Il

juejur ue ur Ayredoreydoous
onje)s Suronpoid sueISIW BAIR] [RIQISIA

$S90sqe [eI800X0) TRUIdS

SISuIuOW
o111Iydoursoa pue SISBLIEOOXO],

sn1Teydooud yiim UONeISJUI S1UDD '
spIAwoIjod JOLIRJUE 9JNok YIIm
UOBIOOSSE UI UTRIQ 9] UI BAIR[ SLIBOSY

(¥661) [P 12 IOWWOS

(T661) 1P 12 OURIIIA

(1661) v 12 A110qURLIO]

(6861) Preyzinwyds
pue 1033assny

(S861) 1v 12 p[non

(FL61) IV 12 [9RYPIN

(rse1n)
JI00OAA pue uBWAINEYg

9

(sjo¥) SSUIPUL]

ordureg

uonearqnd
Jo od£7,

oPIL

(1K) (s)r0yIny

‘ou
ase)

*IOPIO JISO[OUOIYD UT INJBIS] AY) WOIJ SISLLIEO0X0J0INAU YIIm sjuaned jo suzodax ase)) T 9[qe],



EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 521, 2021

‘SO pue WnIds
ul 30q ‘9BAIe] BIRO0XO0], 10J A30[019s 2AnIsod

& pue eriydoursod payrew ym s1s03£009[d pojuasard
53S0 J0q Ur JSD Y[, "SHIRAW ds1aAsues 9[qissod Jo
SISOUSRIP © YA ‘SQUI] JOLIdJUI 9Y) Jo Asfed pojuasard
K0q a3 ‘o[ymueoA anIsod sugis rea3uruaw oy}

M SIoquiaw JOLIJul pue Jorradns y30q Jo sasAered
PUB SQAISU [BIURIO [TX PUB TTA ‘TA U JO sesAered
pajuasaid (118 9y, "orAIR] BIRDOXOT, Y)IM UOTJOSJUT

110da1 aseo
YIIM QINIBIN|

S9s8O 0M] JO 110daT YIIA W)SAS

(L) Sunuosaid papTwpe 919Mm UIP[IYD P[O-TBAL-G OM], C JO MITADY SNOAJOU [BX)UDD A} JO SISBLIBOOXOT,  ($007) 1P 12 BA[IS-BIIIOIN ¥1
*SUDI * ] JO UOTIOJUL uI13LIo (s1yv2 10)
(0¢) 0) AIepuooas pajrodar sem SHINOSEA [RIqI)D) I j10da1 ase) S1UDI "] 0} ANP SHI[NOSBA [BIGID) (€007) I 12 19ssnoq €1
‘poroxdur swoydwAs 9ARIU30
suaned oy) ‘yuounean SUrmor[oy IV "SI [
10J 3010135 2AnIsod € pue errydoursos payIew yrm SISOUSEIP BNUSWP [BNIUIJJIP
s1503£0091d pojuesaid SO ay [, siuounredwr oAn U0 0] UONNQLIUOD Y *SIAPIOSIP JANRIUS0 (2002)
(62) pue uorssaxdop yirm pajuasaid uewom p[o-1eak-G9 v I 110do1 ase) JO 9sned 91kl Y :SISBLIBOOXO] [BIQRIDD)  ‘IOWRIYONE pue ZMeyory 1
*s15034009[d o111ydoursoa pamoys UOIOJUIL S1UDI * [ 0) PRI
61 SISA[eUR JSD PUe SHI[OAW PAONPUI-UOIIIJJUL S1UDD "] 1 110dar ase) spifeAw pue s1s034009[d orjiydoursoqg (0007) 1v 12 912}JJ0D) 11
WINISS UT Juasald a1om SIIPOQUIUR S1UDD DADIOXOL-TYUY UOISO] PIOD JTORIOY} PAIUSWNIOP-TYIN
"P[BAARI SBM UOISI O10RIOY) Jud[eAald B TN ue pue eiydoursod SO
reurds 1y “seoueqInisip J1es pue soposnw dootipenb POIB[OST A[POIBW (1M SISBLIEOOXO)
(82) )0q JO Ssauyeom U)im pajuasald uew pjo-I1eak-Gy I y10dar ase) JO 9SBD © UI SHI[QAWOTUTUIA] (6661) v 12 ddnng o1
“BIJUQWAP pue Surumo 3op
“BoIe [RINY S1UDD "] YIIM UONIJJUI ) Ul sjueAn(pe se
punoj axom SUIMO[[0J Y, *SI0JOB] NSII Y} SULIOPISUOD Apms
pazATeue swojdwAs Aue JO 90UISIXd Y} INOYIIM Inq [OIIU0D-35BD Y :SISPIOSIP [BIIS0[0INAU
‘WNIAS pue SO WOIJ S1unI *J YIM SISBLIBOOXO) JO Apms pue WoIsAS SNOAIU [B1UD
(Lo sisougerpounuwut dAanisod ym syuoned /g jo dnois v LT [01U0d 3sBD) 9} JO UOI}OQJUL BIBOOXO], UBWNH (L661) [P 12 [eARUSRIN 6
-oAJou ondo Y311 ay) JO uoIs ®
pue SUI[[oMS PI[BIAI I PUe 1D "UOTIOJUL SIUDD *]
103 oAnIsod a1om sisTeue SO pue O130[0I9S “BIXEBIR
Ie[[9Q2I190 pue SUSIS [BASUTUIW PIdO[OAID puE I9AdJ
92) SUOIS[NAUOD 3IM PAIudsaId uewom p[o-1eak-17 v I 110doar ase) SISBLIBDOXO] [BIGAID UI spLnau ondQo (S661) Iv 12 BWRATLIO] 8
('syo¥) sSurpurj ordureg uoneosrqnd L (1eak) (s)royny ‘ou
Jo odA7J, ase)

‘penunuoD I JlqeL,



AXELERAD et al: CLINICAL SPECTRUM OF SYMPTOMS IN CEREBRAL TOXOCARIASIS

(9¢) SII[NOSBA [BIQRIQD PIONPUI-UOTIOJUL S1UDI ] 1 y10da1 ase) SII[NOSEA [RIQRIAD SIUDD “[ JO 9SBD IRy (L00T) 17 12 YoqIoH <
uS1s ysurzpnig ‘A)pIsu [eyonu ‘A[ferale[iq
u31s ysuIqeq ‘erxoyorradAy quir 1omof ‘ajed snreAworeydoous
JIXEJR JO 90UdSAI{ “SHIPAwO[eydodud pJeuItuassIp POJBUIIIASSIP 9INO8 JUuNe[NUIS
(91) JINoO. 0) JB[IWIS SeM YN ‘UOIIJUL SIUDI * ] INY 1 110doa1 ase) SND Y3 JO SISBLIBOOXO], (LO0T) 1P 12 XIB]N 12
“BIBOOXO], 10J 2AnIsOd
sem SO Pue WNIds Yjoq Ul SISouSerpountuuu] QINJRIAN]
‘spireydeousoSuruowr padofaasp Arerpisqns AU} JO MITAI J[Npe UB UT UOISNJUOD [RIUSW [)IM
(s¢) pue uoIsnjuod yim puasard uew pjo-1edk-¢/ v 1 pue 110dar ase) SISBLIEO0X0] [BIRIOD JO UONBIUISAI] (L0O0Y) v 12 e3IRIN 0z
sjuonjed
U} JO pIng 93BAR[ JB[OQA[BOYOUOI]
"TeAISIUI JM-€ JO WIe YL ut Apoquue oy10ads jo aouereaddy
QU3 JO JUOI} Y} Ul PJBIO] UOOUNJSAP [€I130[0INaU ur Apoquiue dy19ads Jo souereaddy
pue ayoepeay [e3drooo pajussard way) Jo QU0 Pooy :SIOAT] UYOIYO MBI JO UONSAZUI I0)je
(81) ySnoxy) s1uvd I yim pajojur syuaned pajerar omy, z j10dar ase) SURISTW BATR[ [BIOISIA JO 9SBD [RI[IWE,] (9007) v 12 nSIEWLIOIA 61
"$SQOSQR S1UDI " B JO SBM SISOUTEIP 9U) POAOWI
Sem 1 I9)Je pue AJIABD JOWN] 9y} Ul PaIedo] UOHIBULIO)
B PA[BAAAI YA [BIuRL)) “sisarediuay opIs-1Jo[ A31ABD BWOISUIUSW € UI
s pajuasald ‘uonerado Aq pasowal ewoISuIudW SIUDI DAPI0XO] KQ PISNED UOIIBULIO)
#€) Terorred JyS1I € pey JBY) UBWOM P[O-TBIA-9G 1 j10da1 ase) $S908qE [eIqaI0 dATIRId0ISOq (9007) 1 12 nIn3100) 81
'poo[q ur ueyy 4SO oy Ut
IQUSIY 2IoM SAIPOqUUE SIUDD "]
"TOAQ] QUL I8 JUSWAOURYUS-)SEIIUOD B PIMOYS [N
"SQuII| JOMO] Ay} Ul Jersayisared pue ssouyeom (S002)
(€©) SUIpUISE YIIM PAIuasald uewom plo-I1edk-g¢ v 1 10dar ase) SPI[OAWOIUIUdW SIUDI * [, D 12 UOSSBIA] 9 -orLINB(] L1
“UOTIOQJUI BIBDOXO], PAMOUS 1S9 S
“TL-7D U99mlaq UonewIog [eugIs Are[[npawenur
asudunadAy 7,1, & pareaaar aurds [BO1AI9D 93 JO TN QINJRINI]
“UOISSTWPE ) 210Jq SYOM ¢ USTIS S,0NIIdY ] A} JO MIIAI SISBLIEO0X0)
(T9) aanisod yim pajuasard juened pjo-1eak-6¢ vV I pue 1odax ase) ur spiRAwosuruaw dirydoursoq (S007) 1v 12 preyraqyg 9]
“UONOJUI S1UDI [ 10] 9ATISOd PI[BIAI
1S9} POAOWAI SBM UOTISI[ oY) I10)JV "2qo] Teratted o QINJRIAN]
UT UOTSO] ONISAD B PI[eaAal ueds 1) ‘einzras ondoyide Y} JO MITAAI uaIp[Tyd ur ainzras ondayida jo
(1¢9) PozZI[eIduds € y3im pajuasald (13 plo-1ek-11 v I pue 1odar ase) asned 9[qrssod y :SISBLIBO0X0) [BIqAI)) (+002) I 12 Iyovg ST
('s3oy) sSurpurj ordureg uonesrqnd P (1eak) (s)royny ‘ou
Jo odAJ, ase)

"panunuo) ' AqeL,



EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 521, 2021

oAnIs0d Sem USSNIUER SISBLIBOOXO], "JUIPIAD SBM Jowrny
BAIR GD) U} UI 9[Npou & YA IV "quuif 1oddn 3397 ay3 ur PI00 Are[[npawrenur uporu piod
(€h) Pa3e00] sersayisared yirm pajuasald uew plo-1894-GG v 1 y0dar ase) [e91A120 oy ur sniAw orjiydoursog (2102) v 12 Mred 62

‘ASD pue poo[q 9y} ut salpoqiiue
s1upo -7 10 9anIsod payse) syuoned [y “squui|

JOoMO[ 9y} Ul Pajedo] A[[ensn ‘uorounysAp orwouojne syuoned /] ur
pue ‘Jojow ‘KI0SULS papn[oul uonejuasaid [eorur) QWO)NO Juawyeal) pue ‘sSurpuy [N
() “STYI[OAW BIBOOXO], PIIB[OST JO SISBD /| JO [810} L1 spodor ase) ‘SQINBIJ [BOTUI) :SHI[AW SIUDD * ] (1107) 1v 12 1oqqer 8T

“BIROOXO0], 10J 9AnISOd Q10M SasATeue
JASD pue poo[g “IuswduRyua [eadurustwoldoy
SIS B PI[BaAI TYIA [BIGOI0 pUB SHI[QAW JO SUSTS
poreaaal TN [eurds “sjuowredwr £10suas pue sugis
reprweiid g eigordered 19yye padojoaop pue aInzios SISBLIBOOXO0} SN O} anp

() ondaida yiim popIwipe sem UBWOM P[O-TBIA-H Y I 1odar ase) SPI[EAWO[eYdooud0TUTUIW IAIS (1107) 1v 12 193uIS LT
“Stupo * [ 10§ dAantsod
QIoM $)$9) [BOIS0[0I0S pue pajoadsns

sem spreydoousosuruaw o1 rydoursoy - WSIUISuruaw QInJeIdNI| JUSWIAJOAUT WAISKS snoAtdu [exaydrad
AIerprsqns pue uoneuIpIo0d I0JOUW PUe ‘ddue[eq A} JO MIIAI PUE ‘IB[[9Q2190 ‘[RIGAIID JUBIIWOIUOD
(op) “red ur syuowrredwr pojuasaid Loq pro-1eak-g v I pue j10dar ase)) )M SISBLIBOOXO0}OINAU JLIRIPIJ (0107) v 12 10pRATRS 9C
‘Stupo *J 103 9AnIsod a1om
SasAeue SO pue poo[q ‘Snue[ey) 3Jo[ Y} Ur UOIS| WISAS SNOAISU [EIIUD )
o1SAD B PafeaAdl YN “Juswredwr A uS0o Surpnjour JO s1sereo0x0} o[qrssod-snweey)
‘swojdwAs pue sugrs or3o[oinau paureidxoun 9U) UI UOISI[ B PUE ‘UOT)UIIAI
(6£) JO AI0ISIY Je9A-/ B YIIM UBW P[O-IBIA-GY 1 j10dar ase) AIeuLn ‘uonounjsAp oAnRIu3oD) (8007) v 12 proyYds Gz

‘seIpoquue S1UDI |
A1Isod pajeaAal 1593 poo[q Y[, "UOIFaI
[e1orred-o3uo1y ur Juasaid a1om SuoIso] asuapodAy
ordnnw uess 1D oy} 1y "9SOIBWOD Wk SPIeMIae

pUE Y[eM JO UOIBIOLIDJAP ‘UOIIBUIPIOOD JUSWIAOW PIYD plo-Teak- & Ul
(8¢) Arejun[oA Jo ssof yim pAjudsaid Loq p[o-18h-4 v I 110doax ase) SISBLIED0XO) [BIqAID pajedrjdwo)) (8007) IV 12 BAOYOQUIY] $T
*1SD pue poo[q JuBJUL UB UT SHISUIUW
y310q ur Juasaid sarpogqriue BIed0XO], YA ‘SIISUIuaw oriydoursoa 3ursned vIed0XO],
(Lg) orrydoursod yyrm pajuasaxd jueyur pjo-yjuow-/ 1 y10da1 ase) JO UOISSIWISUe) [RI[IUBJRNUT J[qISSO] (8007) 17 12 171 €T
('sjey) s3urpur oidweg uonedrqnd L, (18aK) (s)royiny ‘ou
Jo adAy, ase)

"panupuo) I AqeL,



AXELERAD et al: CLINICAL SPECTRUM OF SYMPTOMS IN CEREBRAL TOXOCARIASIS

“SIUDI J YIIM UOT)OJJUI
aAnIsod payeaAal sjpnsar 91301019 “a1oydstway
Te[[9q0100 [ pue ‘AIOJLIIS) YD d Yloq JO $9qO]
rendioooorodwe) ‘saroydsruay [8IqaI0 Y10q Ul SUOISI|
JTWAYDST AINOB JI[OQUID [[BLUS PI[BIADI YA UTelg

UONOIBJUT [BIQRID

0S) ‘SsouyBaM I IS YIIm pAuasald uew p[o-1eak-6¢ V 1 110dar ase) ordinw Jo asned a1l Y :SISLLIBIOXO], (S107) uomy| 9¢
*ISD pue poo[q uI yjoq juasaid arom
SAIpOqIUE BIBDOXO] -NUY "BaIe pIod [eulds requin| oy}
Ul S9[Npou pue sANIsuuULIdAY [eIOBRSOqUIN] PIMOYS
SSUIpuy TN QY.L 'SQUI[ JOMO[ Y} UI BISIYISISAP uoI3aI [eIoRSOqUIN]
(61) pue ssauyeom pajuasaid uew po-18ak-()9 V I 1odar ase) U} SUIA[OAUL SPI[RAW STUDD * [ (S102) Jv 12 nsyewealy G¢
"1JD2 [ YA UOTIOQJUT WOIJ PI[NSI YOIy SHISUTUIW SISBLIBOOXO],
(8%) orrydoursoa pajerost Yim pajussard uew Sunok v 1 j10da1 ase) ur spiSutuow o1rydoursos paje[os]  ($107) IOLISUUSH pue OIS ¥¢
“UOT)OQJUI BIBDOXO], PI[BIARI SISA[BUR WINIOS
*SUOISI[ OTWAYISI [BINI0OQNS PI[BIAI YA UTelq JuowaA[oAul Areuownd pue ‘Ie[noo
QU [, "ersoyisaradAy dyeos pue ‘yuowwrredurr soue[eq pue 0130[0INAU AIAIS AQ PIZLIJORILYD #102)
(L¥) Alowaw ‘uoIsnjuod Ym pajuasaid orew po-1eohk-1/L v I 1o0dar ase) uonsa3ul 3nJs Id)Je SISBLIBIOXO], [eARUSRIA pUe YleI[[o] €¢
“UONOQJUI S1UDI * [ 10} 9ATIISOd
ar1oMm SISATeue S0 pue d130[019S “aroydsTuoy
[81Q9190 [RISJR[Iq pUB UI)SIO J[Sue aunuodo[[oqarad
139 ‘uraIs1oO sunuodaid Jy Je JUSWOULYUD
[eaSuruowo)do] pue snjeydodoIpAy pa[eoAal ueds
AL uteaq “so49 y3oq ur Jurj[ams sip ondo pajeaas
uoneurwexa drdoosnpun, ‘sjuswredwr [ensia pue SISBLIBO0XO0} SND
(9%) ‘erdordip ‘oyoepeay yiim pojuasaid uew plo-I1eak-gy v 1 110dar ase) 01 anp sneydadoIpAy 9A1noNISq0) (€107) 1P 12 10YD €
*SII[NOSBA [RIQRIOD SIUDD “ ]
Sem SISOUSBI( "S1UDI " YIIM UOTIOQJUL PI[BIADI
sIsA[eue JSD pue WNIAS AY T, *9Y01S JIFeylIoway
aunuod 19 pajuasaid yuaned oy ‘Arerpisqng
“eiiydoursoarad£y Jo 1x91u00 © ul ‘sarrare oreydodoud
ur S9sou)s [ejuaw3as o[dnnur pue uonoIRUI SOYOIIS 9ATIRION AQqQ
(sy) VOV WS yiim pojussard uew pjo-1edk-¢4 v 1 j10dar ase) PO[BOASI SIII[NOSBA [RIQRIID SIUDD * ] (Z102) 1v 12 odwo I€
oAn)Is0d Sem UdSNUR 14V [ "PATIAOISIP SBM [IAJ] GUT, UOT}OQJUL DI ]
Q) 18 JUSWOUBYUD [B0] ‘TYIN IV "BISOUISISAD UIIM PJBIOOSSE SUBISIW BAIR] [BIOSIA
((%%) J10BIOY) YIIM PAJUAsaId uew plo-18L-74 V I 1odar ase) Aq pasned spieAw [eurpnISuo| (Z102) Ip 12 Qvyng 0€
sy sSurpur oidwreg uoneorgnd AL (1K) (s)roymy ‘ou
Jo adAy, ase)

"panupuo) 'J AqeL,



EXPERIMENTAL AND THERAPEUTIC MEDICINE 21: 521, 2021

-SuiSewr aouruosar onousew ‘YA ‘AydesSowo) payndwios ‘1) ‘piy [eurdso1qaiod ‘IS 1P DAPIOXO] ‘1IDI ] SIUDI DADIOXO] ‘SIUDI "]

‘sjuaned yjoq Ur UOTJOJUI BIBRDOXO], J0J
aAnIsod a1om SuONE3NSIAUL S PUB POO[q Y, "SeaIe
Jequin| pue [BOTAIdD 9U) UI SUOISI PA[BIAI [N [eulds
UL, “3uasald a1om squui] JoMO[ Y} ul eisayiseodAy pue

[9AQ] OT.L 9y mo[oq Jusuredwr A1osuds [erogradns
pue sisaredered onseds ‘uoneunwExa [BI130[0INAU
uodp) squiIy Jomof 2y ur syuauLredwr A10suas

pue J0J0W Y30q Ym pjuasaid uewom p[o-1eek-99 vy
“BaIR TR[NONUS[-O[Nsded Ay} uI

P9IBOO0[ SUOISI] [eIAJe[Iq JO 90UdsaId AU} Po[BaAal

Sem Ueds D) 1Y "QWOIpUAs [eprwelAd pue [ejuoij

pajuasaxd juaned oy ‘uorRUILEXS [BIISO[OINAU A} I8

co3ueyd Ayreuosiod pue ssouyeam Jo A3ojojewoidwks sy1odar oseo woIsKs
(19) Jo AI0ISIY [JUOW-¢ B Pey UBW P[O-1edL-G C YIm QoNIy SNOAIQU [BIJUD ) JO SISBLIBOOXO], (L107) Iv 12 nqy LS
('s3oy) s3urpur oidweg uonedrqnd ILL (183K) (s)royiny ‘ou
Jo adAy, ase)

"panupuo) I AqeL,



10 AXELERAD et al: CLINICAL SPECTRUM OF SYMPTOMS IN CEREBRAL TOXOCARIASIS

whole organism, but especially in the nervous system. It is
extremely important to consistently consider infection with
Toxocara as a differential diagnosis.

Neurotoxocariasis represents a rare diagnosis. It is
possible to be underdiagnosed especially due to the vague
and wide-ranging characteristics of the symptomatology
aggravated by an insufficiency of supporting diagnostic
investigations. This is also the reason why MRI investigation
has become so important and vital in this disease. Therefore,
a classification of brain imaging conclusions have been
described in connection with neurotoxocariasis, firstly being
assessed by computed tomography and currently with the aid
of magnetic resonance imaging (63). Regardless of the obvious
significance of interpretation of neuroimaging conclusions,
only several clinicians use MRI to diagnose and evaluate
neurotoxocariasis (63).

MRI could represent the most accessible aid for evaluating
the efficacy of treatment and to pursue the evolution of the
disease, facts that alternatively could be otherwise challenge-
able or unattainable, particularly for patients which present
sporadic seizures. In an article by Riittinger and Hadidi (63),
which assessed the importance of MRI in neurotoxocariasis,
it was concluded that gadolinium-enhanced MRI could be
significantly valuable for determining the requirement of
treatment, as well as to assess a disrupted blood brain-barrier
to an active inflammation.
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